WD 03/ 085092 PCT/ US03/ 09505 CELLULAR TRANSPLANTATI ON FOR HEART
REGENERATI ON Thi s application clainms priority to U S. provisional

appl i cat iwo 0S®83002 No. 60/368,563, filed April 1, 2002, tla/sas/osety of
which is hereby incorporated by 5 reference. Field of the Invention The
Invention relates to cell therapy of heart and particularly to the use of

to nyogenic s | N f r i nd t herapeutic
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15 Heart nuscle degeneration is a |eading cause of debilitation and death
in humans. .CO n_pat hway underlyi ng congenital and infegti
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constitute the cardiovascul ar di seases. d obal healthcare spending on the

| att &r fE&SPEBEL-$280 20 billion in 2001. In the United States al one,

approximately $186 billion is spent every vyear in treating sone 60 mllion
cardi ovascul ar di sease patients, However, about 50% of the patients
suf f er i higl Opeart failure die within 5 years of diagnosis. Heart

nmuscl e degeneration cascades w th cardi onyocyte nmenbrane | eakage, 25
uncontrolled Ca 2+ influx, mtochondrial ATP shutdown, inability to exude
Ca 2+ throuljre inventen Irelsigsftaceslidherapy ofdgasoand artipulariyite thaeissagfcopl asmi ¢
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i s popubmed elterbigal agemts that tictitaje sythetseatinent.pr ot ei naceous contractil e
filaments such as nmyosin, actin, 30 troponin, tropomyosin, is partially
occupied by fibrous scars that are incapable of electric conduction,
mechani Batkgrounid acti on and revascul ari zati on. These scars continue to
exert a negative conpliance on the heart and the circul ati on despite
renodel i ng occurs after a nmyocardial infarction. -1 WO 03/085092
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umans. common pathway underlying congenital and infectious

cardiomyopathies, myocardial infarction, congestive heart failure, angina, coronary

artery disease and peripheral vascular disease, all of which constitute the

cardiovascular diseases. Global healthcare spending on the latter topped $280

20  billion in 2001. In the United States alone, approximately $186 billion is spent every

year in treating some 60 million cardiovascular disease patients. However, about

50% of the patients suffering congestive heart failure die within 5 years of diagnosis.

Heart muscle degeneration cascades with cardiomyocyte membrane leakage,

25 uncontroiled Ca 2* 2+

influx, mitochondrial ATP shutdown, inability to exude Ca
through the cell surface and to reabsorb Ca ?* into the sarcoplasmic reticulum,
myofibrillar hypercontracture and disarrangement. Apoptosis ensues and fibroblasts
proliferate and infiltrate. = The heart muscle, which is populated by live
cardiomyocytes with proteinaceous contractile filaments such as myosin, actin,
30 troponin, tropomyosin, is partially occupied by fibrous scars that are incapable of
electric conduction, mechanical contraction and revascularization. These scars
continue to exert a negative compliance on the heart and the circulation despite

remodeling occurs after a myocardial infarction.
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filaments, contractility, heart function and healthy circul ation. The
damaged heart responds by cell division of cardionyocytes. However such
regener atwoaspsparity is hardly significant. Cardi onyocyPe3/tusn3/eubs ure
wi |l undergo no nore than three to five s divisions, generally yielding an
i nsufficient nunber of cells to repopulate a nmyocardi al infarct. Because,

car di onyocyt | t] sig since the uman meri c DNA
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know the specific factor(s) t trigger stem cel ferentiate only
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in bony, cartil'ageous, fatt brotic elements that are detrinental to
heart f sigaificant.mit |a¢gvﬁxp|sum/iv|m@afdlomﬁﬁyt%ﬁa@mirpr@m eneughmeyersls exhi bi t
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connective tissue and muscles. Until
scientists can accurately define the speC| fic transcriptional factors and

pat hway 10 guhdecsit g Celdod SIRcenti 8| it i€ 30 gbMY 4K BBen Lite use of
Faophe i A ROBE Hese REe

stem cell II’IJEC ron in hear woul e risk-bene ratio
hi gher tésplartistars eeid mtmﬂmestt §temoc:adirtel¢h1@|lqg,y Hdsagadngur mueldaﬁestldmave many

obst acl §5 t,0 eir wdes ested,strate has been
Che uectdy 6 e romESERRIor iR oA, oy hORen: SRE0ES" Yok BMfiRu " cet s
ar e 1t er seievatisty genéfatly edd inat &downithedspedifiat fadtor sjethst giyget carh| gelisoto
regenerate d ged heart rruscl d transpl ant forej heart parts
Goner ol RSrRRRRrgEy 3 Hrall Bheds call ayes TnG-uBer euthmes, CHAR IR 05t
nﬁj or i kﬁcﬁﬂédﬂ@bééxﬁﬁés amilasl@bg@ﬁu@énttr tant pito treatidart rlhagnwémtnh bpayl entls In
this context e tive art tran signals to
Fecr ui { CHUBRPORRITG, S BFOLR EISGIOmiIoA S OPEMBBRE PRI o RoHEL ompt ¢ 0
repair bBpHMAC! énbrydnic or adult stem cells exhibit uncontrolled differentiation into
20  various lineages to produce bone, cartilage, fat, connective tissue, skeletal and heart
muscles. Until scientists can accurately define the 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. Accordingly, these procedures have many obstacles to their widespread
25 use.

Another suggested strategy has been the use of transmyocardial
revascularization. However, heart muscle cells are terminally differentiated and do
not divide significantly to regenerate damaged heart muscle. And transplants of

30 foreign heart parts generally requires the use of lifelong immunosuppressants, which
pose major infection risks and subsequent death of heart transplant patients. In this
context, the degenerative heart also transmits biochemical signals to recruit stem

cells, from the stroma and the bone marrow, in an attempt to repair the muscle
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WO 03/ 085092 PCT/ US03/ 09505 danmage on its own. However, nuch of the
recruited stemcells differentiate to becone fibroblasts instead of

car di onyowgtoasssophus form ng fibrous scars and not contr cwiuses/ésshanent s.
5 A major problemw th cellular therapies, accordingly, has been the
inability to add new cells of the right anbunt and type to damaged heart
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contracti | aments that are necessary to regain heart contractility
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pr ohhemmiRien HHi@VIead S bar orifiibgs of techniques and materials involving
the culture of tissue biopsy specinens to formcell cultures 25 for

transplant, transplanting cultured cells into a heart, and the use of other

factors SUChgﬂﬂ%r &EB nt‘féséédrgﬁrtf%r aaﬁa%%mhﬁaﬁrb&@n{ I?\%ﬁ{?jte e R éldded

factors may ore ring an fter transpla atlon
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sl ow reléas
injections of angiogenic factor(s) or VEGF genes have found to produce an increase

in the number of capillaries. However, none of these treatments can add contractile
filaments that are necessary to regain heart contractility lost in heart patients.
20

Summary of the Invention

The above summarized problems were alleviated by a series of techniques

and materials involving the culture of tissue biopsy specimens to form cell cultures

25 for transplant, transplanting cultured cells into a heart, and the use of other factors

such as angiogenesis factors in combination thereto. The added factors may be

used, before, during and/or after transplantation to prepare new heart vessels for the

transplanted cells, target the transplanted cells more specifically, help bind the

transplanted cells, and so on. In one embodiment, the factor(s) are made by the

30 transplanted cells themselves. In another embodiment one or more factors are

supplied to the heart directly, and optionally are complexed to other material in a
slow release form.



WO 03/ 085092 PCT/ US03/ 09505 Enbodi nents provide i nproved integration and
survival of transplanted cells. In one enbodi nent, techniques and material s
provi ded Werogiossoat | ow t he use of smaller nunbers of trangprarsogdseel | s,

for inproved efficacy and | ower cost. In another enbodi nent, techniques
and materials provide greater regener ative 5 capacity, for healthy hearts,
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car di on§f @@Eéﬁ‘i"@n qge’s yull BF GpPrRG b8 srrngplihg specificaioni ons:  and
adm ni sterl ng the heterokaryotic cardi onyocytes through a catheter

pat hway. Yet another enbodinment is a conposition of cells useful for repair

of damaged A0 eAWLiMeAi<|the ipvaRien ds mgmelhast 5 rsodusing rardiomyasytes
transgephemld Yoit roRERLiRd Jo%pr@.?ﬁ@r Svidin§ € chidichy dcgfeggcgeﬂrs‘ gé}o{naﬁ:\ or

sel ected fromthe group consisting an ~angi ogene act vasScul ar
endot helyablagf eslishancamdng thej asfis inget mg/fftm\pthmﬂam eanditiops dhat aiowaeslli ved

growt h f @Horof aaa%.eag&ﬁe e&g Ce{trlﬁ)gmdggyfaﬁf‘d?élf%t 5! QL Pg’%mge éﬁ”‘)t her

enbodi nent is a conposSition o repalr o heart 25
nmuscl e, cardigpiiosyteg. mMyotileasmbogdinerdris efmetbod wé rephenisting flegerssatied lamd

factor -oShel AT Card SYEEHER of BPReHP W B @RZo) (BRSO r o' °
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ca
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col | agepathtvgpe |1 30 col | agen, type IV collagen, thronbospondin-I,
| eci t hi n-oxytetracycline-collagen matrix, a galactin, galectin- 1,
vitronectin, and von WIllebrand protein. Further enbodinments wll be

appr eci at ed Yt aqotreadmbgdipdent ea so@podilieRdi &¥lls useful for repair of damaged
20 heart muscle, comprising myoblasts that have been transgenically transformed to
express a cellular integration factor selected from the group consisting of an
angiogenesis factor, vascular endothelial growth factor, fibroblast growth factor,
platelet derived growth factor, angiogenin, pleiotrophin, and interleukin-8. Yet
another embodiment is a composition of cells useful for repair of damaged heart

25  muscle, comprising myoblasts and an effective amount of a cellular integration factor
selected from the group consisting of an angiogenesis factor, vascular endothelial
growth factor, fibroblast growth factor, platelet derived growth factor, angiogenin,
pleiotrophin, and interleukin-8a migration factor, a scaffolding protein, PDGF, HGF,
fibronectin, MMP-1, MMP-2, laminin, laminin-1, fibronectin, type | collagen, type Il

30 collagen, type IV collagen, thrombospondin-l, lecithin-oxytetracycline-collagen
matrix, a galactin, galectin-1, vitronectin, and von Willebrand protein. Further

embodiments will be appreciated by a reading of the specification.



-4 WD 03/085092 PCT/ US03/ 09505 Detailed Description Insights were obtained
t hrough extensive work in the field of nyoblast transplantation therapy

t hat al | owotohes®wat ensi on of this basic technique to the PCpruspsigdsexti c and
therapeutic fortification of heart nmuscle with myobl asts obtained from

skel etal muscle. For exanple, it is realized that newly fornmed nyotubes
have t@)ﬁlpg,e& X0 iaﬁ(;nzgd and innervated within 10 days, or they wll

peri sh. =Successturty - i nnervated and vascul ari zed, the transplanted cells
deposit actin, nyosin, troponin and tropomyosin that eventually organize

I nto sarcone h t ra Lts of 10 nmuscle contraction. This
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' ' transpl anted cells. Enbodi nents

targetin and 15 greater survjvability of

of the f‘q?%ﬂ??‘%arﬁ?gjnarﬁ agpet Wﬁ@f‘éro! é@ég ShdaverioRagish) Sucsessiilipl e
enbodi nBkpated BAGNBBAAFR], THE GaRplambl icdlls %Fbsiﬁ a6, | MgosH, tRdtRNGT 2l
ti ssue from anot her human donor to prepare cells for transplant into

anot her 2NAJCPOMH@SENtaL €VeRtual SraaeRenintusaicoMeRes, thendfusturalpvditbuet bl e cel |
cul tigr enfuRelRNESHIRCIBY. DPhis Ungrdith FroBBYsCiakba r&iﬁl‘éfél}pﬁ%ﬁﬁﬁﬂ?gt‘hyat ey

require fewer calibration and control tests f treating

pat i ent §nfariynatedy. mipwous isiusias bavedindisatad thas al largge podionl & transatantssht r al
cell ma Ul ' t I | | / ug omat ed
ol | B Bl A P AT Y or Yo que
25 to pHoreigchniquesahdrmaigtialatdegeribied heanat prgeidetrneral ddvadtegeoabhetriest | s may

be used o ' ' : t] eclpi Yet anot her
advant aSFéa{‘ds'“? @ﬁ%fgkgggm&h%ﬁgﬁchfu‘rgﬁaéé{nnt%\faéa%"é’i %‘foée@@g%%?%%aa rage used

t 0 tif eapgreatdrisuptieabiiy peimarsspldnted cellspr oved qual ity control and reduced
costs. In yet another enbodinment, specific nodification of tissue
rejection antigens on a chosen cell sanple may be carried out 30 to renove

or all evi at eEmbadia@ntsbhtieomvanitdngspen hotnge sif angkeridiscald mieyHarls. Amot her

enbodi nggéira%fe ten"leboldprﬁ/een g,l %h]ogllj’gp 3 gyet %gardaep Bytih%QF Fc):lal? nsta?r;[plli(rjlg'ofl gi(eﬁe%ls

tissue from another human donor to prepare cells for transplant into another. An

=

20  advantage of this technique is that a more reproducible cell culture technique may be
used for a more standardized procedure that may require fewer calibration and
control tests for treating multiple patients. Furthermore, this procedure allows large
scale up at central cell manufacturing locations that may utilize, for example an
automated cell processor for lowered costs and greater availability of the technique

25 to patients. Another advantage is that genetically desirable cells may be used for
implantation into genetically weak recipients. Yet another advantage is that
transgenic manipulation of a single sample can be used to treat multiple patients, for
improved quality control and reduced costs. In yet another embodiment, specific
modification of tissue rejection antigens on a chosen cell sample may be carried out

30 toremove or alleviate transplantation antigens for a standard cell type.

Another embodiment of the invention uses autograph transplantation. In this

technique, a biopsy such as a muscle sample is taken from a patient, cells are grown
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techni que, a biopsy such as a nuscle sanple is taken froma patient, cells
are grown -5 WD 03/085092 PCT/US03/09505 wup fromthe satellite cells (or
ot her nmuswbe3psmgenitor cells that may be present) and tRem/uses/vsspd ant ed
into the desirable area of the heart, other nuscle or other tissue. This
technique is particularly desirable where the patient is young, has

enetic r kel e ti exists to
aotabi | OR oy IR ERRIGIE@ ohaFiReb o R LR AR BB Bt <

parti cutizn re-idedantabirgo weedesireble aredesii thedetid, otheoimtlsplessi dther ttssmpl i cations
of tissye. rejection n _both da rahrrethods

Cechnol 0 GFRTpLDILLeeRahY cBeratin i o pesel S TRuRFy o St

gescr i bedrmhsl ﬂ(betabubéu&df@t samplinad, aBE anipdé tihelexists to @stamtsh?aalﬁrgerm@
egenerativ enetjc di ses, such, as cle scerosis w, uc

ooy St T e, Gl RS RPN 1S PR GISTERON BYF b dBSES Brher apy”
Gene Th@r/@axpo&slmlc@)ﬁ\ﬂnaétucﬁlsc&f%yue rejdcki8f8) . pp. 345-363. MIT is a pl atform
technol ogy of cell transpl antation, nuclear transfer and tissue

engi neering. P K Law, "Myoblast Transfer as a Platform Technol ogy of GCene

Ther apy”, 15Inﬁﬁﬂl¥b@6g?é;¥h Ahd 3t oarf&FMéthoﬁg%B@éﬂrﬂg)@g y of b %%}traﬁﬁer 25-27. P

K Law, "Nuclear__Transfer and Ruman Genone Ther apy Bu5| ness Briefing -

Future BraiPDMED\Vesjrablydsisar @s)desciibedbp e pphiicatiensiof Dyy Pefsutawi shi ng t o
be ti@“”ﬂ/hgyhé‘é"me%fb‘d tdgﬁgrg?/rﬁtl\ﬁé)r érJthIE &Q@é&%”ﬁf&h 9k hﬂgclbné’@e? i@MitH ¢ 1S

t hought that satellit bet ween basenent rane and the
pl asna AeeAssand” df LQWelebtahJ “Mmaﬁ Trab@‘ersaaradPatferraoTQmmploem afriGensscl e

bi opsi e i mg@c{ s, e 3 C re
acti vat ZH ¢é§9dl%‘lgH Fl’}ﬁe%% gr a@g&? %1 %&' @%S%#E% rreq\/lrrltgfa{%e These
cell's diafode testthetuglyvasl ogll tfamspiangatlbandm@em tcénsfqrcﬁwlchﬁwet@@nefamsg
spont angoysl ta I, t ury e host of ber. ,They al so
lse anbnd U AR FragBler 86, % PBRoBEr By BT 1ot riiFong,
fu_n;usl ?Regmatdryleﬁﬁmf sfowbﬁ(maynalbg%/l, mb(&’[%p) np'p)bzt&SY 25 Klibawsi“Noclaad t o
initia u ormati on appear t,0_be. cel uence .OW serum
ovel - TSR RARER el B Rry GBURPER bréfiibar TR SAD SRR The
wor k Ff (@norﬁv\iﬁt)e(‘lﬂw@’l)apﬁ)am -92. a/f/ﬁmﬁ |musgjtmbé$aooﬁd wTanySortéﬁmeoa,ge of t he
ani na m whi, c s are taken. Far,6 ex rat
ppr oxi [P §TodIeT of e BiGralt S onidie B bR sol YRt Bnpee Heel s,
decl i ni Bgsdrlent membrane and the plasma membrane of skeletal muscle fibers and are
20 sampled in muscle biopsies. Upon injury to a single myofiber, the satellite cells are
activated to divide and migrate from beneath the basement membrane. These cells
divide extensively, forming hundreds of myoblasts that fuse spontaneously at the site
of injury to repair the host myofiber. They also fuse among themselves to form new
myofibers to substitute for lost function. Furthermore, the signals to stop myoblast
25  division and to initiate myotube formation appear to be cell confluence and low
serum level. This system is harnessed in desirable embodiments.

As seen in the work of Dr. Peter Law, a factor affecting success of MTT is the

age of the animal from which the cells are taken. For example, in young rats,

30 approximately 11% of all skeletal myonuclei belong to satellite cells, declining to
about 6% in the aged. In human beings past age 26 there are less satellite cells,
each with shorter telomeres. Importantly, it was realized that the muscle biopsies of

such human beings yield less satellite cells that also exhibit less proliferative vigor in
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about 6% in the aged. In human bei ngs past age 26 there are |less satellite
cells, each with shorter teloneres. Inportantly, it was realized that the
muscl e biwpIBessoef such human beings yield | ess satellit@cCzaishyosshat al so
exhibit less proliferative vigor in -6 W 03/085092 PCT/US03/ 09505 cell

culture. Accordingly, enbodinments of the invention alleviate this problem

by: lect he.. al h techni wh bl i, bl d
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survival of transspl anted cells by the angi ogeni ¢ factor(s
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novel tgRatyERALS difitie 166 6REHIOVRKEWRE rﬁ*ia§§?c§ﬁ%iecff6ﬁ;%ﬁﬁd?ﬂ%@é@ﬁfr di al

injections of cultured skeletal mnyoblasts, the latter spontaneously

t r ansf epUviyd| of transpkantecgels bytp Beg Btgrdiaganis faciepa) as Hperiberd herei@ener at i on.
Donor myobl asts al so fuse anong thensel ves to form new nyofi bers,
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myof i bers colft $4m, bigeegingaringcibe| reganerptiveeheardpaovides novehiireatinedaiat heart
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pr ogedunrisclesiedgeneratibed by publications and a pioneering patent by Dr.
Peter Law, satellite cells froma biopsy preferably are grown to a purity
of at least 75% preferably at |east 85% 90% 95% 97% 99% or even

gr eat er Cefphransgfantytiorhave 30 reported preparing such cultures for clinical
i npl antation studies, including workers.

Generally, in many embodiments, a muscle sample (or other sample) that
20 contains muscle progenitor cells such as satellite cells is obtained from a living
person. The sample tissue is disintegrated to release individual cells and the cells

are grown up to a large mass. Preferably the cells are sampled and grown in a

manner to avoid fibroblast overgrowth.

25 In a desirable allogenic embodiment, human myoblasts are obtained from a
donor by sampling muscle tissue and expanded in cell culture. According to this
procedure, as described by publications and a pioneering patent by Dr. Peter Law,
satellite cells from a biopsy preferably are grown to a purity of at least 75%,
preferably at least 85%, 90%, 95%, 97%, 99% or even greater. Other groups have

30 reported preparing such cultures for clinical implantation studies, including workers
at those Diacrin and at Duke University. Preferably the cells are at least 90% pure
with respect to fibroblasts.



at those Diacrin and at Duke University. Preferably the cells are at | east
90% pure wth respect to fibroblasts. -7 WO 03/085092 PCT/ US03/ 09505 A
nunber ofwbDaboszapnri es have reported the successful purifiPcatUSos0wBH5 cel | s
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is espeﬁntgi\e/’% fr\? tl?rnpgfoavi’ ﬁdd'bgreﬂ‘gg‘i refi (gtg?ﬁ?etf%&% neerﬁgrée\‘tlﬂfergérhﬁﬁﬁcle

speci f i gals yalsd Rppaasrily ofescobes ac relatedt @ichiniqget o Baothped at. mm)amnttyuscl e
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expr essf’?ﬁf“&ﬁs L%QM d&@%fﬁie%@ﬁé’e? A" e‘ljj h&%%éeé‘ﬁgé p%?tﬁfég Il>|,t8| (gé(lzlor por at ed
by ngf epRifRatiReR Adabkalstal r'ﬁhgclé aumﬁo s el mlcemqmls taﬂglht)dy Mitler innt ended
enbodi ments of the invention cl os erein zq%ﬁ eEé‘aé:gu tfl nme

li mi t at HondNpGedd ks isnited M@e RICNES & {Hscle s W‘ ¥ GF e85t ent s
into thgoRiRsRB! isS @%Eéélélﬁﬂ%d@ﬁporaféd fbyOP@‘el@ﬁeﬁplnl fithetl eanticktidesi rMbbte
enbodi ment a 2 gram muscl e bi ogs rans, pr ef rabl{ to 3

. 1
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culture ypi ca sonme 1,000 to 250,000 and nore enera I%CS
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20 In one exemplified and desirable embodiment a 2 gram muscle biopsy (0.4 to
10 grams, preferably 1 to 3 grams) from the quadriceps of a young normal human of
age between 13 to 36 (and preferably between 13 and 26 years old) is taken, and
satellite cells cultured. Typically, some 1,000 to 250,000 and more generally 3,000
to 30,000 sateliite cells are released and cultured to form more than 500 million,

25 preferably at least 1, 3, 5, 10, 25, 50, 100, 2500 or even more myoblasts. From a
sample that yields 10,000 satellite cells, culturing typically causes the formation of
approximately 50 billion pure myoblasts in 45 days. The myoblasts, (preferably 100
to 10,000 million, more preferably 250 to 2,000 million) are injected into the heart or
other muscle or organ. To stimulate satellite cell division, it is desired to injure the

30  muscle prior to sampling by multiple needle probings, sonication, and/or the like.

In a desirable embodiment of the invention, MTT is used to bioengineer the

regenerative heart from a patient who is expected to require heart regeneration in
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ot her nuscle or organ. To stinulate satellite cell division, it is desired
toinjure the 30 nuscle prior to sanpling by multiple needl e probings,
soni cati owpoatssoezr the |ike. In a desirable enbodi nent of PCAISO30EsM i on,
MIT is used to bioengineer the regenerative heart froma patient who is
expected to require heart regeneration in -8 WO 03/085092 PCT/ US03/ 09505

t he fut d t.. 0,5 d
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muscl e a f £ om bo u ultu
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I NtTrac VvV | es

appar engﬂﬂprr]'yh@wg)'@ﬁ? t”&l§1 \é‘e? 3@3‘”@8@%% ?Lifg'r‘?gmb lﬁ‘?ﬁﬁﬂtﬁgbbeﬁ’i’%ﬁ%ﬁ\ﬁr e.

Ti ssue Ke$RMrized 208 mies ﬁbﬂ\-yaé,@lalzb@vnfﬁc%a rh%’oéd?@iuldﬁ %Qae&#%@& BBOVE, r ansf er
(cells fromtfﬁasama i ndi vi dual transplan use of

k)
cycl ospBHAE" © tt%mes%@p@farerﬁwWFaﬁntepl?erchnnussﬂfah&ﬁﬁémg.cmi.tmsaum) or
xenogr apfpcel@@st desirable, cells from another species such as a pig).
Aut ograph transfer often is preferred where the patient's cells are
genetically normal with respect to nuscle functioning, and the 15 tissue

(usygl Iy heafitd,d & lbncb%ﬁ@&‘ﬂ IQEIIeﬁﬁJtQ@B#Xhéiag@%ﬁ%toéfh&% tl‘é?\%f&ﬁ@c?]liss

particularly desirable for Inplantation into an o erson s
soneonefrendhe seme individgel tragmplasiecohank) Poby sse of oyaosporinanndmboatieneint , t he

Dot 0 kR 159k, IR ) VPSRN (S0 ol el WLCRLY
of the andtbgr apedies S!'Jcrh:elsr@'@@)as@\utbgnapbrtreﬂ&fm'omﬂ:dretseﬁreﬁwtdﬂ wheter e weeks
o oo RB e U8 UG I T SR PESe FReDnEgRcRe M2
i mmmosu:pqmeeamuaﬂv deeart) ibeaott damagsdp|ansisonghe aznttigedl v, An ralln@naysheigbodl ment s
R N S
reci pi ead,s 502%0A oz opvern7@iyiched loldf iy ahl @sboditiehtr thei pafiérlrtakéasiral
contam Qf/ictlosponneS Iag (lzn%munosuppressant for typically 4, 5, 6, 7 or 8 weeks (preferably 4-
6 weeks, or 6 weeks) to suppress rejection of the allografts. Since myoblast fusion
20 completes within three weeks after MTT, and since myotubes and mature myofibers
do not express MHC-1 surface antigens, it is not necessary to administer life-long
immunosuppression as in heart fransplants. Accordingly, in many embodiments
allographic transfer is most desired, and can take advantage of standardized tissue
samples that may serve for implantation into multiple recipients.
25
A common pitfall of myoblast culture is fibroblast contamination. Since
myoblast doubling time is 21 hours and fibroblast doubling time is 15 hours,
fibroblast growth often overtakes the myoblast culture. Fibroblasts do not deposit
contractile filaments but will produce scars. From previous dose response studies in
30  muscular dystrophies, it is estimated that the dose of about one billion (e.g. 0.2 to 20
billion, preferably 0.4 to 2.5 billion) pure myoblasts is optimal to produce the
regenerative heart. Purity in this context means at least 85%, (less than 10% other



nyobl ast doubling tine is 21 hours and fibroblast doubling time is 15
hours, fibroblast growh often overtakes the nyoblast culture. Fibroblasts
do not dewogBwssoepntractile filanments but will produce sc&CI/USBI/@FPr evi ous
dose response studies in 30 nuscul ar dystrophies, it is estimated that the
dose of about one billion (e.g. 0.2 to 20 billion, preferably 0.4 to 2.5
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| east 90% nore preferably at |east 95% and nost preferably at | east 98%
It was discovered experinentally that approximately one billion myoblasts
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i nj ection the nmaxi num di stance préven Fve 1T eat ment
of a he&etwaenthand 3% ingedliops aremydbéorgr@mrehearhaeatn"femﬂ restorative
treatnent of a diseased heart for exanple. For children and infants, 20 the
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est ilfat ed waDesitdiil kags mjectibnjiexznaia)nemmrmt phdtyudes Iuéatrancmrﬂnﬂt @ore A
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for restorative treatment of a diseased heart for example. For children and infants,
20 the protrusion depth is correspondingly less, as determined by the actual or

estimated wall thickness.- Injection preferably is via a catheter. A desirable catheter

and system are described in U.S. No. 60/231,880, filed September 12, 200 and

PCT/US01/28712, filed September 11, 2001, the contents of which specifically are

incorporated by reference in their entireties. A desirable, previously known catheter
25 that may be used is the NOGA (TM) system from Biosense Webster, Inc.

In another embodiment skeletal myoblast - cardiomyocytes are cultured
together under conditions that allow cell fusion to form heterokaryotic
cardiomyocytes, which are introduced into the heart to be treated. Co-culturing may

30 occur by mixing the two types of cells in culture. A mixing ratio of between 10% to
90% myoblasts (the remainder cardiomyocytes) is desirable. Of course, small
amounts of other contaminating cells such as fibroblasts may exist, but preferably

such contaminants, on a wet weight basis, comprise less than 10%, 5%, 3%, 2% or
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I n anot her enbodi nent skel etal nyobl ast - cardi onyocytes are cul tured
toget her under conditions that allow cell fusion to form heterokaryotic
car di onyowgtoasssoshi ch are introduced into the heart to bePCrasv&as05
Co-cul turing may 30 occur by mxing the two types of cells in culture. A
mxing ratio of between 10%to 90% nyobl asts (the remainder

car di onmyoc desi m),ﬂnt
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-10 WO 3 0850 CT/ USD3/ 09505 , even | e %, of living cell
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pr odéce C8 cprny%prytq é‘B‘For@taﬁ‘Q? eén%faﬁ?‘i tﬁ rﬁ?&ﬂipﬁg&yt% H%o"ﬁ@ Bte 5
cardio itd.1 ke. I n another enbodi rrent t he cardionyocytes fuse with the

nyobl asts. I n another enbodi nent the cultured cardi omyocytes (or a nore
original heart biopsy used without extensive generation and purification

of cardi O”VOﬁ;éﬁ&%e@érﬁbo&|ﬁ’1eﬁH{HeUéLﬁtgréd1cé?Qi6h%byt% (b & hﬁ)réaﬁ’gln@ehéarﬁm ture

medi a but w thout cel contact with nyobl asts. For exanple, both cell

types mjopsy ussgawiiad exjensivec pergiation ad pyifierfion ek FaQMYaRYies) &2,
| mophi | 'cﬁﬁﬁr’eﬁ% Q:?n@b{ VR e s dérﬁé é:g []I?@r@smé’cﬁla tbﬂ?wkth&ﬁ’c dduRr EBREET with hat
all ows ce ar ce

actors produ rom the card r’%oc tes to contact the
myobl astnsyobldstesEorofxaBipie, étotih call/ybedaray tm semaraéa@l Y AasTeee0ddipiodRat of a

heart h%%ra%‘ﬂgyﬁgﬁﬁ)sgn&g;ﬁaﬁfoﬂuﬁ i &n Hﬁl‘e“érﬁ‘%@ﬂd E r{ﬁgfﬁke iPghhatiney i n the

si noatri arization sweeps t e atrroventricular 20
node, t hicatdepoksiréealer dactexs ifregudelde fiar Khej @rdlpwpsytas theoniaatiitee of Hi s,

whi ch in ;ﬁg}rn signals the ventricles to contract rhythmcally. Heart

functi ol e i npaired if the rhythm c action potentials do not
synchroni ze the fiber contractions. In the regenerative heart where new

i 11 or oHSH SPRel IhBRBIE AR MBEHS.Ch et e ogeny 1n )

The beat of a heart has a myogenic origin and is initiated by pacemaker

activity in the sinoatrial node. As depolarization sweeps through the atrioventricular

20 node, the depolarization excites the Purkinje fibers of the bundle of His, which in turn
signals the ventricles to contract rhythmically. Heart function would be impaired if

the rhythmic action potentials do not synchronize the fiber contractions. In the
regenerative heart where new skeletal myofibers are added according to
embodiments presumably at different regions qf the left ventricle, such heterogeny in

25 some cases may create undesirable electric aberrant such as arrhythmia. Excitation
of the heterokaryotic cardiomyocytes generally remains unchanged because there is

little change in gap junctions for current flow.

The threshold of excitatory depolarization for heart and skeletal myofibers is

30  similar, i.e., between 40 to 50 mV. Whereas the cardiomyocyte action potential is
triggered with an increase in Ca 2* conductance into the cell, the skeletal myofiber
action potential is triggered with an increase of Na * conductance. Because Ca **

has greater ionic size than Na ¥ and therefore lower ionic mobility, the action
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25 sone cases may create undesirable electric aberrant such as arrhythm a.
Excitation of the heterokaryotic cardionyocytes generally renains
unchangedwbaesasm®e2 t here is little change in gap junction®crarsogeasoent
flow. The threshold of excitatory depol arization for heart and skel etal
nyofibers is 30 simlar, i.e., between 40 to 50 mV. Wereas the

car & OrKARXES, S04 AR-HBHO 1k 4 Fock LPRSHAY -2 AT e, 2
trigger &dofmbérfhajﬂ'a msc rﬁﬂsalﬁefenbb |#dmﬂdh83”swm08nta§e@w&£eﬁ3®oaimedf§6f greater

i oni + th b h t -11 WO
03/ 085083 B G087 GB0S"® Fer Dy arS fealetraiorst e el SRR durat i on

(- 250 nmyofiers thdtaire gkelgleeinedrfin. Sinedé ltl*i@éct(onlpcﬁermé)s of WKefetalinhjdtiberce in
dur ati ons | adv nt ageo for enbodi nents of i nvention because the
card? orr?'?‘?c gHT@gpzﬁwdﬁe@ﬁdn@oﬁﬁ FRIBPQUR e%‘&tiopeoqtﬂ'ét'a'rﬁlé‘ﬁq’ hERL. t hat are

skel et afhé @,ké’léteﬁl 'nﬁyof@éﬂ%cébafs@% dicd bAA Y BdNitttiRg Ohcs kob&rpdlaritd®id bers 5 are

of short duration, they ge .into the corrpound action potential of the
heart . W%y%%@lémdpaﬁw@%%m@@éﬁs@w fire and stop contracting once
hyper pol ari zati on of the myocardi umreaches approximately -50 nV. In an
addi ti onal enbodi nent, a pharnmaceutical conpound that alters to

hyper pol ar i Zit ian adgitignald embotiimeniera apharmaceuticel r¢QmFb0l4r‘tdcdmioreﬁeﬁSon of

myob) as@yp?e%él nzéa’{ll%hq?i L{s\éH g S Sssidh %I%c?ﬁca@%%r?ﬁcgp Blast BgCoMpound

I s added 'vi a Ivery via a pat v0|r near the
t r eat edintediving tissuget Irameit Iaecuthelenmb@dmmm thyongnmpcmndeﬂsl addaadev-dkbedl t hat

have begiaht Giacs pERPROILTGEY élerdbir pbbARRORBLER o O\ (196" SRRReACT T VI LY

or nunbérs sodi'um ¢ s an ncr ease eérs c?um
channel smbodlﬁwnt hlwogenprmue aré eidded riha graavei eeni altaved nsorpleclogicallyh ory et

arother SRR Lo UOREH Sl rBRBER STl il A B oo
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O 2 e A B en SRS B bR i e S TSR e €
Accor di txginpre homaral &tibe@dhoeromi el Hlaeh vhighoalidrans n()fdgbﬁiffcsceillb.atln aihe
embodiment the myogenic cells are grown in the presence of cardiac cells obtained
from another human.
20
Skeletal myofibers adapt to the frequency of electric excitation to which they
are subjected. Accordingly, in an embodiment, incipient myoifbers (fibers that are
developing but can still infegrate into target heart muscle, along with myoblasts upon
transfer) are subjected to entraining electrical excitation in vitro prior to transfer. The
25  entraining pulses may be used for at least 3 hr, 6 hr, 24 hr, or more than 24 hours.
Preferably the myofibers and/or myoblasts that form myofibers are incubated in the

presence of cardiomyocytes to further condition them for implantation into a heart.

In the heart mileau and under the influence of heart hormones and slow

30 contractile activity, the skeletal myofibers further develop characteristics of
cardiomyocytes. In an embodiment of the invention, skeletal myofibers are
combined with cardiac myofibers in a mass ratio of less than 10 to 1, preferably less

than 5 to 1, 2 to 1, and even more preferably in a ratio of less than 0.1 to 1. The
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devel oping but can still integrate into target heart nmuscle, along with
nmyobl asts upon transfer) are subjected to entraining electrical excitation
in vitro woioanswe t ransfer. The 25 entraining pul ses nay PeTases0SS0F at

| east 3 hr, 6 hr, 24 hr, or nore than 24 hours. Preferably the nyofibers
and/ or myobl asts that form nyofibers are incubated in the presence of
cardio t s ; E_condif i j t iLnto eart. In
The heatfios ¢ Sob dedibaheROREHkBTbrsB, Mork R PRbMashiachElie s 50
cont r actrélatedatbaditmgnt, tieeves kellebie funthef abéed afamgt With neexceh@wth factor
characterjsti f ardi omyocytes. I n an enbodinment_of the inventjon,

skel et agh{jr/\%f ﬁﬁlgfsfaf?‘g Fonbis 8 \WPFW c‘éorn&’ﬁgesnyyg?ﬁi E%(f'létaﬁen r};‘?rVFas‘%GIL atio of

| ess t hintertOntiextibn e fievertdtionl et hewt hajfibret 0 A, yét ftother @AThoaNEent/TOr €
preferablyé in a paﬁ)i Q (%f | ess tpgn 0.1 tq 1. .The -12 V\D%B/O8§092
PCT/ ©1s081Y88808 CeV%Pedn 1o forfT BPIUges RHPHRINAEIN: dadhisa55§ Bemyqides,

i npr ovedomtBrietto Pevéiop ERE @ring Bnd aftéettAisprngitieadi ment, nerve cells are
further added along with nerve growh factor and/or other factor as

desired under conditions that facilitate nerve cell i nt erconnecti on and

i nner vaiggoise foMANGIBGRINeRIE - Midral®y an@iohescavdIatig Ceiuiar WWegrition cell's

begin to formnyotubes prior to injection. In this case, the nhyotubes

cont i nuEa€@rdevel op and during and after transplantation. Co-use of
Angijggenesis, Mgratory and/or Scaffolding Cellular Integration Factors 10
A variety of factors nmay be used in conbination with MIT to inprove cell
transpl ant thetsiply elitastas raayyibe geaedsinsconbigatinowith AT T detimptaveagrll scaf f ol d
(myobl a 1adi j i zation) el d rd her ei n
A L N S A L g S s bt g
heart bymydblassrijindjagiromobilization) |prefeind. t ibe factarss déseaibed redein gy de by |V,

o cedetoddy Y65y RSDEOE BB e Rl A o Brdled 18 i By C0r,
overis at corgagatio iy s ligamﬂad#kat Ende dleart, ddmiester by IVevenaddedger a ddilat i s,
?g;)/osor e%@fﬂg&%{%ﬁlqrﬁg‘?& %plg};ta{igr? toP {heV\é)eldls.d F-%??gcqgrsa%\f{gtl a!lr%brle eagg slogvlly;, fituSe over
is preferred that the efflux occur over at least 3 days, 1 week, 2 weeks, 4 weeks or
even longer. That is, 50% of the total amount of factor would become available and
diffuse over this length of time.
20
The factors described herein for facilitating cell transplant therapy may be
slowly released. The factors can be loosely bound by a variety of slow release
technologies including for example, the salt composition complexes taught by lgari et
al. (U.S. no. 6,376,461) and Johnson (U.S. No. 6,051,259 polymeric matrix of a
25  biocompatible polymer and particles of biologically active, metal cation-stabilized
hGH, wherein said particles are dispersed within the biocompatible polymer);
hydrogels such as those made from poly(vinyl alcohol) (see U.S. No. 6,231,605);
collagen, polyacrylamide, and the like. Most desirably the factors are included in a
gel or resin material that can be implanted on the muscle surface by injection with a
30 syringe to the desired area. In another embodiment the syringe injects the materials
into the target muscle(s) itself, and slowly leaches out.
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The factors described herein for facilitating cell transplant therapy may
be slowy released. The factors can be | oosely bound by a variety of slow
rel ease weoabngdooyi es i ncludi ng for exanple, the salt conmpogiuseamwsedNpPl exes
taught by lgari et al. (US. no. 6,376,461) and Johnson (U.S. No.

6, 051, 259 pol yrreri c matrix of a 25 bioconpatible polynmer and particles of

bi ol ogi caIIy ic rticles
are di sper se ff%&' {%ﬁ&{ntogﬁ)!ﬁ%a I?e{)c?og 'pgégﬁé?%%%\g% géegra%geugﬁ&gs t hose
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injecti admvmié‘.tl'atlan%dSMEl pgendyoot tm peticuledcanpaund. n Taqidieticyemagdierent t he
¥ c hos SBBITNed 9 BB e epietP b0 CUBTB AN RORT B AT AR of anch
factor irfu wegitd é‘tﬂiut(fi@uiu?’k@bd@ﬁ we@hlt ef ®bfRGbnt. Wmodpmer efabam¥iospeci fic
i nt egrati oB?factor depends actors that are well known to t hose

on nan
ski | | ed'tiiPeligyed that opgeskilieddn afarea%&ane% ihe preprding description.RIastest r at i on

and t hetoiresént iifenti tdidd full€stlextergonpound. The potency may be 5 determ ned
by routine experinmentation. An exenplary dose is fromabout 0.001 .nu.MKkg

to about 100 ngy/ kg body wei ght of the patient. Wthout further el abor at | on,
it 15 b@lngfyfshesiAkadbps skilled in the art can, using the preceding
description, practice the present invention to its fullest extent. to
Angi ogenesi s Factors According to an enbodi ment, one or nore angi ogenesis

factors are Addeint % ob Aenlclfiol! phd'Bl ABIALHGBoMe R oRls BRY SuddEni dues.

During the past th se g P ge varie So-ca angi ogenesi s
f act or sthessite Qferenladtaéloowm armdoréSechmquest @urmdhe panbiheceldecdes aThese are

maj or C%’F‘@{I vt éal%f yof}l%toa&'éﬁ’lbag%ﬂ@%bén Qef E%Hn et%%necﬁ cov%% torn | ncl udes

ot her f er ogeneo ecu ara ri-zed
angilogenemastefized iorsorardetaih dbebe breamajpr ommthblﬁ’rms tmranglcsgmbsnasTHe/mmul ar

endot he GE),,. “fibro row h . Gh) .,
b1 at ot v SauSHAbRERlopS S ungishal Mot oaleit MalkaieR: Tng bERY n. o
(1L-8). chimaetedred amyibgeresisf factats afecerfdathidligl growtiiactors, rmtoaldsd'pasmﬂérnases are
also i ncI éloqﬁ&al growth factor” (VEGF), "fibroblast growth factor" (FGF), "platelet-derived
growth factor" (PDGF), Angiogenin and Interleukin-8 (IL-8). However, members of

20 the family of matrix metalloproteinases are also included.

The list of factors involved in angiogenesis and their receptors are increasing
steadily. For example, angiogenesis factors often are released from tumor cells and
are studied as molecularly defined therapeutic targets. The Anton Wellstein research

25 group in Germany, for example, has purified a novel heparin-binding polypeptide
growth factor (pleiotrophin, PTN) from supernatants of breast cancer cells and
cloned the respective genomic and cDNA. The respective protein is secreted from
different human tumor cells, is expressed in a number of primary human tumors
(breast, prostate and lung cancer and melanoma), and can function as an

30 angiogenesis factor. The gene for this protein and others similarly discovered may

be expressed transgenically in implanted myoblasts.
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The list of factors involved in angiogenesis and their receptors are
increasing steadily. For exanple, angiogenesis factors often are rel eased
from t unowomslod®Iand are studied as nol ecularly defined PhErEspyMsIT
targets. The Anton Wellstein research 25 group in Germany, for exanple, has
purified a novel heparin-binding polypeptide growth factor (pleiotrophin,

PTN) from su ; t. r | s and. .cl oned, r ctive
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defi Ri t 7oA CgfI:/B‘Hérr‘?SP'S’ BanscHplioh dp %'%?Pge@%?&g{@ﬁaﬁs%f@gﬁ?% By b| ogi cal
?g f ect s_am;I (Ebm_hﬁdjerﬁ?ﬂi ﬂgePwI@tf@mm s:actﬁogmamtvgy %egnHaGFittﬁndi’ﬂ@ EEF aIBiD)

erum i pducti on o e r S ro actor- binding protein -
'S nedi & %Rﬁmbm o’ﬁﬂ' @W@%%%@%Mr ﬁ&&é) %%‘5 Relten Rretal {Ad '§9fE§ﬁ>9£ egul at ed
transcr ity | @aktivdlorOMPIIans: inPedst80hdmddhe (20 browthassdioE seRbitivifit is .
(Enhancenent of Fi broblast G owh Factor (EGF) "Activity by an FGF- bi ndi ng
Pr ot ei nPVPieXBresed roheaast 5285612 4Rioh&hsm). (2(79 I§6%54Re(30§ﬂ)-R,o'tﬁ oal . (An
| sof @r Mntdre gehgs BRGKAINY S cPrfadtoksladdiably 416 ra@ééc?,%r@i%@ﬂ%’f@i(’gﬁ@co@u%@t%% factor
sensitivity is overexpressed in breast cancer) J Bio em
276: 39736motey 1o nw@taﬁys usggefop transplaiaiéiony aneior drecprgiain fanieman eddeds
desi r ablyyRrenagdsthsidy ef erably with a constitutive pronoter, to nyoblasts

used for transplantation, and/or the protein factor may added in the cel
suspensi on. Yet another desirable technique to add one or nore angi ogenesis

f act b : i nLstrat i ' i , |
transpl ant at | e e QB BURIGRE }EBuPohS br bibre Ulddinls TR B or 1
conjlagatseparate admimisiratiomgrionicetdyringier afidntell samspahtationt inéerberdion, ofreear to

LR esbhan ot Y ThARI, P SHUBE 8 B % BB P, 1
t ar get eddiirsstared idlthe hvgitogearasitise haaitt,00r(systenmiyallyea pespaoptimand dagded as 20
factors ’tvivon dg{/]se, a’%’&', ?v% wceeelkls %ltce}rbe?olf'g Qi%?]gél(a)rqta%igr? ?A faﬂom'/: Lil(? ﬁS‘ %Plvgése?s sui table
in the targeted tissue. The angiogenesis factor(s) may be prepared and added as
20 factors in the myoblast cellular suspension itself. For example, a suitable
concentration may be determined from the literature and/or determined by routine
experimentation using, for example, 0.1 ng/ml, 1 ng/ml, 10 ng/ml, 100 ng/ml of
protein per ml of cell suspension, injection solution and the like. When added to the
cell suspension, the factor may be added as a pure or partly purified material. The
25 factor may be added indirectly by incubating non myoblast cells that produce the
factor with myoblast cells, or having them share the same incubation fluid (separated
by screens, for example) so that the factor producing cells are not harvested and
injected with the myoblasts.

30 Factor producing cells may be used to seed a culture of myoblasts to be
injected and may be injected along with the myoblasts. This latter technique is
particularly suitable where the factor producing cells do not form scar tissue, and

(preferably) do not survive for long (more than one day, one week or several weeks
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concentration may be determned fromthe literature and/or determ ned by
routine experinentation using, for exanple, 0.1 ng/m, 1 ng/m, 10 ng/m,
100 ng/ mMwofo3/ogaoer ei n per m of cell suspension, injectiorCIaiSN/BNs and t he
| i ke. When added to the cell suspension, the factor nay be added as a pure
or partly purified material. The 25 factor nay be added indirectly by
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(rmrg t F8n2 SH%V f?ai'/ PO H@r\ﬁééﬁﬂ‘%rmgtg(}%lrtﬁ?t Rehlqced 3@ VigpyEdggch as
PCT/ USO$1/e6656|5thaf bihds tathel tsuaffter admmnafatbn meea@mm@ﬁ@m@ wactRr (s) may
arate injection of a solutio el colloid or

be added. to the he
ot her f&#ﬁ%@”ﬂsﬁ@ 98&:%*3% 'eeﬁ%tff@ﬁ@rs %%qﬁeggraﬁwldele&ﬁ@@r ayg br‘u'lt)étof ation of

nyobl astise a@bgﬁs[ﬁa%@tbﬂﬁg%sm}/ be used to entrap such proteins and
other factors. In one enbodinent, a factor is attached 5 covalently to a

pol ymer or other material that is placed onto nmuscle tissue (such as

hearfy) or t hMosP'd@Q?abtl)p drz€of hﬁé“ageﬁgg Efﬁataéirmo'absé déﬁ@sfsnﬁagt%cgﬂ%?ém y, or

other way. A skilled artisan can -adjust relevant %ctors se gradual
r el ease InsorRaratedapia @ opll der tremgierngyi I@ﬁj@ﬁ@@hfsgﬂ’mﬁm@@r@?&mmemlte& 10 Mbst

desir abld)gslr%ﬁﬁ) l‘?évenmﬁlﬁeidg%ﬁssﬁ?gtrt]rgﬁgﬁﬁp ngélé?gﬁféﬁsde 06@558 rb&jz)rl)r 1

i ncorporated I nto per mane
When it ong (orlereferably naartyacapias oﬁmehgm@MBmyqblast@nsoehstdedhpmsls:aon may be

obt al negl Eéfm@l aﬁloﬂgran?@ﬁté (2 Q56 Wa@%&umgyugﬁqfr o Vi Fﬁtl Q§%t8€§'2§ hSEt ey

nyobl as ut out Ne RUCK ear nomne.

occus tIpram@hrm@etaﬂdsawdmzabcndé@tmcedir ot her 15 procedure that adds
nucleic acid to the cell. Wthout w shing to be bound by any one theory for
how enbodi nents of the invention operate, cell transplantation as

descri bed heWihout wishigdeshenbaricasy any bat theaty Yovisow @evidimeras &f fitwnct i on as

tall ensmven’uct)n opera?e cell-gransplama(tagrg %tsl ensclnt?edS heren‘%J p%owdes myoblasis that
survive, develop and function as "aliens" in the heart. This integration is strongly
20 influenced by a rich set of complex biological interactions involving the supply of
nutrients to the new cells, binding/immobilization of the new cells and, in some
cases, migration of transplanted cells. The myocardial aliens turn into are newly
formed skeletal myofibers that contribute to cardiac output through production of
contractile filaments after settling in. The nuclei are donor in origin and as skeletal
25 myofibers, will have satellite cells and regenerative capability. The cardiomyocyte
aliens are donor myoblast nuclei carrying chromosomes that preferably have long
telomeric DNA subunits that are essential for mitosis. Upon injury of this
heterokaryotic cardiomyocyte, the myoblast regenerative genome activates,
producing foreign contractile filaments such as myosin. Each step in the transplant
30 and subsequent integration and use of the new cells may be positively influenced by
one or more biological factors. In recognition of this fact, several desirable
alternations in biological factors are presented herein to improve chances of
transplanted cell survival and use by the recipient tissue.
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to facilitate the integration and use of transplanted cells. "Desirably,

mol ecul aetivegririhat regien. REhgy faelers may ke Hddad i revieveddest.di nate excitatory
depgharization are used, and may be for exanple, transgenically expressed
in a transplanted cell, or added as a slow release 5 agent at the site of
t r anspl Migeatiom scalfeldingyfactersray be present in a slow release matrix such
as | oosely bound in a gel, colloid, or other naterial at or near the

i nplantation site, or nmay be covalently bound to a material near or at the
site, and sMosel \desialdgsédplaptedc targat dissas ienlabaied buchddisg amigeapyyme

nor mal | t. t |V t, th regl.o Ot her factors may. he added,

e revi BG4 o el &5Rnabe 15Rh, HRRY Penter LonpStiiel Fateyt

I npliant editatde fat thel isplaateds of afjedted niypbrdts togfolibwgr after gttragtantsaniagrides, in a

pr ef er abl achable form Ich create a,concentration gradjent is

Ut i 80t B RN R el opupm b LRal G URTATEY PRISF I0ueh RIOGR + act ant s

maly bﬁ gdﬂiﬁ[éf(tsmrﬁaﬁwwﬂbi@dl gricehes, that Has leathilhe mydbkast hiaetant@wHie@pri se a

get. yslro%edi’ssipate, creating a signal for myoblasts to follow. Myoblasts may be injected
nearby or systematically, find such surfaces and can fuse with muscle tissue there,

20 preferably induced by one or more differentiation factors, and/or bind to scaffold

proteins there such as fibronectin, and settle down.

The attractants can be added to an implant surface by planting a substance,

such as a patch, glue, gel or other material that stays at the muscle surface, but

25 which slowly releases the attractants. Migratory myoblasts that are attracted to the
muscle surface can fuse with and add bulk to the muscle. This is particularly useful

to direct cells to areas where it is desired to build up bulk.

Migratory factors contemplated include, for example, crude extracts of injured

30 muscle tissue, such as a water soluble low molecular weight extract from minced
muscle that has been ailowed fo sit in culture media for 5 hours after mincing. This

kind of extract can be prepared with a 30,000 molecular weight or 100,000 molecular

weight cutoff filter. Within such kind of extract a number of proteins and other factors
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Bi ol  lo4rtide-idthe maadidulaKarehh Develapmentyzd: 1819a1 830ad0d7). nf | uences the
m gration of nyoblasts within the avian enbryo wi ng bud® Am J. Anat
192: 400- 406, 1991; Brand- Saberi et al. "Differences in

fibronecti n-phe ppothenciesivphblel @nBbdin@nt ebkirgRepubatim®ng "prdtein that binds,

20  preferably specifically to myoblast cells and/or mature muscle tube surface is added

to the site of cellular implantation before (or less desirably during or after)

implantation. A variety of myoblast scaffold proteins are contemplated that can be

affixed to the electrode surface by a variety of techniques. These proteins include

laminin, laminin-1, fibronectin, a collagen, type | collagen, type |l collage, type IV

25  collagen, thrombospondin-l, lecithin-oxytetracycline-collagen matrix, a galactin,
galectin-1, vitronectin, and von Willebrand protein.

A system approach: key to large scale commercial success

30 The optimal use of myogenic cell transplantation therapy for a specific
disease condition such as heart disease requires a review of the multiple facets
involved. Cells that are implanted should be as pure as possible. The cells may be

obtained from the patient, a relative or other human, or even a non-human animal,
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Tr ansf ef*H"R
12, 2000, the contents of which specifically are incorporated by reference in its

20 entirety and entitled "Myogenic Cell Transfer Catheter and Method " describes a
most useful injection system that is designed particularly for use in combination with

embodiments detailed herein.

Because of the sheer magnitude of heart disease in industrialized countries, a

25 huge demand is expected to exist for normal myoblasts of sufficient purity as

mentioned herein. Accordingly, further embodiments of the invention are intended to

be practiced in combination with an automated cell processor. Most desirably, U.S.

patent No. 6,261,832 "Automated Cell Processor” issued to Peter Law describes an

apparatus that minimizes the labor intensiveness and high cost of cell culturing,

30 harvesting and packaging, and the fallibility of human imprecision. This device can

manufacture large quantities of viable, sterile, genetically well-defined and

functionally demonstrated biologics, examples of which are myoblasts and myoblast-
derived heterokaryons.
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15 Heart", Frontiers in Physiology, (2000), p. A85. For the particular
conditions evaluated in that study, 0.3 to 0.5 nL injection volunes were
deened opwprealossoge further systens' approach invol ves thePogasoy/eseut omat e
and inject cells nore reproducibly. In particular, U S. patent application
No. 60/231,880 filed Septenber 12, 2000, the contents of whi ch

2Pect {1 o2l V7 SukRRREACKA RiloBisck SLHIPAE coiolie BRI hkapiaEr o
i njecti engisyemrmmmkiatytowndm ginecriptons cfuﬂhaardagpdratus uthe macmmmbccwlts on W th

enmbodi et a|I re| Becayse of the.s ni tud

1 oonscBPRSieR drarBls MG isshee d28 Mool iIERE ABMRPHE" Dol { o exi st
for nor pﬁigraamﬁbldastmocéssilséiﬁe(e) avith m‘emsbh mtromﬁﬁttlhmjl%clab@r;ﬂb;ﬁbmons
Accordin r enbodi nents of the |nv§éf|on are int %nded fo

e L g ey B e porftsugy G BSHtotRe ¥ a1 v,
U'S.  pateny i dlridfhelitdes MArasReligak buRLGeHeN oidrgesd Dineiat or Law

descri bes an garat us that mnimzes the |abor jntensiveness ang high

cost of prﬂéwol%m anwegra@an%mmq %tw@ﬁ@f%wa@ nEFONBAEY 9R THEPP I bi ity of

human i paRest §ﬂ1<9'bacl33'§e5 ﬁ%’bﬁl%u?saéhp (ﬁ‘é’dlé’rc%llé ?é foH 8l tﬂér@%l gf Vviable,
sterile, genet ically well-defined an uncti onal em)nst rat ed bi ol ogics,

exanpl e8higmeRhi cthexegll Wﬁ&@t gam kg %@merﬁ@med d@ra \$EQH"Q1@D§'P§W§r \abges. -19 WO
03/ Q§50880LE’9¢:T {&ﬁeéé&%@ﬁardm?e ARt é‘éi‘lscé'rle' cURURGLSSP & RSRABES RRuTPUL er

t echnol og mechani cal engi neering, and togenetics. In variations of this
appar at 84 omaied el Rravessy caapt r§pla§edwﬁyel§e ieph culblie equiparenti elgbe@ate The

machi nemaagbweﬁsaﬁd Crﬂu?l%%@f{&rﬁ'%e%%n SwePHBA BSEEF Yol Ge régﬁtﬁﬁrteﬂ%sue( 5).

W th preciSron contro ac proportrons 5 o
i ngr edi mmbmanebrappmeatralszenaeibpwustiomlnowtmmet ladtes tmatye bendusted ored at

anY 1 MRS b ASCAIEAG73E pBREh LA Lichieb BpBYId Litobdefis iR ERanges.

Di fferent pragr ane urelO
contis ol Isemiltdxeblmlhmmrmnll harvest and package. The out puts supply

I njectable cells ready for cell therapy or shipnent. The cell processor
can be self-contained in a sterile enclosure large i o enough to house the
hardwar e in Mbdiibaiigis! ® s insitument carancbrt@nplatddate cemBdwmentst ofrtiteed cel |

Processpr  Shth. " E8' Sampl nobldiid Snd b8 dlonTocyids ndy st PbaRba o8 sahaLE ©
reagents and incubated together in the system. Another important embodiment is
20 the automated transgenic incorporation of desired gene(s) such as an angiogenic
factors into cultured cells within this machine. For example, one reagent of the
automated processor can be a vector, such as a virus vector that contains a gene for
a human VEGF-165 gene. Preferably the vector contains a linked marker gene and
the automated instrument automatically selects for successful transformation by
25 incubation of an inhibitor compound that inhibits growth of cells that lack an
expressible protective marker. Yet another representative embodiment is an
automated quality control step in the instrument that automatically scores cell
cultures for the presence of fibroblast cells, by detecting fibroblasts directly or
indirectly. An example of the latter is to add a labeled antibody that specifically binds
30 to the surface of fibroblasts. A representative automated purity assay may involved
adding fluorescently labeled anti-fibroblast antibody, rinsing away unbound
conjugate, and measuring the total amount of fluorescence remaining, as an index of

how many fibroblast cells are present.
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manpower, and m stakes fromthe manpower now used for cell culture. The
machi ne can de-centralize cell production, allowng the latter to be
conduct edwpDr3/0853pi t al s where transport of patients' nusclpeThiSopeises and
t he autol ogous nyoblasts 15 is cut to a mninum Mdifications to this

i nstrunent are contenpl ated as enbodi ments of the invention. For exanple,

Mhoubated odgt Ao RUPREYSRisPhts Eatb Ry iRl iR M urs TS %00 ne

aut omat em/elntlarmsgmmechnhmg)dlpgmmtlcdastef\mwe&er eticejlehrm(&)arﬁamjm theragg. akgi ogeni c

factors thin LS machin e reagent
bt e rebSerithie 1eehnaBoy 5o YAk RoBekt 1 rdRste s Y She TGRICER, Jfeh *hat
coln_t aikn?nawgﬁwm alflagrivsisu b ncavichastafar gdiseasdy eisiigabl 01308 e féééed:?)nt ai ns
a |linked marker eauto i nstrugent, autqmatic y .sel ects
for SucBEYLFHe ﬁ%én@fegrnrsgrat 2?1 %ﬁ f‘?"bng& Lig. i HRPETYIPN @rfhound
that i niMuphdrs QaiF@ivldscofar CHINA Mlbﬁarﬂﬁc Poftrait @KM@%lllhgeHéé@’t EHdhepn mar ker .
odinent is an automate ual |t?:ocontrol step

Yet another representatiy
in the }Bt’féq SR 2%?%99&01 RRxl 9874-9@%r Aspaidicylarly. desiig % njhod.Her pr esence
of fibrehha 1:seﬂol btail rﬁﬂeﬁ‘&één&@ofﬂ Q@QQbéﬁgéardfh@%H@re Rr the BFHsbﬁ‘ ly. An

Fe
exanp IeofF latter is to add a | abel ed anthOéet at specifically binds
30 to t 96 k§9Wf‘an§19<§'f3 alie!ﬂsOm%{grt gengticr digpasasnuising aznrdw&hw (puelhey assay

may 'o”V%l:r\é%qmgqggl' r'ﬂgtﬂ(o'd)‘gﬁt? Eﬁl%lla)'i ré\Qf'eldetg blic Eé@&@h%ﬁs@é‘ﬂn@oﬁy

rinsing away unbound conju rreasur ng total anount
f | uor es €BfEe “P@rrﬁ]emhﬁ?gbsmdga hg |t<hd@ﬂrtcﬂam¢ﬁﬂlv @hpcfs ideotifiessas having ar e

Ceahnol S50t nt o V2 St hent o L Re onsl i BRRRLHY pPRRT

di agnospcwrSestl\éyohlaShs ugth @h eeddptablenggledint profilen cﬂﬂnebeagyocd&sed and

represe e ent t he rd| oChi p,
BhASHIER ¥ BOBbaR AL PESoR B kol RATRERLBR-C RF LS
exprlesspcbtfﬁers aqwhnae a agidenBYEay) attéchoBemlft&B disbrdst an@the(DLbaSmukbeEV)f
Constru&t) 8n oft & Human Car d| asc lar (r:tDNA M%(g%oa[jra Port of t he
Fai | i ng “H&RPEwen %?’Vél:%ee%meﬁ@ﬁﬁ?ﬁ & SHlifthartsgp readss Ad g5 co
particularly desirable nethod, for exanple, is to obtain a nucI e| c aci d
froma subject, scan the sarrpl e for the presence

-21-



of known genetic alleles and/or genetic di seases using the Cardi oChip (or
other io screening test nethod) and particularly related to genetic defects
i n muscl ewbwaosioon and/or |ipid metabolismleadi ng to he&ct/usasregges

Subj ects identified as having a genetic anonaly via the screen can have
muscl e bi opsy taken before any synptom occurs. Myoblasts with an

accept a tic profile can be processed and deposited in a cell bank
for futﬁ%%m%%gﬂor be injected into the subject to prevent a 15 probl em such

as a sudden heart attack or bl ood disorder. O her basic uses of

enbodi ments wi |l _beca parent to.a skilled artisanp reader an re

cont enpl at ed\.Mdmaﬂ %%%%@2”@&@%@5 @@Sggscr@‘?anﬁy eﬁfs"l-éﬂtﬁﬂprﬁbbl asts

g/ere rmrﬂﬂmctém’rl_._ed Jap Mnési,bad_slnaméf}o‘a, get em,gmg;sgpa% lfﬂlla Hu@a@ar nes, D
tamat | g { Lew, tructi of a Human. rdiovascul ar c

M or dar rayoIovaRe I QDBS?R@weafoYfF?qx‘galheBW@%"mgo'éﬁ%rﬁm Biaspay HeBMCBeM 280

(2001), @EmmOEBOOERO1M P! acd-s69ver Ay SKIF6tE WiareaS0AEhGEMhO b tdHhinge sy N

st ai ni ng Rer[?e?t_e_d transductions (3X) of the nmyoblasts with retroviruses

car ryi nd'eSqU0 213ipiap g Hepsaied Jrapsdicioas (3ot #ug myeblasisowith irekoWaises

popul at iRfrying BEeZ yRYGSMSHRN SR 17, Qﬁl)‘b OoVRyd5% cel |

viability z}a/!tr_ét he tine &Jﬁg?g i nj gé?igo?ﬁs@i I]ﬁéﬁlu . shji_h/gﬁegﬁ?l\sgg\}aﬁgn p_r'&(;gg%ur(:a was

t hen corfGlisioa tast Wsig fryess dlust revealedi AvRIpEP% cethwishilitngt tRa4bee OO

96/ 18303Rjectdrtinbay. “Mobl ast therapy for mammalian diseases”, Singapore

Pat ent No. 34490 (WD 96/18303), issued August 22, 2000. A 15 porcine heart
simul ation of chronic ischem a was created by clanping an aneroid ring

around the | i G N, shire i weeks
oo to cenfe PTGkt A ertdrtitelifPs EchecCof e Minaadte 2°Ver e
anest hetRatent Wad3442ht(WQit96d 838K thhéd Lawe dviysblestpthsegpybfpr Ireémntaliam acot ony.

o bRl UeEek, Sebh Pty 8 Ml B o Al AR B, 1,
contrsol pantinelhsartcaiinylatiah tofl chromizdisahemiat Wasitcreated by olrapingjecamedroid he
SR R A e S
for Lac-céll exprspisiaiion. HEoRGEX WahsplEoation, sthai ainals Megoanksthetideasd ai ni ng
ventilated, and their hearts exposed by left thoracotomy. Fifteen injections (0.25ml '
each) containing 300 million cells total were injected into the left ventricle
20  endocardially under direct vision. For control animals, only culture medium without
cells was injected. The animals were euthanized, and their heart explanted and
processed for histological examination. Tissues were cryosectioned. Subsequent
staining for Lac-Z expression, Hematoxylin-Eosin staining, Mason trichome staining
and immunostaining for skeletal muscle myosin heavy chain were carried out by
25 standard methods.

Histological examination of explanted porcine myocardium after 10 weeks
revealed not only myofibers of human origin, but also porcine cardiomyocytes having
human myonuclei with Lac-Z gene expression. More than 80% of the Lac-Z positive

30 porcine cardiomyocytes immunostained positive for human myosin heavy chain.
Control muscle stained sections did not show any Lac-Z expression nor human
myosin immunostain.
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and i nmmunostai ning for skeletal nuscle nyosin heavy chain were carried out
by 25 standard nethods. Histol ogi cal exam nation of explanted porcine
nyocar di WwoaBwoei910 weeks reveal ed not only myofi bers of PaorEses/easigyi n, but
al so porci ne cardionyocytes having human myonuclei with Lac-Z gene
expression. Mre than 80% of the Lac-Z positive 30 porcine cardi onyocyt es

i munost ai nedrROgitd m:éa@é%ow h {7{% y%bl'é@%"é’urﬁ%ﬁ}é& ind ﬁﬁ%’t@h 1%5

stai ned sections did not s expr essi on nor
i Mmunost BPTgine- MhmIQSﬁm@mP@ﬂbeS@BlwgaﬂﬁltanTheelUameiapylohmatmmrieat human

Ty 0bl ast robit N BBl RIAL Ao 0N BENERABAGEIGR) €, Ty ocar di un

allow ng c omtant ce erapy an Wflber formed in
the heart and inproved heart contracti I|ty 5 Exanpl e 2 This exanple

denongt r gt 3 tbe use of MIT to repair a heart froma heart attack patient.
In this MIT is carried out using 5 gns of nuscle froma patient
as descri bed |n t he standard operatl ng procedures as described in U S. No.

| 0 60/*. The treated i fou ob as a result of the
treat nent. -Ita{}ﬁ)leéa@p[%’na%mB gﬁi{{eg" ?ﬁ%a'ru@é"@ﬂr VA @ deAEpai r a
heart f rattack dﬂz&@ht nrwm@teuamblepmmm cartigd lot SisPyBBHR, ofMhilisdi® fieRf ki ed out
using 5 patjent as descri bed I'n the standard

oper at i n%q%’Pg@%g@P‘érébeéix'Eetg% s %Q?rdc%ﬂ’?@t'%P&Cﬁéwesqu(ﬁﬁsé”h%ﬁhurﬁid‘@ar di um

are cul t60/edTHé trbatedecaadicant o aerstra%} w%@sgmopfhett%tméhﬁl etal cell
bi opsy into | arger nunmbers of cells. ocardium cells are obtained by

bi opsy from anot her human and cultured at a ratio (nuclei or cell nunber
rati o) wetdinzl@ 3t he cul tured myobl asts of | to 100. The co-culturing
continues for days, after which the nyoblasts are found to be nore
conditioned for cardiac transplant. Prior to transpl ant, the nyoblasts are

separated fr offgd Q,e\a I'e%%rhbﬁs%%té%e HeS useaefjl\/il ng egj;?rcgz}%%q ﬁ&ﬂhe c ﬁt ed into

a heart as describ in the standard opera ocedures cul tured
cel | & ar%tapbmeﬂb bbtmﬂ)eéarémlﬁa bHJi isusariied pet esisg riggmeef MGsad frent s of

heart atjfekt as described in the standard operating procedures except that cells obtained
from a human myocardium are cultured with the myoblasts during expansion of the
skeletal cell biopsy into larger numbers of cells. Myocardium celis are obtained by
biopsy from another human and cultured at a ratio (nuclei or cell number ratio) with
20 the cultured myoblasts of 1 to 100. The co-culturing continues for 4 days, after
which the myoblasts are found to be more conditioned for cardiac transplant. Prior
to transplant, the myoblasts are separated from the co-cultured cells, and then
processed and injected into a heart as described in the standard operating
procedures. The co-cultured cells are found to be more efficacious in reversing the

25 effects of heart attack.

Example 4

This example demonstrates the use of MTT to prevent heart damage in a

30  patient with a poor heart prognosis. A patient with known heart weakness is treated

as described in Example 2. One year after receiving the MTT therapy the treated
heart displays a stronger physiology.
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Exanpl e 4 This exanpl e denonstrates the use of MIT to prevent heart danmage
ina 30 patient with a poor heart prognosis. A patient with known heart
weakness wo osigaved as described in Exanple 2. One year &iCTarsos/exses vi ng
the MIT therapy the treated heart displays a stronger physiology. -23 WO
03/ 085092 PCT/ US03/ 09505 Exanpl e5 This exanpl e denonstrates the use of

phar maceut i cal-agents to inprove the efficacy of MIT therapy of heart. A
weak, dm—?ﬂeart is treated as described in 5 Exanple 2, except that
VEGF (vascul ar epidernmal growh factor transducti on) is added to the MIT

transpl ant dl um before in e ed
cheni cal r&'§é3§(a je Q%mf)?‘ltt%%gf ﬁ?\[%huesr‘]il nt ro F?@ OE? h@@g?’%ﬂ&d and/ or
contr abefichydBf NaT thetdpytdi@eprt.e Aeweak, Idamagadmeadys é“eawldl as degerigeeianmpl e i s
r epeat ed WI h_100 u roitin sul I ts are
obt aPne&*xa1® eEgal‘?ﬁF%o%th?h%%ﬂ:dé\fﬁ?F@aB& 4‘?35‘?‘ ?Rﬁlt h%]3 ﬂagéra'o ?@?ﬁmnl c
expr essihgfed®to AW iNPORRARESant’ Mediom( Beforen injedtine thanthedreaded hefdr Thﬁ)l’ oved
heart augnentation therapy via omta ngi si s.

por ci neﬁ‘gé‘%ﬁi tchepied! igipre oPnecaPﬁ ﬁ1 C@W‘F{c‘f”ﬁa (%”S%)e? Eﬁ?‘%@%@/%ﬂ‘g’ gnt ed 6)
Was pr O@Hﬁt?é’ctbbf Lﬁlis%ﬁﬂwlﬂgtlfénpr@@d‘sﬂng ddrdjllcyté @ensl tihes befrhpleiis cepddtek artery.
Four weeks | ater, heart was expqsed | ef t thorg ot o and nyobl ast
cel I's 2Ghi 190l l&ﬁméghonﬁﬁ@t"ﬂrﬁ@ifﬂt%@'ﬂd é'@?‘ﬁaél Pée'??ﬁmslﬁ"’eﬂ Mst s from
satellite cells derived fromhuman rectus fenoris biopsies. The hunman
nyob]I asts were transduced with retroviral and adenoviral vectors that
carry L&xamhpihd human VEGF- 165 genes, respectively. The cells were
characterized for VEGF- 165 transduction and expression efficiency by

i mrunost ai ni ng, enzyne-1|inked i munosor bent assay 25 (ELI SA),
i munobl ot t i Mpisaaxeniple BORoNFiraies fwmttfafﬁgé'ﬂ'ﬁQXP@%‘é&aneranEQ@eﬂe%iﬁd

VEGF- 163%&625 73& [ {3 d 1g§%50f/8r n%ﬁpcﬁfeﬁ' Yehdt: all ﬁlehfaﬂaﬁdﬂfé?gpy”fy\ﬂﬂ asts

continu for ger than 18 days, which wa
si gnisf i @enidoynitant anglogenesis/myogeneSIs

A porcine heart mode! of chronic ischemia (control=3, myoblast-implanted =
6) was produced by clamping an ameroid ring around the left circumflex artery. Four
weeks later, the heart was exposed by left thoracotomy and myoblast cells
20 implanted. The myoblast cells were cultured myoblasts from satellite cells derived
from human rectus femoris biopsies. The human myoblasts were transduced with
retroviral and adenoviral vectors that carry Lac-Z and human VEGF-165 genes,
respectively. The cells were characterized for VEGF-165 transduction and
expression efficiency by immunostaining, enzyme-linked immunosorbent assay
25 (ELISA), immunoblotting and RT-PCR. The transduction efficiency for Lac-Z and
VEGF-165 was 75% to 80% and >95%, respectively. The transduced myoblasts
continued to secrete VEGF-165 for longer than 18 days, which was significantly
higher (37 +-3 ng/ml) than non-transduced myoblasts (200 +- 30 pg/ml). A dye
exclusion test revealed >95% cell viability at the time of injection.
30
Twenty injections (0.25 ml each) containing 300 million (total) myoblasts or 5
ml total volume of basal Dulbecco's Modified Eagle's Medium (DMEM) as control
were injected into the left ventricle intramyocardially,. Left ventricular function was
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hi gher (37 +-3 ng/m ) than non-transduced nyoblasts (200 +- 30 pg/m). A
dye exclusion test revealed >95%cell viability at the time of injection.
30 Twent ywprpegibons (0.25 nl each) containing 300 m || i oRCTIUSOAOIIS05

nyobl asts or 5 m total volume of basal Dul becco's Mdified Eagle' s Medium
(DVEM as control were injected into the left ventricle

i nt ranyogasslsab! Yisingl A i C i : - 03,0 9
PCT/ US03/ 09505b é‘??&?@"?'ﬁ’??ﬁ“ MM’I%(?-ET@HS%% %?’F%%” pﬁ%ﬁ%eﬁggm§é2$%%p%%nput ed
t onogr apkyPEESPeeanning anm wegk datrevinisctiveftocentimj eybtardial infaratiér and at

nmyocar di gy \jdHi@rfel M@ at six weeks after injection. 5 Animals were
mai nt ai ned on cycl osﬂ)ori n at 5ny/ kg body wei ght fronfive days before until

six weeks after cell transplantation. The aninmals were euthani sed at six

weekssto five,pnny * ivel and .t he hearts we rocessed for

hi st of ogi cal Al lrrrrugr}glgf/eto %%hngéﬁnﬁ%ﬁm gxﬂgfﬁqrmaqtﬁqugq EPé\Y W@Ebgffg@?wqgays

Hi st ol ogbefare euwmimweemaﬂmd drmplenﬁitmﬁ. fS\tté\érMﬂblsQ/flerﬁ %trg{)ngehféi Sﬁr?/ofl astz s
expr essi c.Z ne in an round the i rt. More than o of the Lac-
poSi t i ve%gg%%i tgﬁggyﬁ-@Q%?smﬁ?ﬁggP%fﬁ \éedy’péé‘at iNfeI RPartSr WelidraRrospesadh fakeavy
chain. hiswlagicdl s ioimiremytochemlvabandieblsastiuralistediéon di d not show Lac-Z

positive myonuclei nor human myosin. A triple stain of nyoblast-injected
nyocardi a reveal ed 15 nul ti nucl eat ed het er okaryons contai ni ng hunan and

por citne nucl eflistlddicaaxarmsdtion shoivel WkBdhsieosirDivaEbehk! #asdd
denobnstrat ed hurritrél]&r%ot ubes and skel et al ofibres w tgﬁ sgat gﬁflalﬁt%g&gel s in
T

t he por cPHECTH & PENE 8 e8NTh gEquadr theajpfart e, Moteo enh89%wit thes Lagize
nucl eus p@sitRies ardloRmseyicat ihilrdRtaiieRs §t'fél'§a‘if6} i : jn @S
perfornmed to delineat e_glhost and d(_)r_lor.aélucl:_ el . Ilﬁlﬁgl&ﬁ Mfﬁ?ﬁ\&a 1O usi ng
20 f | uor ¥ ERTIINISER Wieaut spvabiast injealion udiemoty show diaosh pesitienthyohudeiosones 1
and 10 #@r nbi@h WYARINSed tThe ¥aseura - feardi§ 2R DRge! ect ron
m croscopy (SE \(‘:’ﬁ{mt ed 1In @n a_v.erg;ehags%gi fgeﬁQég\;\qﬁ)(oqa@ﬁdgevF%%go) in
cont ivl 'AHlireslentedrhelerplaryans gontaini®) luman acdmmaciee muclehwith esxpESEioh65
myobl ast ot akPndstigd i + T PECT . scans sho
i mproved per f usi gn Iﬁn E?‘%]cg&ﬂnr&g&}gg épdy é%ré?rgsﬁ?ated H8m§n myotLIQbes andssrkey\e":t}aq

myofibres with satellite cells in the porcine myocardium. Laser nuclear capture,

together with single nucleus reverse transcription polymerase chain reaction (RT-

PCR), was performed to delineate host and donor nuclei. In situ hybridization using

20 fluorescent DNA probes specific to human Y-chromosomes and chromosomes 1 and

10 for pigs were used.

The vascular density (mean +- scanning electron microscopy (SEM) counted

in an average of 12 low power fields (x200) in control animal hearts was 4.18 +-

25 0.42, compared with the VEGF-165 myoblast transplanted group (28.31 +- 1.84).
The SPECT scans showed improved perfusion in the infarcted region.

Discontinuation of cyclosporine after six weeks prompted no xenograph rejection for
up to20 weeks.

30 Each publication cited herein is incorporated in its entirety by reference.
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Di sconti nuation of cycl osporine after six weeks pronpted no xenograph
rejection for up to 20 weeks. 30 Each publication cited herein is

i ncor por aWed3isspr s entirety by reference. -25 WO 03/ 085022/URC¥H93@03/ 09505
| claim 1. A nmethod for producing cardi omyocytes capable of proliferation,
conprising: (a) providing cardionyocyte cells; (b) providing myobl ast
cells; é}'&%i c) mxing the cells of step (a) with the cells of step (b)
under invitro or in vivo conditions that allow cell fusion of

cardi onyocyte cells with nyoblast cells to form heterokaryotic

ol cotion atdp  whertiod o SiafinEd, Aol bus eberlel o "Bl PEREL 07 °

prol i f ercehprisitig: Het er okaryoti ¢ cardi onmyocytes produced by the process
described in clajml escribed in claim1, wherein the

.4 A gethod feses
sel ection step cEHHPUYR0 FALPANS SN 0t nitosis. 5 A method as
described in cl ai B)browdiag ehyobikseeellscandonpri ses the addition of

chondroitin sulfate. 6. met ho S scriped jn claimb, wherein the
chondroitin sul f aECS “i"§'”92h‘?iéﬁgt% 5369 gﬁé(‘f'thctgﬁc‘?gh? pﬁﬂpg@)oqndggm,\)g R %

ni cr onol;akibQonditiohk itk sMow dell fiEibe o kardisthydby Rasdlisomiomybblasiceiidused by
the process described in_ claiml. 8 A nethod of producing human

het er ok P R8teEXANRLIC GRHIIPRMYOCY®Rar act eri stics of both nyobl asts and
cardi onyocytes, conprising: (a) culturing human nyobl ast cells fromone or
nmore human biopsies; (b) providing cardionyocyte cells; and -26 WO
03/ 085092 PCR/ USOA methgy as described in claim 1, further comprising a selection step

wherein cells are selected based on their abilities to proliferate.

3. Heterokaryotic cardiomyocytes produced by the process described in

claim 1.

4. A method as described in claim 1, wherein the selection step

comprises the detection of mitosis.

5. A method as described in claim 1, wherein step (c) comprises the

addition of chondroitin sulfate.

6. A method as described in claim 5, wherein the chondroitin sulfate is

added to a final concentration of between 5 micromolar to 5 millimolar.

7. Heterokaryotic cardiomyocytes produced by the process described in

claim 1.

8. A method of producing human heterokaryons exhibiting the
characteristics of both myoblasts and cardiomyocytes, comprising:
(a) culturing human myoblast cells from one or more human biopsies;

(b) providing cardiomyocyte cells; and
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(c) incubating the cells fromstep (a) wth the cells of step (b) under
conditions that allow fusion of human nyobl asts with cardi onyocytes. 9. A
met hod aswoOesosiobed in claim8, wherein step (a) is carri @dTABO3/BHF0S
culturing the human myobl asts through at | east one mtosis. 10. A nethod as
described in claim9, further conprising a selection step wherein one or

brol i ferace, 11, AOREbHEAMESAEBls R e (o oy Bre Gl o SHERHET LEREE  on
step coopitoas thiztatiowi fasionf hurhars ng/oblbats Wikt edrdicatypeytes. car di onyocyt es

produced by the process described in claim8. 13. A nethod as described in
claim8, wherein step (c) conprises the addition of chondroitin sulfate,

14. A nethod s desaretthsdas Iﬁie@ér&iemiﬁ?claiWS,r\ﬁhéretrl”'QteFI’(@WiH Baried cutlpyate is

added to fi nﬂ.lteaconcentr Eég'inf of B(eﬁtte@een 5 mcronolar to 5 mllindlar. 15.
Het er okafy e P‘HP%’FW@E Brovd agl,ong\@itBBiIBcess described in claim

12. 16. A nethod of replenishing degenerated and degenerating

cardi onyocytes of a patient with heart disease, conprising: (a) providing

het er okar yot i ©- caPdisHAsCHE 88scEiapait slaisn % dydies sompristiesarselenien aisa gap

j unct i onghera 1 Al } T ficld of step
R A A i R G G e D e

net hod a8 iREedt%hed in claim 16, wherein the cardionyocytes of step (a) are
prepared by the additional step of controlled cell fusion in vitro between
nyocytes and cardi omyocytes. 18. A nethod as described in claim16, wherein
the controll dd.- ceN mefspdnas sdasgribeshpni sleimt fe vaddeini dre clelectiondstept i n

sul f at e-co%?prisés%{ééﬂgn%%ﬂ%ig.” bed in claim 16, wherein the chondroitin

sulfate Is

12.  Heterokaryotic cardiomyocytes produced by the process described in
claim 8.

13. A method as described in claim 8, wherein step (c) comprises the
addition of chondroitin sulfate.

14. A method as described in claim 13, wherein the chondroitin sulfate is
added to a final concentration of between 5 micromolar to 5 millimolar.

15.  Heterokaryotic cardiomyocytes produced by the process described in
claim 12.

16. A method of replenishing degenerated and degenerating
cardiomyocytes of a patient with heart disease, comprising:
(a) providing heterokaryotic cardiomyocytes capable of developing
desmosomes and gap junctions; and

(b) administering the heterokaryotic cardiomyocytes of step (a) through
a catheter pathway.
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added to a final concentration of between 5 mcronmolar to 5 mllinolar. 20.
A conposition of cells useful for repair of damaged heart mnuscl e,

conpri si yohaweekar yons t hat exhi bit characteristics of porhuSndogsed

nyobl asts and nornmal cardi omyocytes, including the ability to undergo
mtosis in vitro and to devel op desrmsorres gap junctions, and to contract
I n synchrony 9“9/[\ mét 8&§Q'd88§rﬂfeb?§8!aﬂ{ﬂ ﬂ&%ﬁﬁh@%%io%éé&t& o?éltgpA
conposi tion as descrl er conprising ween

m cr onol(a) ate pBaparedi ibyolhar addittonet siap of surhtfcziled. celi2fusibnc mnpitrei hétarenf cell s
useful f g heart muscle, conprising heterokaryons that
exhi bi t n‘? gec%fgerl S d@@@/@%ﬁ%m h normal nyobl asts and nor nal

cardi onyocytes i ncluding the abili ty to undergo mitosis in vitro. 23. A

conposition escribed in, c rein the heteroka

t ransgeni cal | 5 x%r'@%@oa a@eqqsﬁatéég i‘rhp@ﬁ’? 39: giherelp ths C%@f‘ﬁ'@ﬁ ﬁff\"%iﬂ‘i‘t he
group catsy &drmpisesahe addiangbbgmngrdith §aet®r, TGH-beta, vascul ar endot hel i al
grow h factor, fibroblast growth factor, platelet derived growh factor,
angi ogeni n, pleiotrophin, and interleukin-8. 24. A conposition as

descri bed i n1gl ai mmMétholl lérstdb%bnm bléinngeawﬁ@;léwhﬁr chddair&% atksa ifact or

sel ected from the group consisting of a migration factor, scaf f ol di ng
pr ot ei n,20ppe a fingl conceptriientaf ,lqetvm@ﬁ_qmlquo@r tq amilimelar) am nin-1,
fibronectin, type | collagen, type Il collagen, type IV coll agen,

t hr onbospondl n- | -28 WD 03/085092 PCT/ US03/ 09505

| eci t hi n- oxy28t r abyeamprsition] phgels mseful for senrgin et drmaggel keart muscle,
vi t rone%ﬁh{bnflﬁgqﬂe‘f%éa%hé M@Hﬁbﬂréﬁ%ﬁéc@enﬁés of\beﬂ”W‘gdeﬁ n%ﬁ?%[stigll\é s useful

for repair o amage art nuscle conprising nyo ave been
t r ansgemiogagl yattdrcmmwmdnctluﬁiwﬁhes@ﬂay toebihaddrge mitesigriat vie drattor

sel ecte | S f i r., \ ul ar
endot heﬁe%ﬂg]r %gﬂ‘%? g@? (S)’r dbgl thﬁﬁggt grOV\Pﬁ ?cgﬁ'{ég? &T%é%gy ﬁ?%f el et
der i ved trgneplantatiar inde damageabg%rit muspleei ot r ophi n, and interleukin-8. 26. A
conposition as described in claim25, further corrpri sing a cellular
integration factor selected fromthe group consisting of a mgration

factor, a 21. A composition as described in claim 20, further comprising between 5
micromolar to 5 millimolar chondroitin sulfate.

22. A composition of cells useful for repair of damaged heart muscle,
comprising heterokaryons that exhibit characteristics of both normal myoblasts and

normal cardiomyocytes, including the ability to undergo mitosis in vitro.

23. A composition as described in claim 20, wherein the heterokayons
transgenically express a cellular integration factor selected from the group consisting
of an angiogenesis factor, TGF-beta, vascular endothelial growth factor, fibroblast
growth factor, platelet derived growth factor, angiogenin, pleiotrophin, and
interleukin-8.

24. A compaosition as described in claim 20, further comprising a cellular
integration factor selected from the group consisting of a migration factor, a
scaffolding protein, PDGF, HGF, fibronectin, MMP-1, MMP-2, laminin, laminin-1,
fibronectin, type | collagen, type [l collagen, type IV collagen, thrombospondin-,
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scaffol ding protein, PDG-, HGF, fibronectin, MW-1, MW-2, |amnin,

lam nin-1, fibronectin, type | collagen, type Il collagen, type |V

col | agen,wolwostsespondi n-1, | ecithin-oxytetracycline-col lPagarsosredsni x, a
galactin, galectin-1, vitronectin, and von W]II|ebrand protein. 27. A
conposition of cells useful for repair of damaged heart nuscle, conprising

yobl as ‘(ijéc]jtﬁi?\@o tFafcpaﬁ\fe'-éfo‘ﬂagéﬁ) WM 0 a ag;?a%‘uh,“ p%cﬁm e%ft@‘hb?ﬁh T A6 96n

sel ecte romthe group consisting o n angrogenesi s factor, vascul ar
endot heWidébragd pwiéinf act or, fi brobl ast growth factor, platelet derived
grow h factor, angiogenin, TG--beta, pleiotrophin, and interleukin-8a
mgration factor, a scaffolding protein, PDG&, HG, fibronectin, MW-1,
MWP- 2, | am nkb, |Ancampositionf obcelfeckeful fory ppalr ot dainaged, hdaytpenustlecol | agen,
type 1V _col l.agen din-1, lecithi.n- | i ne-col | agen

t hr onbgspan oxytetracyc
matrix, “STGHP gtlinlg{f)g'laatlse&a?ﬁj%/fe brep otﬁaé'@gﬁw,calﬁ’na%%ﬁrmﬁl P BFRIRES 67 ot ei n.
-29 cellular integration factor selected from the group consisting of an angiogenesis
factor, vascular endothelial growth factor, fibroblast growth factor, TGF-beta, platelet

derived growth factor, angiogenin, pleiotrophin, and interleukin-8.

26. A composition as described in claim 25, further comprising a cellular
integration factor selected from the group consisting of a migration factor, a
scaffolding protein, PDGF, HGF, fibronectin, MMP-1, MMP-2, laminin, laminin-1,
fibronectin, type | collagen, type Il collagen, type IV collagen, thrombospondin-I,
lecithin-oxytetracycline-collagen matrix, a galactin, galectin-1, vitronectin, and von

Willebrand protein.

27. A composition of cells useful for repair of damaged heart muscle,
comprising myoblasts and an effective amount of a cellular integration factor
selected from the group consisting of an angiogenesis factor, vascular endothelial
growth factor, fibroblast growth factor, platelet derived growth factor, angiogenin,
TGF-beta, pleiotrophin, and interleukin-8a migration factor, a scaffolding protein,
PDGF, HGF, fibronectin, MMP-1, MMP-2, laminin, laminin-1, fibronectin, type |
collagen, type Il collagen, type IV collagen, thrombospondin-i, lecithin-
oxytetracycline-collagen matrix, a galactin, galectin-1, vitronectin, and von
Willebrand protein.
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