SPECI FI CATI ON Met hod for Inducing Differentiation to Skeletal Muscle Cells

Techni cal Field [0001] The present invention relates to a nethod
for inducing differentiation frombone marrow stromal cells to skel etal
nmuscl e cells. Background Art [0002] For muscul ar di seases,

especi ally degenerative di seases of skeletal nuscles such as nuscul ar
dystrophy, no effective therapeBECIHEEATION avail able at present. |f

skel etal muscle cells can be prepared from patient's own bone narrow
stromal cells, autologous transplantation becones possible, which is

bel i eved to be ameeiddeft I¥@udihe Dafiershtiatizatth Gikelohdlr Mavee Cellsi | i zati on of
skel etal nuscle cells generated frompatient's own bone marrow stronal
cells is expected not only in therapeutic aspects such as the

af or emept | oneflp|ggeneration nedicine, but in engineering aspects such as
artificial organs with prospect of future devel opnent. Since nuscle cells
can be [eagilly prepared by a culture |level procedure, use of the cells is

[alogg 3]e Xpect edfﬂenp eggxﬁaiglgélllt?onn gilathe% t%{) Iadmg%%ﬁ fgitr %ﬂdﬁxkfxllga(iiffg{e%%ﬂx%io%r}go1;[1he I ke.
bone marrow stromal cells to skeletal muscle cells.
Background Art
[0002]

For muscular diseases, especially degenerative diseases of skeletal muscles
such as muscular dystrophy, no effective therapeutic means is available at present.

If skeletal muscle cells can be prepared from patient's own bone marrow stromal cells,
autologous transplantation becomes possible, which is believed to be an effective
therapeutic method. Moreover, utilization of skeletal muscle cells generated from
patient's own bone marrow stromal cells is expected not only in therapeutic 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 (0 FGF, PDGF-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 (6) 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



As a method for inducing differentiation of bone marrow stromal cells into
skeletal nuscle cells, the nethod disclosed in Japanese Patent Unexam ned
Publ i cati on (KOKAI) No. 2003-144155 is known. This nethod conprises, 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 denethyl ating
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anal ogue (forskolin). [0004] However, the aforenentioned method i ncFudes
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differentiation into nerve cells, and is not optim zed for selectively
i nduci ﬁ@lﬂl fferentiation into skel etal nuscle cells. Furthernore, this

met hod (iS85 e He Xhd f fred¥ishem cont ai ni ng el ements other than nyocytes, and
therefore, the nethod has a problemfroma viewoint of safety for clinical

appl i c&hjent tofbeiAstieyed bykbk ébwintimmscl e cel | s. Di scl osure of the Invention
hj ect &?(ﬁie Achi eved by the Invention [0005] An obj ect of the
‘present[ ention is to provide a nethod for inducing differentiation from

marrow st ron@ln é5edtof the pleabef lveitiSE iLtoCflobile dMikthapEiddueald y, the
obj ect of the Eresent invention is to provide a method for nore efficiently
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f or Achkoexamentihmddojoecdifferentiation from bone marrow stromal cells to skeletal
muscle cells with good reproducibility compared with the method disclosed in
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:



[ 0006] The inventors of the present invention conducted various
researches to achieve the aforenentioned object. As a result, they found
that, in the induction of differentiation of bone marrow stromal cells into
skel etal muscle cells, (2) the step of adding a denethyl ating agent
(5-azacytidine), (5) the step of co-culturing gene-introduced cells wth
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a CAMWP I f i j e ; i " Wtial in the
et hod AP e PaE 5 cpESLRE hen bR o34 BBl PR AR A B8 P 003- 140155,
wer e suacaeasingldggntm ¢AMB, anhheyuebynd heell géffatentinsionfstinhdatiog dctpr @cess wer e

sinmplified to rkedly increase differentiation induci effi.ci ency.and

o {11 ciiage GF Boeomerieme A oA, Glocv RGP LSS T AL SRR Er DR LE
acconpl s hed toh whilea Basbayditib P ecaftohpaenkiangdnt cagd;ng. [0007] The
present invention thus provides a nethod for 1nducing differentiation of

bone mdb} Bw sep ofraitredaicing 2 Hosiesertedndierse Notdesignaling rdatedsepeiiniosthehe
follow ng s S - | he ste f . addin . e ki . _subst ances
el ect satp PhRRoLin R b Anlied st O Ly B PRl B 3 00

abbr evicatide of 6:38blaB&] Whe@tn s4ANMRIuré d6sLAaci dogtHgeando cdtwAPtinadllzgue, and
a cell differentiation stinulating factor to a culture of bone marrow

st rorralmﬁr@fi}‘%edvm@}‘é?lﬁ gen¢ i apa i PIIBst"celuéhﬁ'i‘d cells are cells not treated
W th a @efiRtdyl 8 idn 2990 tch M3 nd ¥h LA EGuleS ffdblSsts obtindd 'l fHeep Of

i ntroduci ng a Notch gene and/or a Notch signaling related gene into the
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provi ded gt elihf 2adcPh R he@fdy et hod, wherein Jagged 1 protein is used as
the Notch ligand in the step (c); and the aforenenti oned nethod, wherein

the stdp0@d) is performed in a serumfree nedium [0008]

From another aspect, the present invention provides a method for inducing
differen_tiation 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 to a culture of myoblasts, and culturing the cells.
[0009]

The present invention also provides skeletal muscle cells or myoblasts

obtainable by the aforementioned methods, a pharmaceutical composition for



From anot her aspect, the present invention provides a nethod for inducing
differentiation of bone marrow stromal to nyobl asts, which conprises the
followi ng steps: (a) the step of adding one or nore kinds of substances
selected fromthe group consisting of a cyclic AMP increasing agent, a CAW
anal ogue, and a cell differentiation stinulating factor to a culture of
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f ur t heingresdibyekitfarengiation of patients aptalegousior dgterelogowns beneymargvar di sease,
whi ch ¢ 4186 adm nistering a therapeutically effective anount of

skel etal muscle cells or nyobl asts obtainable by the aforenentioned net hods
to a pdieseMode fom@adyofz @drthailstemiqiron of skel etal mnuscle cells or
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The merhbenomariow sremaheellshpskelebnl pysde pells gthiehoeomnprisasi thg following
differgptiation of bone marrow stromal cells to skeletal nuscle cells,
whi ch conprises the foll owi ng steps:

(a) the step of adding one or more kinds of substances selected from the group

consisting of a cAMP 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;

(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.

[o011]

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, parﬁgraph [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
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(a) the step of adding one or nore kinds of substances selected fromthe
group consisting of a cAMP increasing agent, a cAMP anal ogue, and a cell
differentiation stinmulating factor to a culture of bone nmarrow stronal
cells wherein said bone marrow stromal cells are cells not treated with a
denet hyl ati ng agent, and culturing the cells; (b) the step of introducing
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cells were efficiently achievable if the treatment with the demethylating agent is
omitted, which is conventionally considered essential.
foo13]

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

can be used, but not limited thereto. One or more kinds of cAMP increasing agents
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As the cAMP increasing agent or the cAMP anal ogue, for exanple, forskolin
can be used, but not limted thereto. One or nore kinds of cAMP increasing
agents or cAMP anal ogues can be appropriately used. Although a
concentration of the cAWP increasing agent or the cAMP anal ogue is not
particularly limted, the concentration nmay be, for exanple, about 0.001 nM
to 100 oRVYAMP eh&loghéy/caaliiip 5r0PriaMIy ass RMthAsht Heode8hiratibhlog it i ation
stinulating factor, for exanple, basic fibroblast growh factor (bFGF),
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using, .for_ exanple, a serumfree nmediumsuch as TTS-serum free nmedi um

( Yoshi tfrodyctiop with thejgensqnd eglls not ytrodpeedagigh the gene, gdhilsts kg ot al nuscl e
cells i Il ocCdd1ill i.catd . It of the
o or eme o e R e T PSR O] SRR e PRl
expressing mature markers such as Myf 6/ MRF4 and positive to the myosin
heavy chain and skel etal myosin are ifduced. These skeletal nuscle cells
show spont aneous constriction novenents during the culture. In the nethod
described in Japanese Patent Unexam ned Publication No. 2003-144155, cells
after introduction wth the gene and the cells not introduced with the gene

o oy AR R~ o



[0016] Then, the skeletal nuscle cells can be cloned by performng
limting dilution of the resulting culture of the skeletal nuscle cells to
a density of 1 cell per well, and a popul ati on of pol ynucl ear skel etal
nmuscl e cells having the constriction ability can be obtained again fromthe
living clones, which are usually obtained at a ratio of about 90% The
resul t iAmgtlesa] dhapagsatiatic ohthesprgsenspoventiomisshased anttha finding that ¢ifidensi st i ng
Of ITUS GRere8 Lk Bon 30 diBa1 GONA Qi 20 ALARNLLAIEDE 5 118 Af0r6 HAnBEned

pref erabl'y ugédd ™ particular, for a purpose of therapeutic treatnment of a
muscul as-cditaeaicomittkd;, héhith lecconken tidreallyoecomsidelhal essutitl. nFheed¢forqpaptheat i on
cont ai ns skel gt al nuscle stemcells a?d nuscl e (gel | s. %%élbe sta Ié/

pr epar &ethed pEthepreseriingertion, Alterithe #iqmemeatigped geRal .Ctlt”ﬁ‘)ﬁ’i?l]‘

The skekGhalenBlaEd Selc&hidrs tﬁpg@éprx%ﬂisqyermﬁaeqemmt?erm&i@g BREEY-crdlBu@nt i on

can be used for, for exanple, local or systemc admnistration to a patient

with ale@isdul ar di sease such as nuscul ar dystrophy; nuscle suppl ement ati on

for nuscle | g@ss o damage at the tinme of traffj iy Nj ; urn and
the |ike; rrugv(%:‘fag’ ’l'rcuestlzoélnls Pﬁ% I?%oﬁ ipducing mature S%‘%lgtcﬁlgljﬁ%%}érrcﬁ%lggﬁﬁhé rophy due

to a cesahtiayasedbladts i padGenedsfucoaling @6 thd siepr(y). oThixestepdegdner ati ve
di sease; therapeutic treatnment of nuscul ar at ropgéi acc%?({rp‘agyi,ng nerve
danage PesEmed &y mdding aNogsheligand by theyayliuire of nyohlasts gad cylt@Epathe ( he uses

of the skel efalyMschaiLah! ﬁyr%QhﬁJpTédJalgge& & rBleBs Bhabdly &NEI ONa1ATGel Ot
limited to the specific uses exenplified above. For exanple, skeletal

nmuscl e 80ebd 90881 7hE9P epabedisad c oAlthnggh o coheentratipydoiofageed 1 pretsimnis
i nvention by.usi bone rrow stromal cells,.extracted,fr.o atjent, and
VgatidiRatly sl (PR 00t P Ay b EREBEPISRp oI EH RO R

they caf edi'on’ o | Feov

het er olpegREsh1Y kBN @TIAL | ARy HS ofdhB0m pdifuiO s @l partibularlyilivhitad, amnoer with a
prem se of HLA conpatibility. The skeletal nuscle cells obtained hy the

met hod osdinake bavad seetium, ferfsesple MEM Egele modifisatign mediym aﬁ&rtgeé | et al

muscl e .cehl RERU! RithSReIC BRI 1090 6f SIrGM SEH & FBSdakendibe 16 ald Bedfu,
transplanted, the stemcells can be taken in vivo and regenerate skeletal

muscl e aceirim free medpponsen be prefseatile dispiis cBe udmeafosexamplo jesum fgeeat
SR SRR PR SR O e TR R
f ol | owimng, eyg@)piiasetataevircellt ReitablRfor efinichbajlaseioh chnbe pireparedls Ast
limted to the foll owm ng exanpl es. Exanple 1
a result of the aforementioned fusion induction, polynuclear skeletal muscle cells
expressing mature markers such as Myf6/MRF4 and positive to the myosin heavy
chain and 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.
[0016]

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



According to the nethod described in Japanese Patent Unexam ned Publication
No. 2003-144155, stromal cells were extracted fromthe bone marrows of
muscul ar cell-induced adult rats (Wstar rats) and humans, and cultured. As
a nmedium M ni num Essential Medium (MEM Eagle Mdification (Mi526, Sigma)
contai ning 15% fetal bovine serum (14-501F, Lot #61-1012, Bi owhittaker) was

used. /éfﬁo?mgtnﬁl &feﬂdéley&éa% kReH LuEad cbls L%&t&lggﬁg %r?stt%igﬁén aﬂﬁﬁ¥ %% ’Bg O

reaching to 80 to 9 confl uence were inocu at a density o
1900 cebtaneh@gaiarfdorh thenlivire ¢dends, ddnich divensvadiywitaiasd ehangtd of ebeutnedi um

suppl enept ed.,wi t h .5 p. M,of forskolin (344273, | bi.oche 10 ng/m of

ot o PPBr othEer=yPiatlHeppBieieiio s Ad s Ga) uken ey PRael Fon R o of

pl at el eiusdRy deVIRda i Q¥ Ebnlt MRS a AP ol Cidih&ats PRI 84L& pEetdbly hsell)Gh 200
ng/ mM of Heregulin (396-HB, R&D Systens), and the culture was continued for

3 days raftiaar, forea gaprosefof theranenids treptpaeietf ainascdandisaastaand therldkuced

publ i c e irRre g 5ehNak el Vip UL ARl RRNERT TR R iR
af t er tohesclendelle @us thie Giiabl$HTE8p et fthé v BB e bdi2 A fte Gunlntidp BRI es\efSsubddiedreat a

concen&rat h)on of 200 ng/m to select the introduced cells for 10 days.
After 1¥%ération of the cell number reachi ng to substantially 100%

confluence, FhpgkslktAimdRUOedd1slonRhMeibY theseaRbl BRMe RakerBi9eskidd B
chinmera, 3599, GI TECHNE) was added to the MEM Eagle Modification nedium
cont ai he nged 6% foBSxamnde, loral oekygemie adwoidistrntidn for patiday withoa gerstelam
fusi Ondls%ggecg s Dugé N9y ahecrc():pqnl t;%u%’cl tsr}le eeI elanstaiiléllsl (()jr aﬁgclgﬁgsg%li!c' ear

skel et al*“Misele Cel'l's 1oca ?y aB’peare(f, Whi SR Adreased i passage of
time, dathakbus tipotiyreus]teslificikplret thermubbiug £l tite POSitikscte fe@ohdteudtiodsi n
heavy chain and skel etal myosin were forned, whose spontaneous constriction

moveneit & PREeRt pf Uspscmysedlrr ptigphEdyslr @ GraEPvasielar disqsse wamlicrdn. In

these ¢gbbpor RXPOASSIRAa Qe §1A8a SR EHESp IREK Bled tR b o AR uddii & NREhas
confirmed.” The induction efficiency into the skeletal nuscle cel'ls was

about A40%tmmanyfng denvh ddmages sttteas bxichmlipdetusstpagnlysishend dhé tikeent i at i on

into skel et al scl e [ i nduced, as ,a. cqntr,ol according.to the nethod
Lt g fReREL I BELoaRe sRoltE RSHEENER Brt Ty G REERE Thfkheieh Argr o

f or skohbtligetdrto hRe shérifiapasse nipdiffdt abdvex ad & niflb) skedith D ubkle cells
2003- 144155, the inductjon ratio into_skeletal ruscle cells was 20.8 3.5%
[ 00201 X Apprepaged accordingriprthe mathed pf the Ruspeptipuertion byysiapdoge| | s was

i nduceeh Jrfov BEoRATEIMBEMSE ct8S floddh phBieEX AT @ed B BE 2062 AW SeaRE QVi ded
that a serum free nedi um was used fpor

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 musecle 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



t he fusion induction. As the serumfree nedium DMEM containing 10 1g/nil of
insulin, 5 p.g/m of transferrin, 10 nnol of sodiumselenite, 1 ng/m of
BSA, and 60 pg/mL of kananmycin (this nmediumis called "ITS-serumfree

medi um') suppl emented with Jagged 1 protein (reconbinant Rat Jagged 1/ Fc
Chinera, 3599, GI TECHNE) at a final concentration of 5 pg/nml was used. As
a resulmuswﬂm selinipdrcest adile raiel Yisiraats) siod| atrd nsasd caltestd. s A 16 per 35

mm cul LB SadRubDEs LRl BT R il FHb i iSaisARHo P Bt 0s digmat N day of

t he culnflure e ce S were’ cufture rumc nS|st|ng
sol el y cohtdihihgal53 mnbdv@ﬂedeﬁm{ (m-50 B Lse ds 1i10o( v Biedhittakid) Wiaerused. Jagged
1 protein) as a_contr the nunber was 13 on the 1st day of the culture,
and 48ARsT thgeels ﬂvea%@u*zﬂulméd tufeurresneratinnsy Hssesl lrser§a<r1tlgg to 80 20%

denmonst, %ﬁﬁﬁgnéehv@éreqhgélﬁﬁt%ﬁtdt%t déH%lt!yrUfQSthb‘ r1go@ué1@4/@m£ ehliS$rda e bhe g
success 'y induced by the addition of Jagged 1 protein to a serumfree

medi umdalynthesmhediam ﬂpp Ichmdl hOtaymmﬁQr.l_ supplementedTWg hrien Modf f(mfskphe present

i nventiQn |f| h ot al S r dfor
i nduci Ag"‘%ﬁ%f ?ragtﬁ? % le%g @lséﬁ%t?roﬁ%ssélg fgﬂ Iie Ctoﬁe@@% flggtiﬁ‘s apanese
Pat ent R@exan] a&@ﬁubﬁpme&lw@eﬁ%d Z003h T4tdPAA @v6-EB PiratechIRTLALLEl | S

can be conveni entl% and eff Ci entljﬁ&%repared by the nethod of the present
i nvent iagd. 208ceeird o élef‘%g‘tlﬁ’e 39618 Wéeﬁls)e%ﬁtthﬁ Gy E#ES Bigs continued

i £ 21 08 560N L0 oY BOLAS eSS REASINNELHEROIn GEL oAl SH ELBLAL

nmuscl e cell's”can be i ndlc y the step then differentiation of
t he nycebllast®ridmecdortht meashek of Sdmdnerel §at@tdéhd:@nuand PablicatirmeNos2E)8ni se.
Therefo]ég %g‘? dlff rentiation stage, proliferation of cells, and the |ike
can be Pl‘? Yo% °Furt hernore, the method of the present invention does
not usqo@ign xed system containing cells other than nyobl asts or skel etal
nmuscle cells, and is capable of efficientl @Ea“ ng substantially pure

skel et al nusé?retf@ethp*@pjlﬂf%téﬁmtrﬁév@f% 418 suliate b &ibeo BRLGpt aj ned
can be i S@ofn%e Qed&gm@o ggfmlttroesgliéfz?@ﬂe Aftrdireyals 903888, Wat

IS clalrre | uci ng erentiation from bone marrow
st r onalAfeed ﬂestdmtxskef titeactellrmsmber oelching tetsubktapdimlyi K986 tddlusnend of :

(2 7P Pl P ol et TSRS, AR BASER AR
or a CANR s¥laguBe MBEM Eagle Modification medium containing 10% FBS, and the cells
were cultured for 5 days to perform fusion induction. During the cultlire, 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 culture 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 Japanese 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 1 mentioned above, provided that a serum free medium was used for

9



(i1i) acell differentiation stinmulating factor conprising two or nore of
basic fibroblast gromh factor (bFG), platelet-derived gromh factor-AA
(PDG-- AA) and neuregulin, to a culture of bone marrow stronal cells
wherein said bone marrow stoma' cells are not treated with a denethyl ating
agent, and culturing the cells; (b) the step of introducing a Notch gene
and/ or ¢ NRGD;R@ABK! Ns PR 85t BRAG LR, DREENTohfaiBRIAI g Brt e St ep
(a), and culturing the cells to obtain a culture of myobl asts, provided

t hat sanshlobtng/ml dbesnsferriooh® amnl af swlicw| selamdteofl mgyamloéBISA, antd6Oduced

with the and non.introduced cell s, .and c),the step of adding a
ot o P SR RE P ETBE (el obr S St s fios AR SHPIEbeMD) and
cul turighigh JAeseaal p®ieihd}cbos vimi ioth AGREd i1/ CRintdral 599, MEEEHNI) Not ch
ligand is Jagged 1 protein. [3]The nethod according to claim1 or 2,

wher ei # firted caresptyation of Sng/mdvasdused. aAsergavit de meabemf tha palypeelead f or
I nduci nRdLf TSl &N Lt 1k 16 B0 2908, TRLAMIRE AL (56l b8y LPihe culture,

and 664 on the 5th day of the culture. Whilst when the cells were cultured in a

medium consisting solely of the aforementioned serum free medium (without addition
of Jagged 1 protein) as a control, the number was 13 on the 1st day of the culture, and
487 on the 5th day of the culture. From these results, it was demonstrated that
differentiation into mature muscle cells was also successfully induced by the addition
of Jagged 1 protein to a serum free medium.

Industrial Applicability

fo021]

The method of the present invention is simplified in the total steps compared
with the method for inducing differentiation into skeletal muscle cells described in
Japanese Patent Unexamined Publication No. 2003-144155, and skeletal muscle cells
can be conveniently and efficiently prepared by the method of the present invention.
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 muscle cells can be induced
stepwise. Therefore, the differentiation stage, proliferation of cells, and the like can
be controlled. Furthermore, 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.

10



nyobl asts, which conprises the steps of: (a) the step of adding one or
nore ki nds of substances selected fromthe group consisting of:

(i) a cAMP increasing agent, or a cAWMP anal ogue, and (ii) a cell
differentiation stinmulating factor conprising two or nore of basic

fibrobl as rom%h factor (bFGF), platelet-derived growth factor-AA

( PDGF- AA) ISEUPEG AT n, to a culture of bone marrow stronal

cells, wherein , sai ne parro tr | gcells are not treat with a

Goret hyl alll ng " Agerod nding HeftafrBon EPndond oW st Bt pof

i ntroduci gesi@aNahiscle G2RewRRH cOmpAsdNIhEfepd gnal i ng rel ated gene into the
cells obtained in the ste(g1 (a), and culturing the cells, grovi ded that said

cul ture does né®) thostemphadsdingonagringere kirdstofisu es gefact thegrotp t he gene
and non-i @t rcl)sg.uc% | cells. [5] A nethod for inducing differentiation from
nyobl ast s PHI%RECEt al nuscle cells, which conprises the step of adding a

Notch ligand to a culture.o LLasts, and culturin e cells. . [6] The
met hod according t oﬁéﬁﬁyﬁf%W@Mﬁ) PHEINPE 25F ’ioé ﬁ%&lg aﬁ%&%‘éeda&d pr ot ei n.
(ii) a cell differentiation stimulating factor comprising two or more of
basic fibroblast growth factor (bFGF), platelet-derived growth factor-AA (PDGF-AA)

and neuregulin,

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;

(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 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 method according to claim 1, wherein the Notch ligand is Jagged 1

protein.

[3] The method according to claim 1 or 2, wherein the step (c) is performed in a

serum free medium.

[4] 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:
(i) a cAMP increasing agent, or a CAMP analogue, and
(ii) a cell differentiation stimulating factor comprising two or more of
basic fibroblast growth factor (bFGF), platelet-derived growth factor-AA (PDGF-AA)

and neuregulin,

11



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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