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malfunctioning, and/or degenerative tissues or organs.

DESCRIPTION OF THE PRIOR ART

20 MYOBLAST PROPERTIES

In mammals, myoblasts are the only cell type which
ivide extensively, migrate, fuse naturally teo form
syncytia, lose their major histocompatibility Class 1
(MHC 1) antigens so¢n after fusion, and develop to ocupy
v 25 S0% of the body weight in humans. -These combined

properties render myoblasts ideal for gene transfer and
somatic cell therapy (SCT). Myoblasc therapy is a
combined SCT and gene therapy.
MYQBLAST TEERAPY

3Q Although the role of myoblasts/satellice cells in
myogenesis and muscle regeneration dated back te the
early 1960s (Konigsberg, I.R.. Science, 140:1273 (1963}.
Mauro, A. J., Biophys. Biochem. Cytol., 9:493-435
(1961))., their use in animal cherapy was not reported

35 until 1978 {Law, P.K., Exp. Neurol., €0:231-243 19781)) .

The first myoblast transfer therapy (MTT}) on a

Duchenne muscular dystrophy (DMD) boy on February 15,
1990 marked the first clinical crial on human gene

rransfer. Its success was reported (Law, P.K. ecC al.,
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The first nyoblast transfer therapy (MIT) on a Duchenne nuscul ar dystrophy
(DVMD) boy an February 15, 1990 marked the first clinical trial on human
gene transfer. Its success was reported (Law, P.K et al., 2 3 DEC?30(8 2003
Lancet, 336:114-115 (1990); Kolata, G The New York Tines, Sunday, (June
3, 1990)). Unlike bone marrow transplant which strictly repl aces
genetically abnormal cells with normal ones, MIT actually inserts, through
5 natural cell fusion, all the normal genes within the nuclei of the donor
nmyobl asts into the dystrophic nmnyofibe.rs to repair them In addition,

donor nyoblasts also fuse anong thensel ves, form ng genetically nornal
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the FDA has grahmncsthagersibsiand figto CBE| aqmeTeady °RE€3Rar ch Foundation ( CTRF)
to charge $63,806 The US Paten: Office issued to this inventor a
patent (#5,130,141) entitled “Composition for and methods
i5 of treating muscle degeneration and weakness” on July.l4,
1992.
In October, 1993, the Food and Drug Administration
{FDA) officialiy began regulating somatic cell therapy
(SCT) with.a definition of *“autologous, allogenic, 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 injurles.”
25 (Federal Register, 58:53248-53251 (1993)).
MTT falls under the umbrella of SCT and myoblasts
and its physical, genetic or chemical derivatives become
potential biologics in the treactment of mammalian
diseases.
30 As of May 25, 1994 the FDA has granted permission fer
Cell Therapy Research Foundation (CTRF} to charge 563,806
per subject. CTRF is an non-profit 301 (c} ({3) research
foundation founded by the inventor in 199%1. Authorization
by the FDA for CTRF to recover costs from subjects of these
35 clinical trials is extremely important to establish cthe
scientific credibility MTT and CTRF deserve, gquoting the

June 17, 1994 edition of the Memphis Health Care News,
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propagation of nem/LJf%lral vector mediated gene ctherapy on human
15 neuromuscular diseases has not met FDA approval. i}
CELL THERAPY WITE MYOBLASTS
The cell is the basic unit of all lives. It is that
infinicely small entity which life is made of. With the
24Q 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.
Call Culture is the only method known to man for the
replication of cells ' in vitro. Wwith oroper technigues and
25 precautions, normal or transformed cells can be cultured in
sufficient quantity to repair, and to replenish degeneraces
and wounds.
Cell transplantation bridges the gap between in vitro
and in vivo systems, and allows propagation of “new life”
30 in degenerative tissues or organs of the living vyet
genetically defective or injured body.
Cell fusion transfers all the normal genes within the
nucleus like delivering a repair kit to cthe abnormal cell.
It is important to recognize that, for proper installaticn
35 and future operation, the software packaged in the
chromosomes needs other cell organelles as hardware to

cperate.
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mammals, myoblasts are the only cell type which divide
extensively, migrate, fuse naturally te form syncytia,
lose MHC-1 antigens soon after fusion, and develop to
occupy 50% of the body weight in humans. These combined
properties render mycblasts ideal for gene transfer.

Natural transduction of normal nuclei ensures
orderly replacement of dystrophin and relacted proteins at
the cellular level in DMD. This ideal gene transfer
procedure is unique to muscle. After all, only myoblasts
can fuse and only muscle fibers are multinucleated in the
human body. By harnessing these intrinsic properties,
MTT transfers all normal gsnes 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.

MYOBLAST THERAPY IS THE MEDICINE OF THE FUTURE

e

r.

Health is the well-being of all body cells. In

hereditary or degenerative diseases, sick cells need
repairing and dead c¢ells need replacing for health
maintenance.

Cell culture is the only way to generate new, live

cells cthat are capable of surviving, developing and
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DMD: A SAMPLE DISEASE
DMD is a hereditary, degenerative, debilicating,
fatal, and undesirable mammalian disease. It is
characterized by progressive muscle degeneration and loss
20 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 develop
cardiomyopathy, but cardiac failure is seldom the primary
cause of death.
Before 1950, over 80 chemicals were evaluated and 33
35 _ wers 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:



age 20. Pneunonia usually is the inmredi ate cause of death, with underlying
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A T., Medical Annals of the District of Colunbia, 23:15 (1954)). None are
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Valton, J. N, scamesed 1W0g6. 2990xal98FithReVRaIREUALES SOPYARSL, 1: 277
consistent benefits from stercids (Entrikin, R.K. et al.,
Muscle Nerve, 7:130-136 (1984)).

15 The beneficial effects of prednisone on DMD was ~
first reported almost 20 years age (Drachman, D.3. er
al., Lancet, 2:1403-1412 (1974)). The researchers
reported that prednisone could delay the degenerative
process and in some cases even transiently screngthen DMD

20 muscles. The evidence substantiating prednisone is not
without debate (see Munéat, T.L. and Walton, J.N.,
Lancec, 1:276-277 (1985); Rowland, L.P., Lancet, 1:277
{1975): and Siegel, I.M. et al., I.M.J., 145:32-33

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

25 prednisone mediates its effect is undefined. Prednisone
causes numerous side-effects, and prolonged use induces
adverse reactions that by far out-weigh the gquestiocnable
benefits reported.

Gene manipulation and transfer are other approaches

30 that are being used to treat hereditary and degenerative
diseases. However, it will be quite some time before this

type of treatment finds clinical application for DMD

(Law, P.K., In: Kakulas, B.A. et al., eds.: Pathogenesis
and therapy of Duchenne and Becker muscular dystrophy.
35 . New York: Raven Press, 190 (199%0); and Watson, J.D. et

al., Recombinant DNA. New York: W.H. Freeman and Co.; 5§78

(1992)). Success claimed over intramuscular DNA
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transgeni c- ni e ldt yiebs {ddudffiSedt efyogbnic Neilre tB3@2ovidb0£8565a(1993)).

Cinical trial %:g‘é‘flghbgﬁg m}JBéCan%%’ Lj%\fﬁ%fe?l %ﬁ Pﬁ%ﬂ @fﬂm&foe‘érgﬁ SEsT €
conbi ned i nmuno Iclen i K whose genetic defects
are patients aw, supra). Clinical trials are currently
15 underway £for cystic fibrosis (CF) based on transgenic
mice studies (Hyde, S.C. et al., Nature, 362:
250-255-(1993)). Clinical trials with gene therapy have
also been attempted on severe combined immunodeficiency
(SCID). Unlike CF and SCID whose genetic defects ars
20 mediated through enzymic deficiencies, the genetic defect
of DMD manifested as the absence of a structural protein
called dystrophin in the cell membrane rather than a
regqulatory protein. 7
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
part of the treatment process. This has already been
demcnstrated, among others, by the present inventcr using
30 MTT in mdx mice ( Chen, M. er al., Cell Transplantation,
1:17-22 (1992); Karpati, G. et al., Am. J. Pathol., 135:
27-32 (198%); and Patrxidge, T.A., et al., Narure,
337:176-179 (198%)}) and in humans (Gussoni, E., et al.,
Nature, 356: 435-438 (1992); Huard, J. et al., Clin.
35 . Sci., 81:287-288(1991); Huard, J. et al., Muscle Nerve,
15:550-5640 (1992); Law, P.K. ec al., Lancect, 336:114-115
(1990); Law, P.K. ec al., Acta Paediatr. Jpn., 33:206-215



20 nedi ated through enzym c deficiencies, the genetic defect of DWVD
mani fested as the absence of a structural protein called dystrophin in the
cell menbrane rather than a regulatory protein. Al though dystrogg E':te fs
as a good 25 genetic/biochenm cal marker (Hoffman-, E P. et al :ln[] g]ﬁ
919-928 (1987)) in the evaluation of nuscle inprovenents, dystrophin
repl acenent constitutes only part of the treatnent process. This has
al ready been denonstrated, anong others, by the present inventor using 30
MIT in ndx mce ( Chen, M et al., Cell Transplantation, 1:17-22 (1992);
Karpati, G et al., Am J. Pathol., 135: 27-32 (1989); and Patridge, T.A,
et al., Nature, (1887 1716+l 79.£1989)31 anckdwn KliansN¢@ussoni,, 2E453ee7al .,
Nat ure, 356: 43 ( ) p Huard, .al 35 SCij,
81: 297- 288( 1991)515%% gi‘ga%z A f"g TRt %?eg‘ww sy ek (£882): Law
P.K. ec al., Laﬂ%é“fUla}BﬁiYEH@E&B rf(-":LWSh N&W, Ypri: Eseyrer REE&"Paedi at r .
\Illgn 33: 206- 215u81251€eﬂ3§C1)36931é 100d91) ;Lawd Bak, PiKaler aAdy. ACkkin.

ur osci L [ el
eds. I\/Usgul ar g loméﬁoﬁggarg#aﬁe%wehg% se@?cer C|dg{r?cgagﬁu§it”?€hers
109- 116 (1991); -ar@ni TRSK}eefeggneraftden Snéaww’ﬁiﬁﬁﬁ'ojtéa*c%féél 301
(1991)). Becausgn@l\&:paéﬂwh?gyumtslm (ﬁmorfusein@nﬂsegﬁ&ro&t ip¥imang weakness,

structural and especi all tional rov nents e concern.
These two par arr%?%rs hav T>ﬁt?ésngext%arll';‘alm\'/e 5° §Elai Bt I{ZJS%X(I’I%EP’[ wggf'/'Zde"

dyst r ophi ¢ nousetadieth yaiingakhe odyidsl’ 6Ys¢i'é?§§¥§-r’=t &Pysﬁuéél%noﬁé'@é'ﬁéf ation
(Law, P. Ko, EXpmodé\ELtsplherea@cZ r&ﬂ&](el%ég)enehamOrP Kaw Mis®.e Bepve,

5:619- 627 (1982 K., .et nspl.ant JProc. 4-1119 (1988);
Law, P.K et aIR’é "GI‘IO gzﬁ K a@rjatQ’l, GPI[{ M 21 IjN';est *Tr ansf er

Ther apy. New. PEeﬁln?nGZl'B (Ilﬁééé, 17@4871?0(199@) all-_av\ﬂ”fém#@ aétt d&lxoc-Muscl e
Nerve, 11:525-5831{il88)ys LavesP; Kuaw! mlk., ekna1Kakid a%riBgd., i r.C.

Karpati, G., eds. Myoblast Transfer Therapy. New: Plenum

1s Press; 75-87 (19%0); Law, P.K. et al., Muscle Nerve,
11:525-533 (1988); Law, P.K. et al., In: Kakulas, B.A.;
Mastaglia, F.L., eds. Pathogenesis and therapy of
Duchenne and Bzcker muscular dystrophy. New York: Raven
Press; 101-118 (199%0); and Law, P.K. and Yap, J.L.,

20 Muscle Nerve, 2:356-363 (1979}). These studies lead to
the first MTT clinical trial or single muscle treactment
(SMT) (Gussoni, E. et al., Nature, 356:435-438 (1992};
Huard, J. et al., Clin. Sci., 81:287-288 (1991); Huard,

- J. et al., Muscle Nerve, 15:550-560 (1992); Law, P.K. et

25 al., Lancet, 336:114-115 (19%9%0}; Law, P.K. et al., Acta
Paediatr. Jpn., 33:206-215 (1991}, Law, P.K. et al., Adv.
Clin. Neurosci., 2:463-470 {1992}; Law, P.XK. et al., In:
Angelini, C. et al., eds. Muscular dystrophy research.
New York: Elsevier Science Publishers: 10%8-116 (1921);

30 and Law, P.K. et al., Acta Cardiomiologica 3:281-30C1
(1991)}.

The feasibility, safety, and efficacy of MTT were
assessed by this inventor in experimental lower body
treatments 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 (19%3)). Through 48
injections, 5 billion (55.8 x 10%/mL) normal myoklasts



Mastaglia, F.L., eds. Pathogenesis and therapy of Duchenne and Becker
muscul ar dystrophy. New York: Raven Press; 101-118 (1990); and Law, P.ﬁ
and Yap, J.L., 20 Miuscle Nerve, 2:356-363 (1979)). These studies | @adtfdll
the first MIT clinical trial or single nuscle treatment (SMI) (Gussoni, E
et al., Nature, 356:435-438 (1992); Huard, J. et al., Cin. Sci.,
81:287-288 (1991); Huard, - J. et al., Muscle Nerve, 15:550-560 (1992);
Law, P. K et 25 al., Lancet, 336:114-115 (1990); Law, P.K et al., Acta
Paedi atr. Jpn., 33:206-215 (1991); Law, P. K. et al.,_ Adv. | ..

Neur osci ., 2: 46!31’47916&9%5?34_&%‘%.22K.’“aéf’raf“.*?c+ensz “}l\nbgecll} nllg,deC. et al.,
eds. Miscul ar dysbsOpRyes€5esf cdthe shdyeYosk: EEselterasd aHiEBulliiicsRer s:

109-116 (1991):.30.and_Law, P, K. et, ) . ..Acta,Capet o ol ogiga 3: 281- 301
(1991)). The 835 bRAFEOCCRar K55 AT eFfcacy

y, and ef |caci of MIT. werge sessed by
this inventor imreexpentnmenthlMTOVRIRIYERF THFE Fnéﬁﬁ?%t’r?ﬁlolt‘?/icﬁ@'SfI%VD boys
aged 6- 14 year 539f nage, t8anhal¥i0fi sthaporesetnoaranhedas oryy (daw, P. K et
al., Cell” Transplantatio 2;,485- 503 ,(1993)) h O ABed Y 68GI4 QBAS, 5
billion (55.6 ﬁtfﬁé‘ﬁﬁ%?nngi;%ll%eo:oﬁé's S §%ZLBD%%CE%03 were transferred
into 22 maj or wescdsesfi agboth lower linbs in each of the subjects. Results

at 9 nonths after MIT indicated, interalia, that (1.1 MIT is a safe

treatment; (2) MIT inproves rmsc%,gn; ction in DVD, and (3) nore than 5
billion nmyobl aSYEES LFEREESHPYP rengt hen both |ower |inmbs of a DVD

boy betwegn 6 and léotpeaisldy egery QREERLD SEASESEORET TPONGSRY PR%ntial |y
every genetic cr%}s  can Beghenstited cdyt MEEioRhr augbr naysisbdswe! |

Genet | cal Ty abTGARR e SOPBLERTER SE dRATAL BraRst o st BTaridrs o
the defective genewmel keldsppbi efifert artdaiat.ed Pgpmoters and ennancers
of the defective gene can be supplied or activated or
13 repressed to achieve gene transcription and translation
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 consists of a) obtaining a muscle biopsy from
the patient, b} transfecting a “sead” amount of satellite
cells with the normal gene, ¢) confirming the myogenicity
of the transfected cells, d} proliferating the

25 cransfected myoblasts to an amount enough to produce
peneficial effect and e} administering the myoblasts into
the patient. _

Retroviral vectors have been used to ctransfer genes
. into rat and dog mycblasts in primary culctures undex

30 conditions that permit the transfected myoblasts to
differentiate into myotubes expressing the rransferred
genes (Smith, B.F. et al., Mol. Cell Biol., 10:3268-3271
?1990)) _ Furthermore, mice injected with murine
myoblasts that are transfected with human growth hormone

is (hGH) show significant levels of hGH in both muscle and
| serum that are stable for 3 months (Dhawan, J. et al.,



I's repressed to achi eve gene transcription and translation wth th

rel ease of hornone(s) or enzyme(s) from transplanted myogenic cel [l§ DEC 2003
Li kewi se, structural protein(s) can be produced to prevent or to alleviate
di sease conditions. 20 Alternatively transduced nyobl asts can be used. The
procedure consists of a) obtaining a nuscle biopsy from the patient, b)
transfecting a -seed" anount of satellite cells wth the normal gene, c¢)
confirmng the nyogenicity of the transfected cells, d) proliferating the
t5 transfected nyoblasts to an anobunt enough to produce beneficial effect
and e) adm nister.ing th h ien t ov vectors
have been used Stcoletngﬁn ?3?}/8%#1%:{&%?&9?% :?]%%OES rryob?agt st%ftdeprtl nary
cul tures under V0.ecwrdi BEonsShat5qPerid®®1 he transfected nyobl asts to
differentiate into Mat ubgss@xdsL5Sidid dbhectamdndernard ingpbesd (BBma h, B. F.

t al., MIl. Cell ., 10:3268-3271 199 t ted
\(/amtft1 murine  myosH IOs 2PRAP2 4P 21 raﬁ.tqteé]fotf((’:'f‘edggg“tuhnahslér E“rmvfftltﬂgoe(r:rﬁ: ngj gg ©

(hGH) shosv si grirf itd@ntlateee| siviati@.i 7 belhs nirsn é’-h@n@atééﬁhm’ﬁt?ﬁat are

stable for 3 ”Dd}té}éf(e'@*aatﬁﬁutcﬂ fﬁc@onal%@ﬁg&&.fs 2008 rSeuenee, o the

254: 1509- 1512 (1991); rr E. and kde Sci et.n(ci . géang‘é e]d':'>09
(1991)). The { R Ced ﬁﬁBbFﬁ%tnst‘r%s‘F‘eF el RIS Sk
approach on aderwisisnehdeaghnaskl (ADAumef(Colenty. K % e tallte I'éﬁfeﬁfpl
situation, T cells f rQ@ tllag patiedgygre transfected with functional ADA
genes and returned to th gatlent fter g@nsbon I-n :tg_g nylng rmapf the
transfect®d cells tg‘rl'r“t'}&é‘ﬁ BPFORMH t a(léﬁ Wt “arl™, T ahs

Proc., 23:170- hv&indl @@be)xicallyi mdrmdtmpr oHehl ass Ha 638¢Rtheen tested in

ani mal s - usi ng anskdiaall ¥ (agsdyaed Jy ahl asesnd onldrealy, hewspiidia B
(Yao, S.N et 1§94c};%nec£*gigg¥opathy (]Marelll D., Cell
Transplantation, 1:383-390 (1992); Koh, G.Y. et al., J.
clin. Inves., 92:1548-1554 (1993)}, anemia {(Hamamori, Y.
et al., Human Gene Therapy, 5:1349-1356 (1994)).
Undoubtedly, there will be many hereditary diseases to
which myoblast therapy will apply.

although differentiated, mycblasts are nonetheless
20 embryonic cells that are capable of de-differentiated or

even converted. Thus, myoblasts have recently been shown

[
u

to be converted into ostecoblasts with bone morphogenetic
protein-2 (Katagiri, T. et al., J. Cell Biol.,
127:1755-1766 (1994)). This study demonstrates that

25 cytocline-converted myoblasts can be administered to
patients with bone/cartilage degenerative diseases.
Alternatively, it has been demonstrated that mouse dermal
fibroblasts can be converted to a wmyogenic lineage
(Gibson, A.J. et al, J. Cell Sci., 108:207-214 {1395} .

30 The implicated usage of myoblast transfer therapy to
treat cancer and type II diabetes mellitus is dascribed

below.

WHY MYOBLAST THERAPY
is In hereditary or degenerative diseases, gene

defacts cause cells to degenerate and die with time. An

effective treatment must not only repair degenerating

10



(1994)), cardionyopathy (Marelli, D., Cell Transplantation, 1:383-390
(1992); Koh, GY. et al., J. 15 din. Inves., 92:1548-1554 (1993)), anem a
(Hamanori, Y. et al., Human Gene Therapy, 5:1349-1356 (1994)). %DEETWB

Undoubt edly, there will be many hereditary di seases to which nyobl ast
therapy will apply. Although differentiated, nyoblasts are nonetheless 20
enbryonic cells that are capabl e of de-differentiated or even converted.
Thus, nyobl asts have recently been shown to be converted into osteobl asts
wi th bone norphogenetic protein-2 (Katagiri, T. et al., J. Cell Biol.

127b|1755 1766 ew@ﬁ))bumemwm deagnsdred e,%htdaau /25h§¥t@£x|1|kfjt95cC0nVert6d
myobl asts can pe admnis atients wit one/carti e_degenerative
di seases. Al't Fnﬁf?b%ﬁxﬁeﬁﬁ tﬁ&stﬁgéﬁpgi Y et dgfﬁﬁflﬁﬁtgg ?ﬂﬁ#ﬁ;

fibrobl asts canebéscomwerdred iicocallyogermry | | (Teggedved-bsbnmoledilast al, J.

Cel | Sci., 1085¢Qde2d4 £ak223) ksing38 J@ﬁelmﬂﬁta%%asaaﬁcﬁf gyobl ast
transfer therapﬁ to that cancer and tége |1 "di abet es Hellltus I's described
fe a

bel ow. WAY MYOBRAZTTHERRSPI3S*PA°RE t%ﬁ%?%aﬁeﬁﬁééﬁe FPI°Ti sdldss, gene
def ect s cause pehlisatoudiegdser aiegaadgene madipuliamecnAnaneéfecti ve

treatnment nust rQBf.ELQ{'él'y fdesl%a'crelqggen?ﬁf”&ﬁ@ﬂ ]t%e%e 1%&295§1&P{4§ but

repl eni sh dead cells as . This can best be achieved %
transplantatloﬁvbﬁeﬁﬁﬁmﬁq%ﬁﬂqﬁfsﬁoFﬁﬁFan¥ﬁ?,?aﬂoFe§6ﬁ§t?Eg% ??aTHE%apy The
advent of nol eedabas. genetics favors single gene mani pul ation which. is 5

currentlyy being expipred t g frgat Ngengti§0 diseasess Lhkencpharnaceuticals,
si ngl e gene mani pul ation cannot enish Tost cells. Fln%r—-ther there S

very linited &¥raenrzed ioh qﬂﬁeéérégdeﬁ%H§§WE§Ht 8pai Ardefenrdt
cells. 10 I n UcBeaPatentuddde Heg2Oetdijion harsl iwradmess. A comp031hlon

comprised of genetically normal mydblasts from a donor
was injected into ocne or more of the muscles of a host

15 having & hereditary neuromuscular disorder. Muscle
structure and function were greatly improved with the
injecticn, thereby preventing or reducing muscle weakness
which is a primary cause of crippling and respiratory
failure in hereditary muscular dystrophies. This

20 transplantacion 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

125 latter gene therapy, single copies of the down-sized
dystrophin gene are transduced as viral conjugates into
the mature dystrophic myofibers in which many proteins,
poth structural and regulatory, are lost previously.
Multiple gene insertion is necessary to replace these

30 - lost proteins (Fig. 1). More gene insertion is needed to
produce the cofactors to regulate and to express these

lost proteins in order to repair the degenerating cell.

SUMMARY OF THE INVENTION
35 _ The demonstration of preliminary feasibility,
safety, and efficacy (Law et. al., Cell Transplancacion,

2:485 (1993)) of mycblast transfer therapy MTT prompted

11



di scl osed for the first time conpositions and nethods for treating nuscle
degener ati on and weakness. A conposition conprised of genetically ?r

nyobl asts froma donor was injected into one or nore of the nuscleg 8ﬁ?ﬂm3
host 15 having a hereditary neuronuscul ar disorder. Muscle _ structure and
function were greatly inproved with the injection, thereby preventing or
reduci ng nuscle weakness which is a primary cause of crippling and
respiratory failure in hereditary nuscul ar dystrophies. This 20

transpl antation of genetically normal muscle cells into the diseased
nmuscl es of patients with herestarxenuscular gggtro own as MIT.

) hy, |
MIT differs si GBrFi cBRERSPHF rriEmPHERbAVERNTIYSa giﬁg? L gBhie 't ranster
format in severaljerespgcl3.billibhi syclbasts timtogeaeht dbréapyBuctiengke copi es

of the down-si - r ' ced | ¥l 5 ' t i nt
si %&‘,@bﬁg%} n%%%ﬁ?‘“?nﬁaﬁiﬁé@% adpay wifmlsoonidygates into

the mature dystrop ers. in ch. man roteins, _both structura
and regul at or y f28L8sFRRE L PHRRTGds Py StT ¥i&ﬁg§ﬂéene%?%siﬁ?4§ﬂfﬁ%§ necessary
to repl ace thesieuBlelbsindradtisiinsl( Ergal lprotvord . geprronseriay airei EDAeeded

to produce the &af 8ALOL ST 1,0 430uhat B<a0d 1 eXRLEFSsth@sart Ost proteins
in order to repalr the degeneratlngycell. SUMVARY OF_THE | NVENTI ON 35 The

denonstrati on SFOFRERFRF n2/RAHEES BY1 Pt §° ° JORErYy: aRtCRiITTEN “CLaw et. al
, Cell Transpledantratsongo i21j48%iph898Y)10f5 midbiast myehsfes, ttiderapy MIT

pronpted 11 2 3 ;DEC, 2003 tAi'S.d NVeRLET ybed Mddyalignt) Wosl @ bady trial (VET)
|nject|n3025 bill1on obl asts into

yst r ophED ( DVDP63E5ala SbchPi FORA GHE1 o IFAEF CeRaBT Shffrer al
dystrophy (1| FSHnclilke rhoslonirzedtesndokbl shdilided. cbhakcathesdal protocol,
approved by th%b%%englgpngh%%sl.l)ananﬂe de ERE8%ctRScakwabygs two MIT
Do e oD o By Sl ks, GPSLL RLECHE L 255 00
10 DMD boys have received WBT and 20 more DMD boys have
15 raceived 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
brachii or guadriceps received myoblasts or placebo, five
240 subjects have demonstrated immunocytochemical evidence of
| dystrophin in one of these muscle biopsies 3 to 9 months
aftar MTT. The contralateral muscle biopsies show no
dystrophin. The pulmonary function (FVC) either shows no
deterioration, or has improved by 15 to 25% in over 80%
23 cf the subjects 3 to 6 month afcer MTT. About 50% of the
subjects report behavioral improvement in running,
balancing, climbing stairs and playing ball. One 14
yr-cld DMD subject has stayed active without the need of
a wheelchair after MTT (Law, P.K. et al., Amer Scc Neural
30 Transpl Abst., p. 27 (1995); Law, P.K. et al., J.
Cellular Biochem.Supp, 21A:367, (1995)).

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

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

that myoblast therapy can be used to treat a whole

12



either 23 nmuscles in
: the upper b
Eﬁggt(LBlLaohgjected nusclgg ing?ﬁdéuﬁgésgriaotﬁg 10 EUSC|€S in the | ower
’ n, arms, hips d . neck, shoul der, b
3 nont hs aft ps, and legs. Subjects t , back,
‘ore DVD bo grheach MIT. One |FSH and 10 END bo 2kﬁ oral CYC|OSSE%5 e for
adver se regctigxe %ﬁ received UBT or LBT in theypas?Vi7recelxed i EHHZ@&
feasi bl e and safe. vﬁese prelimnary results indi nonths with no
. safe. Wile blinding w ; icate that the WBT i
as to which side of the bi g wll continue until the end 'S
pl acebo, fi : iceps brachii or : ~end of the study
praceno, Tive 20 cub t ' habe denmnstratea.| munoeytochem ca sigence of
contral ater ; ~muscle biopsies 3 to evi dence of
(VO eitheﬁl‘éﬁﬁnﬁ%ctlyﬁg@ ggﬁg@_@iﬁhmmsegyg@r%m %&‘%gg@%{lﬁ%:r I\/][rT. The
800 25 Of'the;sgﬁﬂqgﬂ"‘v rlO{agi hg O bas, i N@M@ igab al unction
: 4GVt e%xn% é} g .- L3 , | & 15% }s 4% a.
report beh ay nmonth after MIT. g In over
ol ayi ng baﬁr'é%ﬁifdﬁﬁtovigﬁgt i n running, balaﬁgfﬁt 52?i§£gh§e ts!JbJeCtS
of a wheel chai = pre PV stibjreroliages i cion stairs and
'(A‘?_St - B elzgh(?\igrggggl;e{ﬁ/,\,rf:% L%\ivggpdalk,(ger?éra@ing ézblsajg;t:\q\égg\gpg OH-EIgr gge lneed
99S)). This ; S al7, Jd. : : Sp
bi 1156 myobl ASks. Pﬁlf)ﬁtimma@f"eﬂéasw#ﬁfegﬁggs TR SRRl
b o i gt D S e
enonstrat i e i QghCab® vidDale g e that
nyobl ast tkgp;iiﬁ%é;aﬁs?‘%@ee , &ct1 veness f urd Egtln?g;m; S79The
el i an di seasesﬁ;@z iﬁ:u;ﬁ:ﬁf}-eéfwamm%?e 12 %\t?, D{ég;gg%:dtﬂe idea that
of undesfrabl & Hechise: conditi i ary is dégeferdtive® d Q3 variety of
; se o) e, debrlit
provi des conp &Rt %%nglr’té%)g?fﬁacr&rf%@%al ofisl a;md:e‘shénﬁpé%eeﬁtl lnﬁve];?f gln’
myoblasts, myotubes ané%%r %%%erﬁﬁééﬁk(EﬂbbﬁsandThEﬂﬂ eni shi ng
myogenic cells may be primary-cultured or cloned from
muscle biopsies of normal donors.
liy cransduced myogenic

siblings, ©T friends of
in additiom, it

They may also be

15 cytocline converted oOT genetica
cells. Typically. rhe parents.

the dyscrophic patient are the donors.
is contemplated that the establishment of superior cell

lines of myoblasts. whether from humans OT animals, will

20 provide 2 ready access of healthy donor cells for

patients who do not otherwise have a suitable donor {Fig-

p.K., Myoblast rransfer, Landes,

2 ro 5, also Law,
concemplated that the cell

austin, (199%4)) . It is further

rransplantation procedure will augment size,
and/or alleviate the disease

shape.,

25 appearance oI function,

conditions.

The present jnvention provides a mechod for

controlling, initiating, ©OF facilitating cell fusion oncs

the myoblasts are injected into one or more of the

30 muscles of a patient wit
artificially increasing the concen

cin-6-sulfate proteoglycan (LCESP)
£ che rransferred

h the degenerative disease. BY
cracion of the large

chondroi ovar the

patient’s endogencus level, fusion O
lves or with other cell types

donor myoblasts ameng themse
(Law, P.K., MyoblastC

35 can be enhanced and controlled.

Transfer randes, Austin (1994}).
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lost cells in patients with hereditary or degenerative diseases, in
particul ar those characterized by nuscle malfunction, degeneration and
weakness. In practicing the present invention, any nyogenic cell n&y )B@ 200
used, 10 regardl ess of whether it is of skeletal, snoboth, or <cardiac in
origin. Transferred cell types include nyoblasts, nyotubes and/or young
nmuscle fibers. The nyogenic cells may be primary-cultured or cloned from
nmuscl e biopsies of normal donors. They may al so be 15 cytocline converted
or genetically transduced nyogenic cells. Typically, the. arentst si bl i ngs
or friends of fkelgy¥ekoprrehgfatddfttaPs the Wﬁﬂ%&onlﬁoa&%PFPBﬁ, PE s
cont enpl at ed t hakibheress abddwwiertheohostpend otoreet Icelllisnes Tof thysbl ast s,
whet her from humans_or . aninmals, wll 2 V| a Jeal ce feheal thy
donor cells fanapaf?éh?%"vkﬁfé(§7%§:mé?ﬁ%é&d%ﬁ?ﬁmﬁé?ﬁf%ggi?agﬁgpgoﬁgr (Fig.
2 to 5, also LawclRdkng Mybittsi Piagenablyi phrquaioAPe WeLRSersr t her
Cﬁntemﬂl af ed thatokhaieelir ¢4 anapgatabkonspr peadupanallllelangment si ze,
shape, 25 appearance or function, and/or _all ey] i.sease ondi ti ons.
The present in# ilgﬁrf)ro?ﬁ‘ & & FerAsE F‘(]ilr:L lc%% fto%elh_?"ﬁ%,ﬁ%ﬁitiﬂrgtgi ng, or
facilitating cellalf usi oo adceeve maxigonl asld Evelomjwidtedhienidéashe or nore

of the 30 musclggat pr@@&{iaﬂé hribe.degeses ativg disseasex.By
artificially increasing the concentratiogn of thF}%ﬁﬁqe
e

chondr oi ti n- 6- SMRAEE CpFER_SHTFYc HEAEE B - ober patient's endogenous
| evel , fusion of thent adsteneedkddreivenvestbe wehnadesiescell] drypes donor

nyobl asts anong, M. Gbleast ; 3 dnapdl saniualdedon aw b K., Y
Transf er Landeg?N%EEE?% %%gﬁﬁﬁ?#pﬁgﬁg%%Q%ECEZOOS.It iseyﬁ%f%no her gbj ect
0

t
of the inventi &¥eco SPnBREYRE PHEPETTSICHRTLEFE bRt YRTHT 1 Hie Kot Shd donor

cells. To thisof having normal children (Fig. ¢ to 13; also Law, F.K.,
Myoblast Transfer, Landes, Austin, (1994}). )
15 It is yet another object of the present invention to
provide an automated cell §rocessor, a highly efficient
means for producing mass gquantities (over 100 billieon in
ornie run) of viable, sterile, genetically normal as well
as functional myogenic cells whether genetically
20 transduced or cytocline-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 to 15).
It is yet another embodiment in which myohlasts,

30 and/or their physical, genetic, chemical derivatives, are
used to treat cancer. Figs. 16 to 18 illustrate melanoma
cancer cell death upon exposure to mycblasts in fusion
medium. According to Cancer Prevention and Control
edited by Greenwald, P., Kramer, B.S.. and Weed, D.L.

35 - (Marcel Dekker, Inc. New York, 1993), skeletal muscles

appear to be devoid of cancer, though malignant tumor and

14



end, various injection nethods were tested and conpared including

I njecting diagonally through the nyofibers, 5 perpendicular to the nyofi ber
surface, parallel to the nyofibers, and at a single site into the 73! 2803
The goal is to achieve maxinmumcell fusion with the | east nunber of
injections (Figs. 6 to 8 also Law, P.K , Moblast Transfer, Landes
Austin, (1994)). 10 In a further enbodi nent, the technologies of in wvitro
fertilization and bl astonere reconbi nati on can be used on known Duchenne
carriers to increase their chances of having nornmal children (Fig. 9 to

13; also Law, %e'ﬁa'scawgbﬁﬁét‘thrﬂi“safr?re,velf@ngeﬁer%séérﬂ, (AOYery ot 1S
yet anot her object of _the ‘gresent Imé'-ﬂr; on Erow de an automated cell
A*hr 6868i

processor, a hicgfey &ff Ferenta RS Yuantities (over
100 billion in oneThanyreoénwiabhwotadblearcgénetness d yagiormals as wel | as

functi onal WO%%':‘E-::BEEBS M’*‘@M‘%u&‘%fé%t IoCabh¥he0akt NS ed flcaced

cytocline-converted. "The cell processor has an_int ake system V\/m ch will
hol d bi opsi es &PWaFFGﬂscoﬁﬁ?&qu QuESneFRE EBF RS D DTS WEENPEFesr Wil |
be progr am*redmtyobmaecesserapysua{:sj 1wnd wrhliiscontnoipld man apdse o

proportions of wiltUng) 60nstiSHpN 5 And ARRAE BLUS Z.Lunel | NS Cel:

conditions can be nonifored at an urin rocess
system provi de§ig2&Gpp| Pelobite® | salJl”tr‘d-bWeésﬁérgF‘Pan%’i’%‘?SﬁarF d’@lhllctlﬁer apy or
for shipment @bings. m¥é4blasdd)inddrd :heetwhaneat hetrmenbpshgrntand ciisch

nyobl ast 30 /Qr, [ ﬁﬁ! net C iMvatives, are
used to ]tsof eat %gglcgr DEE?génP%ﬁt C'8““ %ﬁ S’tsft %gFgQQQ} aﬁ%sn%eg ccaf]icler cell death
upon exposure ETEPAREBRESEReRniRYstoh sanEditdie ABESr g to cancer
Prevention and Cont mah-ccenaedf&am@e@era\tﬁl ddvBEnralearners 2serioad iveed,

D.L. 35 (Marcel, | kke Inc N? WY 5 %_ é%f (%£§ p r to
be devoi d of cancer %po tnge:]rt ljjt?rr%rée‘:gl{ﬁ £ %% 3’30% Bha
o*esently p*ererre embodiments and from the drawings.
15 Furcher, all references described herein are incorporated

by reference.

BRIEF DESCRIPTICN 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 dystreophin
(DIN), dystrophin-related-protein (DRP} and
- dystrophin-associated-glycoproteins ({(DAG), enzymes
23 elevated in serum levels of DMD patlents such as
creatinine phosphokinase (CPK), aldolase (ALD) and
aspartate transaminase (AST), and mitochondrial (Mito}
pfotein differences. Although these protein defects are
caused primarily or secondarily by the dystrophin gene
30 defect, their correction will regquire multiple gene (Gl
rto G7) transfer.
Fig. 2 illustrates MHC-negative myoblasts and

MHC-positive myoblasts. (A) represents human myoblasts

assayed with anti-MHC class I antibodies and viewed under
a5 " fluorescent microscopy. The arrow indicates the

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

1s



net astases are found in every other organ. The very few cases of sarcoma
reported are rare exceptions. The recent inmunocytochem cal denonstration.
of ~ dystrophin in DVD nuscles 9 nonths after MIT indicated 5 | on@3tJef )03
correction of genetic defect(s) can result from myoblast therapy (Fig.
19). This principle can apply to treat malfunctional insulin resistant
muscles in Type 11 diabetes nellitus. As a universal gene transfer
vehi cl e, - donor nyoblasts insert the whole nornmal genone and this 10 can

repair any mnal N I IIs, nder i them insulin
sensitive (FlgLH§8§ g%?fona E?%a?ﬁgggggﬁ advg%%aﬁggméred&ESEFFbed in
and will be appéere ﬁcfﬂ5ﬁ¢F¥N#(ﬂXQﬂhaéé -de8eri pt #Bnumf the presently

preferred enmbodi mentsgand {1pmedhe 4 aw aaslygié Fﬂr& hedyastld pief erences
descri bed herein aE; |ncor§orat%g6ﬁ§% refer E SCRI PTI ON OF THE
DRAW NGS Fi g. IYi-§-a“8f a7 ahy BHhEC5F  FRRPRADRA fﬁ%ﬁ%ﬁ WiFHoYEf ects in
DVD nusclse celhstuhaﬁcdciisw ¥ reovhibodidels . nBsopeesel dygeblRExese reactede

menbr ane strucpggglagg@tﬁﬂ@sclgggﬂ¢ aneidegigased or absent in DMD such as
dystrophin (DI N), Egstro phi n-rel at ed-protein (DRP) and -

dyst r ophi n- associ at ggl%Ciik%n%ﬁ%%§eEDﬂéigr%ﬂz9ﬂe%he:E?Q§§§&&Péd°rntg%run1

| evel s of DMD pabbéassssunineuare:me@htmvaefphommmoklJﬁﬁmge&CBKbreakﬂ@iase
(ALD) and aspg?tgpgogi e (AST), and mitochondrial (Mto) protein
di ff erences se ein defects are -caused prlnarlly or
secondari®l y by the dygtr% ﬁ*i}’éﬁé%ofélé%ﬁm%e}f#t%tﬁlrté@tsl B8R WPl require
mul ti ple gene gﬁﬁuosooﬁﬂ&yﬁwkanﬁhemf:ErgseQarktLﬁﬁrh&e&ydﬂﬂ$ule§a&tyﬁ

nyobl asts and_(WiC-BosLLLYE, THRDLASLS: LA LEPLEsENt s dutma qyobl ast s

assayed with an | - ass anti bodies a v ewed un escent
mi croscopy. Th¥EHArPBFRTHER (K ¢y eNPEeReRAt TXYRO YA/ -astiA) (2ndj Bbf the

sane slide viewed b8 the same magnification and the pictures were
15 similarly processed. Bar = 30um.

Fig. 6 illustrates the angle of injection that
determines myoblast distribution. (A) Obligue myoblast
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 moést mosaic
fibers. (B} Transverse injection delivers donor
myoblasts to a large number of fibers, but covers a
smaller area and is more likely to result in leakage from
the injection. (C) Longitudinal injection resulcs in

25 donor myoblasts fusing with each other, with fewer mosaic
fibers being formed. (D} Focal injection results in only
a small area of a few recipient muscle fibers being
injecced with donor myoblasts.

Fig. 7 illustrates donor myoblast nuclei labeled

3G with fluorc-gold (FG), and are present in host muscle at
seven days after MTT. (A) Mosaic myofiber with donor and
recipient nuclei (black arrow) and deonor myotube with
donor myonuclei (white arrow). (B) Mosaic myofibers with
donor (whHite arrows) and recipient (black arrows) nuclei.

is _ Fig. 8 illustrates distribucions of donor myoblasts
labeléd with FG in host muscle. Even distribution of

donor mycblasts can be achieved with obligue myoblast

16



2 3 DEC 2063 under a regular light mcroscope. The arrow i ndicates the
MHC- negative nyoblast. Bar = 20 um Fig. 3 illustrates an anal ysiF3QfC 2003
nyobl asts by cytofluoronetry. Control: nyoblasts reacted without 5
anti-MHC class | anti bodi es. Sanpl es: nyobl asts reacted wth anti-VHC
class | antibodies. Fig. 4 is a scatter diagramof the separation of the
myobl asts that were negative for WMHC-1 antigen expression by
cytofluoronetry. 10 Fig. 5 illustrates fluorescent intensities of two

groups of nyobl asts after ses)ar ation by cytofluoronmetry. (A) represents
MHC- posi ti ve mydbl&csti®n ((By B) epPEs@RY MHIehefali FBPBAT wERIBAF s essed
myobl asts. (A) and,Bhitar arebws hewlsadre gm@mamgatsh@n mtmc&m@nures wer e

155|mlarlyprocse Br—30u |Iloutp hea,n e af
i nj ection that %l er% neg fy oDl a(sTef d"leg:i Barr o% ?ifé‘f% ik quer%rﬁ/':tﬁiogst
i nj ection delivars @dner Lapsbradiaal olmh?éxgloéat est nunber and area of

reci pi entgruscle filmags w &mw@ré@@étcr?é)plr@a&egeonr@§m1d%érﬁct he
formati on of the npst rrglr éc bers. @Oé'rllran verse in ectlon del i vers
~&r § 9

donor myobl ast=t & nﬂﬁ%lé?mosfm OPBGEe cHVEPR-HF  sal | er area
and is nore likely tFagreddl tlinstesemaimeemlithernaiest ibmofm@l, 1

Longi tudi nal i ndyeddramer, e§“h§§tf6‘%@§ d&ryy tlgygglzegﬁlﬁ fusing with each

other, with fewer npsaic g}\ ei n% D) Focal ect [ on results
inonly a small aréaSofld FEWFTREIT rﬁhyﬁ&§&P€ F?‘?ae?%c‘b”e‘?“r#gg Hj ected with
donor nyobl ast snaxEimgl 1sptnbusic atestcorord meobhast temglens Iea:baaadIzBO W th

fluoro-gol d (FQy:Andadleechr egenboldudidflsclusche phe éﬁ%(days after MIT.

(A) Mosaic nmyofiher with dongr _and recipient nucl el arrovv) and
donor nyot ube VAtYPPRESREr ﬁf}gnﬁ}ﬁ‘%?oﬁ(%ﬁ tlétérema&es(B)T% loRrfrERI ber s
with donor (whdmrainegssyecaatblectips endrr@ll ackcheromsannild ei. 35 Fig. a

il lustrates di %ﬁ%tpihggsrggog@més myobl ast s
: 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 degesnerative -
characteristics such as fiber splitting and central
20 riucleation are apparent. ‘
Fig. 13 further illustrates soleus cross-sections from
allophenic mice demonstrating core fibers (arrows)
characteristic of muscle from DMD carriers. Although
most mycofibers remain normal in appearance, some
25 degenerative characteristics are visible such as fiber
splitting and central nucleation.
Fig. 14 illustrates the general layocut cf an
automated cell processor.
Fig. 15 illustrates the detailed design of culture
3¢ - and harvest automated actions.
Fig. 16 is a comparison of cancer cell growth media
with myoblast growth media on cultured melanoma {CRL&322)

cells. (A, C, E, G} low magnificatien; (B, D, F, H) high
magnification. {A, B} Melanoma cells cultured in cancer
35 cell growth media for 9 days appear healthy, as evidenced

by their numbers, elongated shapes, and branching

processes. {(C, D} Similar amcunt of melanoma cells
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| abel ed with FG in host nuscle. Even distribution of donor nyoblasts can
be achieved with oblique nyoblast 16 2 3 DEC 2063 injection (A B), or donor
nucl ei may appear in patches (C D, white arrows) which gradually show nore
abnormal nuclei and debris. (C) represents a transverse inj ection” gﬁgnﬂp)
a longitudinal injection. 5 Fig. 9 illustrates the production of a pheni
twns with the nmechani smof allophene formation. Fig. 10 illustrates three
littermates: | normal, | allophene, | dystrophic (top to bottom. Fig. 11
il lustrates physiol ogical recordings of 10 maxinal isonetric twitch and

t et anus tensions at dB Hz elicit%g fromthe sol eus nusc|es of the nornmal,
al | opheni c, and dVSEFopAliE ritTrTthtids MYPRE2SF| FHPEHR Medidotarngsdtesenl e
the' normal, rathee tharn theerdystargbhiidfeeent dangs. | (€, FiFg. At2ekl Ltaistrates
sol eus cross-secti,ons;from | apheni.c. i.cC Jatl care fibers
(arrows) char actdér’,i st ifIc'o'fu:"gr?rll-us‘f:laf)}'el gr%megg%jn@‘é%e\k%%ngs Cﬁﬁgf'

nyofi bers remai n“RdtFafUPRTeibhedidiifc @ocopfe sakgriarhtin shapkaradt eri sti cs
such as filser spHiettihgdaffomerts alur2@cRycheal tonimy erappanente 1 Fkdard3

further illustratesssokeus Sosections.fr al | apheni_c ce
denonstrating cotr:é'gfli g‘é}re's .(gaé; (r}gl%kfe' %ﬁ%}";gr‘é%% T ForY r‘?’ugc’?lwghﬁaa)ﬁli‘bND
carriers. Al thou§Rllfosenadf {Ders (Gendi nAfbenels idevsppeamypbéassome 25

degenerative chaggewehi aédis, altee WelabbRasyen assdilenpseplki hihogoand
central nucl eatig% E%glc%A' illustrates the general |ayout of an automated
cell processor. F'g. I57i {ustrates the detailed design of culture 30 and
harvest. &% omated acf+®nsl7 Fiig.lusGriages oprpbassornsf redacemaceklilgrowt h

media with nyobliast gsewidkridich eacgult ukes; alanong CBL322) groweh
' media. (A, C) low magnification; (B, D) high
magnificacion. (A, B) Afrer 9 days in culture myoblasts

and melanoma cells are numerous and remain -

|+
wi

differentiated. (C, D} After 14 days in culture -
myoblasts dominate the culture, with melanoma cells still
surviwving.
Fig. 18 illustrates myoblasts 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)
Myoblasts and melanoma cells (1:1 concentration ratio)
after 5 days in myoblast 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 ars beginning to fuse. (C, D) Myoblasts and
melanoma cells (1:1 concentration ratio) after 10 days in
myaoblast fusion medium show numercus dying cells. Only a
few can survive in this medium for this long, and they

39 ars detached and dying (D). (E, F) Myoblasts and
melanoma cells (l:1 conceatration ratio} after 19 days in.
mycblast fusion media. The surviving myaobalasts recain
their spindle shape and align with sach other. Melanoma
cells have become spherical and detached. (G, H!}

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

after 19 days in myoblast fusion medium. Myoblascts have

begun to fuse, forming myotubes.
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cells. (AL C E G lowmgnification; (3, 0, F, H high nagnification

(A, B) Melanoma cells cultured in cancer 35 cell growh nedia for 9%@3%?2%3
appear healthy, as evidenced by their nunbers, elongated shapes, &
branching processes. (-C, D) Simlar anmount of nelanoma cells 17 2 3 DEC
2063 seeded and cultured in nyoblast growh nedia for 9 days are nore
nunmerous and differentiated. (E, F) After 14 days in cancer cell growth
medi a, the nelacoma cells, while nunmerous, have becone spherical in shape
and 5 detached fromthe surface, indicating that the cells are dead (2)-
At higher magnification only a few heal th cells remain (F). (G H After
14 days in myobl ast Fif owh ifedia MPHECHE %ﬁﬁﬁﬁ%ﬁﬂﬂIQ?W&ﬁSIFaébéﬁa?fnunerous
and heal thy. 104fkgrogid |idisumahenusydbl asssrasictkrimilanemaleeht son (&f 1
concentration ratio) ce-cultured inqnggblg$t §H£HMJW Jediag (A0l ow

Im

ia

magni fication; EBECOFFRTGR® FAHTT rcatton. - (A B) After § days in culture
myobl asts and fel aMBneuseld siBre fGrePbuBMRAMN deafaibTachidi FEREFERSI at ed.

CC, D) After l4edgyssigmucilddlingo wuebkasisutiprimais iieepdl buaeplitébo

mel anoma cell's still , Survi ving. th. #% i1 strages_ngpb%a%ts and nel anoma
celI's co-cul t urBaeFRIMOBIRH g FORFA2ABET TR FBtS Y Hay S°aRG PR&n 20 in
myobl ast fusi onbiredsies . (Sire BliGiihgweomginddcatritdd; thB, epd £ H)ehigh

magni fi cati on. ) I Migr€ el -1l chne@Rcent rati on
ratio) after 5&@;9?,_%M%3§%$§két?Bﬁ_B? it A

| obl ast fusion nmedi um_ Many nel ano cells have
becone spheri caFe¥Ra* &8t adtiE EromPR ?ﬁ?f%ﬁi?%ﬁi%B%f?af@rﬁg?egﬂ? iving in
this mediiom Mobkasisatssmial dysalbbiiand Bk, beyinmnyg 6 ~ese. CC, D)
Woblasts and gelanors, £old Syel-La5RIEANEEALAON IRhR)- AR L0 days in

myobl ast fusi on nedi um show nuner ous ying cells. quy a few can survive
inthis nediun1P6FkEﬁP§n¢cﬁkfm%ﬂﬁf pﬁéyass ciated with ‘the sarcolemma.

Fig. 20 illustrates (a) normal skeletal muscle
metabolizing glucose with insulin. (b) In Type II -

diabetes mellitus, the major seguela of insulin -

=]
n

resistance is decreased muscle uptake of glucose. It is
possible that the gluccse transporter in muscle is ‘
abnormal. It is known that insulin-mediated stimulation
of tyrosine kinase and autophosporylation are impaired.

20 These latter defects can be corrected by MTT by normal
gene expression (from Metabolism 6:6, 1993).

DETAILED DESCRIPTION OF THE PREFERRED BMBODIMENTS
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
may be treated with the inventive compositions and
methods.
30 - A. CONTROLLED CELL FUSION
Myoblasts have the unique ability to fuse with other.
cells. With the use of normal myoblasts, a full
complement of normal genes can be introduced inte any
geneticélly abnormal cells through cell fusion. For
is . example, the genetically abnormal cell could be a liver
cell, heart muscle cell, or even a brain cell. The idea

is to incroduce a full complement of normal genes into
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30 are detached and dying (D). (E, F) Myoblasts and nelanoma cells (1:1
concentration ratio) after 19 days in. nyoblast fusion nedia. The
surviving nyobal asts retain their spindle shape and align wth eachd 8Ehéi]
Mel anoma cel | s have becone spherical and detached. (G H) 35 nyoblasts and
mel anoma cells (3:1 concentration ratio) after !9 days in myoblast fusion
medi um nyobl asts have begun to fuse, formng nyotubes. 18 2 3 DEC 2063
Fig. 19 is an i munocytochem cal denonstration of dystrophin in human
muscl e. Sarcol emmal |ocalization of dystrophin is shown in normal control

][nrJzﬂ : (A%)_ bU: a\'%%tormiam BMDy QU&YAMTT e n(rﬁ)refg_ge, D&r&\/di)d dl}@%el&riachiiiseﬁklsd es 5
subj ec 0. .receive I n, one biceps an ceho. .injections in
the contral at ef&l tHﬁsEFBEQEj?r‘()EJbeﬁ‘Qﬂ @otb%pgﬁ%&ogcﬁ%agl 5175 r?&fjﬁg’eg‘(“)ﬁ ‘?nues
until the end af+izhe study, the designation of the MIT nuscle cannot be
reveal ed. However, %E;ﬁgesb WenetQne; sak 6ok evmmd ik digeal i zation of

dystrophin. (B), (O, ( were Intentionally over-exposed to show

i muno- r dact i vETTHEERGRURE® ?Ehﬁﬁ@%%%%ﬁc?%‘%/w ViR Erﬁgu &rE6Y emma.
Fig. I 20 i l(lb;JST oesihapbnori®l i skad etial wouidl e wetboldwzicngegblicose with
i nsulin. n_Type_ LI 1ls_-di abet ki ; ' I I nsulin
- resistance i §nd)<aéélaé:§sgé Fr%!égf%aﬁ?et ar%élo%{%f‘a%gcg%@ingﬁbg%gggsgieg%e t hat |
the gl ucose tramsperedr irpontRe|Rods  ABndFnBROWE tERAE KYSRRT 2ERgt Fuse

i nsul i nanegi)aﬁrﬁtéa&tiilmhet igﬂfs@furi )trd‘:?ﬁ:igﬁerk'tﬂaﬁg antaithaehosmaey! ati on are
I mpal r eaq. ese latter enects can .pe r,ecl.e¢ by, . no ene
expressivh (fr&MECELSF] @ﬁfﬁ:%?ma]ﬁ%)l.n 5&%@%5?&3%&%0:%&“9
PREFERRED EMBOBIMWENNESTtSThee conprstad difs ramdsael #otd st ed herein wil |
25 be illustratsd fekitieatraatsept (gv)i ndhybdeads dreaing cawgeadihary

neur omu | i ) i i
neur omusoul ar di seases, FRUEVErs; L1l % s:0800e0R! AL Nalrahhghahost s and

large chondroitin-é-sulfate protecglycan (LC8SP) (Young,
15 E.E., et al., J. Morph., 201:85-103 (1989}). 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 is, therefore, necessary to

20 inject as pure as possible fractions of myoblasts in MTT
without contaminating fibroblasts. _

Controlled cell fusion can be achieved by
arcificially increasing the local concentration of LC6SP
over the endogenous level at the transfer site. In

25 muscles, this is achieved by including approximately SgM
of LCESP in the transfer medium. In addition, insulin
facilitates the developmental process in vitro, and may
result in the formation of myotubes soon after myoblast
injections. The use of LCESP (ranging from approximately

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

B. MYOBLASTS: THE UNIVERSAL GENE TRANSFER VEHICLES
Whereas MTT results in the formation of genetic mosaicism
with gené rransfer occurring in vivo, the production of

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

myocblasts.
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may be treated with the inventive conpositions and nethods. 30 A
CONTROLLED CELL FUSI ON Myobl asts have the unique ability to fuse with
other. cells. Wth the use of normal nyoblasts, a full conplenent, pf
normal genes can be introduced into any genetically abnormal cellszgﬂE%@@ﬂ
cell fusion. For 35 . exanple, the genetically abnormal cell could be a
liver <cell, heart nmuscle cell, or even a brain cell. The idea is to
i ntroduce_a full conplenment of normal genes into 19 2 3 DEC 2003 abnor nal
cells and, therefore, treat the genetic diseagg .at the gene level and not
t

at the hormonal or bfDtRehPEERICT RRI2CFHIT FE5t FRg HLARET S TR RS t hat
I nvol ve 5 structbeahopnal enuchénorimgl idlilesfr ahkétr hbanal egetead Adinem protein

abnormalities, | u f i ok RLL r |Jitate cell
fusi on once wog%g)sé?skg%?gag?%j &%%&%eﬁ%éﬁgﬁécﬁg%. h?%‘ﬁ?g %Incgl\c/\%f t hat
nyobl asts fuse 2PBadMRYy &tlidw ¥ uktdrr@sirayPensesn ctitttire. The 10

process i $ NDreceoapbexentl i8eeéPedyidll Siilmpai-c@Ar ASnéh@r Mmasts are

injected intra . ' t e | lbul ar _mat i x I nj ection
trauma causes ?‘ég%&#%&%@%@%&b |%@%%%%§'I%§P é?oW%'f%%?%o? rfad'féz)mand
| ar ge chondroi t BROBLsUPFaPE phrot Y| Baran aCicsSP) By Yeamgle 1521 BMD et al .,

J. Morph., 201 §5d10§dﬁ49§931&ve]B't?%rdﬂcﬁiy%%’étﬁ?@m BndSeb s S St idhyl ate
nyobl asts proli fer?'g_'%on. Unffrtur@tcfelgl, t hey .a sg <3ti nul at e 't he
proliferation ofo fIb¥obf aETR THAT" S ATELGT PREsERIeRFF3Tici®ased anount s
in the dy$trophrardiuseyecytesiwill Heref @eime inpecessanyatn &0 hagrct as pure

as possible fragtsens=0f 0] Astise idbMEL pWolRQUE oSONLRNENALHNAG is a
fibroblasts. Controlled cell f(%,lf?l on can e achi ev bg/ cartificially

d
i ncreasing the FOCAF CORCERTatt g~ PtrBFEP]e'?Wé Btftfogenous | evel at

the transfer site. |INormal cardiomyocytes have a very limited ability to
proliferate in vivo or in vitre. The heart muscles

15 damaged in heart attacks or in hereditary cardiomyopathy
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 cardiomyoccytes 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 vitro co develop

25 desmosomes, gap junctions, and to contract strongly in
synchrony after cell transplantation.

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

30 Cardiac electrophysioclogy. From Cell to Bedside.
Philadelphia: WB Saunders Company, 491-302, (1530)) aftexr
mapping of the injured sites. With the ability To grow ‘
large guanticy of these cardiomyocyrtes, the correctioen oI
structural, electrical and contractile abnormalities in

35 cardiomyopathy can be tested first in dystrophic,.

- cardiomyopathic hamsters and then in humans.
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25 nuscles, this is achieved by including approximtely 5M of LC6SP in the
transfer medium In addition, insulin facilitates the devel opnental

process in vitro, and may result in the formation of nyocubes soon after
nyobl ast injections. The use of LC6SP (ranging from approxi mat el yg/ﬁ;%ﬂ@%ﬁ}
to about 5mV) in the transfer mediumw |l likely lead to greater

success. B. MYOBLASTS: THE UNI VERSAL GENE TRANSFER VEHI CLES Wiereas MIT
results in the formati on of genetic nobsaicism wth gene transfer occurring
in vivo, the production of 35 heterokaryons in vitro has i mense nedical
appl i cati on Thi s Gae benachi evzansfErcoft Ebt IekFUeld FEPSISRYWPEh

nyobl asts. %ﬁ,o'B'iQs%QoénIQI éafﬁ&ﬁwo@lpcéel al€s im thed roaukblLedt ransf er
of the nor rral

cl el |l. of their r onor nyobl asts
into the geneti¢aX )f‘“ﬁbl”ﬂﬁ?“%\lﬁjo?%rm? B'rraf'lgréf‘n%e%e&ersoga%rggug
car di onyocyt es.cabdiismyodgues oporantl tiplys préebding i eppiatamuresrsi 8&ri ng t hat

car di onyopat hi ¢, d %@e@p&dd} eabout 10s of the
DVD pOpU|S<E:)1t|on e@g,igggggsggg ?%PP dlncin@o(iané eb v

I ndi vi 8 a]P ge vel op car di omyopat hy.
Undoubt edl y, the l&elcr“ﬂyit’o }eptahi TR OFEGENERRT etf il Wi§&ner ati ng 10
car di omyocyt es dﬂﬂdlda%eyaesl grensel iimacthennyecatdi se%\mgsmenm n the
normal popul ation Mhere Lhere.)Snd ; A1eak1 9005 AI8 O ndIRAS nhBE and

transplantati oﬁ‘ Sﬁormal car |orryocylt have a very lim_ted abil K L
proliferate indanar @eliis \}ﬁP‘P@PaaTH@{ hé’ér flrusefeeras &hifegéd (llﬁg Bhrt

attacks g in hﬁ{eedideab)f Eatdloaymxatm ceabnotanepkint tHeesekdveslihr ough
regenerat|on. By Jeotat Log. (he skelelalmysghe Cell ahar agheni stic.
e e %

mtosis, heter r di ony proliferate in
vitro. 20 Cont rmnhaadiscetlhlatf ésr:ah %u/%éﬁ-lﬁoﬁﬁﬁl Pﬁ?%lb?%sﬁt%o% nor mal
cardi onyocyt es SEsiIfsMclce8 Bt Rékal WeTardial infarct. The

biocengineering of mitotic cardiomyocytes using myoblasts
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 humeral signals.
Whereas mycblast 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 myoblasts will integrace
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.
With cell therapy., implantation 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/ox
hybridization of myoblasts and fat cells can be used to
35  control size, shape and consistency of body parts. Since
muscie cells do not break down as easily as fat cells,

good results may be long-lasting. Today, bedy builders
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exhibiting the characteristics of both parental nyogenic cell types.

Cl ones can be sel ected based on their abilities to undergo mtosi (S)an 0
vitro to devel op 25 desnpbsones, gap junctions, and to contract str w ”1
synchrony after cell transplantation. These genetically superior cells can
then be delivered through catheter pathways of the type described by
Jackman WM et al. (In: Zipes DP, and Jalife J, eds. 30 Cardi ac

el ectrophysi ol ogy. From Cel| co Bedside. Philadel phia: WE Saunders
Conmpany, 491-502, (1990)) after. mappi.ng of the injur ' PR t he
ability to gro®*el apgé® tc?fteymﬁfretaﬁégg g ?%?%n“i/aoéc%tagg %t tn%ﬁi'é'g\rp{lr t(g?:t i on of
structural, el eperiréght aptkoont r At useabforyetiiastes 1ansFRc&RdPERYSEpat hy
can be tested fjr [ S j ardi athic hansters and then in
humans. 21 2 3mDE%E§O@§g¥h£e£ Oagnmeat%ugatqr gﬁg?g}r[&gf the mtotic property of
myobl asts onto cardPonyS‘é’%%’go%ct%Li #WFPro controlled cell fusion enables
the resulgi ng het er gkar ¥otaK] i radeditomfoeybesion arill ilgings yifel di ng enough
nunbers of 5 cells,for _the I .t I e Gld eqtby, it
was reported tﬁ‘é’fmﬁ'gtsé ]r'r"i"’)uaggrhl 14ar %ggi%éggg? aﬁ?‘egﬁitén;ﬁgenteﬁeg%,% ocar di um
of syngeneic hesesols:nBaesmsent Jinesr & PH%@%"%H%%’&%&?“H st and
donor cells (SegpRamcMigeric alnona2iieReec,264498:1138Melopl FeHye use of
fetal cells for cell tranfgl ant has and will continue to raise ethical
questions. The AP FF**Fenmins that fetal cells will not produce enough
cardi omocyt es to mdndnagquyoR¥RRARAY i9ff Aveblashe 19iYEigi nd¥S RF of nitotic
car di onyocyt es iSid30 nkeBkash Sc I 10Ty icdeplaxsolass on (MHA{E protilasm in
view of reported_ studies tha% [ ecqmi nant -gegg? I L of dJuo

car di onyocyt es 2 e IS 888B %t UF" dt"T%edSt 6 nonths, and - appear to be

regul at ed nor meldpl ipathoner &h shgyigage WierRasTAYBHFHRT T &E58%t o the

dystrophic myoblast transfer therapy. (See Huard J, et al., Muscle
13 Nerve, 17:224-34 (1994); Roy R, et al., Transpl Proc,
25:995-7 (1993); and Buard J, et al. Transpl Proc,
24:3049-51 (1992)). The immunosuppression period depends

on how soon the myoblasts lose their MHC-I antigens afcer
MTT. Even mors ideal is the establishment of a myoblast

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

In our study, human myoblasts were cultured from
normal muscle biopsies in accordance with the methods
‘disclosed in Law, P.K., et al., Cell Transplantacion,

- 25 1:235 (1992) and Law, P.K., et al., Cell Transplantation,
2.:485 (1953). The MHC-I antigens expressed on the
myoblasts were demonstrated with fluorescent immunoassay.
Cell cycle synchronization of mycblasts was carried out
by adding colchicin in the growth medium and incubating

30 - for 48 hours. The myoblast preparations used 1in cthe
experiment were 98% pure as assessed by immunostaining
with the monoclonal antibody {(MAb) anti-Leu-19.

Myoblasts were incubated wich anci-MHC-I MAb (mouse
1:25 dilution, Silenus Lab, Australia) at room

35 temperature. After.washing. the myoblasts were incubated
' with FITC conjugated anti-mouse-IgG (Sigma) for 45
minutes and examined under fluorescence microscope with
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20 myocardium foll owed by in vivo controlled cell fusion may provide a
structural inpedinent at the infarct, it remins to be shown that the
nyobl asts will integrate well with the cardionyocytes, considering that
the punping action of.the heart will disaggregate the 25 devel opi i@ BF€! 206
fromthe host nmyocardium C COSMETIC USACE In a broader sense, the cell
therapy concept can significantly contribute to the field of plastic
surgery. Wth cell therapy, inplantation of silicone could be 30 avoi ded.
The use of nyoblasts and/or fat cells could be wused in a much nore natural
way to replace \sidtéwmed ulyrecticdrs fov) facdidar ionedditand hip
augnent ati on. [ I a

o& 3 ‘.chrts 5 d%faa EéPF?frﬁ'é’c? Wilthg ams)ébegn AdLRInson

hybri di zation s can be used to 35 control size,
shape and consist cSC e DA Partsat Stk M nudWPeLagr| SOBETAbtYHT eak down
gs_ F35| ly gszf géaﬁﬁitiz%b%utg&ﬁd omesdihg Ry berdwngtlidstiag. idodey, body

ui | ders are in sear i ss and
function at th’emrF\*rb%%S%ﬁyacaess t:h"la'he ‘:&gro‘fmél nocﬂ:)faglgor%tqﬁ%ggbgn 0 boost
nuscle nmass is a nat¥kal% s thONYODlaS’EPEFGm@EM}tEI MES-§ MMe- The

establ i shment of . SEpEsA Or£HRYA Etﬁﬁss@fonéﬂﬁﬂﬂwﬁﬁks |$ha beghifiisk 8.3% -
chal l enge, but its benefits are nunerous. ipes.s shoul d be

hi ghly nyogeni c©° HhtTHHIaThT &2 foRaAtT yeh hteor M% WI F‘P devel op very
strong nuscl es. etfréssivmue Fopar uy‘escww @ttél MECrhRegrtivss of maj or

hi st oconpati bi | h&y; 139&’94; 8L MRS pbsi MiGe | dysurdsace  aRki gROSnE@OE &S ter
they fuse. This % S ortant Dl onag in th %sag ggh?%

i munosuppr essafY® Jf?‘% sé’ftcetsfgﬁi ‘érs‘?‘?"laerrate hard oo et ‘al .,
Miuscl e 15 Ner veywhidh 20¢- 13141~.(511994:)ed RoyFRgset3 -, Bprt n§'FPuP$o‘éf 25: 995-7

(1993); and Huaﬁgoﬂlag%sEwerénfﬁ@%pEuEEQEed for thrﬂe weeks without

significant difference in prollferatlon
The lack of MHC-I antlgens on these myoblasts may

-
w

enhance survival of these myoblasts in recipients after
MTT. Fig. 5 illustrates the fluorescent intensities of
both MHC-positive myoblasts and MHC-negative or weakly
expreésed myoblasts after separation by cytofluorometry.-

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 orovide 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 chey are

30 selected for their unique properties. Unfortunacsly, L=
has been shown that all clones ¢ mycblasts eventually
produce tumors if allowed to proliferace excessively.
Thus, these cell lines should non be aliowed to
proliferate over 30 generations.

i5 E. MYOBLAST INJECTION METHODS

| Aside from donor cell survival in an immunologicalily

hostile host, cell fusion is the key to strengthening
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24:3049-51 (1992)). The i mmunosuppressi on period depends on how soon the
nmyobl asts | ose their MHC-I antigens after. MIT. Even nore ideal is iﬁlﬁEC 2003
establishment of a nyoblast 20 cell line in which MHC-I antigens are

absent, thereby allowing MIT wi thout immunosuppression. |In our study,

human nyobl asts were cultured from normal nuscle biopsies in accordance
with the nethods disclosed in Law, P.K , et al., Cell Transplantation, 25
1:235 (1992) and Law, P.K. , et al., Cell Transplantation, 2:485 (1993).

The MHC-1 antigens expressed on the oblagts were denpnsfrated wth
fluorescent i mMAYSGASRRYC MEEFietyE g%ﬁ'chrgﬁi 28PFBK® of bt @8t s ds
carried out byecrd@diengnhestchhdidondr tde Igr,owlalrinedi unj andiémoudratddsy 30 -

for 48 hours. Me.myapl ash. PhEPALALL NS 380 deRoLNRyoSXDErS I, er & 98"T

pure as assesse“”dmﬁy [ nostarning w't ‘he nonacl onal anti body (NAb)
anti-Leu-19. Mfeisitast snderempaxebat ShaAs HgAtFeNHED P VbR g mrAgenat 1y
dilution,s Sil engschadl, cAuShiafivdral gagendicheaperat une. mpdf esemashi ng,

t he nyobl asts were incubate ith ElITC jugat e ntj - = (.Sl gma)
for 45 ninut es's“‘é%&c@xaﬁiaﬁgglﬁw&e? LSt eoggéjlr%é%'mgggoé%o%gyg\%%eggitz 3 DEC
2003 wi de band iwter avieokessct®) eXid t & iidd UsUrEERs mEgPbRFuoronetry was

perfornmed with 8 BeeioRiBPhCKkENgofuneeldn ¥ ttele @peLat efl aige 488 48 idw.obl ast
control was <carried qQut b

y_omtting the first anti Les in the 5

i munoassay as tte $94ck§ASuhd %‘fh'a%‘?%f"i‘%mé‘lgcé:ﬁgé. kg%g&}}? "6*&% hJe}lerryobI asts
react ed W t h MA@ascMilwmbElreofr eaptdoing.anged from strong to weak. The
remai ning 8.3e of tNeJnseRlbagt sraere. dregatiaze1kar hivibn | o ankd@en

M posi i ve myBi RS~ FRe- W hOBUTT AR T Shiods s fhrs Shccsaartmty
separ ated by cyddfdniemoneery, injhited | ntd st gassdorneriys. meslepRh
groups of nyohl Asl S, W Gat heOmEKtE W Ed dmdiNi@@eneeks wi thout
15 {C578L/6J-gpi-1lb/b) . Host mice were immuncsuppressed .with
' a daily subcutaneéus injection of cyclosperine at 50
mg/kg body weight. Groups of mice were sacrificed on day
7, 14, 24, 34, and 44 after cell injection. Transverse
sactions of injected muscles were examined with
20 fluorescence microscopy. The cell fusion rates were
estimated by calculating the percentage of host muscle
fibers bearing donor nuclei out of the total number of
muscle fibers in the area of donor cell covered. The
glucose phosphate isomerases (GPI) of the injected
muscles were also examined with agarose gel

by
[F)]

electrophoresis (200 V anode to cathede, 3 hours, pH
8.6). The first appearance of mosaic myofibers in the
tissue sections was within seven days after cell
injection. This is illustraced in Fig. 7. The nhighest
30 fusion rate achieved was 72.2%. The electrophoreograms
of GPI showed host donor and mosaic GPI in muscle
specimens at least up to 44 days afrer MIT. Myoblasts
injected obliquely through the mycfibers were widely and
evenly distributed with ejection of the myoblasts as the
35 " needle is withdrawn. This is shown in Fig. 8. Myocblasts
injected perpendicular to the myofibers were parcially

discributed, while myoblasts that were injected
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significant difference in proliferation. 15 The lack of MHC-1 antigens on

t hese nyobl asts may enhance survival of. these nyoblasts in recipients
after MIT. Fig. 5 illustrates the fluorescent intensities of both

IVHC- posi ti ve nyobl asts and MHC- negative or weakly expressed rryoblaszty]E["Z[m3
after separation by cytofluoronetry. 20 The i nmunosuppressant,

cycl osporine; has many side effects and by suppressing the i nmune system
allows infection to prevail. Moblasts w thout MHC I antigen expressi on
may contrlbute to a ne Il |line nmore ca abI f SULY{yin n the host
than the regul%® ’é@ﬁgy Eg THFL et celﬁ Ilﬁ%cmn éh#llﬂ nate the
need to use tﬁ&ramMMmosumpee&gaﬁibezﬂukamdIpopKéV|desar¥@@ﬁviaccess for

patients who do, nof, Hﬂyeﬁn@@eosn These. super bgn-pcsbbrlan@-sr hame 40 be
derived from Tl ones of prirmary nyobl ast culturgi ause fhey are 30
|y

sel ected for t#ed rfumidfue 6P6|5éii?’r’3e%g Wtord F73 °rE™ has heen shown that
all clonegs of gyehimsts:<aventualby @inﬂfhﬂ:aetstsnmnsciie dhhagedthan prol i ferate
excessively. Thus, 't c t aklovedsto Qi ferate
over 30 genera} %ﬁ#r %ﬁ?ﬁ% %&C@ngﬁgTﬁﬂg%#qf%g Cgﬁc h A5|q$ fronfdénor cel
survival in, admurciogicfakrhy CHYSTR | YRGSt YcéPDeFEs‘PBn ¥ key to
strengtheni ng Z4e Z&MﬁQaaedysba@pm@y ruﬁseinSng:hlﬂcl\ﬁﬂ'sabes nprteve t he

fusion race betl\é\@?g#leg]s&d%%% Orrynolro Jf es%vl%r |egg§n DL eCELPnuFEt hods ai med

at wi de di ssenf™ tésted and conpared. These
I ncl udedgti nj ecsumgess agonally 5 through t he nyofibers, perpendicular to
the nyofiber surfagendaaldgliqhe thedyidd barss be&ﬁduaéda.mcng& e site

into the nuscl e%“ilh?%]c?ﬁ"g‘?lluss'zrrh tega;‘gé’o%aétfovd';%%9%&8@ as,& function of

the angle of th was to achi eve maxi num cel |l fusion
with the 10 | eastamunberles arg éerggnsand the myofiber orientation of

different muscle groups have to be well-studied by the

orthopedic surgeons who administer myoblast injections.

[
w

Judging from previous mouse studies, 20% normal myonuclel
were able to maintain normal phenotype in dystrophic
myofibers. '
F. EXERCISE AND PHYSICAL THERAPY

20 Strenuous exercise causes damage to dystrophic
mvofibers. Lack of dystrophin causes the vulnerable
sarcolemma to tear upon contraction. Other cell types
are somewhat spared from degeneration because they de not
contract. Thus, body building is counter-productive in

DMD patients to compensate for loss of muscle mass and

[ )
un

strength.

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

30 and thus aggravates the dystrophic condicion, that is
with dystrophic muscle fibers alone. The situation is
differenc from MIT in which an attempt is made to produce
a mosaic muscle containing normal, mosaic, and dystrophic
fibers. The essence of MTT is Co reconstruct the genetics

s ~and improve the phenotypes of dystrophic muscles. Thus,
intensive exercise may induce the release of host
satellite cells that will fuse with normal myoblascs to
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Fluoro-gold (FG 0.01% | abel ed human or nouse (C57SL/6J-gpi-1c/c)

myobl asts (0.05 m of a 105 cells/mM solution) were injected into the
gastrocnem us nuscles of twenty normal 3-nmonth old normal mce 15 23 DEC 7003
(C57BL/ 6J-gpi -1 b/b). Host mce were i Mmunosuppressed-wir-h a daily

subcut aneous i njection of cyclosporine at 50 ng/kg body weight. G oups of
mce were sacrificed on day 7, 14, 24, 34, and 44 after cell injection.
Transverse sections of injected nmuscles were exam ned with 20 fl uorescence
m croscopy. The cell fusion rates were _estinated by cal cul atlng t he
percent age of PERAUGRASE LS IRELESheaP IR RIGITOY - n&(’:’icéll ¥Gt8PRthe t ot al
nﬁnber of nusgigeddhalivd willhe iageae ofiotdiomusellle ceyenedacTbe. gl ucose
phosphate iso ra,ses he iLpje d:. 25 scles xam ned
with agarose I:‘:érl“e%?a"gﬁﬁgr es"snf’zoagvan%sd'erqéo%ggt h\gﬁﬁ9 %L%gu(f?s

8.6). The fi rsteawwr%ﬁld@merﬁosiapélh?ma Burts glFot lFErVErEsae sectlons was

Wi thin seven days.afi&s &qllls M@ﬂacbkéﬁmé@“cﬁ:des sllﬂchléS.‘yr ated-imrFi cgan7 The
hi ghest 30 fu3|on race gg i eve The el.ectrochoreo

showed host doRoriaFE s &% f@ﬁl" F‘ﬁaﬁﬁs‘&Y%blassﬁe&lr’fé‘ﬁ? af ﬁgg@%nap ?rb‘l 44
days after MITEudhwbl astds cd wrestidd pbyiigsl yhemamyghict Beenpevlbers were

widely and —evenly.di sifd ut %d\éﬂrrat-]eebﬁéi-cié%n & ohe nrvehhasts @8 the 35
needle is withdrawn. _This is_shown i

obl ast i.n t ed
per pendi cul ar PBYIheE TR e Rerts gé]i’:?%élrtci/ AEi Bﬁ‘ﬁea?l’ﬁ/ﬁ??%e?ﬁ/obl asts
that were injesfetbFmP shdECs20@3fibagst uddimidey ollavsughmtafier corke of t he

nuscles and  pagal el 40 4 tmu%dr%ggebm yes e CPQQf}Js\Er%'p§@L'E:' Rutedes Signdarly

i njection at one Spot_gave poor. disfri Buti on fusi on. Consi dering that
a smal |l vol unePBYsE=3l c"difﬂ:rérﬁyr e BTE8FHEPYH %?é?“lr€§§lﬁugél:ée%|"a?mge t han
a |arger vol upesgfe aor elaik Wi yrib@ssbebdgenidta-edt tdenutreentcsaim an vi ew

of the traum &Qg?ggsgy ﬂrgé¥§ﬂd%”b988ﬁﬁé?e§As a result, the excessive
15 intracellular calcium promotes muscle damage in -
dystrophic muscles. '
G. MYOTUBE TRANSFER
In the later stages of DMD, there remains fewer
myofibers to be repaired with MTT. Formation of new
20 fibers to replenish degenerated cells is furcher
complicated by the presence of excessive connective and
fat 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

38 ]
L

myoblasts to develop into mature normal fibers de novo to
replenish lost cells. Meanwhile, the impediment to
developing myotubes to be vascularized, innervated, and
connected to tendens all threaten their survival. Enough
nutrients have to be present for the developing fibers o
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 nelp.
Transplants of newborn normal muscles or myotubes
35 into dy¥dy® dystrophic mouse muscles have been shown by
this inventor to produce normal muscle function and

structure. (See Law, P.K. and Yap, J.L., Muscle Nerve,
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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 roomfor 13[EC 203
I nprovenent since human nuscles are |arger and the mnyofiber orientation of
di fferent nuscle groups have to be well-studied by the is orthopedic
surgeons who adm ni ster nyoblast injections. Judging from previous nouse
studi es, .20k nornmal myonuclei were able to maintain normal phenotype in
dystrophic nyofibers. F. EXERCI SE AND PHYSI CAL THERAPY 20 _ Strenuous
exerci se cause:d5fmgd 19 tHidt-r opfHPEULEY F T DS IYalRTBF 8P stR ophi n causes

t he vul nerabl e 32069 EFELGH raRakalpapoSINEY deision. b@t Beposehd types are
somewhat spared from degeneration because_they ot ~,_centrac Thus,

body bui | di ng anégﬁﬁ‘%r?bTﬁﬁﬁé%FQe'ﬁﬁ gﬁiﬁoqjﬁﬁ pgﬁren%g ?g“%bﬁ%gﬁgéte f or
| 0ss of nuscl emmaseantavsthesngrirodthed skt bfSROMERELSES L FiofRYeFac T iRg
relationgto MIE;Rass (QtcbRATSt ddieedouhd SisdAORRNGHABI BBt Sométed S wel |
known t hat exercise hastens, the degeneration of .nyofibers 30 and thus

e de

aggr avat es thea&?sf?@bﬁ?%c?ﬁﬂNHQﬁHﬁﬁye Kat®F Y/ dystrophic nuscle fibers

al one. The situati onyosubdiffersfer trompdfEdninigdresikdanhacvenpt is made to

produce a ms@bﬁ?g}_‘?Sﬁewf&ptlaéfye'}gtggtgﬁgaﬁeec{w.' CaeeRd-dyst{pphiey fibers.
|

The essence of S'to reconstruc e genetics 3 ang L pr ov t he
phenot ypes of @¢8t PBpRRETIRAIYedmPIARESS TRt £%ERePEi §8- &Y i nduce t he
rel ease1¢f hostongatebiétei aalds dikakcved| addisemivied bgr makgayodl asts to 2
G 2 3 DEC 2003 jproduce nmpsai o, |égyg§P°L?ggypt§gydés sHahsdyst £ pphi £
degeneration wITTnduce nornal nuscleé Fegeneratiqn. | nplanted hyobl asts
not only fuse ®B&2t heerew Yheaifved oPiagi BRECHS ddidgddTifof 'BefS but al so
survive as rissues aside throughout their existence. :
Myotube transfer provides bioengineered young fibers

in virro. These fibers have lost their MHC-I surface.

[
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antigens and 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 dyscrophy, formation
of mosaic fibers may not be useful since nuclear
25 complementation may not be efifective. The use of
entirely normal myotubes through myotube transfer will
undoubtedly open new avenues for treatment.
E. ALLOPHENIC MICE
Allophenic mice or mouse chimasras are mice mosaics
30 with two or more genotywes. They are produced by
blastomere recombination (see Hogan B., et al.
Manipulating the Mouse Embryo. A Laboratory Manual.
Cold Spring Harber Laberatory, (1986)) or by the
artificial aggregation of embryos from two different
33 strains of mice. In addition to being important
specimens to study the clonal origins of somites and

their muscle derivatives, allophenic mice have been shown

28



5 satellite cells. MId exercise done shortly after MIT can be designed to
facilitate nyoblast m xing, alignment, and fusion, and to provi de physi cal
therapy to the newly formed fibers. Mderate exercise after innervation %E
newy formed fibers is likely to enhance the devel opment 10 of nor nad DEhd
nosai c fibers. Disuse plays a major role in the continued deterioration of
dystrophi c nuscles, and physical therapy is prescribed for dystrophic
patients.. Disuse or |ack of cross bridge interaction results in a

decrease of cal ci um bi ndi ng u excessive 15 intracel |l ul ar

cal ci um pr onot &¥ ﬁﬂé%léﬁ%ﬁﬂﬁﬂf&% §§FFOBH| SHULTT RS EYSIWOPIEE TRANSFER
In the later sgagpSegélémﬁlntduﬂuzaﬂedaNBSO@mmat whngrofgedrerssictad lye repaired

with MIT. Fornati onlol_‘nne,ws_?,% fhltg.etl‘_n% LankepLenish; degenerated cells is
further conpllcgfea ehce Of Jexcessi ve connectjve and fat

tissues. Wiile it take%QERﬁHQBQQEaF@ﬂf ETPEYSS \REKRCTHYY dforsthpdRicl ei to
be incor @,or at egnanapsgy@ﬁmha@’:m&e’r dyfa?T epaizin) i hitakes sh@&im 4dront hs

for donor sts_to Iop |n r T Alovo to
repl eni sh Ios g %é ﬂ@&ﬁ%ﬁ - e |Cgaé?ng%?géggid%Jgféglﬁganyotubes to
be vascularlzedrodnqeﬁvem@ﬁhswmng Géoﬁﬁé@ﬁéélFom%@%d@W% Heix mesAeén their

survival . Enougfy agm@m& malvcecatr%afe%spr@sgntlépr t)hlatld:ﬁy;ﬁ-l apieng fibers to
30 lay down the contractile fil anents Nei t her el ectrical

nor contractil 8YAEFPRRLy ¥ NNATRPTSAD tﬁ8 HgﬁeT% E51°The fibers. This
i s the tiore whemcomjidhgbeo tgeansiare wayrkips ehahebps. Tmnnﬁﬁﬂa%ﬂqphﬂhiﬁemborn

normal nuscl es Qr.MALYBESoARl HehaTTdY 21 £AY ShA QP s degohes have
been shown by this nventor to Brodu e form égr\icle unctlon and

structure. (SeB°ERRL PURClandHR&p O™ SO¥M\i8c TS SFHFBEC B
2: 356- 63 (1979F)ligsMyatubrd BI¥e easily obtained in

Muscle fibers of these allophenic mice highly
raesemble trose of the Duchenne female carriers. Whergas

(=
un

the dystrophic scleus contains 70% or more degenerating
fibers, 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 myoblasts fuse with dystrophic ones to
form mosaic myotubes that develop into phenotypically
normal fibers.
I. NORMAL CHILD FOR A DUCHENNE CARRIER
Conceivably the technology of in vitro fertilization
125 and blastomere recombination used in the allophenic mouse
studies can be applied to human. Known carriers may thus
have better chances of bearing normal children.
Accordingly, ova from a carrier and from a normal
female can be cbtained 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 cr
dystrophic. Regardless of its genotype, its mixing with
the normal fertilized egg will ensure the development of
a normal phenotype. After culturing the embryo inco the
35  blastocyst stage, it can be implanted into the uterus of

the carrier. The latter can be induced to be
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culturo through natural nyoblast fusion by exposing confluent cultures to
the fusion nedium In fact, small nuscles have been produced with

spont aneously contracting 5 fibers in culture. The young fibers exmﬁﬁBEEZM3
sarconeres and imrunostain positively for nyosin. Motube transfer can be
adm nistered through injection with |arger gauge needles. Better still,

they can be surgically inplanted into the beds of fat and 10 connective

ti ssues di ssected and renoved by surgeons. Since nuscles can devel op great

forces and scar tissues _are Lhe 508y el Opi g ATUSGheS aM blvifigr ce the
scar tissuesP3§i 88 PRT &G Hou m-Lt&uP &xPst ence. F%yg'otube transfer provides

bi oengi neer ed emu'ngmplbe\:sthrli in vitro. These fibers have lost their MCI
surface- antigens aad ace &Husn nenant ifgent Cizaypinutprdueanst 6he will not

need to be adm ni stered Wlt cycl Qrin Padd SNt Reweeds! y infected
wi th cyt onegal™FYeds CY teﬁ‘ vt ﬁ‘glgg}r’os ot ube trar‘;'sfer will be the

choi ce. 20 | nr_&dﬂdrrﬁ:lma;:lbmrcmtmmcaddﬂﬁnanfumw'sﬁl’é’h as

faci oscapul ohuneral dyst Lophy {F'S8 .roReebante: conganid analpsdsoni a
dystrophi ca and certain torns of con eni t al nléscul‘azr ; Aystrorhy and
|

|imb-girdle dystropHypcef sRamEsont L H eSS &5 not be useful since
nucl ear 25 comgysiEnicdt beangayonotl be é’meepﬁi(ESlﬂ'h%D%sf'é’%me@ﬁPl rely

normal nyot ubes throu%aﬁ%o[&gpeoé r@&ﬁﬂte‘&' bh bMQQ@bl'ﬁEvGaCH \e@peRdNEW avenues
for treatnment.™ h

| opheni c_m_ce as are
nce nos@ics BHOmitHe LRETYP ﬁbr"'eh%;é?ﬁﬁ%}:ﬁé’é’StTﬁE?g%re p?%grutg%é%%/
bl ast omer e r ecagbi natdkan d@.&l@@lh@g&ﬂ‘e Sabmto By, reenipUIRATNET HE Rbuse
Enbryo. A Laborat or Har bor Laboratory, (1986 or b
’ R A oprean A K] %5 Strains of

the artificiadt™ |6n omtwo different 35 strains of
mce. In addition to. belwgoﬂﬁﬁgﬁt‘é L BRACESTERS to study the clonal origins
of somites and thejfcynusel grdeti a&hamﬁsﬁomldwmhénmzohl%:%t?nva\ﬂéfq‘}'éléﬁss hown

15 and young muscles, the labor intensiveness and high cost

of call culturing, harvesting and packaging, and the

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

20 of wviable, sterile, genetically well-defined and
functionally demonstrated biologics, for example,
myogenic cells.

The automated cell processor will pe one of the most
important offspring of modern day computer science,

25 mechanical engineering and cytogenetics (Fig. 14). The
inﬁakes will be for the biopsies of various human
~issues. The computer will be programmed CO process
tissue(s), with precision control in time, space, and
proportions of culture ingredients and apparatus

30 maneuvers. Cell conditions can be monitored at any time
during the process, and flexibilicy is built-in to aliow
changes. Different protocols can be programmed into the
sofrware for culturing, controlled cell fusion,
harvesting and packaging. The outputs will supply cells,

which will be ready for shipment or for injection using

i
um

cell therapy. The automated cell processor will be

self-contained in a sterile enclosure large enough to

30



28 2 3 DEC 2003 by this inventor and others to denonstrate dystrophy
suppression in natural devel opnent when genetically normal and dystrophic
myogenesi s coexist. By aggregating half enbryos of nornmal (129 strdidEl AbY
dystrophic (C57BL/5J dy2'dy" strain) mce as shown in the diagramof Fig.
9, sets of allophenic twins were produced consisting of chinmaeric mce and

their normal and dystrophic litternates lg. 10). though the
dyst rophi ¢ geheu#gstpreBRFEITE tiHb WiSH égﬂ'ge?’ée 1%“@%?0%#%&8 to genotype

mar ker anal yseanibléseeal konpenisy . m ce showed normal behavior, life span,
and essentially ngrmal nuscle f ti wn,ip.Higs 1 cand st kugkure in
Figs. 12 and 13. I\/ﬁéc P o ‘ tf?ggjéhg Igopﬁen‘l'c mce highly 15 resenbl e
those of the Pachenmmpatannhe suryivdls angnBregericehey Bst 9% 0l eus

contai ng 70e QkcBBhg-degepengtiad ddyiens, rodhycemporadn:ef. t Isaraliy-apheni c
sol eus fibers are bnor mal . ny_ qf. thes n ' wed "cares"”
as seen in tH& Eﬁcﬁeﬁﬁgscﬁ??i T ¢ ervgggﬁh%gt gégﬁk%%ﬁ)&rz% f%l?sgl on, nor nal
myobl ast s fuseeadirig=dgsedopBits ondsl t3d LoMoEhenBshl cPF IS et devel op

i nto phenot ypisealih¥-eROEABLehbPLIFoinks NERVAL) Okt Dbir G dArfUGHRNNE CARRI ER
Concei vably the technology of in vitro fertilization 25 and bl astonere
reconbi nati on%®<d&-in the all opheni ¢ nouse studies can be applied to

human. nown carri @he mmyotnhusd delle tEtcessoshahsss PP beHIHGSFor mal

children. Accordinglyy,9%g §LhOFYfc LAY iR caRd EEONpbReROrdml elflaeecan be
obtained and fertilized 1h vitrowth s

perm 30 recovered fr.omthe
carrier's husH2R@°"fRe &7t FPRZEHPEYP O RE™EEr E’F%?E %as‘ea.‘%&r%o chance of
bei ng normal amdchysksdghbe. sRegaf itays @hd tHeg@ABRIPRLUT IS AOSYFg with
the normal f eriJ ed e0q Wl becasue:ddiy devel oprent of a nor m
s

phenotype. After culturing the ryo into the
i35 K. CELL BANK

The automated cell processors will constitute only a

part of cell banks. Ideally, donor muscle biopsies can
ne obtained from young adults aged 8 to 22 to feed the
inputs of the automated cell processox. This will depend

20 on the availability of healthy volunteer donors. Each
donor has to undergo a battery of tests that are
time-consuming and expensive. Based on the test resulcs
and the donor's physical condition, one can determine if
the donor cells are genetically defective or infected

25 with viruses and/or baéteria. These are the advantages
of biopsies of mature tissues from adults. The major
disadvantag=, however, is that mature cells ofren do not
divide, and even if they do, there is a limiced number oi
generations that can propagate before becoming

30 tumorigenic or nonmitotic.

Human fetal tissues can potentially provide
unlimited supplies of dividing cells. However, aside
from ethical issues, it is difficulc to dectermine the
genetic normality of these cells, notwithsctanding the

33 existence of polymerase chain reaction (PCR) which is

used to screen many human genetic diseases.
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35 bl astocyst stage, it can be inplanted into the uterus of the carrier
The latter can be induced to be 29 2 3 DEC 2003 pseudo-pregnant wit
gonadotrophin, thus allowing easy inplantation. The use of in vitr 3UEE2W3
fertilization protects the nother. Abnornal devel opi ng enbryos after

bl astonmere S reconbi nati on can be di scarded. Furthernore, no bl astonere
needs to be renoved for genetic analysis. Since the fertilized egg of the
carrier has 50e chance of being nornmal, a PCR analysis for dystrophin
messenger RNA can be conducted on blastoneres removed 10 fromthe enbryo at
t he blastocyst stage. Unfortunatel this risks damagi ng the enbryo by
renovi ng part of |tASatforaﬁhéaF‘Wcﬂﬁ%’él%ﬁﬁ@&l’-%taﬁ}ée yse QSTOMBTED CELL
PROCESSORS W hi ddiiigr edt rdeaandaless rdudinedngobhast syi ageot ubes 15 and
young nuscl es, .t he. Iab I danten €S hah. | qu ring,
har vesti ng andfpatkagrgg, and gﬁxgg %}f?“&eﬁl B ?Qﬁéd 5Hcé%?q$8?s%% an

aut omat ed ceIIberﬁﬁxﬁ%ﬁﬂﬂﬂaﬁsvﬁeedEEEfW§uﬂ?da°HF0€§§SB? TRAAVETSE EBPADI e  of
produci ng Mass; QikadH |§dr&5.,n50\zﬁerci991&h |dHaen aper khtwn 26 afhedirabliecisteril e,

genetically mell-defrned $%szungg Ilye%gmﬂ;;{%gq~r IPE%grcs for

exanpl e, my 00t TE 1 FRESaut Gmf e Col rocessor W e one of the
most i rrportanfObM@m h’)g g g der htées Wrﬁ@?é?n%?-b%e‘-nt?s t®&chani cal
engi neeri ng ang: LR rp%&uesrgregq@m s .i ntRKeSetidds heef or the

bi opsi es of VALl gUSe DR LhSshes. ThecQMPULer WLl ol i pdragred Lo

process tissuels), préeci-sion cont proportions
of cul t ape |ng$%%HQ#HQ£ é@@ &ﬁbavaﬁusT@ﬂ)Wﬁﬁ@éﬁv§F§m°{§&4 Qﬁiﬁd@?ﬁoﬁécﬁan be
nmoni tored at apy :H'cifﬂ.asd;lg icag thenpp@cesssecerd bliextditddd iinkobuhkt-in to
al | ow changesautoégégéa 1581 rg&gggggcggp be progranmmed into the
Transplantation of cattle cells into humans
conscitutes xenografting. Due to the significant -
dif

systems, these xenografts will likely survive, develop

erencaes betweaen the human and the cattle immune

rt

=
uy

and function in the recipients without the need for
immunosuppressants. However, the method will be tested
with and without immunosuppressants.

20 L. MYOBLAST DERIVATIVES VS. CANCER - .
Evolution is one continual experiment through ages with
numerous statistics. The near absence of cancer
metastases in skeletal mﬁscles*suggests that the
physical, electrical, mechanical or chemical presence of

25 myogenic cells and derivatives prevents or annihilates
cancer. _

In our study we showed that the physical and
biochemical conditions of myoblast at the cell fusion
stage caused the death of melanoma cancer cells (Fig. 16

30 to 18}. This does not preclude the potential effect of
similar or different conditions, including electrical and
mechanical, of other myogenic cells ac different
developmental stages.

It should be understood that various changes and

as modificactions to che presently preferred embodiments

described herein will be apparent to those skilled in the

art. Such changes and modifications can be made without
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software for culturing, controlled cell fusion, harvesting and packaging
The outputs will supply cells, 35 which wll be ready for shipnment or
injection using cell therapy. The automated cell processor will be Z3UEE2%3
self-contained in a sterile enclosure |arge enough to 30 2 3 DEC 2003 house
the hardware in which cells are cultured and manipulated (Fig. 15).

Thi s-inventor has devel oped a transfer mediumthat _can sustain the
survival and m@RRFFEINY FODIAFRRE S MmASS £SCPS &F 7S 8T§SEAs at room
tenperature. SU{rY«!ré/@tlmzupa:{cD Jigleise chnihe sidhigeded whrerndhecmyobl asts are
refrigerated. This wll al MlIh ceII ack iyer renot e
poi nts of utllli%Y??ﬁF%ﬁ%u the %ﬁﬁﬁ A%%gdggtgﬁgfegh %l %gnégbssor
Wil sinply repimtenodifieatidng ke |crre«fefrle(§i ént chgl rpperdgd Gr#émmsand

el aborate. manpower. Its contribution to human healthcare will “undoubtedly
be significant, and the manufacturing costs are expected to be relatively
| ow. 15 K. CELL BANKS The autonated cell processors will constitute only a

part of cell banks. Ideally, donor mnuscle biopsies can be obtained from
young adults aged 8 to 22 to feed the inputs of the autonated cel
processor. This will depend 20 on the availability of healthy vol unteer
donors. Each donor has to undergo a battery of tests that are

ti me-consunm ng and expensive. Based on the test results and the donor's
physi cal condition, one can determne if the donor cells are genetically
defective or infected 25 with viruses and/or bacteria. These. are the
advant ages of biopsies of mature tissues fromadults. The nmjor

di sadvant age, however, is that mature cells often do not divide, and even
if they do, there is a limted nunber of generations that can propagate
bef ore becom ng
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30 tunorigenic or nonmtotic. Human fetal tissues can potentially provide
‘unlimted supplies of dividing cells. However, aside fromethical issues,
it is difficult to determne the genetic normality of these CeLiﬁgczﬂJ -
not wi t hst andi ng the 35 exi stence of pol ynerase chain reaction ( M%ICh
is wused to screen many human genetic di seases. 31 2 3 DEC 2003 As for the
muscul ar dystrophies, the use of nuscle prinordia of fetal calves derived
fromln qitro fertilization of genetically well-defined background may be
an al tern&t'Ve. Sperms and ova can be recovered from5 inbred strains of
tattles 1hat g€ usa@Mmjsiasthells thasadeecaptabén gt fusmgdo iels of prsubjedto
fertilization will be followed by enbryo culture and jnplantati into the
ut er usesaftdr gskBiNESradiosy Fﬁiﬁf‘e&fﬁ@?'yaf‘ﬁﬁ ot %@BO%{{'E\” ?qreﬂk{;%galgﬁ Céisgri??t,é;n
sections_at specifig.d mental 10 stages of the enbryos. The nuscle
prinDrdi%PW%ﬁgn égkﬁﬁ%gmﬁkgpnyoblasts can then be dissected out to feed
into the automated cell processors. Transplantation of cattle cells into

humans constitutes xenografting. Due to the significant, 1 i fferences
bet ween 2he hisarmf i coRPasdon s fesriifed In fi‘?}@? gﬁﬂf‘e{qﬂ% £ ggﬂ%&aﬁflg will

| i kely surviyve vel : ' jn the recipients wthout the need
f or imw%ﬁ&ﬁﬁﬁﬁgg}@r#g\.onﬁ@g\%%g?&H‘%glér'ret hod will be tested with and
wi t hout i mrunosuppressants. 20 L.' MYOBLAST DERI VATI VES VS. CANCER
Evol ution is one continual experi rreg%_t}e%u h ages W t.h., nunero
¢

statistids. THsernfihe spEMRSHIY 22 4R (R d ¥ hEIFIT Hlig 8?519‘3#3%0& 8s
ts_th ' i tri-Cals, i cal hem cal '
z:cjggzggs_ Sﬂf&%@ﬁfggeéﬁ yéérpggérgg[;%g iR SLn‘g;(qurg_zinl cal or chem ca presence

s an rivatives prevents or annihilates cancer. In
cour study we showed that the physical and

4. Use of the compasition as described in claim 1, wherein the myoblast cellis

are MHC-1 antigen deficient.

5. Use of the composition as described in claim 4, wherein the MHC-1

antigen deficient cells are produced by:
a. tagging MHC-1 antigen deficient cells in a cell population by

fluorescent immunoassay,

b. removing the tagged cells; and
o proliferating the removed cells.
6. Use of the composition as described in claim 1, wherein the composition

further comprises fat cells.

7. Use of the composition as described in claim 6, wherein the myogenic

cells and the fat cells are MHC-1 antigen deficient.

8. Use of the composition as described in claim 7, further comprising

chondroitin sulfate.



bi ochem cal conditions of myoblast at the cell fusion stage caused the
deat h of nel anoma cancer cells (Fig. 16 30 to 18). This does not preclude
the potential effect of simlar or different conditions, inclggi%jm3

el ectrical and nechanical, of other nyogenic cells at differ ﬂ

‘devel opnental stages. It should be understood that various changes and 35
nodi fications to the presently preferred enbodi nents described herein wll

be apparent to those skilled in the art. Such chapges and ifications can
be nadeSwi t hblse Fa cweosﬁ@n@i@h%@@btﬁﬁgﬁ ?%W?ﬁ‘gaQBF?ﬁatnggng 6{scope of the
present i.nventiqn.a ] L g AL S h ' emain vadsages. It is
t her ef oF‘ébjfaﬁfg%8@@'&%&?%@%831%%&@!3&?F]g%n%%iﬁ??%at iﬂgﬁs _b?emc?qvered by the
appendedgfid figtre 2a8abié & {RERgWIRBcelisofitbe subjethaftes adofinisiativmsandel | s

that are capable of fusing to cells of a subject after adm nistration, for
t he pr ephoadrodtin sfifaieconposition for altering the cosnetic appearance of

the subject. 2. Use of the conposition as described in claim1, wherein the
body part is a face, breast, hip or non-diseased nuscle. 3. Use of the
CONposi ¥hon ffAesEbiddRshodticH ak Mescrivdeinediaint Bewhengiothe ichonieitin
suspension that can be injected into the subject. 4. Use of the conposition
as descsubiate israddedi tmalcongastrtiontaf@t iIgash PABicre®old. are MHC-1 anti gen
deficient. 5. Use of the conposition as described in claim4, wherein the
MHC-1 antigen deficient cells are produced by: a. tagging MHC-1 antigen

defici eqy cellise bha @oRplositiRPRef dlisanatyiterftheicoemetintappeaaoaseiy; b.
renovi ng the tagged cells; and c. proliferatgng t he renoved %c?l l,S.
subject by administration into a body part of the subjett, comprising myo ast

cells that are capable of fusing with cells of the subject after administration and

comprising fat cells.

12.  Use of the composition as described in claim 11, wherein the composition

further comprises chondroitin sulfate.

13. Use of the composition as described in claim 12, wherein the chondroitin

sulfate is added to a concentration of at least 5 micromolar.

14.  Use of the composition as described in claim 11, wherein the fat cells are

capable of fusing with cells of the subject after administration.

15.  The use of mycblast cells that are capable of fusing to cells of a subject
after administration, for the preparation of a composition for altering the cosmetic
appearance of the subject, wherein at least 25 billion cells without contaminating

fibroblasts are administered by oblique injection.

16. Use of the composition as described in claim 15, wherein the body part is

a face, breast, hip or non-diseased muscle.

35



6. Use of the conposition as described in claim11, wherein the conposition
further conprises fat cells. 7. Use of the conposition as described in
.claim6, wherein the nyogenic cells and the fat cells are MHC 1 antidepEC 2003
deficient. 8. Use of the conposition as described in claim?7, further
-conprising chondroitin sulfate. 34 2 3 DEC 2003 9. Use of a conposition of
cells that alter the cosnetic appearance of a subject by adm nistration
into a body part of the subject, conprising nyoblast cells that are

capabl e19f f uaiengf thietdorumbditoroas deeckshe sctlaim {16 WAGHFIRI 18E CAMRAT T
chondroitin sulfate. 10. Use, of tBe copposition as described in claim9,
wher ei nis AGUsRONYIPBIRFTCasRE iUEEe é”té’c}ggosutbbe “concentration of at least 5
mcronolar. 11. Use of a conposition of cells that alter the cosnetic
appearance of a subject by adm nistration into a body part of the subject,
conpri sifpg Ny el 8sthe cehpssitidrats alescoagdbl dath 1HBusihegein the e¥PPIEsbf t he
subject after adm nistration and conprising fat cells. 12. Use of the
conposi tiebn ags MidSct abkgen Aetti@ntm 11, wherein the conposition further
conprises chondroitin sulfate. 13. Use of the conposition as described in
claim 12, wherein the chondroitin sulfate is added to a concentration of
at | eastgh Mg OBPIRN corhfositise agfddsbabedipoisimiidn vaerdissibeiMEE-n cl ai m 11,
wherein the fat cells are capable of fusing with cells of the subject
after acmtigestdedicient cells ararReodus@ddY: myobl ast cel |s that are capabl e of
fusing to cells of,_a _suby ‘ N { fpUlldtRrpeepar at i on of
a conpositi orff or tgggggwgﬁ%—ﬂeﬂ@gheq%?@@ég%gﬁr‘aﬁ?g”O@’pt he subj\?ect, wher ei n
at least 25 billiofugresdentuiriiendassant ani nating fibroblasts are

adm ni stered by oblique injection. 16. e of the conposition as described
. in claim15, wher eiemavieg Horipgsecicslls: @880 ace, breast, hip or non-di seased
muscle. 35 2 3 DEC nposition as described in claim
15, wherein tte coﬂéﬁ%ﬁ?ﬁ%%ﬁélsgerg&é%d;g%%gi on that can be injected into the
subj ect. 18. Use of the conposition as described in claim15, wherein the
nyobl ast20 cells are WHC-1 antigen dlefi cien

The use of myoblast cells that are capatole of fusing to cells of a subject
after administration, for the preparation of a composition for altering the cosmetic
appearance of the subject, wherein at least 25 billion cells without contaminating

fibroblasts are administered by injection.

241 The use of cultured myogenic cells to form a compossition of cells, for the
administration of an effective amount of said composition into a body part of a

non-immunocompromised subject such that the cosmetic appearance of the

subject is altered.

22. Use as described in claim 21, wherein said body part comprises
myoblasts and is a face, breast, tissue located proximate to a hip bone, or non-

diseased muscle and wherein said composition fuses with the myoblasts from

said body part.



19. Use of the conposition as described in claim15, wherein the MHC 1
antigen deficient cells are produced by: a. tagging MHC-1 antigen deficient
cells in a cell population by fluorescent imunoassay; b. renoving the
tagged cells; and c. proliferating the removed cells. 20. The use bBEC 20
nyobl ast cells that are capable of fusing to cells of a subject after

adm nistration, for the preparation of a conposition for altering the
cosnetic appearance of the subject, wherein at least 25 billionm cells

wi t hout Heont anddati G cribelinoklast 31, avieratnsait stygoganibgelinpect i on. 21, The
use of cultured nmyogenic cells to forma conposition of cells, for the

adni ni stadatingste efd by ide¢teat inle saifidRfty R sai d conposition into a body part
of a non-imunoconprom sed subj ect such that the cosnetic appearance of
the subject is altered. 22. Use as described in claim?2l, wherein said
body par, conpid s@sedwriplalias cfui@nt ivonérefrassid myegartc cellsseeMHGat ed

proxi mate 'to a hip bone, or non- diseased nmuscle and wherein said

conposi tdmigehusefeiontt h t he nyobl asts from said body part. 36 21 DEC 2003
23, Use as described in claim?2l, wherein said nyogenic cells are

adm nistered by injection into said body part. 24. Use as descri bed“ in
claim?2 wher el n, Sal g [ I M - @nt agererdediicesncells25. Use
as descggso'edetﬂgéc Sa@#é?égaﬁg?%@%’sg?%{eﬁﬂqc 1 anti genmaqeﬁ‘i cient cells are
pr oducedyrbysrotiatetiaggi ng MHC-1 antigen deficient cells in a cell population

by fluorescent inmmunoas . (D). .remvin he, t. lisiioand (c)
proliferating@he F@%@%W‘érf E}'t‘%'hg?fé@gﬁéceﬁgs@%gﬁghﬁ%u%[I%i mC}Zl, wher ei n
sai d conposition fybhat-rPinLseaséat cells. 27. Use as described in claim
21, further conprising agrri nistering chondroitin sulfate into the body

.part, togethefo)w t hemovsegpthedagegd Lebmae admini stration of myogenic

cells into the bod rt.. 28 The use of,.a conposition for augnenting a
body part wittF)pl aﬁ(ﬁﬁegngw refovad clis!

26. Use as described in claim 21, wherein said composition further comprises

fat cells.

97 Use as described in claim 21, further comprising administering chondroitin
sulfate into the body part, together with or separately from the administration of

myogenic cells into the body part.

28 The use of a composition for augmenting a body part with plastic surgery,
the improvement consists of replacing injection of silicone into body part by

multiple transverse injection of the composition that comprises of myogenic cells.

29, Use as described in claim 28, wherein the composition further comprises

added Chondroitin sulfate in a concentration between 5 uM and 5 mi.

30. Use as described in claim 28, wherein the body part comprises myablasts
and is a face, breast, tissue located proximate to a hip bone, or non-diseased

muscle and wherein said composition fuses with the myoblasts from said body

part.



by nmultiple transverse injection of the conposition that conprises of
nyogeni c cells. 29. Use as described in claim28, wherein the conposition
further conprises added chondroitin sulfate in a concentration between 5
uMand 5 MM 30. Use as described in claim28, wherein the body part
conprises nyoblasts and is a face, breast, tissue |ocated proxi MROE( f)1a
hi p bone, or non-di seased nuscle and wher ei n sai d conposition fuses with
the nyobl asts fromsaid body part. 37 2 3 DEC 2003 31. Use as described in
claim28 to augnent a body part conprising: (a) dissecting and renoving
tissue fromthe body part; and (b) surgically inplantin otubes into the
area previ out)se eemiear:nbe@ln ¢laen 128stouriigraent QJ§@ ﬁ@aﬁ%%%i)'gga 9inclaim28 to

repair a body part after a tjssue .or %PH L§qdi ssected and
removed, the (P rd@éﬁ%ﬂt”gv@ﬂiﬁrﬁ%%glt%ée%% urgl cAPFY |rrpl anting nyot ubes
into the ar €3, PT evi QYRlay GAPLAtAG My otliBEs irte$HE aréB previously containing

the tissue.

32 Use as described in claim 28to repair a body part after a tissue or
synthet.ic implant is dissected and removed, the improvement which comprises

{a) surgically implanting myotubes into the area previously containing

the tissue.





