WO 2004/ 014302 PCT/ U820031024600 MECHANI SM5 OF MYOBLAST TRANSFER | N
TREATI NG HEART FAILURE 5 This application clains priority to U S
provi si onal application serial nunber 60/402,050, filed August 9, 2002, the

entirety &fo Ydok6d3dS hereby incorporated by refer encercﬁ‘ugidfﬂs/ﬂl dohe
Invention 10 The invention relates generally to treatnent o ar cted

myocardium and nore specifically to the use of cell therapy to repair
nyocardi al infarction through concom tant angl ogenesis and nyogenesis. 15
Background of the Invention Heart nuscle degeneration is the |eading cause
of debilitation and death in humans. It cascades in | osses of live

cardi onyocytes, contractile filanents, 20 and heart function.
Cardionyocytes do not regenerate significantly because the tel omeric DNA
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degenerative heart transmts biochemcal signals to recruit stemcells to
repair the nuscl e damage. Being pluripotent, enbryonic or adult stemcells

25 exhi bi t suncont 1k egbeflbdof aaﬁﬁsay.eny'teteyagw ol BBARSRod QeRaduCe

bone, cartil age, fat nnecti ve sue; skelet nmusc Fig

1). The darra@émbﬁy@@éﬁoal(lﬁﬁl filesd Augerti 9.1 2002 the antifgty (s nwhiclt d$ |heraby dep05|t
contractile #ﬁ*méabg,\%f&% gin heart function, preferably before
i nfi

fi brobl ast tration | eads to scar formation. However, unti l
scientists can accurately define the 30 specific transcriptional factors and

pathway to guide stemcell di fferﬁ@i%&tthé’fh\)eﬁ{l% cardi onyocytes, the use of

stemcell injection into the h ave risk-benefit ratio
hi gher thaf® the use of nyoblasts. -1 WD 2004/014302 PCTI US2003/ 024600 As

young car di onyocyt ¢fe A0ehtiBiGRlatesigenBRMP Btr&AMBh{ 48Rk aRAH myocardium and

more specifically to the use of cell therapy to repair myocardial infarction
through concomitant angiogenesis and myogenesis.

15
Background of the Invention

Heart muscle degeneration™is the leading cause of debilitation and death

in humans. It cascades in losses of live cardiomyocytes, contractile filaments,

20 and heart function. Cardiomyocytes do not regenerate significantly because the
telomeric DNA repeats’ in these terminally differentiated cells are minimal.

The degenerative heart transmits biochemical signals to recruit stem cells

to repair the muscle damage. Being pluripotent, embryonic or adult stem cells

25 exhibit uncontrolled differentiation into various lineages to produce bone,

cartilage, fat, connective tissue, skeletal and heart muscles (Fig. 1). The

damaged myocardium needs additional live myogenic cells to deposit contractile

filaments to regain heart function, preferably before fibroblast infiltration which

leads to scar formation. However, until scientists can accurately define the

30 specific transcriptional factors and pathway to guide stem cell differentiation into

cardiomyocytes, the use of stem cell injection into the human heart would have
risk-benefit ratio higher than the use of myoblasts.
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differentiate fromstemcells, they are simlar in that they are
nononucl eated cells without contractile filanents. In the presence of
neurotrophic factors, nyoblasts fuse to becone nyotubes that develop into

myof i ber swgswipsi1as03e 5 i nfluence of heart hornones, thecygiaescagg onyocytes
fuse to beconme mature cardi onmyocytes. Cardi onmyocytes and myofi bers are

myogeni ¢ cells that produce contractile proteins to provide contractility.
Li ke cardi onyocytes, nyoblasts are differentiated cells that are destined
10 to becone nuscles. Unlike cardionyocytes however, nyobl asts have | ong

tel omeric DNA subumd t goiRBd cardfonfeRRBS Catf RydtRis VisedBiieO Tommitldde apRi ity to

undergo mtosis and to fuse are conserved in nononucleated satellite cells
that are esséifferentiple FompiterstcellesiBey ate pimilgain thatikey are. mepgnaciealed cel | s

are differenthpy @eth6R! éoniradtle ildhént§lOtinSthe'Preésdrce: oMiEbRsnk: fidtors,ve and
proliferate 15 in intercellular fluid. Their survival does not depend on

vascul ari zat i GioBlasisefuse to brrePG Mmyohipes geatdpvelops intoneyefikess Uadeethsr operti es

of myobl asts, jfLERIEEShARUROMBRSS, tHERGRING Cafdiit@doy e S6dettot leSME nYdthrd t hem  As
shown by the work of Law et_al. an O rnportant "feature in this regard is

that the myoblCSHoryasKesat iCAidiomyastyies and emyofiiess e aryagsnim cslifodhal be

rel atively freoddke cbitffledtbRinsdd plotideicbAdctifgi Nt that seems to have been
over |l ooked by nmany workers in this field. See for exanple, Law at al. Gene

Therapy and Mol ecul ar Biology Vol. 1, 345-363, particularly page 350 to

351, desc_ri bi ng Wgﬂéﬂér@i&n@obrbé,&ﬁﬁdﬁlé’dﬁ afelfifféBiitidted c@ll%rthélcéré@@stﬁiéd 25
amel ioration of skeletal nuscle disorders. éggt her5 oint is that once

i ntroduced® P LCRPBBIBYILES, &l jcardiryocy rMyRRAstH PaYRN8phages,

typically for telomefi® DNN egbumas emd éFBLt%Fa&e lof @itengive ahitddls. NTR® laBfifyStomust  be
transpl anted for, the  transpl a%nted cells to be effective e first human
r

e ) .30 Th
myobl ast t r an&NEErap fRitpsisRNdAg E"r%%"elﬁé’a??w%‘!?éﬁ?'&i‘uf'ﬁﬁiedistateﬁlf\%ge@aﬁf‘%t to
admi ni st er onerdiddseatallyy albEIasts redervb@Oinl M mubeiesgh SahdlitdVeess asre cat het er

Bi osense Webster, .Inc.)  UsSi 20 injections at different |qcations inside
f 2 dtifFerentiated ells. Tﬂgy are notJ em cells. Islyobqasts surv{?/e an8 proliferate

15 inintercellular fluid. Their survival does not depend on vascularization or nerve
innervation.

Because of these desirable properties of myoblasts, attempts have been

made to repair muscle tissue with them. As shown by the work of Law et al. an

20 important feature in this regard is that the myoblast preparations used for cell

transplantation should be relatively free of fibroblasts, an important point that

seems to have been overlooked by many workers in this field. See for example,

Law et al. Gene Therapy and Molecular Biology Vol. 1, 345-363, particularly

page 350 to 351, describing myogenic cell transplant therapy for correction and

25 amelioration of skeletal muscle disorders. Another point is that once introduced,

the myoblasts are subjected to scavenger hunt by macrophages, typically for up

to three weeks. Thus, a high number of myoblasts must be transplanted for the
transplanted cells to be effective.

30 The first human myoblast transfer into the porcine heart revealed that it

was safe to administer one billion myoblasts at 100x1 0%/ml through the Myostar
catheter (Biosense Webster, Inc.) using 20 injections at different locations inside

2.



WD 2004/ 014302 PCTI US2003/ 024600 the left ventricle 2 It was determ ned
that 0.3 mM to 0.5 mM would be the optimal volune per injection. This field
of nedi ci ne has beconme very active. However, generally acceptable and

successf ulwo esmuwbissor emai n el usi ve. More needs to be deggusoo9Radion
successful transfer of cells into danaged hearts in a manner that 5
corrects the damage. Sunmmary of the Invention Enbodi nents of the invention
allow cell therapy of diseased heart tissue. 10 In one enbodi nent a
conposition is provided that conprises isolated nyoblasts that

transgeni cal | I EBGg. 1 ' rE0MA LLion
wherein the nﬁ‘rﬁ? V%ﬁ%b_ﬁz%ﬂ%%@inggqﬁﬁ?%ﬁnn%%P'%?ﬂ ﬁ?il(r:lg)gﬁgé;?ﬁ‘tﬁg s by 100
to 1. Yet anovelumedqebddedtiont Thisdisldelonedieinerpas besasre ventactivendlowayer,| sol at ed

nyobl asts cot ' S53e8 w=Xo]l | I
stinmulator or b%g&éﬁpgi?gg{r?ggasﬁstl w?%@g%sgﬁg&gg@e%% 'rrg?ﬁéeﬂr‘@ggﬁg.bb%t

anot her enmbodAaigio ohiaipsreeessil EansirsSif cellsrintgsiemaged heads ineymanneidhatongest i ve
heart fail yreqosiPfHeianthaedt | €ast 1 billion nmyogenic cells that
transgenically express at |l east one angiogenesis factor. In yet another
enbodi mrent the cells transgenically express VEG- 165. In yet another

enbodi nent the cells further exghﬁﬁﬁadgf*qquvéﬁgnher enbodi nent provides a
nmet hod for treating congestive an individual, conprising
taking a biopsy of skeletal nuscle fromthe individual to forma culture;

transformng cell SErﬂBo&ir?ngnfélﬁfttﬁH @v&ﬂﬁbﬁ aftdw 'c&f‘ﬁ?e@gc%f di%ﬁﬁé&wgué.hat

encodes an angi ogenesis tactor; formng a cultu ~ce suitably pure
enough f orlOr epuene eigbedimenieeampssitionds prguided thasicomarieps; iselated myohlgstscel | s of

the culture | g andienRamyexdtes VEGE. IL\H&héF%Pgt?(AﬂH@ht-erﬁééé é@&h%kﬁitfbh_ the

Figures 30 Figure 1. Advantages of using asts over stemc S in
treating hear Whefein therrumbarpf myeplssisexceed eJtusber 1o figfgplasbeells by 100

to 1. Yet another embodiment provides a composition that comprises isolated
myoblasts cotransfected with a gene that encodes an epithelial cell stimulator or
15 angiogenesis stimulator and a second marker gene. Yet another embodiment
provides a composition useful for alleviating congestive heart failure, comprising
at least 1 billion myogenic cells that transgenically express at least one
angiogenesis factor. In yet another embodiment the cells transgenically express
VEGF 165. In yet another embodiment the cells further express VPF.
20
Another embodiment provides a method for treating congestive heart
failure in an individual, comprising taking a biopsy of skeletal muscle from the
individual to form a culture; transforming cells of the culture with at least one
foreign gene that encodes an angiogenesis factor; forming a culture of cells
25 suitably pure enough for repairing the heart of the individual; and introducing
cells of the culture into a diseased heart of the individual.

Description of the Figures

30 Figure 1. Advantages of using myoblasts over stem celis in treating heart
failure. MTT = myoblast transfer therapy



WD 2004/ 014302 PCT/ US2003/ 024600 Figure 2. Human desm n inmmunostain for
nmyobl ast purity. (A) Positive control of |eionyosarcoma, desm n staining
brown. (B) Negative control. (C) Pure human nyobl asts i mrunostai ned with

desm n. (Ko byeisidBspman nyoblasts in culture. 5 Fi gurepdeséh @'4 i sh
| mrmunost ai n of human nyosin in porcine nyocardium 12 weeks a? er human

myobl ast injection. (B) Cardionyocytes with Lac-Z positive nuclei and human
nyosin stain, indicative of donor or myoblastic in origin. (C) Negative
| munostain (grey) of human nyosin in porcine 10 nyocardi um shami nj ected

w thout nyobl agles o ithéh desriifimiriShadial R AbIALE pliFY (AF BB thhtolOf
porci ne cardionyocyies and human nyobl asts Show ng Lac-Z positive human
myobl ast nucl ef lejamygisarigomgy edepminftRifog broven. c 4B Neagtiveysoatrakc(®@i Pyrpurpl e) In

t he het k ' | : t h
e heter okar KAt myopRbiCifirhtitBstdintl WP SRSl %gt@é%ﬂlﬁgﬁﬁ%gﬁgféﬁn uman

nyosi n heavy c . Igure 5. Electron mcrosco -injected
porci ne myocafdtw®n showi ng (A) myotubes with central nuclei and nyfibril
(M) deposists, and (B) skeletal nyofiber with satellite cell (SC) and
nucleus (N). The satellite cell was 20 | ocated between the basement nenbrane
(bl ack arrow) Fighee 3-he dAds Brownighbiminenostain ¢ ef ahymay . mgasiaoifer BaC®ROWed
proper al i gNMRRbAGURFYS Meelis?éff@ﬁ?ﬁ@mﬁ\)@ﬁfahﬂ iﬁ;et:ﬁdd@r@gbardi&hwe s Qith (A
Control myocardi um i munostained for VW VIl and counterStained with
Eosin to showle&girosiive ayclei@d hurgn regpsin stalg indicativergiotangs prmyehiestised

i ncreased vasglloggindene) INegatite irﬁﬁjdnastginb%w b HdaROfyBsin CiRUBSemat i n.

Det ai |l ed Description of "the Invention 30 ogenic cells according to
enbodi mentl@ oMyesREdiUREham-tiectadaritoabMyollastS. aut ol ogous and obt ai ned by

ti ssue biopsy, as described for exanple in U S

Figure 4. (A) Heterokaryons derived from fusion of porcine cardiomyocytes

and human myoblasts showing Lac-Z positive human myoblast nuclei (bluish

green) and porcine cardiomyocyte nuclei (purple) in the heterokaryotic
15 syncytium. (B) These heterokaryons expressed human myosin heavy chain.

Figure 5. Electron microscopy of the myoblast-injected porcine myocardium
showing (A) myotubes with central nuclei and myfibril (ML) deposits, and (B)
skeletal myofiber with satellite cell (SC) and nucleus (N). The satellite cell was

20 located between the basement membrane (black arrow) and the plasma
membrane (white arrow). Sarcomeres showed proper alignment of newly
formed contractile filaments.

Figure 6. (A) Control myocardium immunostained for VWF VIlI and

25 counterstained with Eosin to show capillaries. (B) VEGF4gs transduced
myoblasts produced increased vascular density. (C) As in B but without Eosin
counterstain.

Detailed Description of the Invention

30
Myogenic cells according to embodiments of the invention preferably are
autologous and obtained by tissue’ biopsy, as described for example in U.S.
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-4 WD 20041014302 PCT/ US2003/ 024600 Nos. 6,099, 832, 5, 833,978, 6, 284, 242
and 5,130, 141. In preferred enbodinents, a conposition is prepared froma
nyogeni ¢ cell or precursor to nyogenic cel | havi ng a m n| mum cont am nati on
by fibroblwgtenoidzez term "“m ni mum contam nation by fi g g, gRANs that
on a total cell nunber basis, 5 less than 5% 2% 1%0 5%0 2A)or even | ess
than 0.1 %of the cells are fibroblast cells. This i rrproved conposition
purity can be achieve a variety of ways. For exanple, In one way,
fibroblast cells are preferentially inhibited or killed by the inclusion of

one or nore 5%§ta@6§§892‘ 41835474, Ursezdleﬂlzunénd' ”519(5"4’4“‘er Wye\%a%n‘é@” sorter

is used that separate cells one at a'time. In yet' 10 anot
non- fi br obl asembpdiFents apeamrnsiionds ereparedafrem < myogsiie rell er Pfsﬁldfﬁﬁft'@r i s used

to control ex%/éﬁérh@rbeﬂf havidtf 3¢ nﬁnﬁ\%nﬂ%@ﬁéﬁ‘ﬁr%%oﬁ 3 ‘HQMBFast@”' GI"Pue fhows a

cell that makes that product” survive in cell cultdre. In way
transforned m/diHERER C@@iaﬁﬁn%ﬂo@fbdrf@fﬂbi'elﬁﬂ weang that,en aﬁ@tatw rpmb@é h@%l@)e of

fibrobl astg dlé&ﬁh%‘%ﬁ/o, 2%, N6 0HIPILS, o ntless Wé?ﬂ@r‘lb/&o?%é gel r§reCU| tured
in 15 the presence of nmacr ophage cytoklne such as that descri b

Glurisato at fbioblashoelisi Thig\lypproved, sPmpagition: pusity carbe achisys a \mlptyrpf

stiml ates prghid.erak 'eQQmEfe 1%@%5,%&6&5& éé'ﬂé @ brerérehdlly aibitedl rs-  The
cyt oki ne may be” produced culturing macrophages in a sefum free nmedi um

and then har v&ded Ry thﬂé”“r':‘é’iiﬁ”hﬁf Op®, 0p AP FuBStaneRFinhe walkidre; Bedivm. Wt oki ne.

I'n a preferregdnaibodajEltcellasprter i%ehéedzﬁ’naf sapEThRr cdliBesn@Pat & afeni fgst t hat
utilize very purified (I ow fibroblast _contam nation) cul tures are made

possi bl e Y adBPthE" wayd@ pen-flrcblast sReqHls: promaor sHehap A inHisleoPPecificn- 10KDa

cyt oki ne secr gidsbtélis BEd w&aﬂ@%)tﬁaedsm of &l dene BhatyaferatedVd podadt whihst 2, 3,
5, 8 or 10 generations or nore of qri’%‘ enic cells. 251 n each case sone

cel | divisi onakews Becslk &t t'Ba'f‘??cF'@é§é° URYiYRLEr cellppylgyet onulbis WeYt he
cel l's. Most dgahsfamhed aﬁydc?%ﬁﬁ:t célls dreferenddlly 2brviveO afd mePem@magetdsran 100
a

ngt loi ggoﬁgl, | Slf broglacs;’ysI mlnlshesndntyre gﬁgtﬁcrarr \?vgy, twherrnyeogtenl% c% S a?e gJIt?Jrer:jo;[n
15 the presence of a macrophage cytokine such as that described by Giurisato et

al. in Basic Appl. Myol. 8(5): 381-388 (1998), which stimulates proliferation of

myogenic cells but not fibroblast cells. The cytokine may be produced by

culturing macrophages in a serum free medium and then harvesting the medium

to obtain a crude preparation of cytokine. In a preferred embodiment basic celi

20 transfer therapy techniques that utilize very purified (low fibroblast
contamination) cultures are made possible by adding crude or partially purified

preparations of a 50-10KDa cytokine secreted by macrophages to the culture

and growing at least 2, 3, 5, 8 or 10 generations or more of the myogenic cells.

25 In each case some cell division may be used to increase cell number
prior to use of the cells. Most desirably at least 1, 2, 5, 10, 25, 50 or even more
than 100 billion celis are cultured and transferred. Where the cells are not
autologous, it is
generally preferred to utilize an agent to minimize or eliminate xenograft

30 rejection such as cyclosporine, in the animal or patient that receives the cells.
Further agents may be added to the reintroduced cells such as viscosity



generally preferred to utilize an agent to mnimze or elimnate xenograft
30 rejection such as cyclosporine, in the aninmal or patient that receives
the cells. Further agents may be added to the reintroduced cells such as

Vi scosi ty wo20143994/ 014302 PCTI US2003/ 024600 adj ust 'P'EQ"/IEE% %5&503

adhesi ve agents and the like, to assist placenent and p05|t|on| ng of the
cells within myocardiumduring or after cell transfer. Myogenic cells, or
precursors to nyogenic cells are activated or 5 transforned to express one
or nore genes that stinmulate endothelial cell growh and/or devel opnent of

bl 00d vessel SaqAgar hafflials? RSl ABeRBUndOind! e, kit ighieldfit GRY! S befor e

transfer |nto a eased heart are fransforned one or nore genes under
the control posat'oangtqtsm@cqﬂsdvmtquqaeﬁlur@ﬂywr@@re@‘teaﬁe" leansfarnel i al cel |

growt h and/or angi ogenesis protein. For exanple, both acidic 10 and basic
fibroblast growh factor nol ecules are mtogens for endothelial cells and
other cell types AAPOgBISi £allfi yoraPERGsens \ioi MYBBRHE falls Afet Gob@lads orhat are

or becones ”Vf?&%?érgneﬂ% 'e§pre§§' ghQBF ﬁBfé’géHé@ tﬁ’d?%hﬂ%&l éh(fo’tﬁbhélr&é" GFowth
angi ogenesi s, escrib by knan, J., Cancer dicine, Léa and Febi ger

Press, pp. 1530d/qr79exeiwnt of IPJP%WS% e ACCding mog@rﬁmlzﬂdlwﬁcqﬂtae
endot hel i al CﬁllvérﬁlohsthE%%ﬂé' 'b@foré%ﬁﬁepmb' (ﬂéeélé@%anfa?étt&hsﬁﬁné@@ﬁh( Ferrara,

N. at al., Endocr. Rev. : 92)), which i1s also known as vascul ar
perneability P@Q;pbmowwyes ll"'l‘ﬁﬁ"réfiﬁ C°"]§"|°bP ?ﬁé’éﬁ%ﬁ@m%ﬂf@ fPEssps an

transgeni cal | ¥ngtdiiar efidgroldeVaM&br ahdlogen@Bis pPaBRd FEHE:@niohe tﬂﬁ\sbélé’ig gene is
turned on by honpl ogous fecombi nation. Mbst preferably VEGE i

transgeni d8i | ?“‘E?B?‘Ei‘?@?'aSF groyyh @P&de‘ﬂ'ﬁ?ﬂ'esa?rel Biagensdox W"(y‘@'?'e?eé'ﬁt genes

are transgeni gad biheP¥8Nl §HESEnd Wiebirdbly MEQfaW tritofboetted iddcalls Akt #8Grogeni n.
I n anot her enpbodi nent nore than two different %enes are transgenically

expressed. MiP8GIFI&MYRYRINC E%H? HNSOPIENEANFHAISNIN FARdNUERNTIogENesiSr may be

expressed by g Hé€iB8d by FolkhaMy J., méhotheaﬁrm WF&blﬁé} Préss, ppOoT&3-
ci rcunst ances exE)ressmn of two different factors, such as two different 25

angi ogenesi s f &115393)- A highdy %Ei"?‘if'é{? I'Ti’t°9%%fﬂrt"§3‘?q’?rgﬁ“€8’lh8'r'alégllsa‘ﬁl"ﬁﬂ\’l'?ént of the
15 endothelial growth factor or VEGF (Ferrara, N. et al., Endocr. Rev. 13:19-32

(1992)), which is also known as vascular permeability factor (VPF). In most
preferred embodiments VEGF is transgenically expressed. However, in some
embodiments the desired gene is turned on by homologous recombination.
Most preferably VEGF is transgenically expressed. In an embodiment at least

20 two different genes are transgenically expressed such as VEGF with angiotropin
or angiogenin. In another emobodiment more than two different genes are
transgenically expressed. Multiple genes can be expressed within the same
cell, or may be expressed by different cells within the same composition. in
some circumstances expression of two different factors, such as two different

25 angiogenesis factors synergistically results in greater establishment of the
transplanted cells within a target diseased heart muscle.

Transformation of cells can be achieved by a variety of methods as will

be appreciated by a skilled artisan. Generally a nhucleic acid sequence encoding

30 a desired polypeptide such as the VEGF165 gene is under the control of a
suitable promoter. Suitable promoters which may be employed include, but are

not limited to, adenoviral promoters, such as the adenoviral major late promoter;

-6-



transplanted cells within a target diseased heart nuscle. Transformation of
cells can be achieved by a variety of nethods as will be appreciated by a
skilled artisan. Cenerally a nucleic acid sequence encoding 30 a desired

pol ypept i deo3smhias: t he VEGF165 gene is under the cont i@ (LSR%E ooiddet @bl e
pronoter. Suitable pronoters which may be enpl oyed inclu (f)ut are not
limted to, adenoviral pronoters, such as the adenoviral najor |ate
pronoter; -6 WD 2004/014302 PCT/ US2003/ 024600 or heterol ogous pronoters,
such as the cytonegal ovirus (CW) pronoter; the respiratory syncytial virus

(RSV) prondt epr; hétBibitsobs prothaery %ﬁéh a§m¢é1cﬁ§mtee@owa(cmwmbmbtertthe

net al | ot hi onei n pronoter; heat shock pronoters; the | bumin pronoter; the
ApoAl  pr oot efesPIFRIARINSYICKIA! Yifys JRSV Pometer; d'l‘d'-tcf%pﬂ?"ﬂ@e@- U 28 Beonot er s,

such as the Hamegar%am exhed Mvethitbitmendin f}%ﬁo{é"ro'ﬁﬁéﬁrshocl( qirérﬁatbfsalthbTRs
(including the nodified retroviral LTRs herei nabove descri bed e

bet a. -actin pRBHBINEROMIRS: g ARRALPOMOE R RFhEoRin T eless; V’l"‘Hé%W'S'HBt er also

may be thesnakihy® ProPRGER; sobh i3 HenHERES slmgleaeﬂhwmdinage toiémoter;
vector is enployed to

pol ypepti de. n trovira

transduce pa@%&&'f‘ﬂg}&l ﬁ?qdﬂ'@sth’?d“?%ff% CHENIGH eRRéélefe'“qWE deggrielies of
packagi ng cel tHe beftﬁl-&hmfﬁwmb%rta'rﬂﬂmh%tgidmdhﬂ@nhdﬁe Mot@‘&eTHH);Broh'iotért ed to,
t he PE501, PA317, pSI CRE

.psi.CRI P, GPAEQgBay %be @ﬂe?ﬁ}'ﬁ?n ﬂ“?m'é’/{;’fﬁdw%%\rl\l ?9&‘?’Pél hﬁege%& ‘%ﬂé?eé'F‘Q e i
M1 er, Hurranp&@p@tﬂé\erapy 1:5-14 (1990), which is Incorporated here| n by
reference inits entirety. The vector may transduce the packaging cells

t hr ough arw means known in the art. Such nmeans include, but are not |limted
to, el ectroporati anonkhenbodientes retrbi/msptamm veuish iSeRplayel t¢ transdiicpi t at i on.

0068 oo Rt ' B e Ao s sepra B Roct
t hi s enbodi mewhich reayp bedtarefectedl include)ebut are not limited to, the PESQ1, PA317,
.psi.-2, .psi.-AM, PA12, T19-14X, VT-19-17-H2, .psi.CRE, .psi.CRIP, GP+E-86,
15 GP+envAml12, and DAN cell lines as described in Miller, Human Gene Therapy
1:5-14 (1990), which is incorporated herein by reference in its entirety. The
vector may transduce the packaging cells through any means known in the art.
Such means include, but are not limited to, electroporation, the-use of
liposomes, and CaPO.sub.4 precipitation. In .one alternative, the retroviral
20 plasmid vector may be encapsulated into a liposome, or coupled to a lipid, and
then administered to a host. In this embodiment the producer cell line
generates infectious retroviral vector particles that include the nucleic acid
sequence(s) encoding the polypeptides. Such retroviral vector particles then
may be employed, to transduce myogenic cells or precursors to myogenic cells.
25 The transduced cells express the nucleic acid sequence(s) encoding the
polypeptide.

In a preferred embodiment cells are transformed with VEGF. VEGF has

four different forms of 121, 165, 189 and 206 amino acids due to altemative

30 splicing as described, for example in U.S. No. 6,040,157. VEGF121 and
VEGF165 are soluble and are capable of promoting angiogenesis, whereas
VEGF189 and VEGF206 are bound to heparin containing proteoglycans in the

7-



generates infectious retroviral vector particles that include the nucleic
acid sequence(s) encoding the pol ypeptides. Such retroviral vector
particles then nay be enployed, to transduce myogenic cells or precursors

t o myogeniwoelslos43025 The transduced cells express the ﬂ%ﬁy ' |
sequence(s) encoding the polypeptide. In a preferred e JS&EN?&QgIIs are
transformed with VEG-. VEGF has four different forns of 121, 165, 189 and
206 am no acids due to alternative 30 splicing as described, for exanple in
U S. No. 6,040,157. VEGF121 and VEGF165 are sol uble and are capabl e of

t

ontai ni g b T e and S e Bt SR e el

surface. The Wihplysiglogieal psgliseration ehdpeed; wessaisdSajdasek. faMb@ed Gathare| at ed
th ph | . and

VC\:nar bog ys' 0 Os'faé?lf)ﬁ@s*& %]@B gwggﬁbg%{u\égsﬁq_ Sel\t/%ﬁg! léla‘ﬁ’??ol foo: é\fh a”,

Cell. Bi 0I 1822 G?@))e@@hlgn@@’gyty binding aﬁegﬁr%malme@ ol crmem@trsﬁliab@"ar e

| ocal i zed gnl Iy L. B., at
LG e A Rt b Bt o Ol T o O™ o o at
| east two typesbestimesy ok ther @qulﬁﬁsﬁéllgﬁﬁéwo types ofcrells @re ygnspignteshdntof t he
heart. One ty EHSFS i ogenesi s
factor) and p@g?rg{ge% ilolgrsﬁﬂ‘ﬂfs traneg'gqgn%gpg?lﬁf&g r%@% (I\)}#lE Glﬁ(%%'bgﬁorﬁgfl

vessel growt han%hmglmpslédacw)s%%h@fqr9rpi@"bfls ér@nspla@tern&orr&l@p(Sa\nt ed i nto

region(s) wheggerb! sraadve&%ei AN B sl @RsirdieedRdseddnBalypbass capasi al i st
can readi lé determ ne optini Zed | ocations for transplanting the two (or

more) typdd oransplanted inteeaipnis) peeiediond vesgeliasrwib s legppgedess Araidiapeen found
responsi bl e fghecialist dAIehdifyeitterfiine eptinfizad! |aéat|bueﬁfrn@h§aamdgl th¥/ tWe(op! asma
proteins even after the cessation of injury, which is a characteristic
feature of noMRER) YXRASS I cellsal | ng. This suggests that VPF |Is an | nportant
factor in myocardi um wound heal ing. Brown, L. F. et al.,.J. Exp.

Med. 176: 1375-1379 19922 VEGF exip es I S .
sculaf permeability factor ?VPF) has also been found responsible for

J

15 persistent microvascular hyperpermeability to plasma proteins even after the
cessation of injury, which is a characteristic feature of normal wound healing.
This suggests that VPF is an important factor in myocardium wound healing.
Brown, L. F. et al.,, J. Exp. Med.176:1375-1379 (1992). VEGF expression is
high in vascularized tissues, (e.g., lung, heart, placenta and solid tumors) and

20 corrrelates with angiogenesis both temporally and spatially. VEGF also has been
shown to induce angiogenesis in vivo. Since angiogenesis is essential for the
repair of normal tissues, especially vascular tissues, VEGF has been proposed
for use in promoting vascular tissue repair (e.g., in atherosclerosis).

25 U.S. Pat. No. 5,073,492, issued Dec. 17, 1991 to Chen et al., discloses a
method for synergistically enhancing endothelial cell growth in an appropriate
environment which comprises adding to the environment, VEGF, effectors and
serum-derived factor. Also, vascular endothelial cell growth factor C sub-unit
DNA has been prepared by polymerase chain reaction techniques. The DNA

30 encodes a protein that may exist as either a heterodimer or homodimer. The
protein is a mammalian vascular endothelial cell mitogen and, as such, is useful
for the promotion of vascular development and repair, as disclosed in European

8



high in vascul arized tissues, (e.g., lung, heart, placenta and solid tunors)
and 20 correlates with angi ogenesis both tenporally and spatially. VEG al so
has been shown to i nduce angi ogenesis in vivo. Since angiogenesis is
essenti al wwonrodsloessor epair of normal tissues, especial |l pofaRSHbBI46d0 SSUES,
VEGF has been proposed for use in pronoting vascular tissue repair (e.g.,
In atherosclerosis). 25 U.S. Pat. No. 5,073,492, issued Dec. 17, 1991 to
Chen et al., discloses a nethod for synergistically enhanci ng endot heli al
cell growth in an appropriate environment which conprises adding to the
en\d/i rgnlmsnlt, \/FEéEnl | ,tﬁﬁﬁliﬁ@t;amo.aenéozmzlmﬁsﬁe\desbp‘. aoi) 0992, Adnsanbddaﬁérub sar

endot helial ce [ owmt act or sub- unijt S en _prepar

pol yner ase cha‘?fﬁh‘?gE‘é(‘é’ftlo('}rFof"e?‘(PFﬁﬁst?{]é’gyg%ﬁéG%EPQ)IJ(%%?:&W&M@Q%‘?%Fﬁ&PWYq hat nay
exi st as eit hegellagrbwthefaotbr i is asedhonivei saptie cdlldcor inrthé Sammel ContpodiBI®E i an
vascul ar endot h@l iJaI celh mto ep.a d, as such, is useful for the pronotion
of vascul ar deSFiPdBhEsRTe ‘ﬁosVP%’gb?'?? HS-4i scl osed in European -8 WO

2004/ 0143025 PCT/ [ TS2003/ 024600 Patent Application No. 92302750. 2, published
Sep. 30, 1992. In ?Tbodiérznts of the I.nvelption co eX{&rEssi on of VEGF165
with VPF and/or vaSCtiard &05991LT mypoenie cpll GPORPHUIGNS LEPSCMRY RERYSe | nh t he
sane cells or gell stimiatonymgeatspogl dthermatérials ¢ fagilitate deplesitionadrideaffiation gi st i
effects. 5 Prepared transgeni c .myogenic cell conpositions further, nmay

corpr 1 se cel IO 8T PSR A ST GG, el p PR e € 2 R

deposi ti on andsuspémsiart byimjectibn inéd the damatbd mypeardiuti.um General |y, the cells
are introduyced as t hi SUIS sion. by iniection intp the damaged

myocardi umt 10 The 6% FareeE T tinte 1) 8 dPoishefs Py bRERESA es wich
unequi vocal eenidbmce éhaticiaMe-Bhdduped dweddinpar mybdhiasis any pdod ©f soraegt for oof of

concept for rapy. Human nyobl asts survived and integrated
into the porcﬁﬁ%‘* ggﬁﬁr‘ﬁ’%ww myocardi um all owi ng concomtant cell therapy

and gene therapy. Wereas the

Human myoblasts survived and integrated into the porcine ischemic

15 myocardium, allowing concomitant cell therapy and gene therapy. Whereas the

newly formed myofibers harbor satellite cells and impart regenerative capacity to

the heart muscle, the genetic transformation of cardiomyocytes in vivo to

become regenerative heterokaryons through myoblast genome transfer

constitutes the ultimate heart repair. The regenerative heart® also contains

20 cardiomyocytes of myoblastic origin. In all three scenarios, new contractile

filaments are deposited to improve heart contractility. This latter can be

translated into the improvement in the quality of life of heart patients and in the
prevention of heart attacks.

25 Accordingly pure (i.e. at least 95%, 97%, 98%, 99%, 99.5%, or even at
least 99.7% pure) VEGF g5 myoblasts, when injected intramyocardially, are
potential therapeutic transgene vehicles for concurrent angiogenesis and
myogenesis to treat heart failure. Immunosuppression using cyclosporine for six
weeks is effective for long term survival of xenografts or allografts.

30



newy fornmed nyofibers harbor satellite cells and inpart regenerative
capacity to the heart nuscle, the genetic transformati on of cardi onyocytes
in vivo to becone regenerative heterokaryons through nmyobl ast genone
transfer wonsedsoidsbes the ultimate heart repair. The rqganaadsioyRoefreart 3
al so contains 20 cardi onyocytes of nyoblastic origin. In all three
scenari os, new contractile filanents are deposited to inprove heart
contractility. This latter can be translated into the inprovenent in the
quality of life of heart patients and in the prevention of heart attacks.
25 Accordingly pur &ach documéntl 68 thefiiis HeUficARncPofatedSinHertifetyeben at
| east 99. 7% pur VEGE, 65 obl asts, when i nggﬁt ed :Ogt ra‘%ocar iauay, are
potential ther§fEeRGE: Thefoleiung exmple isRresented By M@y ok Hiustztop SRRt PY " and
myogenesi s to waestiiniiggos, failure. | munosuppression using cyclosporine for
six weeks is effective for long termsurvival of xenografts or allografts.
30 -9 WD 2004/014302 PCT/ US2003/ 024600 Each docunent cited herein is
specifically incorporated in its entirgtamglg reference. The follow ng
exanple is presented by way of illustration and pot by way of limtation. 5
Bl o | Thi s examiie Gerioie deaoasiaes rol Reram, obMAALFaIARRIS us: ng
myogeni ¢ cel | smyégenid Icails g ©@shEnieiT &57es¢EGEEFI65] NIt his mMyseassasi s
exanpl e, culture R%obl ast s dg%i vec%_.f#){n satel | i tei Cﬂ:l s of human rectus
femoris bi opsPEERIECUIed TyeREsts dRriver Fam Saipliite,rell OF PumaR fatys fRgolisc- z
repglrter _genta. bi&&é&@%i@&ahﬁ&fc&d mmgleﬂgtreﬁgame_aa'r cafrfing @at-& d(epaﬁer ganet, r gl =ﬁ;
nyobl ast i t ed= was, produced. C, _ng_an_aner ring. around the
left circunfl :eorg'BF%QFWO%?P“Z&WM‘FGEKWWE%%'Icg?té&','gé@@ﬁiar%gm'g\’ﬁg%gxposed
by left thoracwéopsodudedby glamipigeart amemid fhg arsune dehleftairotraflex cgord®P m || ion
nyobl asts, or 5 tatal vgl yne of asal DVEM a nt t.ol re Lnjected Into
the left vent r?rg%lr& ?ﬂyrr\gﬁ@g;jgtﬁaiegm Bga was expose% b@qegt thoraco omy. +wén§y

injections (0.25ml each) containing 300 million myoblasts, or 5ml total volume of

basal DMEM as control, were injected into the left ventricle intramyocardially.

15  Left ventricular function was assessed using MIBI-Tc%™

SPECT scanning one
week before injection to confirm myocardial infarction and at 6 weeks after

injection.

Animals were maintained on cyclosporine at 5§ mg/kg body weight from 5

20 days before, until 6 weeks after cell transplantation. The animals were

euthanized at 6 weeks to 5 months post-operatively, and the heart was

processed for histological, immunocytochemical and ultrastructural studies.

Laser nuclear capture together with single nucleus RT-PCR was performed to

delineate host and donor nuclei. In situ hybridization using fluorescent DNA

25 probes specific for human Y-chromosome and chromosomes 1&10 for pig were
used.

In the angiogenesis study, the human myoblasts were transduced with

retroviral and adenoviral vectors carrying Lac-Z and human VEGF4g5 genes,

30 respectively. The cells were characterized for VEGFig5 transduction and
expression efficiency by immunostaining, ELISA, immunoblotting and RT-PCR.

A porcine heart model of infarction was created in eight female swines by left
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15 Left ventricular function was assessed using M Bl-Tc99m SPECT scanni ng
one week before injection to confirmnyocardial infarction and at 6 weeks
after injection. Animals were mai ntained on cyclosporine at 5 ng/ kg body
wei ght fr omo2004d%430t8ys before, until 6 weeks after cel lpcdy@neplhe@iati on. The
animals were euthanized at 6 weeks to 5 nonths post-operatively, and the

heart was processed for histol ogical, immunocytochem cal and
ultrastructural studies. Laser nuclear capture together with single nucleus
RT-PCR was perfornmed to delineate host and donor nuclei. In situ

hybri di zati on aiséumtfle| arterg digetinn. DiTAe 2anipalisbesresgreopéd asf amntrolifrea8) and

Y-ch 10 ' ' '

study. the nundoRPSETBRAEE arey: Adburll WRb bl 0 Rable BIERCUTT

vectors carryi ngclusion @f thedldodrvesse/EEFdrBEorgwas sonfirBed with pAiBt-Te’dT $PETHe cel | s
h Cori _ . . L P b

enons . na R FYRASR BT AN Shif R RS O SHEE SRR O

| nf ar cti on Was myoblastedarrying VEIGFdscame ILacigemes weve injected intbGhaNBft3e0uicie 14302

PCT/ US2003/ 024 ' I . | N | ped as
control (n=3) %g%myﬁyb%rgiégf%t %ﬁ'ﬁ'ﬁ‘%ﬁ%@%ﬁ‘%gmﬁﬁéﬁ?&?gﬁi@f"%ﬁé@kﬁ%r dto
ensure conpl et weight)c farssisnwegkst pestisipetativeles s learts nfere ctheonexpanted reéndr ned
with MBI-Tc99 | | ater, 5m basal DVEM wi t hout or
wi th 3x108 hungkd%ggérgyﬁgg\s'as{soggp?@wr‘l%alsﬁﬁe%% and Lac-Z genes were injected
into the left ventricle intranyocardially. The animals were maintained on
cycl ospori (5 ng/ d Lgh ' } t 0P LV ~Hearts
were t hen ggpl ant ed’lilg'ﬁ%? )[? g%gitgeg}f%%%i m\gﬁgﬁ%‘ g?n Egl ﬂé’?‘hh, gé%lmTO Human
myobl asts of 9Ynmpuestaipingstese prepetedoAtiouhd i dhe myonuelaimese suasessiullyer e

pr epar ed. Abo“'traﬁ&f@cﬁg Cvfri@:eréf%ﬂ?i%?r%y' éﬁ!}{?%ﬁﬁgugﬁ?ﬁﬁﬁébx tfléé%%{%%g‘r'éfegle\&‘i th

retrovirus carrying gene. vea
>95% cell viability immediately before injection.

15 Histological examination of myoblast-injected myocardium showed
cardiomyocytes containing Lac-Z positive nuclei (of donor origin) after 12 weeks
(Fig. 3B). More than 80% of the Lac-Z positive cardiomyocytes immunostained
positively for human myosin heavy chain (Fig. 3A). The control heart without
myoblast injection did not show Lac-Z positive myonuclei nor human myosin
20 (Fig. 3C). Triple stain of myoblast-injected myocardia demonstrated
multinucleated heterokaryons containing human and porcine nuclei with
expression of human myosin (Fig. 4). Electron microscopy demonstrated
human myotubes and skeletal myofibers with satellite cells in the porcine
myocardium (Fig. 5).
25
The transduction efficiency for Lac-Z and VEGF.s was 75-80% and
>95% respectively. The transduced myoblasts continued to secrete VEGF g5 for
longer than 18 days, significantly higher (37 + 3ng/ml) than non-transduced
ones (200 + 30pg/ml). Dye exclusion test reveals >95% cell viability at the time
30 of injection. Histological examination showed extensive survival of the grafted
myoblasts expressing Lac-Z gene in and around the infarct. The vascular

density (mean + SEM) counted in an average of 12 low power fields (x200) in
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>95%cel |l viability inmredi ately before injection. 15 Hi stol ogi cal
exam nation of nyobl ast-injected nyocardi um showed cardi onyocytes
cont ai ning Lac-Z positive nuclei (of donor origin) after 12 weeks (Fig.

3B). Mor e whagas/B8Q%020f the Lac-Z positive cardi onyocyt epcir/iikuogsissgoned
positively for human nyosin heavy chain (Fig. 3A). The control heart w thout
myobl ast injection did not show Lac-Z positive nmyonuclei nor human nyosin 20
(Fig. 3C. Triple stain of nyoblast-injected nyocardi a denonstrat ed

mul ti nucl eat ed het er okaryons contai ni ng human and porcine nuclei with

expr e;si on gf Emmml anml ihfa_an(tﬁves (4_41?] iﬁ,@ﬁs@mfﬁdlc)@qp@ymh naycbiised human
myot ubes and skel et a of i Wi t te e _ce in the porcine

myocar di um ( Fi §anspjant F?He?fé'%héa&él)i%ﬂ' Qf H"Eﬁ% 5P phewet MIRPVRGF165
St et e VEGETG B o B B e o 1)
secrete or . longer than 18 days, significantly higher ng

t han non-t r ans RIRTRRIEd B X HQQQ%FGJ%%M?FO éﬁg’eﬁ'ﬁ:l usi on test reveals >95%

cell viabilkty at the time 30 of injection. Hi stological exam nation showed
ext ensi ve survi vgl Sg t he gr afted myoblasts expressing Lac-Z gene in and
around the inf er e ular density (mean SEM counted in an average
of 12 | ow power fields (x200) in -11 WD 2004/014302 PCT/ US2003/ 024600
control ani mal  hear s (4 0.42 S .conpar t he VEG-=155 obl ast -
transpl anted gfoup '%;@Yi% a M %i’ﬂatf’ﬁ?'g‘} %?qu%@"ggg&“o’%‘%aﬁgu&?ﬂfaéﬂtel roved
perfusion in t et Bridithe! PR-mhRNACH . Sgiics Sitet Sayuehte (UUAGIST lapd tioe Hamaaf ter 6
weeks promnpte Q. Xxe t rejecgti ,un to ,20 . 5 h
Referencesr@ F%%%L@%ﬁ?ﬂ“ﬁﬁ%ﬁ{iﬁ@@e g{ggq/araﬁ\é\ﬁﬁfqﬁg%éﬁégﬁ,l\ﬁ%' ear
Proteins that 4B)hd31de Pre-nRNA 3' Splice Site Sequence r(UUAG G and the
Humran 2 P K Law, et al., “World's First Human Myoblast Transfer into the Heart”,

Frontiers in Physiology, (2000), p. A85. ' '

3 P K Law, “The Regenerative Heart’, PharmaTech 2002, 65-70.

15

Of course, changes and modifications to the embodiments presented
herein are readily understood by the skilled artisan after reading this -
specification and furthermore, such changes and modifications may be

20 practiced within the scope of the appended claims.
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10 Tel oneri c DNA Sequence d(TTAGES), ', Ml ecular Cell Biology, (1993), 13,
4301-4310. 2 P K Law, at al., "Wrld' s First Human Myobl ast Transfer into
the Heart", Frontiers in Physiology, (2000), p. A85. 3 P K Law, "The
Regenerative Heart", PharmaTech 2002, 65-70. 15 O course, changes and

nodi fications to the enbodi nents presented herein are readily understood by
the skilled artisan after reading this specification and furthernore, such
changes and nodifications may be 20 practiced within the scope of the
appended epaig®. -12 CLAIMS: 1. A patient matched cell conposition,

conpri si nmast s that: a) transgenically express an epithelial cell
stinul at or or angi ogenesi s sti mul ator, said epithelial cell stinulator or

angi ogene§| S s 'anrgfn?z{t gice Posglons%"{%%{{fﬁl{g:‘ﬁg ga Sctgsl y express at |east a

second epitheli 4 is stinmulator,

wherei n said se)condtraﬁgédiﬁlllyalexmisl afit pitheHalokeldr stimaaofl oranggiogmesisi s bei ng
Angi opoei tin- 1 wherein the conpasition js prepared by obtaining a nuscle
bi opsy f r Simulgter, salétqpéhqhal cejl stw%ateb?fﬁagiogmﬁlwmelaaqr ing iHelehd t he nunber

of myoblasts egreed trranéageﬂi'éﬁmeéxr?r&g af b4 RERRY ef}iﬁ{elﬁl &Y sfllﬁlnglatt& of secdnd 1he

conposi tion of claim1,” wherein the epithelial stinulator or
angi ogeneangxogescSImﬂtla‘(Udnton, swhiEeia. sald §Eh@ld:@nphn§1atmﬂ stimelatar nor3 seophér ei n t he

VEG- is selected. élméhe. ﬁrqurﬁ_ _consisting of VEG-2, VEGF121, VEGF165, or a
bi ol ogi cafi?%}oggfﬁ/ cipg 8%18 pety ér eof . 5. The conposition of claim1, wherein

the nyobl asts aheremOtheasummsitive i prépatedd B Obidifiag £ Rueclesbiapyeporhhéi al

stinmul at or ortangl ogenesi s stinulator and a second marker gene.
patien

2. The composition of claim 1, wherein the number of myoblasts exceed the number

of fibroblast cells by 100 to 1.

3. The composition of claim 1, wherein the epithelial cell stimulator or angiogenesis

stimulator is VEGF.

4. The composition of claim 3, wherein the VEGF is selected from the group
consisting of VEGF2, VEGF121, VEGF165, or a biologically active fragment thereof.

5. The composition of claim 1, wherein the myoblasts are cotransfected with a gene
that encodes an epithelial stimulator or angiogenesis stimulator and a second marker

gene.

6. The composition of claim 1, comprising at least 1 billion myogenic cells that

transgenically express at least one angiogenesis stimulator.

7. A composition as described in claim 6, wherein the at least one angiogenesis

factor comprises VEGF.

8. The composition of claim 1 useful for treating an individual, prepared by

13



6. The conposition of claim1, conprising at least 1 billion myogenic cells
that transgenically express at |east one angi ogenesis stimulator. 7. A
composition as described in claim®6, wherein the at | east one angi ogenesi s
factor conprises VEG-. 8. The conposition of claim1 useful for treating an
i ndi vidual, prepared by 13 a. formng an allogeneic or xenogeneic cel
culture forma biopsy of skeletal nuscle taken froma second individual; b.
transformng cells of the culture with at | east one gene that encodes an

angi ogenesi s st i mul : oLy . el | i |y, pure
enough for int %’oduc@%gﬁgiaﬁg gog%ngfc rir%eg(?gelﬂ%lg :é%/]itl g‘tgjlgdrgff(gﬁ] Arh‘z’p sz}gérf;)s%glf %éll on of
cl ai m 8, wiherleiaken fremaedetorgiihdivideali rom step 3 is at | east 90% pure nyobl ast

cells. 10. The_conposition of claim8, wherein the cells ar ackaged into
at |least one Ront aﬁf%{‘éfor@mgt cgbis q.ftg% culgre I’fY‘@'t élalf"i‘sgl‘i’nf: 8° ?}l‘i‘g eF“r?gFﬁl Yual of
at | east 34ogehédid QimilAbt,an®er container. 11. The conposition of claim S8,
wherein the cells are packaged into at |east one container suitable for
admi ni st rati onci nt oformme; menlirel ghrellst suitably gasg enough [fog trodegtios ipterthe

contai ner g 12 . thgconposition of claiml, derived from a). providing an

al | ogenei ¢ or xenogeneic culture of nyogenic cells, the cells conprising at

| east one gene that encodes an angi ogenesis stimulator; and b). culturing
the transgenic_cells into ure enough formsuyitable for,.introdyction into
the pati odr ! 15 sorRpasBiogod BiTBrs STheciiafinced colfis B sehc af IgltBr o 't om
step 2 ispabk nyddfkt i3 pure nyobl ast cells. 14. The conposition of claim
12, wherein the cells are packaged into at |east one container suitable for
adm nistration into the individual of at least 100 mllion cells per

10.  The composition of claim 8, wherein the cells are packaged into at least one
container suitable for administration into the individual of at least 100 million cells per

container.

11.  The composition of claim 8, wherein the cells are packaged into at least one
container suitable for administration into the individual of at least 1 billion cells per

container.

12.  The composition of claim 1, derived from:

a). providing an allogeneic or xenogeneic culture of myogenic cells, the cells
comprising at least one gene that encodes an angiogenesis stimulator; and

b). culturing the transgenic cells into a pure enough form suitable for

introduction into the patient.

13.  The composition of claim 12, wherein the cell culture from step 2 is at least 90%

pure myoblast cells.
14.  The composition of claim 12, wherein the cells are packaged into at least one

container suitable for administration into the individual of at least 100 million cells per

container.
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container. 14 15. The conposition of claim 12, wherein the cells are
packaged into at |east one container suitable for admnistration into the
i ndi vidual of at least | MIlion cells per container. 16. The conposition
of claim 12, wherein the angi ogenesis stinulator is VEGF. 17. The
conposition of claiml, claim8, or claim12 suitable for sinultaneous,
separate or sequential admnistration with at | east one i munosuppressant
agent. 18. The use of allogenic or xenogenic nyoblasts that: i.
transgenigal | Whgwﬁﬁsﬁu?ﬂ‘ oFBiaﬁlFeﬂZ' @Jhepeﬁ kheséelllgl'élrea £dkalld HPLP %gsqe%'es .
stinmulator, said ep el'tal "cell "stimul'ator or angl ogenesi's s Pl &t or  bei ng
VEGF; ancontainet sutablpefor adhlinisteatipnds® the ihdiaidualaofSetdesst lefiillibelcell pegel |
stinmulator or second angiogenesis stinmulator, wherein said second

epi t hel | &"M@®FY stinmul ator or second angiogenesis is selected fromthe
group consisting of acidic fibroblast growh factor, basic fibroblast

growm h factor, angiotropin, angiopoeitin-1, angiogenin, and VPF, resulting

i n the mdfiuf adharempgsitipnafelaimni@nwherein the engiogegesiotigudatpris VIEGE. failure in
an individual. 19. The use of claim 18, wherein the nunber of nyoblasts in

t he medi canent exceed the nunber of fibroblast cells by 100 to 1. 20. The
use of clldi m T8¢ ovhoeition tdfecleipdi, teini 8| o elaimsta suikableo forosimatgnedgenesi s
stimulator is VEG-. 21 The, use of. claim 18, wherein the VEG- is sel ected
from t he SHRARIH OLFALFLIR| nigistranprish a BeiMIMKRERIPPERSSaNy AZENtyi o] ogi cal | y
active fragnment thereof. 22. The use of claim 18, wherein the myobl asts
further transgenically express at | east a second epithelial cell stinulator
or angi odénesilthe ysq ohallggenic orpenogenicinpoblasts hat: cl ai m 22, wherein the second
stinmulator is.sele I t [ oup nsi SLiNg.. idic fi | ast

growt h factor - bas?r%'?sgf:%rc%g)l :f’s?regr oa\k/*vt P é:(l:‘g %rﬁellagtérgélta?}gp?}n,ang% %rfoeglps)oei tin-1,
angi ogenistimubatud, sdRfepithelial cell stimulator or angiogenesis stimulator being VEGF; and

ii. transgenically express at least a second epithelial cell stimulator or second
angiogenesis stimulator, wherein said second epithelial cell stimulator or second
angiogenesis is selected from the group consisting of acidic fibroblast growth factor,
basic fibroblast growth factor, angiotropin, angiopoeitin-1, angiogenin, and VPF;

resulting in the manufacture of a medicament for treating congestive heat failure

in an individual.

19.  The use of claim 18, wherein the number of myoblasts in the medicament exceed

the number of fibroblast cells by 100 to 1.

20. The use of claim 18, wherein the epoithelial cell stimulator or angiogenesis

stimulator is VEGF.

21.  The use of claim 18, wherein the VEGEF is selected from the group consisting of
VEGF2, VEGFI121, VEGF165, or a biologically active fragment thereof.

22.  The use of claim 18, wherein the myoblasts further transgenically express at least

a second epithelial cell stimulator or angiogenesis stimulator.

15



24. The use of claim 18, wherein the nmyoblasts are cotransfected with a gene
that . ‘'encodes an epithelial cell stinmulator or angi ogenesis stinulator and a
seeond marker gene. 25. The use of claim 18, wherein the nedicanment is
formul ated for injection and conprises at least 100 mllion cells. 26. The
use of claim25, wherein the nedicanment is fornulated for intranyocardi al
injection. 27. The use of claim 18, wherein the nmedicanent is suitable for

si mul t aneous, separate, or sequential adm nistration with at | east one

i MMUNOSUppy essgnt ,, ageN lam?§2 -wr g'eﬁ‘lstﬁe gécoﬁh mu for i\é"‘l&%@ﬂ 8 5 olpnethe
ne. . e use OF

i unosuppreessant agent 1s cyc al m 18, "Raher ei n
t he i ndi veahsiating of acidia rfﬂmobl&f) gro'ﬁ?th fatsar, bési«:ﬁhioManQgrowﬂefaeion, dnigivtdopiman i S
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24.  The use of claim 18, wherein the myoblasts are cotransfected with a gene that
encodes an epithelial cell stimulator or angiogenesis stimulator and a second marker

gene.

25.  The use of claim 18, wherein the medicament is formulated for injection and

comprises at least 100 million cells.

26.  The use of claim 25, wherein the medicament is formulated for intramyocardial

injection.

27. The use of claim 18, wherein the medicament is suitable for simultaneous,

separate, or sequential administration with at least one immunosuppressant agent.
28.  The use of claim 27, wherein the immunosuppressant agent is cyclosporine.
29. The use of claim 18, wherein the individual is a human.

30.  The use of claim 29, wherein the human is undergoing treatment with an agent to

minimize or eliminate xenograft rejection.
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