2 B OCT 2003 WH M5 FOR PRODUCI NG CARDI OWCQOCYTES CAPABLE OF PROLI FERATI ON
REFERENCE TO RELATED APPLI CATION This application is a continuation-in-part
of US. 5 Application Serial No.. 08/ 354,944, filed Decenber 13@3%@1%@3
This reference is hereby incorporated by reference inits entirety.
BACKGROUND OF THE | NVENTION 10 FI ELD OF TEE | NVENTI ON The present

I nvention relates to conpositions and nethods for treating mamral i an

di sease conditions that are debilitating, fatal, hereditary, degenerative
and/or undesirable. Mre specifically, the present invention 15 relates to

the transplantation of normal, or geneticall t ransduced, or

cyt ocl i ne- conver MEBFQRR B FRORIING WW@]WW@ PRAGIESRATION
degenerative tissues or organs. DESCRI PTION OF THE PRI OR ART 20 MYOBLAST
PROPERTI ES | n mamal s, nygbkasigcel® Weeaond yarelicaryps which divide
extensively, mgrate, fuse naturally to form._syncyti.a..Lose.thei g major
hi st oconpati bi | i tyT@ri’asé??l’-?W"l)ysan?i ﬁgﬁ'é“é_l‘o%lo'n'%f t'grp usj gﬁ,faﬁd devel op
to occupy 25 RQ%iotatien IBedyabeightisi/AShudehns ZilqR RS eRGRBI med - ploperti es
render nyobl asts . idgal,{of. gane 13RSt 8kcattace@mali e:feténdsherapy s( SCT)
Myobl ast therdpy i § a conbi ned SCT and gene therapy. MYOBLAST THERAPY 30
Al t hough the eaité~8FYnyobl asts/satellite cells _n nyogenesis and nuscle
regeneration dated back to the early 1960s (Konigsberg, |I.R , Science,

140: 1273 (1963) Mauro, A JBA%&WQFB&@WbQI ., 9:493-495
t

(1961)), their use in animal erapy was not reported 35 until 1978 (Law,
P.K , Exp. NeU¥IHLD, OBQTEB1INVENT )). The first nmyobl ast transfer therapy

(MIT) on a Duchenmeentsesést idysintdphyréDiB)s beyconPFelfiipmsy 385, 1990
mar ked the first cliniegal LLlad, O RIR0aYeeabbaBEA@Ic1ddsS LAUECESS Was
reported (Law,"P K et al 7] . . . d/on
ars debilitating, fatal, hereditary, degenerative and/os
undesirable. More specifically, the present invention

. - 1
rslates to the transplantation co normal, cr genetically

(=
wn

cransduced, or cytocline-converted myogenic cells into

ioni ' i rSans.
malfunctioning, and/or degenerative tlissues or organ

DESCRIPTION OF THE PRIOR ART
20 MYOBLAST PROPERTIES
In mammals, myocblasts are the only cell type which
divide extensively, migrate, fuse naturally to form
syncytia, lose their major histocompatibility Class I
(MHC 1) antigens soon after fusion, and develop to occupy
25 50% of the body weight in humans. .These combined
properties render myoblasts jdeal for gene transfer and
;oma:ic cell therapy (SCT). Myoblast therapy is a
combined SCT and gene therapy.
MYOBLAST THEERAPY
30 Although the rcle of myoblasts/satellite cells in
myogenesis and muscle regeneration dated back to the
early 1960s (Konigsberg, I.R., Science, 140:1273 (1963} .
Maur;, A. J., 3iophys. Biochem. Cytel., §:493-435 '
(1961)), their use in animal therapy was not reported
entil 1978 {Law, P.K., Exp. Neurol., £0:231-243 1878)).

L
Ut

The firs:t myoblast transfer therapy {MTT) on a
Duchenne muscularAdystrophy (DMD} boy on February 13,
1990 marked the £irst clinical rrial on human gene

3
cransfer. 1ICts success was reportad {Law, P.K. et al.,

i



{ 2 0 Gt 2003 Lancet, 336:114-115 (1990); Kolata, G The New York Tines,
Sunday, (June 3, 1990)). Unli ke bone marrow transplant which strictly

repl aces genetically abnornmal cells with nornmal ones, MIT actually inserts,
through 5 natural cell fusion, all the normal genes w thin the Aﬂﬁﬁtﬁh of
t he donor nyoblasts into the dystrophic nyofibers to repair the 03
addi tion, donor nyoblasts also fuse anong thensel ves, form ng genetically
normal myofibers to repleni sh degenerated ones. Thus, full 10 conpl enents
of normal genes are integrated, through a natural devel opnental process of
regeneration, into the abnormal cells and into the abnormal organ. The US
Patent office igsued tgt:hi1g-inyentamola Kpaseat G#Tne30e¢siPrientit| ed

"Conposi tion for and frethods trRahing HHadeRgEabi,on and
weakness" on JEF‘W?iﬂ,gﬁenf@é'Z. (P‘%éﬁ(c)% lm)ig%@yﬁ &

. ct ober, , the Foo and‘_Drg?ﬁ..

Admi ni strat i onz-éFEA)act findical BT BN I’F@éﬁF%ﬁiﬁ’f@“%ﬁéﬂilé’ BePF T4rer apy

(SCT) with a defhfitdom ornalit 6h@gOUSTT alckagehy cinsert30 xbroggmeic cells

t hat have been propagat ed, .expande I - I ly treated,
I?F%‘g'l 5|L18 OR g aC]h the %%E‘gg%lﬁmm &1951 Eﬁ%

or othervi se aPREPE aracteristits ex vVivo.to be
adni ni stered hocheieefs thed dappri eedhiasts £REC prRY MSGRPPEFeat nent, cure,

ggagggzgsésgg 1;%'5%%&%&% Eii@aﬁﬁergf i 73§ IAEEQSi&in,Zﬁic(dEedmyab;g&'gi s';) Fr,

; - . all s under the unbr . obl ast's
and its physi c&l—,sogé‘ﬁ%? iTBE & 8W3gYesder |°ﬂf$€e§é%%cl?%§%§tgen%%l

bi ol ogi cs in thgotibetsier reblenishl degenegasedseres 30 TRySof SNAY 25, 1994

the FDA has gr g:%{.ngge‘ggﬁg St QBrhal géedd alkhkeiapyghesepr ahrboaghdation (CTRF)
to charge 563, 806. ?—2

Foundat | on { ouRdSHTBY TR TRVERESE PROYDYL O AGERE S Ao By ot bt FDA Tor
CTRF t o recovemrbaostsl fealhss apdednsoothe REIOIBEL cPTFATal trials is
extrenely inportant o490 @stmtlenshothece stéspid EbcrEiedirhidncoy MIT and CTRF
deserve, qUOtIQ%tggg (#5,130,141) entitled “Composition for and metchods

15 ;f treating muscle degeneration and weakness” on July_ 14,

1982.

Tn October, 1993, the Food and Drug Administration
{FDA) officialiy began regulating somatic cell therapy
{SCT) with.a definition of *autologous, allegenic, or

20 xenogeneic cells that have been propagated, expanded,
selected, pharmacologically treated, or otherwise altered
in.biological characteristics ex vivo to be administered
to humans and applicable to the prevention, treatment,
cure, diagnosis, or mitigation of disease or injuries.”

25 (Federal Register, 58:53248-53251 (1993)).

MTT falls under the umbrella of SCT and myobliasts
and its physical, genetic or chemical derivatives become
potential biclogics in the treatment of mammalian
diseases.

30 As of May 25, 1994 the FDA nas granted permission for
Cell Therapy Research Foundation (CTRF) to charge 563,806
per subject. CTRF is an non-profit 301 (¢} (3) research
foundation founded by the inventor in 18391. Authorization
by the FDA for CTRF to recover costs from subjects of these

35 clinical trials is extremely important toO establish the
scientific credibility MTT and CTRF deserve, guoting the
June 17, 1994 edirion of the Memphis Health Care News,



June 17, 2.994 edition of the Menphis Health Care News, 2 2 B OCT 2003
"Permssion to bill for an Investigational product is granted rarely,"”
says FDA spokesman Monica Revelle, "Applicants nmust endure numerous
procedures, and nust have what |ooks |ike a viable product at thd ge§if B)
the rainbow. 5 It's used mainly to support testing of prom sing technol ogy
by small conpanies.” This statenent was nade in regard to research at
CTRF. At this tine CTRF holds the first and only FDA- approved human
clinical trial under an Investigational 10 New Drug ND) appl i cat i Qn on
MIT. It is extrepbnicepent ast bDlk edPFzant héﬂ"%?rﬁf rfg)vﬁ# '

closely wth the FDAto _esf _F)pl.l s@ﬁg teyma &ﬁdk@ﬁh&rﬁl eﬁmm:at h@evappeoval

process of this%RB £8r genetic ceII her apy e of g \fegg%
medi at ed gene t heragy c&nTHURETT “ﬁ'@u? % Fggages %ﬁa{_ not met FDA

approval . CELL THERARYoNE TH AdY@BLASI B ]‘:he:dslcltlat sthenengagf ctftmufta-aPOéﬂl

lives. It is that infi |teJ | Qms ceafhnol h the
20 |mTEnSGSWISdoTrﬁ gnasﬁ z%lld/sqg §u;ﬁ;§5f:t¥e%i£§‘ cjf‘f: o s.ﬂﬁﬁl 10186/

hunan race, ot Ie to
produce a |ivi ngpyceimalflr oampemi 45+ 'ng THiRgF AR S gﬁﬁh % &%}3\ elt&%%sla @B
bi ochem cal s. Ogl%seg,uchugg t8rt he only nethod known to man for the
e

replication of cells_in vit Wt h er yi.gahni gues Q@gstZSaaaecmmyons
normal or transfor med® celtlhé' cantlge c&lrﬁl%re ?n sufficient quantity t

repair, and to re-eyrsbvddgrweittcdd nigad \?\B’tﬁ?démdeel Pl %%fﬁ 1% téﬂngr%
bri dges tgﬁ gap bpeq'} gg I n I\Nﬁ)roap@ml:aﬂonl vén syEuens, andial lewpremely

pr opagat i new || fe 30 i deg rat sq_.pe% OlycHid RS Qfodel
living yet gene’t"ﬁ‘?%‘[‘:la)?‘tdé‘f%c’felaa‘é' etl%%' ure Hg§ S Tusi orr? t ransf grs

all the normal gengs whé hFDAt ke era;@lbéaghl FKét%I%H vé‘i“i1 n§° 1EEpRI POk o
the abnormal cel] 4Ja1| rbgpggt@g\ttht,_g :mcgﬁ-l genéhipd ceflldr cheopey. The
ut

installation 35&?Tdr ure operation a i h
chrompsones needssot e ¢éFRlor Heredd e§ne V\%e%eo ckagedy "od NGuman

15 neuromuscular diseases has not met FDA apcroval ;

CELL THERAPY WITE MYOBLASTS
The cell is the basic unit of all iives. It is that
infinitely small entity which 1ife is made of. With the
20 immense wisdom and knowledge of the human race, we have not
been able to produce a living cell from nonliving
ingredients such as DNA, ions, and biochemicals.
cell Culture is the only method known to man for the
replication of cells in vitro. With proper technigues aéd
25 precautions, normal or transformed cells can be cultured Iin
sufficient quantity to repair, and to replenish degenerates
and wounds.
" Cell transplantation bridges the gap between in vitro
and in vivo systems, and allows propagation of “new life”
30 in degenerative <tTissues O©Y 0OIrgans of the living vet
genetically defective or injured body. ‘
Cell fusion transfers all the normal genes within the
nucleus like delivering a repair kit to the abnormal cell.
It is important te recognize that, for proper installation
35 and future operacion, the software packaged in the
chromosomes needs other cell organelles as hardware to

operate.



operate. 3 Z 8 OCT 2003 Correction of a gene defect oc

the cellular Ievel after cell fusion. Thg natural int g;;ztlsggnt ?%Hsl{mgt
and expression of the full conplenent of over 80,000 norrmal genes inpart
the normal 5 phenotypes onto the heterokaryon. Protein(s) or factor(s)

that were not produced by the host genone because of the genetic defect
are now produced by the donor genome that is normal. Various cofactors
derived from expression of the other genes corroborate to restore the

nor mal phenotype. 10 GENE THERAPY W TH MYOBLASTS The u i pRidsts as
gene transfer vehicl@Gsressioneth ReSEREcREJSHy PRFRTT nvént? —méxt eﬁila\?el y.
In  mammal s, nyghl asts 1ah8rt heewsl y afelelr t ppkl whiwtiodi-vi deThs HdEHAVely,

m grate, fuse naturall _toform |
fusion, and devEFeiF% 1°6‘ceu5y"83¥/0 O¥$the Oépr'iQ‘ﬂanantdQenﬁ-aésoofumter

conbi ned prODeécbm@Bemeendef sl aﬁ§t§°Pd@&F’mﬁ}b’rg§%%% %’P%EUWS H‘? ¥

transduct Lon of
and rel atg JBdiiEheb @Héuﬁ@@eﬂka&lydﬂrl yPraeqH iadere AE é#c’é@%ﬁbphl n

d pro?el ns at the ce I
procedure i s unfi@e Y& MR epr‘?é‘ gﬂY| \é% Ih%sp 821:‘%@? ;ggggﬁgftq@fetgﬁﬂsgﬁlr
muscl e fibers agensétid¢ |cmfelceaaed nigw pneduﬁaﬁehv EogyoRgF k%ﬁni‘i’g‘fsf‘ﬁ@ ttese d

intrinsic properf ’
repair. Since oﬁgg %M‘é—[lst &E%E%E?saaér{kiﬁdfﬁdrcgel&&greesemeof yemet i c

asts al so_fuse amng gﬁ&!
fibers in I\/rI'T Pﬁéeﬁlg%‘}% REREPPFRFT oTh ﬁ?@“’aad@f on o¥ g?ng]thlgg ?Soﬁlg‘rilrral

fﬁlls ?F ¢ 30 MYOBLAST THERAPY IS THE MEDI CI NE OF THE FUTURE Heal th is
e well - elng 8EF§ mybBragpgs editary or degenerative di seases,
sick cells need parring

nai nt enance. cell cuFderess s°ft H&%ﬁﬁgglﬁ% ?%efgeeﬁgga?géﬁg‘# fc.l\r%alhté% | 25t hat
are capabl e of $udk¥i ¥bBgarsesdlgpichgsainventor extensively. In

mammals, myoblasts are the only cell type which divide
extensively, migrate, fuse naturally to form syncytia,

lose MHC-1 antigens soon after fusion, and develop to

occupy 50% of the body weight in humans. These combined

fw}
w

properties render myoblasts ideal for gene transfer.
Natural transduction of normal nuclei ensures

20 orderly replacement of dystrophin and related proteins at
the cellular level in DMD. This ideal gene transfer
procedure is unigue to muscle. After all, only myoblasts
can fuse and only muscle fibers are multinucleated in the
human body. By harnessing these intrinsic properties,

Z5 MTT transfers all normal genes TO effect genetic repair.
Since donor myoblasts also fuse among themselves to form
normal ‘fibers in MTT, the muscles benefit from the

addition of genetically normal cells as well.
30 MYOBLAST THERAPY IS THE MEDICINE OF THE FUTURE

Health is the well-being of all body cells. in
hereditary or degenerative diseases, sick cells need
repairing and dead cells need replacing for health

is maintenance.
| Ccell culture is the only way tO generate new, live
cells that are capable of surviving, developing and



4 2 6 OCT 2003 functioning in the body after transplantation, replacing
degenerated cells that are lost. Myoblasts are the only cells in ihe Fod
capable of natural cell fusion. The latter allows the transfer
of the normal genes into genetically defective cells to effect phenotypic
repair through conplenentation. MIT on DMD is the first human gene therapy
denonstrated to be safe and effective. The use of MIT to transfer any
other genes and their promoters/enhancers to treat other forms of 10
di seases ts underway. Myoblasts are efficient, safe and universal gene
t ransf er vehch$§1 ? hdg eﬂgqgﬁnauaytaftématﬁnmsplaSFh%éo%.f%ﬁ&%iﬁ+ﬂ§ene

S eff

al ways exerts i ect " on I g‘herapy wll al vvays be the commn
pathway to heaiegenesprer ‘é?fl %ls ar'g ;

e I ife i 2?6 ? ;glg\@
SAMPLE DI SEASE DMVD |~®oa~1hetedat%1r'§rhe cRé'g‘én Syl §&6i PPE%t FAB2" Fafal, and
undesi rabl e rranwa%dradri g8§fa§f§1°ht i She Qhatact ekiowe thy pr%)fg?fe%‘-'squea%scl e
nd 10ss

degeneration a of str th.. T IR OB REGE Pvat cglygar;s of
age or yseungerofantheoRPTTile ??‘ﬂec% U etg})éursg of the . dise

Debilitating angff@dalpheaw[-)yait em:sallr |tﬂi11'936¥3 ‘:P‘F‘Hjee“l‘ﬁ?té‘%% hs, ‘ananl s the

second nost co ?x%kﬁr el $0ag8pY MdnmBRT2cBVD:G e wideal s
are 25 typical %eel chai rﬁgt(r) 4

und di ef L La0es20.
Pneunoni a usual &yd i &f fssE ivamedt 2t é‘%aﬁg M%E deata%éEE %nderl g’é °
respiratory rrusg},@ Q@g@@erﬁdmuandﬂﬁaﬂdm G IBWBaFncﬁt\}‘tetfuaF% % Phhal e
sufficient ygen and z_wla ng M@Egﬁg@g\sar&aéﬁmmmt lsiage3@nd

synpt ons 1é]’evel 0 lf)?/a?ﬁd ado escenc 10 t B8aodVRORY ateOn. By
age 18, all DVDuhhvtwsalugened&rerd erc‘é g‘rﬁ? B{agRg ut Sardiac failure is

sel dom t he pri nggyy . Cagismeeofa deaehign Beéne ealm E69§F5 B HRAESSH SWér e

vl uated AN 3Dy s U1 S, FERRRLP ot ROLARIY aleethe nadincialpachorea
o health. Afcer all, cels are w% ilfe LE:H%de of.

15 i
‘ DMD: A SAMPLE DISEASE
DMD is a hereditary, degenerative, debilitating,
fatal, and undesirable mammalian disease. It is
characterized by progressive muscle degeneration and loss
290 of strength. These symptoms begin at 3 years of age or

younger and continue throughout the course of the
disease. Debilitating and fatal, DMD affects 1 in 3300
live male births, and is the second most common lethal
hereditary disease in humans. DMD individuals are

' 25 typically wheelchair-bound by age 12, and 75% die before
age 20. Pneumonia usually is the immediate cause of
death, with underlying respiratory muscle degeneration
and failure of DMD individuals to inhale sufficient
oxygen and to expel lung infections. Cardiomyopathic ‘

30 - symptoms develop by mid-adolescence in about 10%~of the
DMD population. By age 18, all DMD individuals aeve}op
cardiomyopathy, but cardiac failure is seldom the primary
cause of death.

Before 1950, over 80 chemicals were evaluated and 33

35 were reported as potentially beneficial {Milhorat, A.T..
Medical Annals of the District of Columbia, 23:15
{1954)). None are currently being used {Wood, D.S., In:



(1954)). None are currently being used (Wod, D.S., In: 52 8 OCT 2003
Kakul as, B. A and Mastaglia, F.L., eds.: Pathogenesis and therapy of
Duchenne and Becker nuscul ar dystrophy. New York: Raven Press; 82%
(1990)). Unconfirmed therapeutic benefits in DVD have been repor UL 0B 5
vitam ns, amno acids (Van Meter, J.R, Calif- Ned., 79:297 (1953)), ATP
(Nakahara, M, Arzneim Forsch., 15:591(1965)), coenzyne Q (Fol kers, K et
al ., Excerpta Med. Int. Congr. Ser., 334:158 (1974)), adenyl osuccinic

acid (Bonsett, C A, Indiana Medicine, 79:236 (1986)) and 10 growth hornone

i nhi bitor (Coakley, J.H et al., Lancet, 1(8578):. 18 9 . Se al
hundred drugs heakmlb@enB-éeréé‘ﬁééP%R&ﬂd-F'sﬁpf‘a),g%th%sa(()t#@%g%%af'gs%g oW ng

consi st ent beneé é:.saﬂgf QP Blhehehls 4dhipeckien, mBsthla ditstrophiscNewNer ve,
7:130- 136 (1984%. IS5 The benefi céa_l f(f Ghs)of phEsHY SoR& on DVD was
first reported ¥fostRPEYEEFE°AgD” (Dr achian, 'D.B. et _al . Lancet,

2:1400- 1412 (1974ddapeke o bseafihern PMEHERVEIPERR TTRFTRS SHE coul d del ay

the degengrativgitgﬁq.psessd“a&@ LRi8oNEVAAIRT eeV el . RI ancakif | West.r engt hen DVD

20 nuscl eS. The evidence substanti ating nredni sope. i s:notgoMidhout debate

(see Munsat, T.19:%hd \Féﬂs@dﬁ,' ngl ?ﬁalﬁ%h%e g Ilali:‘ 2?225%17 (19085}) - "'Rowl and,

L. P., Lancet, 1127391 (1%2R));, anensyeged, (HoleTsy Ki. et|ad g EXCEIBL3). 33

(1974)). Al though .t hglﬁgpwﬁn@g}.g hs p41gts avineh 4 25, padenylseneaiadrates its
redni s

effect is undefi'ned.” Sone_ cayses_nungr i d £Cl1S5g6dNdana
prol onged ‘use i HGH@eéBO%‘ERFe-r'sé:'ﬁeachgﬁﬁn‘? gﬁﬁb%én%érg%ﬁﬁmil r?s?hean

questionabl e bgeekithshsmpatd étnibener nteRaiient i dnHan8tt #hAnsfHAE e ot her

approaches 30 éfagrs_.‘,?{ e fﬁ NG 44284 .t Ostv@adl hfinddieadyuasdchalegdrenat i ve
di seases. Howeveér, it W [

be quite sone_timne befor hj e of
treatnent findssckeaneal (eRd %&Hr&ﬁ'ftﬁtlbl\i?"ﬁ%vﬁ?ldgf% J,sﬁ?‘%{:ﬁ/ akul as, B. A
et al., eds.: Pabhegepest sberwid tshdrapysveérTiishdFRETakgBeRider Ffuscul ar
dystrophy. 35 New York. Ravep rsss 199s{1990); and Watson, J.D. ec

13 The benaficial effects of prednisone on DMD was

£irst reported almost 20 years ago {Drachman, D.B. et

al., Lancet, 2:1409-1412 (1874)). The researchers

reported that prednisone could delay the degenerative

or;cess and in some cases even transiently strengthen DMD

20 ;uscles. The evidence substantiating prednisone is not
without debate (see Munsat, T.L. and Walton, J.N.,
Lancet, 1:278-277 (1985); Rowland, L.P., Lancet, 1:277
(1975) ; and Siegel, I.M. et al., I.M.J3., 145:32-33

- {1974)). Although the mechanism(s) through which

23 prednisone mediates jtg effect is undefined. Prednisone
causes numerous side-effects, and prolonged use induces
adverse reactions that by far our-weigh the gquestionable
benefits reported.

Gene manipulation and transfer are other approaches

30 thaz are being used to treat hereditary and degenerative
diseases. However, it will be guite some time before this
type of treatment £inds clinical application for DMD
{Law, P.K., In: Kakulas, B.A. =T al., eds.: Pathogenesis

and therapy of Duchenne and Becker muscular dystrophy.

35 " New York: Raven Press, 190 {1930); and Watson, J.D. et
al., Recombinant DNA. New York: W.H. Freeman and Co.; 576

(1992)}). 5Success claimed over intramuscular DRA



al ., Reconbi nant DNA. New York: WH. Freeman and Co.; 576 (1992)). Success
claimed over intranuscular DNA 6 2 8 OCT 2003 injections (Acsadi, G et

al ., Nature, 352: B15-818 (1991); and Wl ff, J. A et al., Sci encez
247:1465- 1468 990) .:kr-.erial delivery of immature nuscle cell s i UQT 3@;“3
known as nyobl asts, to skeletal mnmuscle (Neuneyer, 5 AM et al., Neurol ogy,
42:2258-2262 (1992)) is very limted and questionable. Attenpt of using
transfected autol ogous nyoblasts has resulted in | ow efficiency and

mutation in transfection (Barr, E. _and i de ,35CIg@ARCY, g254:
1507- 1509 (1991}n]eHrhpis, (3sagdiy) C: %Iag‘ ' ﬂ“&rgﬂmz 1509- 1 126% 991); and

ci’ence,
Smith, B.F. et algg1) Mund @elEEf, Biok. et ®l-328838299. (A0bh%e>"$%ER approach

will yield insuffiglent, nyogeni-¢atehlsida-peavifiaztore anusailel e=lddy
myobl ast transfer’therapy (MI'T) to treat DT)I\éD eggg_i Eﬁ‘é?l{)'-(:‘ﬁ’&um% La) .
Cinical trialsakse mweds JYeELantdr i) S St ystic fibrosis (C-:') based
on transgeni c~ alCeestdldi eveQipliegy S. G : 58aR262NAL TR ) I VeTY
250 255- (993)) | L1 1 Cal .ol Scthif, Gonee gt apy bouss b tamns

vEFRERB BT i

attenpted on se I_munodefici ency . (SCLD). L nd SCI D
whose genetic defeetegense RPIESrSt BASt1H deﬁ?y?‘noaé Te %%:llk%nc i eagl, t he

genetic defect LQfaDM) NBDidesisédcasothiBasedceanl hesd@ectdrthl: prote- An

c -!led dystrophin_in_t el yrenhhane; s hepnahan, asa etegl atory
prot ei n. Althouéﬁlaﬁ?gﬁg%%& 1S

I'n serves_as. a _good 2 enef i c4bioc Jcal marker
(Hof f man;1E. P. &cighce, Ge34: 159P-1§18- é&%’q’(’l’géf‘)%) glmﬁgbheég/él%gtrgl%ri of
nuscl e i nprovenpatscedystznshi,n woepBasenditl clGPSO) d ut EICHMABPTIRGR of the

treat nent process. .This, has adynhegpogéeimnshnat ed, pasonde addwerss, by
the present inveéftdr yﬁ%?‘%&%%l% e Bfost

i o rrd? m@e:( Chqp[.n.% tgttﬁ]l,__)au &ﬁ:“
Transpl ant at i on,wholelpody TURRIAST RIABSERT =5 PY ' " *Am "3 " Pat hol ., 135:
27-32 (19B9); angh.Rahekdgeaw . fupratt. Slinide} (Awials3arelPerIeom-{1989)) and
'n hunansl£ChSE“ﬁHderan géraéYStic fibrosis (CF) based on transgenic
mice studies (Hyde, S.C. et al., Nature, 362:
550-255-(1993)) . Clinical trials with gene therapy have
also been attempted on severe combined immuncdeficiency
(SCID). Unlike CF and SCID whose genetic defects are
20 mediared through enzymic deficiencies, the genetic defect
of DMD manifested as the absence of a structural proteir
called dystrophin in the cell membrane rather than a
regulatory protein.
Although dystrophin serves as a good
25 genetic/biochemical marker (Hoffman, E.P. et al.., Cell,
51: 919-928 (1987)} in the evaluation of muscle
improvements, dystrophin replacement constitutes only
aa;ﬁ of the treatment process. Thnis has already been
éemonstrated, among others, by the present inventer using
30 MTT in mdx mice ( Chen, M. er al., Cell Transplancation,
1:17-22 (1992); Karpati, G. et al., Am. J. Pathol., 135:
27-32 (1989); and Patridge, T.A., €t al., Narcure,
337:176-179 (1989)) and in humans (Gussoni, E., et al..
Nature, 356: 435-438 (1992); Huard, J. ec al., Clis.
35 . Sci., Bl:2B7-288(1991}; Huard, J. et al., Muscle Nerve,
15:550-560 (1992); Law, P.K. et al., Lancet, 336:114-115
{1990); Law, P.K. el al., Acta Paediatr. Jpn., 33:206-215



Nat ure, 356: 435-438 (1992); Huard, J. et al., din. 35 Sci
81: 2B7-28B(1991); Huard, J. ec al., Miuscle Nerve, 15:550-560 (1992); Law,
P.K. ec al., Lancet, 336:114-115 (1990): Law, P.K. ec al., Acta PAdSTJM3-
Jpn., 33:206-215 7 Z 8 OCT 2003 (1991); Law, F.K et al., Adv. din.

Neurosci., 2:463-470 (1992); Law, P.K et al., in: Angelini, C et al.,
eds. Muscul ar dystrophy research. New York: Elsevier Science Publishers,
109-116 (1991); and Law, P.K et al.-, Acta 5 Cardi om ol ogi ca, 3:281-301

(1991)). Because DM D pat hol ogy is one of nuscle degeneration and

weakness, structural e Yaif UNGH,ONA ;4 MVeOM@ERAL S 2EgsPfa T i mary
concern. These t b’ Splziraﬁ’éte eﬁa\a/ge’1 baelen extenS|veI st udi-ed, usi ng the

dy2sdy2' dystrophigszioudevwasPak- anf il - - 1687 motRy r}/"her"edl FaF‘% hu%
degeneration (Law,s®ulkr dp%PropheUrddearchO: Rad- Rtk (mz&)r;letaw:umqa@

Muscl e Nerve, 5619 27% a , plhan t. Proga,
20:1114- 1119 (198%5L 1%_%5 ‘{ﬁ? %%é_ YK”F‘}" af, B L R ;%ngrﬂpatJlae <

R. eds.
Myobl ast Twansf ecafdoraimloghied Pt%&ﬂmﬁolﬁlﬁ'?égé ‘Bagavse DYG facbﬁﬁf%
et al., Miscle NeLvg,e &1&%@153&4&9&&);10&%:1Rcé(akrﬁssal strugrukKakul as,

B.A; Mstaglia, F.L. tho ene Y. Dycheape and
Becker .muscul ar H?‘ét?'ﬁiﬂﬁ?‘ ilt\LIé’ zsalvérr]n%Q Fé@gﬁéﬁoalzglfB 199% and Law,
di

P.K. and Yap, J. boncmwusmueeemwvepa@%@raeaam%‘) e dvE es | ead

to the first ML hiék'ic@s! ntgrltﬁl== gpzsa {H0ipstitgtlie moeatnaatan (BNRal
(Gussoni, E. et F

356 al Cal n.
Sci.., 81:187- 2830(1&%)9% heﬁ?&ﬁ ary ‘3“5‘%?" (q%%%g‘k/ﬁ“ Nef\f(Ja P%( £56-26
(1992) Law, P. KNeeI:'o.125 &d:231-283e(1936: Lax. 1_?15K(-19%5¢ 4 HFFvB: K. ec al .
- Acca Paediatr. 5837 2 69-3315 £3991y; KL@m al?“ rejnsgiala,nﬂchmc di-

Zggr O:/ﬁlsaﬂ fzir 4g§§gr 5b§’1199 [rltl?ﬁvav,) I\EW'Y?r lf Er seV| erﬁggledeén SPSEI |etsh2|r S:
109-116 (1991); R@rpadilasy, Rd&. Myohlast QnapsEsardFosT30gitey :3F2854%01
(1991)). The feagiRiLitys.$af@lkko)antdawf fp caceokl Ml Tvuerle Nerve,
11:525-533 (1988); Law, P.K. ec al., In: Kakulas, B.A.;
Mastaglia, F.L., eds. Pathogenesis and therapy of
Duchenne and Becker muscular dystrophy. New York: Raven
Press; 101-118 (19350); and Law, P.K. and Yap, J.L.,
20 Muscle Nerve, 2:356-363 (1979)). These studies lead to
crhe first MTT clinical trial or single muscle treatment
(;MT) (Gussoni, E. et al., Nature, 356:435-438 {1982);
Huard, J. et al., Clin. Sci., 81:287-288 (1991); Huard,
J. et al., Muscle Nerve, 15:550-560 (1892); Law, P.K. et
25 al., Lancet, 336:114-115 (19%0); Law, P.K. et al., Acta
pPaediacr. Jpn., 33:206-213 (19981); Law, P.K. et al., Adv.
Clip. Neurosci., 2:463-470 (1992); Law, P.K. et al., In:
Angelini, C. et al., eds. Muscular dystrophy research.
New York: Elsevier Science Publishers: 109-116 (1951);
30 and Law, P.X. et al., Acta Cardiomiologica 3:281-301
{1891)).

The feasibilizy, safety, and efficacy of MTT were
assessed by this inventor in experimental lower body
creatments involving 32 DMD boys aged 6-14 years of age,

35  half of whom were non-ambulatory (Law, P.K. et al., Cell
Transplantation, 2; 485-505 {1983)}. Through 48
injections, 5 billion (55.& X 10%/mL) normal myoblasts



assessed by this inventor in experinmental |ower body treatnents involving
32 DMD boys aged 6-14 years of age, 35 half of whom were non-anbul at ory
(Law, P.K et al., Cell Transplantation, 2; 485-505 (1993)). Thr QuafiCT4803
injections, 5 billion (55.6 x 106/ nL) normal nyoblasts 8 2 B OCT 1003 were
transferred into 22 major nuscles in both lower linbs in each of the
subjects. Results at 9 nonths after MIT indicated, interalia, that (1) MT
is a safe. treatnment; (2) MIT inproves nuscle function in DVD, and (3)
more than 5 billjQn r%gglsgél.&@riqmr&,eqqs&awrtﬁus@lé;—srigt trerehbdeleloner | i nbs
of a DVD boy between 6 and 14 _years of. age. . s TLENS-10
Potential |y everhimpsndni eaghsh %ﬂgﬂgcgéheg%@%_ﬁﬁ.mggﬁggug%ﬁat ur al
cell fusion, dongf nyehkasts, imserslifail lkhedbnmbtbrtEFl oF n&¥F& genes into

genetically abnormal cell f.ecl,.JvelRainhsc Pé Ofi & Sorflith @Mmmnaeads  of
the defective gerETHTHé za%%ﬁf dl'q'tgérr Act i vat e

I'ie ated or 15 repr to achieve
gene transeripti o awwdet £hAB gt}i”bw-l% ﬂ?’ﬁé#a BB ST soa%ﬁtg’(s) or
enzyme(s) from ¢ranspirant edcAyDgent Qinddd ©f bi REW Bey batyRarucaand 14
protein(s) can be prodyced to prevent or to alleviate disease conditions.
20 Alternativel Y% %fguc?ga'rryobl asts can be used. The procedure consists
of a) obtaining a nuscle biopsy from the patient, b) transfecting a "seed"
amount of sat el Ié?@quﬁgﬁs\gﬂ tbybtrermes nal gene, c¢) confirming the

e

nyogenicity of t transfected cells, d r_oli. [ t wand 4 e ect ed
nyobl ast s1Po an anount® ﬁﬁﬁ?’oeﬁ?ﬁﬁ&%}e.‘%@ngﬁ %glsg{e g??e}%fe y

adni ni stering t hpynymhl asthsoughonatieabaasldnttusRepr o9PRaF r{}}é@?d 'egt)%ave been
used to ”ansfe.riQEé‘ﬁ sd 1t %oh?&eﬁaﬂtd@ﬂ ABalilageaesnipee ngeyecidalines
under 30 conditions at permt the transfected nyablasts 104 did{reandiate
i nto myotubes expPB3TTHY FHe St F&nggg??‘édre%%lrfés El%m tE, B.F. et.al., Ml.
Cell Biol., 10:3269cB827defective gene can be supplied or activated or
13 repressed to achieve gene transcription and translacion
with the release of hormone(s} or enzyme (s) from
transplanted myogenic cells. Likewise, structural
protein(s) can be produced to prevent or to alleviate
disease conditions.
20 Alternatively transduced myoblasts can be used. The
procedure consis:slof a) obtaining a muscle biopsy ZIrom
the patient, b) transfecting a “seed” amount of sate}l%ce
cells with the normal gene, c) confirming the myogenlicity
of the transfected cells, d) proliferating the
cransfected mycblasts to an amount enough to produce
peneficial effect and e) administering the myoblasts into

N
un

the patient.
Retroviral vectors have been used to transier gJgenes

. into rat and dog myoblasts in primary cultures under
30 conditions that permit the transfected myoblasts toO
differentiate into myotubes expressing the cransferred
genes (Smith, 3.F. et al., Mel. Cell Biol., 10:326B-3271
11990)} _ Furthermore, mice injected with murine
myoblasts that ars cransfected with human growth hormene
3s (hGH) show significant levels of hGH in both muscle and

5 . |
sarum that are stable for 3 months (Dhawan, 5. et 2..



(1990)) . Furthernore, mce injected with nurine nyoblasts that are
transfected with human growth hornone 35 (hGH) show significant |evels of
hGH in both nmuscle and serumthat are stable for 3 nonths (Dhawan, J. et
al., 9 2 8 OCT 2003 Science, 254:1509-1512 (1991); Barr E. and J. M7 {gfIdgm
Sci ence, 254:1507-1509 (1991)). The transduced nyobl ast transfer was
inspired by a simlar approach on adenosi ne deam nase (ADA) deficiency. 5
In the latter situation, T cells fromthe patient were transfected with
functi onal ADA genes and returned to the patient after expansjon in the

number of the tgapsiec t%q stbszlsmow;ﬂ?ldel parul E urand SuMvelei9eW et al .

Transpl. Proc., 23:1 70-171 é QQ}%% {371l ar approach has al ready been
tested in ani naF%le%%?'n ﬁ' tica ransduced <hyobl asts f rg@t

henophilia B (Yao, St zta'ﬁlduc'?éeﬂléc'hﬁlfﬁe‘?r-aﬁ;’f““i 89-"117

cardi onyopat hy g%’@{%ﬂ-lap&oac@ebh adsnesipieameanipase 1¢ 3‘9@1619@% Koh,
GY. at

al . | nes 4 o 1%)&1:1 adlﬁfﬂe&t( Warmnori, V.
- at al., 5HunanIGeF|EeT]n%rr‘aﬁﬁ/ nguﬁiéxﬁ :?;3 99%%%8 ) pé%@%@'dy t&%e will
be many heredit apyndi scosdwitd fWﬁF'éhc’ﬂ?Jo §r3€ Fy t hough
Capabl o of e PR L R B rvaL LA s, ‘;33;5?2‘25252;;6
n
recently been sifGiS FBTHRSR o‘:rﬁ}é‘rt g@ugg Y& v

o) osteobl asts with bone
nmor phogenetic pretei,n22: (Katdhi rit2s¥)lat al., J. Cell Biol., 127:1755-1766

(1994)). T{n s study deg® Q§Lr§§&s;,gdhaha5251ﬁyad;clbena- cenved tiad aRiPBLAst s can
be adm nistered to patlents bon gggegg&gye di seases.

Al ternatively, ¥SigsIBEER> ﬁ%%ﬁrhﬁaﬁsglgggﬁa'byé}n%%s%ggernal %olil sts can
be converted to renBptgetiacs| i Yaagd -N-Gebsah; - /e IPEPPY g,

108: 207- 214 (199(51)9) ))BOClbﬁlb paafyedmagaypi ofb.nyGelast transfer thérapy
to treat cancer Transn g%talta.gxllfi £l TBly (L Y§2) S @8SCEl. Beder bal ows.
clin. Inves., 92:154B-1554 (1993)), anemia (Hamamori. Y.
er al., Human Gene Therapy, $:1349-1356 (199%4)).
Undoubtedly, there will be many hereditary diseases TO
which myoblast therapy will apply.
Although differentiated, myoblasts are nonetheless

20 embryonic cells that are capable of de-differentiated or

even converted. Thus, myoblasts have recently been sh?wn

5> be converted into ostecblasts with bone morphogenetlc

(B
u

protein-2 (Katagiri, T. et al., J. Cell Biol.,
;27:1755-1766 (1994)). This study demonstrates that

25 cytocline-converted myoblasts can be administered to
patients with bone/cartilage degenerative diseases.
glternatively, ir has been demonstrated that mouse dermal
fibfoblas:s can be converted to a myogenic lineage
(Gibson, A.J. et al, J. Ccell Sci., 108:207-214 (1395)}).

30 The implicated usage of myoblast transfer therapy toO
treat cancer and type Il diabetes mellitus is described

below.

WHY MYOBLAST THERAPY
35 1n hereditary or degenerative diseases, gene
defects cause cells to degenerate and die with time. An

i i
effecrive treatment must not only repair degenerating

10



VHY MYOBLAST THERAPY 35 In hereditary or degenerative di seases, gene
defects cause cells to degenerate and die with tine. An effective
treatment nmust not only repair degenerating 10 2 8 OCT 2003 ceIIs,ZE%kT?%
repl eni sh dead cells as well. This can best be achieved by the 3
transpl antation of genetically normal <cells, or somatic cell therapy. The
advent of nolecular genetics favors single gene nmanipulation which is 5
currently being explored to treat genetic diseases. Like pharnmaceuticals,
si ngl e gene mani pul ati on cannot replenish lost cells. Further, there is
very limted ewélEnceouthaeplbaish ggrhseRds aanveebai rTHSy &8 REFRg
cells. 10 In U g.g_ggﬁfguengy Bhd 30rddelp1 drftiat ibAVENt enedicadllysadriei t he
| an

first tinme conp I ons met hods. far _ treati sgl.e agLen and
weakness. A conpeii$i GF -‘i?ﬁﬁpF-FsE'ElfJof'gegﬁgf”i'cawg %%l‘r%a'l t:gn%id_ I%sts froma

donor was inj egbreridy Eammesosinpie gEne MAnFEYEREEORIWRIHDSS 15 having a
hereditary neurogu,s.g#?{] b@ﬁ%rg 10MISHE treatt GHRbUIE diskdaact | Qikeer e
greatly i r oved "W e 1.njection, therehy. r ey %Jlnga& J educing nuscle
weakness  whi chphsrﬁa‘bﬂqwscaﬁéégg? %?‘?epﬁ}al%ﬁguang Paspiratory failure in
hereditary nuscykalefysh rnophi eell¥hi sP@tchearanspleant 48 verHflgeited cal |y

normal nuscle cells into,1 l.S€ do fuis] @anoOkepaltedéSeveddrier editary
nuscul ar  dyst r AYETST ktn%amﬂetggs‘l\%/lT‘%éﬁMTT differs s?gni ficantly fromthe

conventional sicegle.gene transfer format in several respects. In this 25
latter genge therapy, 18 g e mapnesNof §hEBudavi-sickéd dHeeryphi n gene are

transduced as vi.rial 1690k UGAl €5 J Qg t PEndTBldiRd¥SbhEPAhE MRtidderin= n
whi ch many pr ot &13S; . Both structural and re Iae'ta%rg gare l&?& aviQusly.
Mil tiple gene i Fs@ACidnE PesHe SEIEPFFEH PR AL &Y 858530 ToSt protel ns
(Fig. 1). Mre geperigsersf oferiex ireddgdnoomnalprpidastieftef a® 7% o

{jggglng.'; g.t ?Rd Lgﬂea)éprj.%ggcgggsfntcl Qe BLOMSESSof tHY dREclesr 8paa rhdde
’ 1Sg h&ving = hereditary neuromuscular disorder. Muscle

scructure and function were greatly improved with the
injection, thereby preventing or reducing muscle weakness
which is a primary cause of crippling and respiratory
failure in hereditary muscular dystrophies. This
20 transplantation of genetically normal muscle cells into
the diseased muscles of patients with hereditary muscular
dystrophy is known as MTT.
MTT differs significantly from the conventional
single gene transfer format in several respects. In this
25 lacter gene therapy, single copies of the down-sized
‘ dystrophin gene are transduced as viral conjugates intoe
the mature dystrophic myofibers in which many proteins,
poth structural and regulatory, are lost previously.
Multiple gene insertion is necessary tO replace these
30 - los:t proteins (Fig. 1). More gene insertion is needed to
produce the cofactors to regulate and TLO expIress these
lost proteins in order to repair the degenerating cell.

SUMMARY OF TEE INVENTION
35 The demonstration of preliminary feasibility,
| safety, and efficacy {(Law et. al., Cell Transplantation,
2.485 (1993)) of myoblast transfer therapy MTT prompted

11




Sp:c\/IVARY OF THE | NVENTI ON 35 The denonstration of prelimnary feasibility

safety, and efficacy (Lawet. al., Cell Transplantation, 2:485 (1993)) E)f

nmyobl ast transfer therapy MIT pronpted 11 2 8 OCT 2003 | this invept to

.O][n t6|4atD‘eJ ﬁ whol e body trial (WET) injecting 25 billion myobl asts ?&ﬁ@%&ﬂéh

of | C ane muscul ar dystrophy (DVD) boys and a boy with infantile

a oscapul ohuneral dystrophy (IFSH). The random zed 5 doubl e-blind

ICRI nical trial protocol, approved_by the FDA (IND Phase Il) and the Essex
B i nvolves two MIT procedures separated by 3 to 9 nonths. Each procedure

delivers 200 in lbrl2o5iRididmn any:ﬁblasrb ttriadi ) i
t he upper body t’ﬁgﬁ' ﬁGi%b nmuscl 1§ < 0 g_ T ;;o'ggﬁzzgfrf Zuzclagtseljn
nuscl es i ncl udénﬂﬁ%s’é"q r?st alhak ™ER SaIs(tier ﬁaCE C b J arns,
hi ps, and Iegs nSHbEBCt Siytsaierby ak DMRY dQysparfne B “%tﬁbﬁf‘ﬁgn%ﬁgr each

MIT. One |
have. 15 rece| Ve§ tﬁ%&%hﬁmﬁa*ﬂa&xﬁsiwedme arhe2Gapdrui BMD boys

LBT.i.n.th
reaction. SThesedgreHE MR Hd1Yy crlégbi:f‘g %t éfst%ﬁﬁﬁwgg Bgvf@gizlnbﬁ e and
saLe ¥%| | e blindiNngriadd Iddntanduehem?ﬁ?rqx tIff& éﬂ‘d"’o‘fe"tﬁé" fqﬁy as to which
side of the bi cg}g'&av up@@lgeogrraqgadbycgpfo reaehvrs. mERdhaprocedupt acebo,

five 20 subject e denpnstr.ated | N
dystrophin in ofélarethes? rhﬁ’@c?lcélﬁfl%pcélf es %Ogofglgnlgh?}%ﬂlqgagg Q%\/ITT The
ry

contral at er al macherbnmpmme:ﬁh@w Rbe WRAT §8AYn UaHe Fu
15%o function
(FVC) ei t{]fhe qrb\ﬂgcqgs detald Qloilei-0Bod@! (1FIS .i NpnyeedtedhymuEsles 25%in over

80% 25 of Jects to 6. _month_afier
0 0%pfs =
report behavi or diPHHAF ot R ﬁhfuﬂﬁf:%g 14\4t]):‘-5| detl) HLC}?CI?%;; LhestZ:JPJseSLZ

anci n
pl ayi ng bal | . Owbdbhenyraohs, BNPssuBpBciedfas §P§988’9%crﬁ}‘§7e%
hout th
of a wheel chai rg@lb%EoWﬂ'e (£a,3 Rokchetafder eAmdrMS0c N &F Sgoafﬁiangplneed

Abst ., 27 (19
1995y P ( P Ko &lecliveawnr Gld YbakoRk anReHbyBURRVe 21A 367,

15 recelved UBT or LBT in the past 17 months with no adverse
reaction. These preliminary results indicate that the
WBT is feasible and safe. While blinding will continue
until the end of the study as to which side of the biceps
prachii or cuadriceps received myoblasts or placebo, five

20 subjects have demonstrated immunocytochemical evidence of
dystrophin in one of these muscle biopsies 3 to 9 months
afrer MIT. The contralateral muscle biopsies show no
dystrophin. The pulmonary function (FVC) either shows no
deterioration, or has improved by 15 to 25% in over BO%

25 of the subjects 3 to 6 month after MTT. About 50% of the
subjects report behavioral improvement in running,
balanc1ng, climbing stairs and playing ball. One 14
yr-old DMD subject has stayed active without the need of
a2 wheelchair after MTT (Law, P.K. et al., amer Soc Neural

30 Transpl Abst., p. 27 (1995); Law, P.K. et al., J.
Cellular Biochem.Supp, 21A:367, {1995)) .

This demonstration of feasibility and safety in
administering 30 billion myoblasts into a human subject
provides the pivotal evidence that myoblasts can be used

35  as a biologic to treat numan diseases. The demonstration
of the dosage effectiveness further confirms the idea

that myoblast therapy can be used to treat a wheole

12



Thi s denonstrati
_ ion of feasibili
myobl ast s briity and i i ni
into a human subj ect grovidzgffhg vaoﬁgr1nlstering 30 pillion

nmyobl asts can b
denonstratio e used 35 as a biol ogi evi dence th
i seases. The

of the do :
myobl ast thera sage effectivene
py can be used to tr ss further confir :
eat a whole 12 2 8 nms the ideh§ 0Ehalll
OCT 2003 her edi
tary,

variety of mammal i i
fatal, conditi han diseases be Or '
, tion oc eas undesirabl e di il
onpositions and cells and rep?éﬁ??ﬁ?n de?hlltating,
g e present

i nvention provid
| ost cells i es methods for repal

s in patients wi pai ring degeneratin :
nuscl e diseases, in part?guheredltary articul ar thog ® or degenerative

a d ! . . . . e 1
S ] e et DR S
o Ja] A~ 2 13 n ; 2 3 n
origin. Tr ansf*‘ér’?éagteilhfd'{ dehbbth? 0 1 efggggl' e?s)mor}daiﬁﬁrr%@e cel | or
fibers. The -cpﬁgéﬁi§ﬁied ypes myobl asts, myot ubes andf ude cardiac in
may al so be nusc|gh5iaﬁ%?é§§(ﬂﬁ@@ﬁgi$ﬁCﬁﬁown@ggeﬁp%pqﬁﬁﬁfgthQHEQ muscl e
or genetjcal | y Jhmsddoeds O, OLTAL ool cente o etplenligma They
friends of In addit] C R nge PP S : SARIEREAR Bnver t ed
cont enpl at ed t}" t 2143 ih- aghyestusophi %é&ﬁ{;ﬁé%grE?fdéﬁﬁﬁﬁﬁm;;vsibIings, or
?ZSb|gSts, mhe@hegaqqqnniﬁuﬁa%§{§ﬁﬁﬂr(ﬂhosapemaxﬁctq;pﬁﬁpgbgﬁﬁﬁﬁﬁe the is
0 malfunction, degegegggfg% %nﬁeaéﬂkﬁﬁhsessIgfﬁﬁ%gﬂ{?%fggonor cel |
ells

any myogenic cell may be used,
or

the present invention,
regardless of whether it is of skeletal, smooth,

10
cell types include

cardiac in origin. Transferred
myoblasts. myotubes and/or young muscle fibers. The
may be primary-cultured or cloned £rom

myogenic cells
They may also be

muscle biopsies of normal donors.
netically rransduced myogenic

15 cytocline convercted or g
or friends of

Typically: che parents. siblings.,

cells.
jent are the donors. In addition, it

the dystrophic pat
is concemplated chat the establishment of superior cell

iines of myoblasts. whether from humans or animals, will

20 pgovide a ready access
patients who do not otherwise have 2 su
p.X., Myoblast Transfer, Landes,

of healthy donor cells for
jrable donor {Fig.

2 to 5, also Law.

austin, (1994)) . It is further ccntemplated that the cell

edure will augment size, shape.

transplantation proc¢
and/or alleviate the disease

25 appearance or function,
conditions.

The present inventi
jpitiacing., ©T facilitatin

on provides a method for

contcrolling. g cell fusion once

che myoblasts aze injected into ©
30 muscles of a patient with the degenerative disease. BY
arcificially increasing the concentration of the large

chondroitin-s-sulfate proteoglycan (LCESP) over the
fusion of the cransferred

ne Or more of the

patient’'s endogenous level.
donor myoplasts among themsé

35 can be enhanced and concrolled. (Law,

rransfer Landes, Austin (19%4)).

lves o with other cell types
p.K., Myoblast

13



atients who do not otherw se [ [
to 5, also Law, P.K., tin (138Z)e) : ?'lt“ itgb:‘ 5r'§ma?. coﬁt (Il,/lrrplog!t Zﬁttgr ?nsLer, ’
. ! /- a
gﬁld} trialnsp! antation procedure will augnent 25 appearance or functi o
or alleviate the disease conditions. for The present inventi orz&o[ﬂ:’T 1003

provides a nethod | fusion once controlling, initiating, or fac-nitating

are injected into one or nore of the the |
! . nyobl asts a with the de i
di sease. By nuscles of a patient 30 concentration of the |arge generative

artificially i easiyag 8t het esig emam( EBSSPpveRveion [f@ improve the

chondroitin-6- ' : .
| evel . or Wit hsgqu]igne(%t{eu %gg%grfldéltbe l"fcrsQnﬁfuﬁrE&‘i’or F&glll%nt S:‘oem.dldgenous

. /PE donor nyoblasts anmong, th
(Ny(itgjl gzt can bgena‘enhaumsandj_e@hwfblﬂ‘eéd?°d€nﬁﬁfeS?Sﬁ%ns ?:%%Jg\ré E'SEB ,zusKt in
mrove e e e an
dyarl ous Bnj ectpa}??ﬁ%ﬁi’(}?*y\éPetPgs@é{I@%&d %gﬁggggd i9%n%:]'lsmdli %5 'rtlr?%ec?ing,

i agonal | y t hr omghs e sy airidbersa SipgkperidiectPaP Foe tTRE Tn/of i Bllé}é surfage

parallel to the of i C i I . .
D s achi eve ng%é'i’wn%gtgcflsacha'a_deahaﬁum:ingisals|fuemntmtme:hm§cﬁa@~ The goal

- I fusi.on with_ the | eagt ofo L4 :
(15| ?ﬁ 6fto B, BHFEBSL AV WJI%.C,“J“OWolS%ﬁ%?‘ ‘?Er é:‘r%]’s?ér?ﬂ%gﬁgge? Aﬁjlslgul 'ﬁ(':tl(igg4))
bl ast Oﬁergrﬁggg#{?ﬁbmésﬂmﬁmsﬂa,t sehdes osssrof (%41 tro fertilization and

i natiop £anHhe WeedimenknaMe Rechrohegles reeryito

In i .
e A e A e T N
iject of the p%@%ﬁ“bhin&ﬁwﬁinntﬁanne carriers to ihc%eaéé égeggtcﬁgggggﬂ
' of having normal children {Fig. 9 to 13; also Law, P.K.,
Myoblast Transfer, Landes, Austin, (1994)). )

It is yet another object of the present invention to

(=]
(V]

provide an automated cell processor, a highly efiicient
means for producing mass quantities {over 100 billicn in
one run) of viable, sterile, genetically normal as well
as functional myogenic cells whether genetically
20 transduced or cycocline-converted. The cell processor has
an intake system which will hold biopsies of various
human tissues. The cell processor’s computer will be
programmed to Process tissue(s), and will control time,
space, proportions of culture constituents and apparatus
25 functions. Cell conditions can be monitored at any time
{ during the process. The output system provides a supply
of cells suitable for transfer in cell therapy or for
shipment (Figs. 14 toO 15}.
¢t is yest another embodiment in which myoblasts,

30 and/or their physical, genetic, chemical derivatives, are
used to treat cancer. Figs. 18 to 1B illustrate melanoma
cancer call death upeon exposure LO myoblasts in fusion
medium. According to Cancer prevention and Control
edited by Greenwald, P., Kramer, B.S., and Weed, D.L.

is5 ~ (Marcel Dekker, Inc. New York, 1995), skeletal muscles

appear to be devoid of cancer, thougn malignant Tumor and
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provi de an automated cell processor, a highly efficient means for
produci ng mass quantities (over 100 billion in one run) of viable,

sterile, genetically normal as well as functional myogenic cells m@gmbpqma
genetically 20 transduced or cytocline-converted. The cell processor has

an i ntake systemwhich will hold biopsies of various human tissues. The
cell processor's conputer will be programmed to process tissue(s), and
will control tine, space, proportions of culture constituents and
apparatus 25 functions. Cell conditions can be nonitored a% any ti

during the procresasTasenuputfxayst éMm prevy desher SFFsfy dfec gf% g%ftable

for transfer in he Mol g cehi ppentafdiegeptdons.15). It is yet
anot her enbodi n%%?glgn&wﬁ cﬂ erer

myobl asts, 30 and/or their .physi¢al; genetic,
chenical derivati ves?'h%r%ec%&WnPFgéchﬁnﬁ%%% ﬁﬁh‘%s‘,‘.s L?ék)étigﬁl “illustrate
mel anoma  cancegygekbpHemtin Upan merspdssr @ nonHyHH e M £GSt6ATeFedi um
According to megggé?g%%@#ﬁbﬂ% Qenteak e 1 80ad Bskdiys ) Geaenwakd ) = P rom
éd, D.

Kramer, B>S., an . 35 (Marcel Dekker, Inc . Qrk 5
skel etal nuscl egYcRpPEEr CRYFIRY d?G -d 187 'caﬁéﬁ ,Pﬁﬂﬁfﬁgng%gﬁgé?gt é?mr and
14 2 8 OCT 2003 :wpehashalesndat ordfadunichsul ioveegiotdny wisgdes TheTVERyI{ew
cases of sarcoma..r%ggregeg f‘f:‘?cﬁsa.r %%)&C?@ﬁ_bg?gal-r%é aGeisfer vehicle,

y

i nmunocyt ocheni EaF°dendnstTa Ion, O strthin i n_.D\VD nu%ple 9,,mant hs
after MIT indi cdcaersmyehyases mitiTetitoNnBle gRAE T SREEE: A5 SBA resul t
from nyol) ast ther aRpatFi gny 1RA1fukdtsicor ioficspeketah myRsile cgllsreat

mal functional insuljn.resjstant ' eplg. H@betes nellitus. As a
uni versal gene F&Wépgvéﬁ?%l’é?&%%ln(;es%ﬂr?ngg%gség Yhsert the v‘\_hégyl g nornal
genome and this 10 edd:irepait EgacyrRas @Fck AOH2BFASKBITH%MICSATSCE AP s,

rendering them ifjsuljin 1SeRShbb¥LedFi from@he Addiiledaledmdnmion addrhe
advantages are described in _and will_ b r Lo e dekain-ed

descri ption of t%seﬁﬁ"g‘é’eﬁtﬁeﬁ?%&e?“r‘beooﬁén%ggi ﬁg%tés and fromt hgggr awi,ngs.
Further, adl refmrenees déicrebererrseidesard PRACBRPRIAIIRF LncoTpoTacs

by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagram of some of the known protein
20 defects in DMD muscle cells that differ from normal
muscle cells. These include membrane structural proteins
that are decreased or absent in DMD such as dystrophin
(DIN), dys:rophin-related-prctein (DRP) and
dystrcphin-associated-glycoprozeins {DAG) ., enzymes
25 elevared in serum levels of DMD patients such as
creatinine phosphokinase (CPK), aldolase (ALD) and
aspartate transaminase (AST}, and mitochondrial (Mitco)
Df;tein differences. Although these protein defects are
;aused primarily or secondarily by the dystrophin gene
.

30 defect, their correction will reguire multiple gene (Gl

to G7) transfer.
Fig. 2 illustrates MHC-negative myoblasts and

MHC-positive myoblasts. (A) represents human mycblasts

assa;ed with anci-MHC class I antibodies and viewed under
35 " £lucrescent microscopy. The arrow indicates the

MHC-negative myoblast. (B) is of the same slide viewed

15



by reference. BRI EF DESCRI PTION OF TEE DRAWNGS Fig. 1 is a diagram of sone
of the known protein 20 defects in DVD nuscle cells that differ from

normal rmuscle cells. These include nmenbrane structural proteins tfﬁt ﬁ”ﬁ
decreased or absent in DVD such as dystrophin (DN, 0CT 7003
dystrophin-rel ated-protein (DRP) and dystrophin-associ ated-gl ycoproteins
(DAG, enzymes 25 elevated in serumlevels of DVD patients such as
creatinine phosphoki nase (CPK), aldolase (ALD) and aspartate transam nase
(AST), and mit ogheswri &ieg(ula(lat-o).lgm ot st rpsticipleer efbesarypy HaldiratREse

protein defects ar ause r %eaqoud%l . by the dystrophin gene
30 defect, theilth %gﬁécrhggn W I{W‘%%%]%slt?e mul_tip G7)

ene
transfer. Fig. 2 il |Rags @ 63 1NFEFARGRIFY ATRFNG Ilést' ﬁélaﬁfﬁ % ‘positive
myobl asts. (A) Leps pﬁ%gﬁn&mn wﬁbi-asi Snymsaycedrmtheanuum class |

anti bodies and vie 3 ce&h OP¥vod s &y QW drRdi cat es
the MHC- ﬁegatli’/%‘h}%bcrd"g&ass E) hEPLERLEN! Reinsoniyollfeds LUMCRE o8 toa

under a regul arwitghmtm-d'ﬁﬁ's@épés Thengibed#ashdi cates the MHC negati ve
nyobl ast. Bar = 20 umqFi.is3al scibicéf ad Py afakyei sepdrayiobl ast shey
cytofl uoronetry Control obl asts _reacte

ant i bodi es. SarrjﬂY%ElaT’ﬁ/%tﬂ% ¥erEaBERET W ¢t o t’?‘f&flmgneﬁss%aﬁﬁg& es.
Fig. 4is a scab?etydma‘glmu@ftrwe separation of the nyoblasts that were
negative for MAC-1 apijgeq ﬂ&%‘%&it@@ fbﬁ{oﬁé/éé&‘ﬂcuqmaabwmaoaﬂ:mg;o

i | Tustrat®s fluorescent. intensities &2 r.ou sb obi ast frép
separation by c§rBEPEoPHmEfFRIASTEARE FEpr%%%?ﬁas OS?YI ve rryc’%belac (B)
represents MHC{Rggabpyesant eald-poeipies sebiiastsast $B) (AFPEIFAB) are of
the same magnificatiopn @{@%tg}ek@aﬁ?r ERpes fod maiuTals@kl y pROCasSed) Bar -

S0um Fig. & il aritg?rsge same magnz%;cat ggtéégléﬁga%lctures were
13 similarly processed. Bar = 30um. .

Fig. 6 illustrates the angle of injection that
determines myoblast distribution. (A} Oblique myocblast

injection delivers donor myoblasts to the greatest number
and area of recipient muscle fibers with the least
20 leakage, resulting in the formation of the most mosaic
fibers. (B) Transverse injection delivers donor
myoblasts to a large number of fibers, but covers a
cmaller area and is more likely to result in leakage f£rom
the injection. ({Q) Longitudinal injection results in
25 doner myoblasts fusing with each other, with fewer mosaic
fihers being formed. (D) Focal injection results in only
a small area of a few recipient muscle fibers being
injected with donor myocblasts.
Fig. 7 illustrates donor myoblast nuclei labeled
30 with fluoro-gold (FG), and are present in host muscle at
seven days atter MIT. (A) Mosaic myofiber with donor and
recipient nuclei (black arrow) and donor myotube with
dcnc; myonuclei (white arrow}. (8) Mosaic myofibers with
donor (white arrows) and recipient (black arrows) nuclei.
Fig. B illustrates distriburtions of donor myoblasts

(P
un

.labeled with FG in host muscle. Even distribution of
donor myoblasts can be achieved with obligue myoblast

ls



determ nes mnyobl ast distribution. (A) Oblique nmyoblast injection delivers
donor nyoblasts to the greatest nunber and area of recipient nuscle fibers
with the | east 20 | eakage, resulting in the formation of the nbst nopsaic
fibers. (B) Transverse.injection delivers donor nyoblasts to a |large
nunber of fibers, but covers a snaller area and is nore |ikely tozgé]ﬂlﬂﬂl]}
in | eakage from the injection. (C Longitudinal injection results in 2S
donor nyobl asts fusing with each other, with fewer nosaic fibers being

formed. (D) Focal, inj.ection.yesultg i ankYei dmSPedppetieaOipat chew

reci pi ent nuscl’@¥§FeFE Bse{i'%é' %jcgo&dg-d Wi tﬁl#nor ﬁr%obl asts. Fig. 7

i1l ustrates donar. vyoiizet anrevel Yhsd &32dAitY SN Y8 (rlt—%jl and are
present in host, usgl @-at aepeven oy sepfrieeentBTa (FYnsvrsmec iMpeicthieon with

donor and recipient_ nuclei | ac ri, donor nyotube with donor
myonucl ei  (whi t&%r Fowe leﬁ?g%ﬁgzélﬁ:ﬁr%yng’}g?cﬁg?gw th dgn r. (white arrows)
and reci psent (bl ackFig.r ows}llnserates FReFPFOIHSTHPHS? af’lﬁe]so &S buti ons of

donor nyobl ast s, ,{ab6);8d, WnkhmEChiMi i08f mM13ebRen&vEarmhistar bution of

doncr nyobl asts can be achi eyed _with ohl.ique 6 £LXah 2G03
injection (A B), or Fd(ﬁworlon&ﬁ}él“ﬁﬁvsa%phgare Fﬁwgg%@%‘té%;' (%r% whi't € arrows)

whi ch gradual | ya steptere,e 1adyseraphinutian ten®°8EBRIs. (C) represents a

transverse injecti O?iﬁnql( Dhiastongid uhyalologiesl i pecobdings &
illustrates the production of all ogheni c . Lwins w %Qngb freghay sm of

al | ophenaof or memaHma ¥ FoNeGTir| FELTER APY PS8Rt fePmal es: 1 normal, 1

al | ophene, | dystiephéd fdcapthe bolews)musilgs of FheuBPFBRes physi ol ogi cal

recordings of 1 ' I SQAMBLLELEopi & Ohi rtednhekaNUSThe NSl Difsherte SO Hz
elicited from tﬁglé%%ée%’wa?g eg of o% | and dystrophic

he normal, -~all
[ittermates. ThEeapFdhiEndeseTOsRdFRGsP YT P& R ﬁggﬁgﬁh?erat her than the
dystrophi c recoagspgsphild fdaprdizgsl | ustrates sol eus cross-sections from
15 Fig. 12 illustrates soleus cross-sections from |

allophenic mice demonstrating core fibers {(arrows)
characteristic of muscle from DMD carriers. Whereas most
myofibers remain normal in appearance, some degenerative -
characteristics such as fiber splitting and central

20 nucleation are apparent.
Fig. 13 further illustrates soleus cross-sections from
allophenic mice demonstrating core fibers {arrows)
characteristic of muscle from DMD carriers. Although
most myofibers remain normal in appearance, sSome

‘25 degenerative characteristics are visible such as fiber

! splitting and central nucleation.

Fig. 14 illustrates the general layout oI an
aucomated cell processor.

Fig. 15 illustrates the detailed design of culcture

30 - and harvest automated actions.

Fig. 16 is a compariscon of cancer cell growch media
with myoblast growth media on cultured melanoma (CRL6322})
cells. (A, C, E, G} low magnification; (8, D, F, H) high
magnification. (A, B} Melanoma cells cultured in cancer

35 cell growth media for @ days appear healthy, as evidenced
by their numbers. elongated shapes, and branching
processes. (C, D) Similar amount of melanoma cells
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al | ophenic m ce denonstrating core fibers (arrows) characteristic of
muscle fromDVD carriers. Wiereas nost nyofibers remain normal in
appear ance, sone degenerative characteristics such as fiber splitti Uﬁnﬂ][lfi

central 20 nucl eation are apparent. Fig. 13 further illustrates sol
cross-sections from allophenic mce denonstrating core fibers (arrows)
characteristic of nuscle fromDMD carriers. Although nost nyofibers remain
normal in appearance, sone 25 degenerative char acteri stics are visible such
as fiber splitting and central nucleatio |II r gs dﬁh1 ener al
| ayout of an ausgndF@da%‘élqulﬁr“&Gé‘séﬁrm??l?njga wItt}}s L 8 e”asgl ed
design of cul tur gre3Qoa@thhimdrast andt dmﬁfeﬂemat@tds FCEg "16‘\1‘-%&% 14

conparison of cancer cell rovvt -redia ST rg/oQIhas;, gaewhh AEdia on
cul tured mel anond *QCRL§32}’? cel'1 g'i th ! magni f i cat i on: (B, D

F, H high magniwhitat honerdys. BFVWE &RETA %@P%s“@gl £ gg&?ﬁ #fcer 35 cell
growt h media for jQ.dansgappsmrcieahidigceasinddickeriogd thay thei cehlsrbars,

el ongat ed shapes, d branc r.oc I g apgpy Nt hef
mel anoma cel | s 17“22 Zg‘bg%ﬁgg a‘giﬁ?cuﬁ(%’mp rﬁyma g%wagf §r%ﬁt h medi a
for 9 days are renésnueeabus(Bnd didf & ehEFeY et d(aE’s F'}‘ RYPBL23%  days in

cancer cell growglom% Redble vl aRammonal Eells whidld nmpeacuspmhames becone
spherical in shape an det ached fromthe surface, indicating that the

cells are dead (al’_f‘)i RF R Yher magnification only a few healthy cells
remain (F)1g(G H) Af Far. 147 dayslusranrslsl a¥eblas ot &n"f“ﬁecﬁe}%norra

cells still appeay,. T]_U%%%Qu&rg@po@eﬁ:tﬁy cd0cfl gurdd iid Imysblasesgnyebh ast s
and nel anoma cell's

concenfration . rati o- gul tur LN NMyobl ast
growth nedi a. (Avede)a I o%ﬁm@hli?‘&a{'iar%fa gglfﬁ Féj ) %qr?]flcatlon A, B)
After 9 days in aadnirtdcagabhast A, &d mlea:n&néaitﬁ%l’rfs B “ﬁ'&nﬁ'?faaéaﬁh
remai n and melanoma cells are numerous and remain
differenciated. (C, D) After 14 days in culture -

mycblasts dominace the culture, with melanoma cells still

=
w

surviving.
Fig. 18 illustrates myocblasts and melanoma cells

co-cultured in myoblast growth medium for 4 days and then

20 in myoblast fusion medium. (A, C, E, G) low
magnification; (B, D, F, H) high magnification. (A, B}
ﬁy;blasts and melanoma cells (l:1 concentration ratio)
afrer 5 days in myocblast fusion medium. Many melanoma
cells have become spherical'and detached from the surface

25 and are not surviving in this medium. Myoblasts remain
healthy and are beginning to fuse. (C, D) Myoblasts and
melanoma cells {(1:1 concentration ratio) afrer 10 days in
mycblast fusion medium show numerous dying cells. Only a
few can survive in this medium for this long, and they

30 are derached and dying (D). (E, F) Myoblasts and
melanoma cells (1:1 concentration ratio) after 19 days in.
myoblast fusion media. The surviving mycbalasts recain
their sulndle shape and align with each other. Melanoma
cells have become spherical and detached. (G, H)

35 . Myoblasts and melanoma cells (3:1 concentration ratio)

afrer 19 days in mycblast fusion medium. Myoblasts have

begun to fuse, forming myotubes.
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75 differentiated. (C, D) After 14 days in culture - nyoblasts dom nate the
culture, with nelanoma cells still surviving. Fig. 19 illustrates

myobl asts and nel anoma cells co-cultured in nyoblast growth medi urhff 6T 40)
days and then 20 in myoblast fusion medium (A C E G |ow

magni fication; (B, D, F, H high magnification. (A, B) Moblasts and

nmel anonma cells (1:1 concentration ratio) after 5 days in nyoblast fusion
medi um Many nel anoma cel |l s have becone spheri cal and det ached fromthe

surface 25 and are not surviving in this rred %z‘g
and are beginning to Rigsel3(& B} W‘B‘B?%éi‘é’c ﬁﬂ‘lc Tons (f
concentration rajj&)rier iA0ndays musclwoblsastol eshzh mm@m Réner ous
dying cells. Only a few can syr\é_vgl ,s cradium £.o5-1di sy eng, nand they
30 are detached ‘a!rm""dvlq'ri‘g ¢B) ® “asts and el anoma cells (1:1

concentration ratd d)MIafrrmesrcltg(Ehys I% d%@a?ﬁ-cFEigl BRasRt MY sﬁi@ Ssur vi vi ng
nyobal asts_r et ai f_o4 *Le'sfub%ralc@dbﬁoshe@@lﬁm MIT R he hbkeeps ottt lavebanom

cel |l s have” becone spherical, an d el anoma
celI's (3:1 concelRiI%E%iANT 4t 59‘ 5??5%239“( S \;945353'\%0@%?&%%%%” m%dl um

Myobl asts have begwuésa f @s@cef blnnﬁgan}bé%leslgan 35 §P%19 i s
an i nmmunocytoche &Y d@:(@'a%tsrl@hheﬂc@fofwrsé nrThimd skDehoamnomise| e.
Sar col emmal | ocalrza | on of st ro Br) I s sng:)s e| QEBQE”EQI-EQHMI nmuscl e

(A) bait net inTeXERISR er( rachil_puscles 5 froma
subj ect whe recewedlMéﬁ:idn mfedbscepsharmd pﬂaaloel:ié:’ /i APEctPbn€eTh t he

contral ateral ”U§§L§n91§‘£ﬁ ., RS Qher- ch98§é§5r.o Simse immuRd pgaconvé nues unti |
the end of the

t f t NWT
reveal ed. HomevePaCBﬁF9“%eelrﬁJ"§g’lr‘l% éﬁg\/\%%%‘?’g%ﬁ em“?;a]::{ icbﬁr"g%g ?Eé%%}?%an of
dyst rophin. (B), (O, rFaad ID)ilMerseratrsehal omumal Srer=ERpoTEECED show

| muno-reactive _bac g [‘ﬁj%gl swg_gh 8SSOCi ol e ywWrhhTibe sar col emm.
Fig. 20 |IIustrafn§§ nor skel etal nuscle .
dlabetns mellitus, the major sequela of insulin

resistance is decreased muscle uptake of glucose. It is

gheal t hy

possible that the glucose transporter in muscle is
abnormal. It is known that insulin- -mediated s:mmulatlcn
of tyrosine kinase and autophosporylation are impaired.
20 These lacter defects can be corrected by MIT by normal
gene expression (from Metabolism 6:6, 1893).
DETAILED DESCRIPTION OF TEE PREFERRED E_I-EBODIWS
The compositions and methods described herein will
25 be illustrated for the treatment of individuals having
\ hereditary neuromuscular diseases. However, it is
contemplated that other hosts and other disease states
maf be-treated with the inventive compositions and
methods.
30 . A. CONTROLLED CELL FUSION
Myoblasts have the unigue ability to fuse with other
calls. With the use of normal myoblasts, a full
complement of normal genes can be introduced into any
genetically abnormal cells through cell fusion. For
35 . example, the genetically abnormal cell could be a liver
cell, heart muscle cell, or even a brain cell. The idea
is to iacroduce a full complement of normal genes inte
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met abol i zi ng glucose with insulin. (b) In Type Il - 15 diabetes nellitus,
the major sequela of insulin resistance is decreased nuscle uptak% ﬁ
glucose. It is possible that the glucose transporter in muscle is 8 OCT 2003
abnormal. It is known that insulin-nediated stinulation of tyrosine kinase
and aut ophosporylation are inpaired. 20 These | atter defects can be
corrected by MIT by normal gene expression (from Metabolism6:6, 1993).
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The conpositions and

met hods descri beg h NnWild 283, benttétistd attedat othe hgeteent nbinde aofe

i ndi vi dual s havfRg ghere tar neurorruscul ar se V. d.d3s
contenpl ated that 'éhﬁae%%eénﬁngtﬂ%rr sé’fsé rﬁéggl é’_p\@l%ée}’letdrlecat ed with

the inventive ceupgsitions and nethods. 30 - A CC]\ITRC]_LED CELL FUSI ON

Myobl asts have the UP'QUF ali s hgtiysaamsmsotaee i§@bise Wth the use
of normal nyobl asts, Tk 8n%Ferrent of normal genes_can_b mé duced
into any sgenet lscahtyum)hd-?me%ePF’E‘C’W?WSCé'IaF l‘JsF%ﬁn 15%?613 -Exanpl e,

the genetical |y 2Bpel ABdbk@ialiaikd, ber.awdmldarbe eskfnlhear contsel e cell, or

even a brain cell. The ide n &d WnleCRYBLEREANE @ér@or rral
genes into 19 2% §lét%‘§o‘b"3af cnlcg)‘rl%%te EF?S and. nthere o?g enetlc

di sease at theiggretkévibtarfhendedyt t he Fo reReHR t bPBEﬁiﬂfbﬁl veI
For treating gengtiug1Qi s€abes defiaim iconebnerst ranxt umal:um:crel n &bwor mal ities

rather than regulatory pprotein _abnor | | dkd,,Re;jusef up
to' controt® ini tﬂré’f:és%r ga‘&?ﬁtﬁmgq%écr?hf%ﬂéigon oﬁé}g)rryoﬁl asts were ?IF\T ected

into the body. hiydbdaknsware hiti amr6s| ASEsaPRSEASAd FPTRt PBw serum
concentrations i) Gul-byi g1 INEnAIRHOGETN) |, SiAPeer icanuiraxmanchheesnthve vo

tuation. As the _nyoblasts are e l t
Z;(t lrja(;:ﬂ | ul ar rra"terllrQéSEEEE/p }gaﬂﬁ eﬁe{}:}r@%tl gguﬁa5m%@t% YpFBE? LHE

cause
large chondreitin-é6- sulfate proteoglycan (LCGSP) {Young,
15 u.E., et al., J. Morph., 201:85-103 {1589)). These -

latter growth factors stimulate myoblasts proliferation.
Unfortunately, they also stimulate the proliferation of
fibroblasts thﬁt are already present in increased amounts
in the dystrophic muscle. It ig, therefore, necessary to

20 inject as pure as possible fractions of myoblasts in MTT
without contaminating £ibroblasts.

- Concrolled cell fusion can be achieved by
artificially increasing the local concentration oi LCESP
over the endogenous level at the transfer site. In

25 muscles, this is achieved by including approximately 5uM
of LCESP in the transfer medium. 1In addition, ‘insulin
facilitates the developmental process in vitre, and may
resﬁlt in the formation of myotubes soon after myoblast
injections. The use of LC6&SP {ranging from approximgtely

30 5uM to about 5mM} in the transfer medium will likely lead
to greater MTT success.

B, MYOBLASTS: THE ONIVERSAL GENE TRANSFER VEHICLES
Whereas MTT resulrs in the formation of genetic mosaicism
with gene transfer occurring in vivo, the production of

35 . heterokaryons in vitro has immense medical application.
This can be achieved by controlled cell fusion with

myoblasts.
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rel ease of basic fibroblast growh factor (bFGF) and |arge
chondroitin-6-sul fate proteoglycan (LC6SP) (Young, 15 HE , et al., J.

Mor ph., 201:85-103 (1989)). These - latter growh factors stimulate 28 0CT 2003
nyobl asts proliferation. Unfortunately, they also stinulate the
proliferation of fibroblasts that are already present in increased anmounts
in the dystrophic nuscle. It is, therefore, necessary to 20 inject as pure
as possible fractions of nyoblasts in MIT wi thout contam nating

fi brobl asts. Contr ol IT&dscaelsepgshoretare b adticeddd CH}W%&?HWH%W P
iEcreasi ”]9 the '&f@'nd‘r‘ﬂﬂqeﬂh@hhomﬁﬁ AL S rxlmé&r_ hbememd?gﬁmtﬁ-dnevel at
the transfer site. In 25 scl es I s _achi

approxi matel y S Gt EFPEA f‘ﬂ'éo {.’g?‘ls?eenen%‘\ﬁ% R%ﬁﬁggd%% -insulin
facilitates the atveimepnerildls, progesthe ncagdiamyogygdefny TheSult in the
formation of nyoilReS MR afst @enawmﬁﬁtmmm%tu eBfisidBeitgerpde LCGSP

(ranglngfromapproxmatel Mto abo |nt etra sfer rredlumvmll
likely lead to cgarzé%ft‘ﬁrfy%ﬁh&ﬁcégg‘gwﬁs #Wt%@% ‘e

TRANSFER VEH CLEﬁoolearOéasa fMETer 8D pepuhatimn f oﬁmﬁgenléf yeheBNR

mosai ci sm w th gens Lﬁﬁ%f YevREEHr Ean&mﬁwﬁ/&y t henRbaPLEsi PN e 35
het er okar yons in V|tro

ense, nedical” a Ja t|on Thi s can be
achi eved by cont#dttisy && |"3|Pu§%ﬁhv\jiﬁﬁenﬁ%%p dsgeneEard 2003 Thi s
research gel at escéﬁh.idi@/dd?t(ﬂﬂ widd haaesiarlmﬁenst&empa:nabnnmam with all
of their normal Qfé‘?eaf sdd Oe'Ue ‘1&0%@’3!3&&& S%éml%c%ﬁ 9GRELL Cathd Ye Ny @l

and/ or abnor nal e car tes. This developnent is
especi al | y i nporg%gat cﬁf?%ﬁf@&ei R§ PRAETS CEPHI THARGFICRFET LGPt oms devel op in

m d- adol escence in wd}.exuil HardabmiybeyDb® hopllatveay. 1Briage 48ilay VD
i ndi vi dual s devel op, car.di omyQpashy, gynggup‘rlgpéy IthP Reglgi.l hi¥c10s replenish

degener at ed and dzégeneraafl ng 1 p cardi onyocyfes ave an_i mense i npact
on heart 18i seasézmagesh im hﬁ?é’tnéFﬁfﬂFkﬁoﬁHI B ihpreafiepEyt RBFELPRYQPathY

cannot repair themselves through regeneration. By

integrating the skeletal muscle cell characteristic,
mitosis, heterkaryotic cardiomyocytes will be able to
proliferate in vitro.

20 Controlled cell fusion between normal myoblasts and
normal cardiomyccytes may result in heterokaryons
exhibiting the characteristics of both parental myogenic
cell types. Clones can be selected based on their
abilities to undergo mitosis in vicro to develop

desmosomes, gap junctions, and te contract strongly in

'8 ]
wn

synchrony after cell transplantation.

These genetically superiocr cells can then be
deliversd through catheter pathways of the type described
by Jackman WM, et al. (In: Zipes DP, and Jalife J, eds.

30 Cardiac electrophysiclogy. From Cell to Bedside.
Philadelphia: WB Saunders Company, 4%1-502, {1990)) afte:.
mapping of the injured sites. With the ability to grow
large quantity of these cardiomyocytes, the ceorrection ol
structural, electrical and contractile abnormalities in

5 cardiomyopathy can be tested first in dysctrophic,

cardiomyopathic hamsters and then in humans.
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treat shortage of hearts for transplantation. Nornmal cardionyocytes have a
very limted ability to proliferate in vivo or in vitro. The heart nuscles
15 damaged in heart attacks or in hereditary cardi onyopathy cannot [ 0
t hensel ves through regeneration. By integrating the skeletal nuscl% i@?ﬂ
characteristic, mtosis, heterkaryotic cardionyocytes will be able to
proliferate in vitro. 20 Controlled cell fusion between normal mnyobl asts
and normal cardi omyocytes nmay result in heterokaryons exhibiting the

characteristics of bgih grgﬁ@@@&a{;raygwmdf el hitypes. pmemy odn be

sel ected based on their = abili S S t@gdevel op
25 desnosones, BEPP} AT IS, caﬁg ?o}%écj}’r}tder%;%?tg]t ?gn{fg/f?né/d&s{/%éﬁ%ony af ter

cell transpl ant aéLanus'ﬁtmsengéhem the | Tesdsengopeeef PE2 TR t%hen be

del i vered thr oug %%g C§; egatte\l\ﬁu§t9£§1}t hq;lhyaengeeﬁdsm@edmdﬁ;e_kadfrmn WM
ec al. (In: Zip

Jal Cardi ge. ophysi ol ogy. From
Cel | co Bédsi decelbﬁlf%eﬁlrﬁmcﬁ ?V\Ei' ﬂ?}lﬁ t@ogg Q‘f S‘Jz.lg%% (1990)) after
mappi ng of the inj uryaslcatﬁ]gs iW whst hepcutsidd ttylaFongé%v mCP‘a-’f?ge quantity of
these cardi OWO%#%_ ﬁ&g‘y ﬁ%&t@& Pheo SéHéJ%WEQk-dL@&-eﬁﬁ rsﬁeéerfm:
|

contractil e abn

ardi o an betestedflrst
dystrophic, cahdstaybpered @%&ﬁﬁfe?%‘%‘b&%@ﬁ %ﬁ SKanBREYCS P 2043
The genetic traa@,ﬁgf— @élléle(sasctn@hacmrogeray ofscigpoll agf4: dht 0L294))

et or okerybt o MR P By bCYe Lol £ bl S 3 2o g anobgh. nun: a5l 19

to mul i el din hnu ers of 5
cells for the csbhttlnaﬁs‘m a‘-?ﬁlsceoelﬁéléﬂe%‘fﬁfé"nslfeecgﬂ |§ Fts ?/\brgs)l report ed
that fetal nouseergahdi PRAOCEERL gealsedilhtot lprodyceaedPush of syngeneic

hosts formed nascent, intercal ated di.sks h dgaor cells
(Soonpas MR or caFtiouiperte: o eRh fImRaRy FREaREE

cell transpl ant th@snamdewrmg qﬁomlltﬁ@éctga;: %o&yﬁgégﬁgagés%y%ﬁlsascu%gs ; ;g{
. 15 provides a solution to the problem in view of reported
studies that recombinant genes introduced into
cardiomyocytes are expressed for at least 6 months, and
appear to be regulated normally by humoral signals.
a Whereas myoblast transfer into the dystrophic
20 myocardium followed by in vivo controlled cell fusion may
provide a structural impediment at the infarct, it
remains to be shown that the myocblasts will integrate
well with the cardiomyocytes, considering that the
pumping action of the heart will disaggregate the
25 developing cells from the host myocardium.
‘ C. COSMETIC USAGE
in a broader sense, the cell therapy concept can
significantly contribute to the field of plastic surgery.
Wich cell therapy, implancation of silicone could be
30 avoided. The use of myoblasts and/or fat cells could be
used in a much more natural way to replace silicone
injections for facial, breast and hip augmentation.
Modified adipose tissue involving mixing and/or
hybridization of myoblasts and fat cells can be used to
35 . control size, shape and consistency of body parts. Since
muscle cells do not break down as easily as f£at cells,
good results may be long-lasting. Today, body builders
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remains that fetal cells wll not produce enough cardionyocytes to nend a
myocardi al infarct. The bioengineering of mtotic cardi onyocytes using
nyobl asts 15 provides a solution to the problemin view of reported

studi es that reconbinant genes introduced into cardionmyocytes are?§ §CT 2003
expressed for at |least 6 nonths, and appear to be regulated normally by
hunoral signals. \WWereas nyoblast transfer into the dystrophic 20
myocardi um fol l owed by in viva controlled cell fusion dgﬁ rovide_a

structural inpedimenn a‘aarhh ohf tnereasing MERRLASTITS FE FE£ABt 2t he

nyobl asts will infegr Wk Wi t'fhé h&eCéEdeBBD@syﬁ aamedesi der bagst hat
the punping action o 8 heart w il dis regate the 25 devel oping cells
fromthe host mBEsEE l',]‘ﬁlss &S BASVE i%g ﬁ a broader sense, the cell
t herapy concept can nil glsubznaunlgizmommﬂsme to the field of plastic

surgery. Wth cell & ARan MM@taforgugfer%he@m igidsd Jge 30 avoi ded.
The use of~nyobl asts and I's co;g Slapgeused I.n a.much.more_npatural

way to replace SWIRIGRES iifj écP%%lhsr’f%? br st SRSy s &
augnentation. Mudiddrt adhpesectlssuendsnstiouildgbei lxxgkglyammemc.

hybri di zati on of Dg%toul%lmatﬁ gyd ﬁ@ﬁax‘f@%énccan 2B ¥sed d&re1dp GRRYT Ol size,

shape and consi st Cy O parts nce nmnuscle cells do not break down
as easily as fatseens mus@é@é results may be |ong-lasting. Today, body
builders 22 2 B OCT %QQ&;;Q}&Q bBopeat g b Himickdnsasi g vhesict dasss 9fand

function at the ri pI aces I rangkay- It)o slgpggt:
muscle nmass is & ?Pac(le' SEESP Wal?ﬁ;#%@@%& %Ej; LIIGlNES =
establ i shnent ofasuigsniorsaesl REFRAERSY ' fusf obTREESNES %{“Hﬂﬁl"imr‘:l sk

chal I enge, but 'irﬁpbféﬁlan% dhechBUNBigIoE BResaranbsuppressaitoalidele

hi ghly nyoger _ |c ont unor.i_geni_c ntlg | C I el y
strong mnuscl es. i cftf@“%%&ﬁeFPegg ﬁgaspgg?g 3tfwhe%rf dﬁégg@%s\’:‘i'&

15 Nerve, 17:224-34 (19%4}); Roy R, et al., Transpl Proc,
25:995-7 {1993); and Huard J, et al. Transpl Proc,
24:3049-51 (1992)). The immunosuppression period depends
on how soon the myoblasts lose their MHC-1 antigens afcer
MTT. Even more ideal is the establishment of a myoblast

20 cell line in which MHC-I antigens are absent, thereby
allowing MTT without immunosuppression.

- In our sctudy, human myoblasts were cultured from
normal muscle biopsies in accordance with the merhods
disclosed in Law, P.K., et al., Cell Transplantation,

- 25 1.235 (1992) and Law, P.K., et al., Cell Transplantacion,
5.485 (19%3). The MHC-l antigens expressed on the
myoblasts were demonstrated with fluorescent immunoassay.
Cell cycle synchronization of myoblasts was carried out
by adding colchicin in the growth medium and incubating

30 - for 48 hours. The myoblast preparations used in the
experiment were 38% pure as assessed by immunostaining
with the monoclonal antibody (MAb) anti-Leu-13.

Myoblasts were incubated with anti-MHC-I MAb {(mouse
1:25 dilucion, Silenus Lab, Australia) at room

335 cemperature. After Qashing, the myoblasts were incubated
with FITC conjugated anti-mouse-IgG (Sigma) for 43
minutes and examined under fluorescence microscope with
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maj or hi stoconpatibility conplex class I (WMHC-1) surface antigens soon
after they fuse. This has inportant inplications in the usage of an

i mmunosuppressant after nyoblast transfer therapy. (See Huard J, e& al .,
Miscl e 15 Nerve, 17:224-34 (1994): Roy R et al., Transpl Proc, 25{8diI7Z003
(1993); and Huard J, et al. Transpl Proc, 24:3049-51 (1992)). The

I mmunosuppr essi on peri od depends on how soon the nyoblasts |ose their

MHC-1 antigens after. MIT. Even nore ideal is the establishnment of a

myobl ast 20 cel | wifineband vibl GFAWINGEE 4HV] geX&i s b ddhtert hereby al | owi ng
MIT wit hout | MURAQEHPPLESSMOFy wasd @e@!ﬂbrﬁwdyurhmmcwabbaekmme

cultured from norpml nuscle biopsies A (o rd

di scl osed in Lawceg?K"c"é?ra‘f %é’qea‘?r a%gp'f“ﬁnt 3&%&\% 5 %Hggg? ‘?%%2) and
Law, P.K., et al car€ged érmarisplca!mta-tlmnthEme (%@Pdﬂ!ﬁelm—i@$ anti gens
expr essed @n the;nnyablasiy y\@r&edmagkeaﬁ@dcwatdtd‘ﬂm@rreseeﬂ&el nunoassay.

ol chi o1 i Lhe grouf - hedP AT A YCRAABEF | FEe ST o e HSaEs ithe Tfbbl ast
preparations usecerntibes expeed MfEIA™ KErengsts vpa.ﬁrle aShascensodihy 8.3% -
| MunoStai ning - et BnLhg BBNOC OO AReRESYe (MDMANI abeysif. Mobl asts

were i ncubated wth anti=MC | E‘-’tﬁt‘i ution, Sllenus Lab,
Australia) at ro8¥PE5SELfPer afife.? é‘Ftﬁé'é‘Fﬁ 3@"“} NECTRSEREEYE wer e

i ncubat ed 1awi t h RiydElasng ugad ediypdsinmnvs emyoiil {8 sy TheoMHESnegapines and
exam ned under fhgxsﬁagegcsege %M‘%uﬁ%l 45 &é@#@%mqw@e&y

ultraviolet (W) citation | ter oyto onetr perfor d with a
Bect on- Di cki nson“hé&Pl 180t BESHRASH &8 5£9888° riM 559“5%? ol was
carried out by omybblagrsheefeé rsierartulbadedsion threds wemksneasbayc as t he

background of autsgtgwggggggnggffggen@@ ok bpglgyg;pgtalgns reacted with MHC 1

MAb. The reactions ranged fromstrong to wea remalnln 8.3k of the
nyobl ast s 3ere negati ¥8&f bRkt |m%9'ltll gerigerprIs GhnFe BYGRL3SEF I TRY rat es

bot h MRC- negati venhance survival of these myoblasts in recipients after
MTT. Fig. 5 illustrates the fluorescent intensities of
both MHC-positive mycblasts and MHC-negative or weakly
expressed myoblasts after separation by cytofluoromecry.

20 The immunosuppressant, cyclosporine, has many side
effects and by suppressing the immune system, allows
infection to prevail. Myoblasts without MHC-I antigén
expression may contribute to a new cell line more capable
of surviving in the host than the regular myoblasts.

23 This superior cell line will eliminate the need to'use
the immunosuppressant, and will provide a ready access
for patients who do not have a donor.

These superior cell lines have to be derived from
clones of primary myoblast cultures because they are

30 selected for their unigque properties. Unfortunataly, It
has been shown that all clones ¢ myoblasts eventuslly
produce tumors if allowed to proliferacs excessively.
Thus, these cell lines should non be allowed to
proliferate over 30 generations.

35 E. MYOBLAST INJECTION METEODS

. Aside from donor cell survival in an immunologically

hostile host, cell fusion is the key to strengthening
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10 nyobl asts and MHC-positive myobl asts. The MHC- negative nyoblasts were
successfully separated by cytofluoronetry, which-is illustrated in Figs.

3,4. Both groups of nyoblasts were then cultured for three weeks vzltﬂqu@
significant difference in proliferation. 2.5 The lack of MHC 1 anti g?e S W
t hese nyobl asts may enhance survival of these nyoblasts in recipients
after MIT. Fig. 5 illustrates the fluorescent intensities of both

VHC- posi tive nmyobl asts and MRC-negative or weakly exiores sed nyob| asts
after separati omysyrophot| mesoirs i tR0TThe FRAMAREIFHrEEsanlon Fate

Cﬁ:l ospor | Pe- . %%@BYhéisgfan@fcicgf&S c@1d shby varippiesisi yegctibe menbndssyst em
allows infection tqg prevail. obl asts w tho - ti.gen...expression
may contribute t3¢™83Inél C&PF ‘Il’lr\%:*éewaé"c?gpégl géno %é%c_’rh\%%\fit%g%ﬁgt he_host
than the regul aremped astisco®Fsrethi s Theber iiorleded InIRESHNT ERERTAALE the

need to’ Us\fo t he JJJRUR0S Ya DRy 65558 s , dad-painkk cupapVidlecte myadyipaecess for

patients do not have a donor. The%g su?DEri or cell_lines have to be
derived from clOWESEr BRFARFS. MOLH S YSGrPGFEs BEtdlsd they ar &30
sel ected f or theido whequaespleperfigs.s Wifluscratanamechlagtas been shown

that all clones cf- nmyabliagtse eVAmncciod @l ch¥ angoduse dumnsettigh! oved
to prolifera:e exXxcessi velly. ﬁ'hus, , t%ese cell Ii gsfsh.oul d .not _be al | owed
to proliferate Bwego3d yafeFat FOMsSVSIEIMPOBE AST FRIECT HODS Asi de

from donofg cel | 1sdH94 Walmbed ap inyedroidmagi Cally hostile host, cell fusion

s the key to strengihening a2 00, 193 1d¥st EQPALAAUSC @S o8 th MIT. To
i nprove the fusion rate - pefween host and donor _cel ' '

y i)s, vari Qus 4{1%/ec1t i on
met hods ai m ed 5 78M/dd -grisafif ht YR SIdRoPS o e & Wefe 13t ed and
conDar ed. These idicldided wlkeCihfigctedognita lthe Gashrocmgmive mscliebers,
per pendi cul ar to_the of i ber Ll ek _ Lo the nyofibers, and at
a.-single site ?“fﬁ’bt}fn%‘@ agcﬁe.%gﬁ'géggdi ‘ ustlr g%gé nmyobl ast distri QHI I on
as a functbon of (TFBlatégl-gréf 1PAR) i nf@et MyFe were lmmuUnosuppressed.witlh

a daily subcutaneous injection of cyclosporine at 50
mg/kg body weight. Groups of mice were sacrificed on day
7, 14, 24, 34, and 44 afrer cell injection. Transverse
seczions of injected muscles were examined with

29 fluorescence microscopy. The cell fusion rates were
estimated by calculating the percentage of host muscle
Zibers bearing donor nuclei out of the total number of
muscle fibers in the area of donor cell covered. The
Slucose phosphate isomerases {(GPI) of the injected

25 muscles were also examined with agarose gel
electrophoresis (200 V anode to cathode, 3 hours, pH
8.6). The first appearance of mosaic myofibers in the
cissue secticns was within seven days after cell
injection. This is illustrated in Fig. 7. The highes:

30 fusion rate achieved was 72.2%. The electrophoreograms
of GPI showed host doncr and mosaic GPI in muscle
specimens at least up to 44 days after MTT. Myoblasts
injected obliguely through the myofibers were widely and
evenly distribuzed with ejection of the mycblasts as the

35 needle is withdrawn. This is shown in Fig. 8. Myoblasts
injected perpendicular to the myofibers were partially

distributed, while myoblasts that were injected

tJ
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The goal was to achieve maxi numcell fusion with the 10 | east nunber of

I njections. Fluoro-gold (FG 0.01% | abel ed human or nouse

(CS7BL/ 6J-gpi-lc/c) myoblasts (0.05 m of a 101 cells/m soluti onz) ﬁﬁ ?[]ﬂll
injected into the gastrocnem us nuscles of twenty nzrrmal 3-nonth $

normal mce i5 (1C 57BL/6J-gzi-1b/b). Host mce were i munosuppressed-wth
a daily subcutaneous injection of cyclosporine at 50 ng/kg body wei ght.

G oups of mice were sacrificed on day 7, 14, 24, 34, and 44 after cell

i nj ection. Tranteegseudigadly- FBRIUSHR ’Wﬂ EATE OhuS BF cBU SR &5 ned with 20
fluorescence m GroSCODY colRBeCRibE ibstOwaai gdonkyediest ibmiedl. by

cal cul ating the perce tage 2 ost nuscle fib beari ng:. .- ei out
of the total nufbBtldf ALy ngf?%eat T 9@“’a§é§ o?géonorgigﬂ'ﬁ ct)a\%llered
The gl ucose ph@s@hﬁmﬂqrsorr@pase@e(‘m/ @fact e sMafécteduDs Fiistl es were al so
exam ned w th agapose: g&leq %b@ﬁ&i@ﬂh@iﬁéé Ke%aomvsamed&am@asaﬁmfia 3
hours, p- 8. 6? The fi.rst agDea a? l rr%sasc Oflbel’é etr_xtlssue
sections was wi LRFFESXRAPHaPs afF8 a%’e‘fﬁf ThieeSi §OPFFist et

The highest 30afidisimnvieat @facheevedumscams@&byTheJet‘eewofé#@%%ﬁﬁsarrs of
GPl showed host =t & msal eagﬁ’ﬂnmmlﬁsé%ﬁh@ms@ieéeahsaa Uo to 44
days after obl st s I njected ¢! er t hr ough %hg bers were
wi del y and eveﬁP?h’a+%‘E9r |°5uf‘@8b\;\FFF| ‘E:?je’c‘t'? of SERETHYBDI 88 s the 35

needl e i gow t hdsawBesdhis is shown in Fig. B Myobl asts i njected
per-pendicular to thg, P&’QIg'hb%%é gﬂfeeqﬁéé" d Al 3hasd'b§faﬁ' Butgdin Whid e
ed

nmyobl asts that were Tn ect 4 It udi nall% t hrough t he
core of the nusechésiamd t3aldl | 8NeF8 tHeTIRDITBer&PHREYE™PBLr P T st ri but ed.
Simlarly, infeghingd Riisciees Fpet lgaver pand whesmyiciubeonocabnentasiom. oz

Consi der i ng thak. 3. SBLI AOIHIP 00,36 SngARCANURLAT 10k Ubi 08 Splogs | ess

nmuscl e danage tﬁ‘a ger "vo tivel | ess concentrated
sol ution,15 and eHthPpedis SHT(SEPPQUHE%%L@FS@EF-W H'jYé’EtlFlﬁFl HREFeaIRE -

Judging from previous mouse studies, 20% normal myonuclel

were able to maintain normal phenotype in dystrophic

mycfibers.

F. EXERCISE AND PHEYSICAL THERAPY

20 Strenuous exercise causes damage to dystrophic
myofibers. Lack of dystrophin causes the vulnerable
sarcolemma to tear upon contraction. Other cell types
are somewhat spared from degeneraticn because they do not
contract. Thus, body building is counter-productive in
DMD patients to compensate for loss of muscle mass and

&)
w

! strength.

The use of exercise, however, in relation to MTT has
ﬁot'been studied. In dystrophic animals, it is well
known tha: exercise hastens the degeneration of myofibers

30 and thus aggravates the dystrophic condition, zhat 1is
with dystrophic muscle fibers alone. The situazion is
differen- from MTT in which an attempt is made to produce
a mosaic muscle containing normal, mosaic, and dystrophic
£ibers. The essence of MTT is to reconstruct the gesnetics

35 and improve the phenotypes of dystrophic muscles. Thus,
intensive exercise may induce the releass of host
sacellite cells that will fuse with normal myoblasts to
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the regenerative capability of dystrophic nuscles, the technique of

nmyobl ast delivery is essential for MIT 10 success. Although oblique

i njection has been used in our <clinical trials, there is roon1for2 V0

i nprovenent since human nuscles are larger and the myofiber orient gtq nzq;f
di fferent nuscle groups have to be well-studied by the 15 orthopedic
surgeons who adm ni ster nyoblast injections. Judging from previous nouse
studi es, 20% normal_myonuclei _were able to na|fta|n nor,mal phenotype in

dystrophic nyofaTsuse moseERE} e D USEPSPERE L rHERISDY 2§ = SPPRAGIous
exerci se causes d&@rm@&amoelyeilbpindmcmfrm%musdhckretgfenéyatmphl n causes

e it sant o FRAGH-EITRL0 LEAL HOR-GONLEETLOLn OGN CRLLIEYPES 2

somewhat spared from d&§endrati on because t hey con act hus, body
building is coumeal%soeécﬂ‘mé%% 5 IS rsat P%‘ht%lf’t% HeMP¥Rsate for | oss of

muscl e mass and sa%télqrigtehceimg usﬁ@fea@se&eewon@oymn,y lamuéel ﬂ‘l‘TQﬂaﬁO MI'T
has not' been studied

exerci se hastendd & d§&83e¥3t O‘Erﬁojftafﬁ?ofnyﬁgﬁs%dnwgt h&%lgﬁﬁFﬁvatﬁd t he
dyst rophi ¢ condifuisgen.t hag Ee pwyidslypvisdghi ctiremare to kdesnavbne. The

situation is didfefeRNteibeom Woaefartmx@&caaea&f@émtlﬂn%me@oaocproduce a

nosai ¢ nuscl e cont ai ni ng_B‘ g Ea’B nosai.c, and dystr hic,  fi berﬁ The
essence of MIT i€ FECBAE roRt™S He ¥c5°3% S Mo FEVEREEBHENot ypes
of dystrophi c mestlregmalhasd mosdensiioersxer ms@sma-ylayrsd@caanhe release of

host satellite eldy %ﬁklma éé@@»;wafelaﬁraal d,nya@@ﬁrcsmheczész ghall i
2003 | produce nmpsaic fibers. Undoubted :anb sugﬂ{e%?trophl C generatlon

will induce nor RHIYShigdl &PREFBRE SURTRFC *§. BESIABtS onl y
fuse to the newnissea ed lmewi ofnsc:o:ﬁsszl-&mggel myoérmmn resudtsoisur vi ve as

5 satellite cellg M Q¥CLG) SRAMNESEY. L Xs AL LALMET GRBR excessive
13 intracellular calcium promotes muscle damage in .
dystrorhic muscles. '
G. MYOTUBE TRANSFER
In the later stages of DMD, there remains fewer
myoZibers to be repaired with MTT. Formation of new
20 fibers to replenish degenerated cells is further
complicated by the presence of excessive connective and
fatr tissues. While it takes approximately 1 to 3 weeks
for donor myonuclei to be incorporated into dystrophic

fibers for repair, it takes over 4 months for donor

[
v

myvoblasts to develop into mature normal fibers de novo to
l replenish lost cells. Meanwhile, the impediment to
developing myotubes to be vascularized, innervated, and
condected to tendens all threaten their survival. Enough
nuzrients have to be present for the developing fibers to
30 lay down the contractile filaments myosin and actin.

Neither electrical nor contractile activity is normal Zor
the development of the fibers. This is the time when
myotube transfer may be of help.

Transplants of newborn normal muscles or myotubes

into dy¥dy®’ dystrophic mouse muscles have been shown by

LWV
u

this inventor to produce normal muscle funcrion and
structure. (See Law, P.K. and Yap, J.L., Muscle Nerve,
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be designed to facilitate myoblast m xing, alignment, and fusion, and to
provi de physical therapy to the newy fornmed fibers. Mderate exercise
after innervation of newy formed fibers is likely to enhance thep 0CT 2003
devel opment 10 of normal and nosaic fibers. Disuse plays a major roP W

t he continued deterioration of dystrophic nuscles, and physical therapy IS
prescribed for dystrophic patients. D suse or Iack of cross-bridge
interaction results in a decrease of calciumbinding. As a result, the
excessive 15 inpraseldul @asmalici unypeomed exemesskéydapeapndd in  dystrophic

muscles. G MYOTUBE TRANSFER. | n i}h%; 0855950 OMD, o L8 61 €Mai NS
fewer nyofiber SYFbRHR TESEF aw?ﬁi 1D]l%tsetnntal"sonnof new, 20 Tib S to

repl eni sh degeneraf baewe|ds fusesueheke doFianc 2684UBy t R MTseB 1

eXCESSI ¥e cgnneg{lgyf\e@r}fhvé Heehl pgHeScediim ispohakrscappy ccometadting to 3
weeks or donor onucl ei to be cor por at t 0 Jhers for
repair, iP takeslg%e? P frthE e fo:r dofo ni‘ ;_-‘3%36-'} 2&&?%{ d&g%/gé o“bé |e%to mat ur e
normal fibers dendovemgmostvadyl omsshivesy @ ImyosgBanwhi | e, "t he i npedi nent

to ddevel lolol n% nyot u htﬁ& ttefa\hé%félk” aééhZ@@l,adrderstat:ed Eﬁﬁ&;gmognect ed to

tendons all threaten their. surviva nou utriegts hav sent
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and actin. Neitharpel eatgic=llynompientedcinie t@@t pepsycfsizorard for the

devel oprg _?) of hﬁfagl:bfxrr c gl ﬁltsggcﬁé&maﬂw%moﬂatngsﬁfﬁét&{£r may be
ra

of hel p. nspla Whor n.nor nuscl es_ or g
dy. =dyz-' dystr §pRFe ﬁ’éﬁ’éjeeﬁnrsaé'{ EEVRIGR BEAT sft?(ﬁﬁﬁsbﬁn t RF&% i WENt ST to
produce nor nmal wachﬁefuncﬁn@meamopsngummms S8 EawcePrhe serr Yap,

J.L., Muscle Nerve ghgsj‘ b %cgt&@ﬁ?@g dxli%t@hke . MOt ubes are easily
u

obtained in culFtirs: roug ast_fusiagn b% 5x 05| no- . confl uent
cultures to the fusi ¥roreee Lﬁ‘ﬁaqsffeFaEF"Vé%-'fl IRFIGLBESHET Y DR prduced
Wi th spont@aneoushy vGegbl acthée fibers have lost their MHC-I surface.

antigens ard are thus nonantigenic. Myotube transfer
will not need to be administered with cyclosporin. For
patients previously infected with cytomegalovirus (CMV)
or other viruses, myotube transfer will be the choice.
20 In addition, for autosomal dominant -diseases such as
facioscapulohumeral dystrophy (FSH), myotonia congenita,
myotonia dystrophica and certain forms of congenital
muscular dystrophy and limb-girdle dystrophy, formatcion
of mosaic fibers may not be useful since nuclear
25 complementation may not be effective. The use of
entirely normal myotubes through myotube transfer will
undoubtedly open new avenues for treatment.
" HE. ALLOPHENIC MICE
Allophenic mice or mouse chimaeras are mice mosaics
30 with two Or more genotypes. They are produced by
blastomere recombination (see Hogan 3., et al.
Manipulating the Mouse Embryo. A Laboratory Manual.
Cold Spring Harbor Labcratory, (1886)) or by the
artificial aggregation of embryos from two differenc
35 sryrains of mice. In addition to being important
specimens to study the clonal origins of somites and

cheir muscle derivatives, allophenic mice have been shown
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5 fibers in culture. The young fibers exhibit sarconmeres and i mmnostain
positively for myosin. Myotube transfer can be adm ni stered through
injection with | arger gauge needles. Better still, they can be sdrigidally
i mpl anted into the beds. of fat and 10 connective tissues di ssected and
renoved by surgeons. Since nuscles can devel op great forces and scar
tissues are inert, the developing nuscles will force the scar tissues

asi de throughout their existence. Myotube transfer provi des bioengi neered
young fibers 1%y rpMist igvedbeseard hameriBave destnsétmsive MySciropbyf ace-
antigens and are 't hus nonantigenic._ M f ] .nQk ypeed to be
adni ni st ered wi tHRRFESGEEBr +0. "Hot 2 b3 eﬁgﬁtggkégg\sﬁkg%%%&{éﬁf%%%é wi th

cyt onegal ovi rus (G4l aod oSyherophyUOIeRPSEBLE X eFisfer will be the
chorce. 20 In additi yFEQE?]&QEQ%;?jlfd@tﬂ%&?BB-de@ﬁﬁmt Su2 atrain)

aci oscapul ohuner a st ropt : | & cQngen :

dyst rophi ¢c& and atﬂﬂ'tdg?;ﬁrPﬁgﬁé g#: C %%ﬁ’ﬁl Yﬁrr%%é‘% glr' jy%f?%%h%mé%xd o

| i nb-girdl e dystatephiagtemnati Big. of . eSS ©If RbieBhemic fotinse wgsef ul since
nucl ear 25 Corrplc?{??:ﬂ}c%tdi QBLLRY: Q) be @fifRetivenidbeasefir @Bichagl Y

nor mal nyot ubes *through nyotube ttansfer 'FI.I gggoubﬁrﬂi&ﬁ%&new avenues
for treatment. ROAIYESSRERPESM EE B Thfifenit¢ni ¢8’ or e “Chilieras are
m ce nosaics 3Qiydddoghie genavwas geresemiedn Theymaselpriddhersd by

bl ast inati. J - :
oL O 1 P4 30 (E°Gb0pa0s Sl Shesy US| b cimate:

. rin rhor Labor at r%q?eggg%% or by
the artificial TekRf efiMesnBFT2hbPAY¥Fom® dPffer & of
mce. In additiofpoimabeivaglienpontanén speei tenfigolstamy stmicsigeaknori gi ns
of somtes and :l_’lei r l@%%ldelseri vatives, allophenic m ce have been shown
2a 2 8 OCT 2003 ygsf‘ni S invenfor and others to denpnstrate dystrophy
suppressi on i n nat ur #usgdeefdpRERt ChNERPIfe RLPPIERYC THT "%ﬁé' dyst r ophi ¢

myogenesi $5C0eXi Sésemble those of the Duchenne female carriers. Whereas

the dystrophic soleus contains 70% or more degenerating
£ibers, only 3 to 5% of the allophenic soleus fibers are
abnormal. Many of these abnormal fibers showed "cores" as
seen in the Duchenne carriers. Through natural cell
20 fusion, normal mycblasts fuse with dystrophic ones to
form mosaic myotubes that develop into phenotypically
normal fibers.
I. NORMAL CHILD FOR A DUCEENNE CARRIER
Conceivably the technology of in vicro fertilization
WE and blastomere recombination used in the allophenic mouse
sctudies can be applied to human. Known carriers may thus
nave betcer chances of bearing normal children.
" Accordingly, ova from a carrier and from a noxrmal
female can be obtained and fertilized in vitro with sperm
30 - vrecovered from the carrier’'s husband. The fertilized egg
of the carrier has a 50/50 chance of being normal or
dys:zrophic. Regardless of its genotype, its mixing with
-he normal fertilized egg will ensure the development of

a normal phenctype. After culturing the embryo into the

12
w

blastocyst stage, it can be implanted into the uterus cf

the carrier. The latter can be induced to be
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By aggregating half enbryos of normal (129 strain) 5 and dystrophic
(C57BL/ GJ dy"d)r'- strain) mce as shown in the diagramof Fig. 9, sets of
al l ophenic twins were produced consisting of chinaeric mce and tq

i
normal and dystrophic littermates (Fig. 10). Although the dyst rop% @”g@prae
was present in the nmuscle fibers 10 according to genotype marker anal yses,
t hese all ophenic m ce showed normal behavior, |ife span, and essentially

normal rnuscle function shown in Fig.11 and & | Rhubl §31cdk2na@nd 13.
Miscl e fibers @seufesBragidiheHic ??1“8‘ nh?ﬁﬂ%é/é“l resenbl e those of the

Duchenne femal & G3f rii-nED.SntéMB:vreas the dystrophic sol eus contains 70" or
nmor e degenerating ﬁ‘l_lme{lg% gply,f 3 100 %0t i1 beamidropreniectsokbas fibers are
Se T

abnormal . nmany of the nor ma

[ fibers showed "c ' 1ASsrSReRel N the
Duchenne carri ersheEhr dbgh=hgd Lﬁ‘ea‘fﬂ(?éﬂll‘@ZGmPﬁg?sona?{% ma sr?yobl asts fuse
wi th dystg ophi o Qnastharibar sanusaid supotebes FrrrherRA%p ot o

phenotypical |y nornal fiber NORMR veHl EB: RgEh ot 1AGHEIMS 1EARRI ER
Concei vabl y t he+aARTS5g§°6 sir;f:’_\/l tro fertili ' st oner e

Lization_ .. I
reconbi nati on used iSinceethe| Bphekt 28§98 5t El%‘l"e a‘clégné"bg{%pgloﬁed to
human.  Known Caédﬁa'r?éé JEYet AySnoheae, betroRr achapses &7 HEEIIRPNIS mal

|

children. Accorcing ¥, O¥Q" Lo 8. caldd aNQnf HO8E Bohord@irenicarsa e can be
obt ai ned and f ePe$%% FNAV FBP 0 S ﬁﬂdﬂte 2

sperm 30 recover.ed t
carrier' sohusbapgom Tttes fegtiriybi 28dtleggPHFSHATYSEaPFRET - hatgnfag"[s:g'ﬂa&régﬁ’énce of

bei ng normal or_,dysisgphigamaBedar dhesemnfyd by gemor{pe,PAXs M »¥ithd™wi t h
the normal ferti |

1 zed. egg will en uref devel opnent of a nornal
phenot ype. Afteﬁncwlf%w'%d’eilﬁgmgﬁg?yosl 0 the 35 blastocyst stage, it can
be inplanted into the. ut ATROMBTEDt RELE FRPESSCfie-| atter can be induced to
be 29 2 9 OC 1 2093 §; pseudogieaanasiaid t fohumamadonydbl A8phi MYQHRE S
a||OMAng1Seasy ;gglggagéléﬂgcles. the labor intensiveness and high cost
) of c;ll culturing, harvesting and packaging, and the

. fallibility of human imprecision, an automated cell
processor is needed. Such a processor would be capable
;f producing mass guantities, over 100 billion per run,

20 of ;iable, srerile, genetically well-defined and
functionally demonstrated biologics, for example,
myogenic cells.

The automaced cell processor will be one of the most
important offspring of modern day computer science,

25 me;hanical engineering and cytogenetics {Fig. 14). The
inﬁakes will be for the biopsies of wvariocus human
~issues. The computer will be programmed TO Process
cissue(s), with precision control in time, space,rand
proportions of culture ingredients and apparatus |

30 %an;uvers. Ccell conditiens can be monictored at any time
during the process, and flexibility is builct-1in ?o allow
changes. Different protocols can be programmed 1into the
sofrware for culcuring, controlled cell fusion,
harvesting and packaging. The outputs will supply cells,

which will be ready for shipment or for injection using

[ P%]
w

cell therapy. The automated cell processor will be

] j : 1 large enough teo
self-contained 1in a sterile enclosure g g
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The use of in vitro fertilization protects the nother. Abnormal devel oping
enbryos after blastonere 5 reconbination can be discarded. Furthernore, no
bl ast omere needs to be renoved for genetic analysis. Since the ferggl[]i:]z%m
egg of the carrier has 50% chance of being normal, a PCR analysis for
dystrophin nessenger RNA can be conducted on bl astqoneres, renoved 10 from
the enbryo at Jhgebkast agyabass age withorelhataye culitite€d @8Rs damagi ng t he

enbryo by renovin art .of _i an early devel opnental stage. J.
AUTOVATED CELE“W%E@éé&QS(Fb\%tﬁE%)h-e reat _demand fosrfenrorm@%l.uﬁygﬁggsts,
myotubes 25 and ydUrig sugehtsr ha® JeNSIPPRAt RSt Vehess "and ig cost o
cel I cul turing,,han\gstinngnangupackagiang, mgngethelty A9 igsHgkageSof human

i npreci sion, an automated cell__pro L LSoheespskrUsh 2 pLeeessdr would
be capab$e ofmﬁﬁ?%?rfisng"ﬁagg aﬂaint‘lgate}isszg,t over 100 billiaon per run, 20 of

viabl e, sterilen wgeretdayal kanuee | ack¥ere vBEA SRUNEYTRIRTGS) 2a8nmonst r at ed

bi ol ogi cs, forreeﬁgairggzeatedrry@gggi &iTeldowltkeaot bhepackagdd tor S&essor wil |
be one of the nost ~inportant of fsprj f L0 fay SUIHH @hesci ence, 25
nmechani cal engipksfs éﬁdeVPB‘éeﬁg%’%‘{c%" i‘%?gi)‘? The intakes will be for
t he bi opsi es ofowyedi ous human tissues. The conputer will be programmed to

processth i ssue(s), i tH Bt 0B1EOPtsssor Wilk, s spple, remidcepr opor ti ons
of cultare ingredients and apparatus_ 30 % ; 1 gonditduyracean be
nonitored at afY=¥eRe DwhiY r’@e?ﬁécbf%%e%‘{sm‘g‘%dg%ﬁé‘i%ﬂ i t% is.built-into
al l ow changesmahbbier entrpromocdbstion W PHragr RARLEDFAED sof t war e
for culturing, ugg{g&ggg#,d gaelzgigfnqg&eam hainee thengaantapacking mPsthhe

S

outputs will supply ce whi ch_wi | e ready for shipnent or for
inj ection usi ngreceXPeEHRs a‘pﬂ/.ﬁ’eTﬁgiéﬁf"éﬁg’f gc?“rc'el | "processor will be

sel f - contzai ned in agst ecEle BxRSosure | arge enough to 30 Z 8 OCT 2003 house
the hardware in whigh cells Ardy QdhiUp@gcddebrs will constitute only a
cart of cell banks. Ideally, donor muscle biopsies can
;e obrained from young adults aged 8 to 22 to feed the
inputs of the automated cell processox. This will depend
20 onﬁthe availability of healthy volunteer donors. Each
donor has to underge a battery of tests that are
cime-consuming and expensive. Based on the test resulcts
ané the donor‘s physical condition, one can determine if
thé donor cells are genetically defective or infected
23 with viruses and/or bacteria. These are the advantages
of biopsies of mature tissues ¢rom adults. The major
disadv;ntage, however, is that mature cells often do not
divide, and even if they do, there is a 1imited number oi
generations that can propagate belore becoming
30 tumorigenic or nenmitotic.

Human fetal tissues can potencially provide
unlimited supplies of dividing cells. However, aside
from ethical issues, iz is difficult to decermine the
genstic normality of these cells, notwithstanding the

existence of polymerase chain reaction (PCR) which 1is

w
w
¥
[}

r

used to screen many human genetic diseases.
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mani pul ated (Fig. 15) This inventor has developed a transfer nedium that
can sustain the survival and nyogenicity of packaged 5 nyoblasts for up to
3 days at roomtenperature. Survival up to 7 days can be achi eved tﬁe
nmyobl asts are refrigerated. This will allow the cell packages to %Wm ﬁ]
delivered to renote points of utilization around the world. 20 The

automated cel |l processor will sinply replace current bulky inefficient
cul ture equi pment and el aborate manpower. Its contribution to human
heal t hcare wrll undoubtedly be significant, and the nmanufacturing costs

are expected to be nel abrvehy rhusoulir QEELroMNGG ThEeausonaf stHIR!q
processors wi | lgzgﬁ%@?ﬁ&&”&? ANV 2Rl QE-celd Hrksn hdeabl y, donor muscle

bi opsi es can ained fromyoung adqults e t 2
i nputs of the eﬁﬁréﬁéﬂléatééﬂ‘lcfp%&aﬂ?‘hfgf% aﬁ&géeﬁa%ﬁr%ﬁne i
avai | abi l ity ofpchesl thyeypitinieer Sperossan&asts afonde masovershdiigo a

battery of tests.that . 1L ner cansyingnapd v e

! h £XPeRskY eorBagedr t est
resul ts ahd thé"ﬁ’(fr?%r fsggpl’ﬁym cal con?is,t i oﬁg %ﬁ%( can .dgfena’gﬁg ;Héh%%l%t hgs
donor cells ar s panstbcaRfymaRd ectiR &iGF° SRTHMZATES SRd7 o7 bact eri a.

;25:?& ag(rag El_ﬂg %llgkﬁazbizenﬁrmtwhuﬁessnés:_i.rﬁglcantacmlms.inFP the ect ed
Human f et al tis%:uée?sggngﬁo?g%%%%%da%%&i ngs lTn'I[i?lﬁaE {B:mgésoﬁ;e be_com Y
. & a%l‘:lp _ : supplLies. of dividing
cel I's.  Hovever ZRRMES X SAFLHAT A= SetIs 2% FPIS AT FFEGLEOPELHEt er i ne
the Gengpic nosdeddd yrokhthesieryssd | Shenousil fsprimindgat Baagi 388 vErtage
however, is thaénfﬁﬁéﬂf%sts can then be dissected out to feed into the ,
automated cell processcrs.
Transplantation of cattle cells into humans
constitutes xenografting. Due to the significant -
is differences between the human and the cactle immune |
systems, these xenografcs will likely survive, develop
and function in the recipients without the need for
immunosuppressants. However,rthe method will be tested
with and without immunosuppressants.
20 1,.” MYOBLAST DERIVATIVES VS. CANCER-
Evolution is one continual experiment through ages with
numerous statistics. The near absence of cancer
merastases in skeletal muscles suggests that the
physical, electrical, mechanical or chemical presence of
25 myogenic cells and derivatives prevents or anninilates
cancer. _
~In our study we showed that the physical and
biochemical conditions of myoblast at the cell fusien
stage caused the death of melanoma cancer cells ({Fig. 16
30 o 18). This does net preclude the potential effect of
similar or different conditions, including eleccrical and
mechanical, of other myogenic cells at different
developmental stag=es.
Tt should be understood that various changes and
35 modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the
art. Such changes and modificaticns can be made withoutr
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divide, and even if they do, there is generations that can propagate
before tunorigenic or nonmtotic. 35 existence of nolynerase chain
reaction (PCR) which is wused to screen many human genetic di seas@g. 0C3R 8
OCT 2003 5 As for the muscul ar dystrophies, the prinordia of fetal calves
derived fromin fertilization of genetlcally wel | -defined be an
alternative. SpgepErafdg Eflbaﬁedhstsmm #nd aadres AfhaheoPX €88 use of
nmuscle vi tro hackground EEQY I’;LQ@ lgl&medra(m thelr szcI e
strength and rra§-§"e?‘ﬁ“\9f‘t B fe ?g?‘lpga%l on ie\V\s/irrlﬁlqj | |_owe %hea

cul ture and i nplagvaatiagesi.nfo idethereferesimreqRss, 8‘ & éln The
fetuses are renoveq‘olax_ Ehﬁﬂbﬁg B CtbPénSe dtbys pad fappa:ldﬂei cgdmutsal 10
stages of the er%lr ‘F e nmuscle prinordia that are rich in rnyoblasts
can then Iz di ssect ed out to feed into the automated cell processors.
Transplantation of cattle cells into humans constitutes xenografting. Due
to the significant 15 differences between the human and the cattle i nmune
systenms, these xenografts will likely survive, develop and function in the
reci pients without the need for i mmunosuppressants. However, the nethod
will be tested wth and w thout imunosuppressants. 20 L.’ IWCELAST

DERI VATI VES VS. CAZ CER Evolution is one continual experinment through ages
with nunmerous statistics. The near absence of cancer
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nmet astases in skeletal nuscles suggests that the physical, electrical,
mechani cal or chem cal presence of 25 nyogenic cells and derivatives
prevents or annihilates cancer. In our study we showed that the 72§ §CT 7200
physi cal -and bi ochenmi cal conditions of myoblast at the cell fusion stage
caused the death of nel anoma cancer cells (Fig. 16 30 to 18) . This does
not preclude the potential effect of simlar or different conditions,
including electrical and nmechanical, of other nyogenic cells at different
devel opnental stages. It should be understood that various changes and '35
modi fi catgRRviko the presently preferred enbodi nents described herein wll
be apparent to those skilled in the art. Such changes and nodifications can
be made without 32 2 B OC T 2003 departing fromthe spirit and scope of the
present invention and without dimnishing its attendant advantaaes. It is
therefore intended that such changes and nodifications be covered by the

appended cl .Q'rﬂ%d@or%?bdgc:gg Eded: oﬁgﬁ%e%w@of]prolﬂhrgﬁnh%grﬁr me%%gbﬁg _

cardlonyocytes ca mi xi ng
car di omyocyP'&ge ?ﬁ%’%%ﬁs&%‘f °Lﬁ'8555 “8‘()%“?’?@8%6”?'?@%’&?@\ f“e line in
cul turo i n zrepmyautd gropamibnprudipeEntts shgvegatfal o« ranelled c:llé@imweounat ural or

control | ed Gebhinfdds ksmolamstmmecmgqmtﬁemc Rkd ﬁﬂnoﬁb&ﬁz@?ﬂhﬁ%&%apaﬂ@gf sel ecting
and then cl onj nﬁ@car di onyocytes that are capable of proliferation. 2. A

conposi t i orPryifer P-er okaryons that are capable of proliferation, prepared by
the steps of: m xing cardionyocytes and qyoblasts not committed to the

car di ony @ecyf eompasiion of hagdreliaryons that axmespsbl sofaradifesstioparrenacrdPy g fitpsioEnt t o

achi eve natmixak caodiorswottes@hd epbblagd dot cfoum:ramo\metch&uhyocﬁe mtea:n&ulnﬁarb imng

i brobl ast samoamamlos&aﬁ@glmqt b BRI Ao SEHREN MR D2 27 € CEPAD! €

of proliferation. 3 |n ‘sai d conposi tion
is an inj ecW&W@atg‘ﬁ%@H?PoﬁdSCJF““)&“E‘UWGE’FN ‘M?%WW&E“W?’GH% that are
capabl e of pelgtratfoer ati on, prepared by the steps of: m xing cardi omyocytes
and normal myoblasts in culturo in amounts and proportions suffi-cient

3. The composition of claim 2, wherein said composition is an injectable suspension.

4. A composition of heterokaryons that are capable of proliferation, prepared by the steps of:
mixing cardiomyocytes and normal myoblasts in culturo in amounts and proportions sufficient
to achieve natural or controlled cell fusion in the presence of added chrondoitin sulfate; and

selecting and then cloning cardiomyocytes that are capable of proliferation.

5. The method of claim 4, wherein the chrondoitin sulfate is added to a concentration of at least 5

micromolar.

6. A composition of heterokaryons that are capable of proliferation, prepared by the steps of:
mixing cardiomyocytes and rormal myoblasts in culturo in amounts and proportions sufficient
to achieve natural or controlled cell fusion in the presence of added chrondoitin sulfate; and

selecting and then cloning heterokaryons that are capable of proliferation.

7. The composition of claim 6, whersin said composition is an injectable suspension.

8. A method for producing cardiomyocytes capable of proliferation, comprising the steps of:
mixing cardiomyocytes and normal replication competent myoblasts from primary cell culture in culturo in
amounts and proportions sufficient to achieve natural or controlled cell fusion without
contaminating fibroblasts; and selecting and then cloning cardiomyocytes that are capable of

proliferation.
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to achieve natural or controlled cell fusion in the presence of added
chrondoitin sulfate; and selecting and then cloning cardi onyocytes that
are capable of proliferation. 5. The nmethod of claim4, wherein thf 0CT 7
chrondoitin sulfate is added to a concentration of at least 5 mc % R%I@
6. A conposition of heterokaryons that are capable of proliferation,
prepared by the steps of: mxing cardionyocytes and normal mnyobl asts in
culturo if avompbsitienel hptemRatbisaiis ard Whfablg ioEptolifetation Ghipae by e diepd ofOr

control | ed asikihg d‘atﬂﬁjnfyﬁbyteﬂaﬁdfﬂ@rn@frﬁﬁn%ﬁa@coglgetﬂx ?o%laﬁ?ﬁ&pﬁgx}aw 3y Sitthrk ﬁatcﬁl’tur@fﬂd
sel ecting and then clonjng heterokaryons at” are ca proliferation.

7. The corrpé’%’f"i“itsc?ﬁd RypPogions SW%'E“‘W?E'?@FF\“@&PWO@{%%H qu’GhWIt@“fan i nj ectabl e
suspensi on. céhtaminaniny ftedlabta andreBARE ind thef AbriHp OBMOEWLRS NS 3R aRkWe af
prollferatlgghkgggpr|5|ng the steps of. mixing cardionyocytes and norma
replication conpetent nyoblasts fromprimary cell culture in culturo in
anounts and.proportj.ons ent to achieve natural or controlled cel
fusi on wi th(;[[l)]fc URE ﬁ”ﬁé FPEBFB R eaepositipiyis 2 [uetablf§UsPseF @en cl oni ng
cardi onyocytes that are capable of proliferation. 3t} 2 8 OCT 2003 9. A
conposition of heterokaryons that are capable of proliferation, prepared by
the steps of. m xing cardi onyocytes and normal replication conpetent

nyobl asts fromprimary cell culture in culturo in anmounts and proporti-ons
sufficient to achieve natural or controlled cell fusion wthout

contam nating fibroblasts; and selecting and then cl oni ng het erokaryons
that are capable of proliferation. 10. The conposition of clainmd, wherein
said conposition is an injectabl e suspension. 3~



