WD 96/ 18303 PCT/ US95/ 16093

Lancet, 33%0P96¢483035 (1990); Kolata, G The New York, TPCEUSISHeop3ay
(June 3, 1990)). Unlike bone marrow transplant which strictly

repl aces genetically abnornal cells with nornmal ones, MIT actually
inserts, through 5 ﬂ&!@ﬂb&steTHERagYoEQRaMAMHAbIAHrEiSEQSESS within the
nucl ei of the donor nyoblasts into the dystrophic myofi bers to
repair them In addition, donor obl a al so fuse anong

t hemsel ves, form ng geneti c&H R%}G#‘NTO RELAT%@@M’E’EPN epl eni sh

degener at ed ones. Tmnisfu&blieatloncqmplamwaﬁtxﬂhaumaﬁﬂlnkpﬁﬁtabe U.s.

nto thes | RPRSARIon S Snbor nDB SRe” TBAor Hhoraetoet 5, A4 T,

US Patent O fi Gbiissesfienanaeni ks i hexebyr incorporatedt byt r@f@rmelzh;r) its

entjtled "CbnpgéhE&%Q or and nethods 15 of treating nuscle .
degeneration and weakness" on July 14, 1992. I n Cct ober,
1993, the Food and Drug Adm nistration (FDA) officially began

regulating somati c cell therapgaCRGROUND SOF) Tzt INVENTEONI t | On Of

"aut ol o kﬁ o%‘ ol Wﬁ'genei c cells that have been

propaga ex , pharmacol ogically treated, or

othermnse aItered The present invention relates to compositions and
methods for treating mammalian disease conditions that
are debilitating, fatal, hereditary, degenerative and/or
undesirable. More specifically, the present invention

15 relates to the transplantation of normal, or genetically

transduced, or cytocline-converted myogenic cells into
malfunctioning, and/or degenerative tissues or organs.

DESCRIPTION OF THE PRIOR ART
20 MYOBLAST PROPERTIES _ . _

' In mammals, myoblasts are the only cell type which
divide extensively, migrate,'que naturally to form
syncytia, lose their major histocompatibility Class I
{MHC 1) antigens soon after fusion, and develop to occupy

25 50% of the body weight in humans. 'These combined
properties render myoblasts ideal for gene transfer and
somatic cell therapy (SCT). Myoblast therapy is a
combined SCT and gene therapy.

MYOBLAST THERAPY

30 Although the role of ﬁyoblasts/satellite cells in
myogenesis and muscle regeneration dated back to the
early 1960s (Konigsberg, I.R., Science, 140:1273 (1963).
Mauro, A. J., Biophys. Biochem. Cytol., 9:493-495
(1961)), their use in animal therapy was not reported

35 until 1978 (Law, P.K., Exp. Neurol., 60:231-243 1978)).

The first myoblast transfer therapy (MTT) on a
Duchenne muscular dystrophy (DMD) boy on February 15,
1990 marked the first clinical trial on human gene
transfer. 1Its success was reported (Law, P.K. et al.,



i n biological characteristics ex vivo to be adm ni stered to humans

and appl i omblee/18303t he prevention, treatnent, cure, dimEHr0SIsa6093"
mtigation of disease or injuries." 25 (Federal Register,

58:53248- 53251 (1993)). MIT falls under the unbrella of SCT and
myobl ast s Lan&mi itasqalmsy'-qals @egey)i © Krsla&aem@almwmwtwfﬁ becorre

potential bi oI rrent of | sg
As of May 25, t'he%“&%% Has dmant ed mm g’ﬂnjfltﬁe borclj @ﬁ Therapy
Research Foundaraowp@@mRFyhmwhﬂaﬂqypﬁ&YBﬁﬁﬁiaces genaticablgcabnom&k | s

an non-profit é%ilecxu(t?r) SRRl Ghes, yrr UL Kounded Dr Ll

i nventor in 199 Authorlzatlon O recover costs
from subPects BRtigede cedl fusdqmy @il t?h%l@%%ﬂ?%l%?%r? Bt to

establish the nuclei 9 ehd idohcy efidblddts %E@%ﬁﬂsﬂmﬂ@, quoti ng

t2he V\D‘]ggfﬁyéga?legrgsll t%d '..*:telp%tq.roftl{err]ﬁa Maﬂl) édnj._tl:eférg ,h re Xvﬁgﬁi%ﬁgg
also fuse among themselves, forming genetically normal
myofibers to replenish degenerated ones. Thus, full

10 complements of normal genes are integrated, through a
natural developmental process of regeneration, into the
abnormal cells and into the abnormal organ. '

The US Patent Office issued to this inventor a
patent (#5,130,141) entitled “Composition for and methods

15 of treating muscle degeneration and weakness” on July 14,
1992.

In October, 1993, the Food and Drug Administration
(FDA) officially 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 injuries.”

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 treatment of mammalian
diseases. -

30 As of May 25, 1994 the FDA has granted permission for
Cell Therapy Research Foundation (CTRF) to charge $63,806
per subject. CTRF is an non-profit 501 (c)} (3) research
foundation founded by the inventor in 1991. Authorization
by the FDA for CTRF to recover costs from subjects of these

35 clinical trials is extremely important to establish the
scientific credibility MTT and CTRF deserve, quoting the
June 17, 1994 edition of the Memphis Health Care News,



" Perm 55| on to bill for an Investi gat i onal product is g r ant ed
rarely,’ ﬂ?? 6103 spokesman Moni ca Revel |l e, "Applica TPRPSH609B dur e
nuner ous procedures, and nust have what | ooks |ike a viable product

at the end of the rajinbow 5 ,.1t's used mainly to support testing of
proni si ng techndl&ggitssion tgy Ridf| ani eéﬂveémsag%%é freRIRRC rade i n
regard to gramterRir Gardl ¥k, TRF. says FDA spékehiﬂaﬁ tmleaRFMeré he
first and only, 1ica roved m%n cl.i orﬁ' o trlgﬁi\lr und%rn st h

| nvesti gati onal “F& I’IE\%&\/ 5519 Csa AT, st Aave
extrenely whaitnjooksnt ike aemabéetpaodﬁrﬁraha@mmdwﬁ mhmrauw@lwy

Wi th thegFDA tgog! %g@usﬂashnyer;baﬂ?ﬁgﬂpel L&bEind o Promising T
process of this I ND genetic erap vira

vector medi at & SFédd SORTPERIPES- %ﬁaﬁtﬂeme@’?eﬂ'ﬁ(?nﬂ@@tﬂ an éﬂegé&@eé:%as
not net FDA ap&@@%&&ch at CTRF. CELL THERAPY W TH NVCBLASTS The

cell is the baS|cu Lt of,all Likves |teI smal_|
entity which life i tmao%‘ %\i‘ tI#élJRf‘O hgfﬁiﬁmeﬁgg Wi anﬁ ﬂnoﬂn& ge
of 't he human r 80a-appricwesd hu'man cl:.n:.laeén tailad undprroaucénaelsn:ugagloalall

f rom nophi vi ngy ngg nt ?Pfé‘a rPN%fn an [ el e
Cel | ?{)ure | se'?’he on? P % own to nman for e q'fé;pl | cgltel or]fyof
cells in vit rolmEPFﬁaﬁ‘ftod'éP F@é%?ﬁuéﬁ’*aé'-ncpw haﬁr&,e@&"c i pkingr garsedy

transfornmed cellishCcathderonl tiy edstblish cxEdri@d eghd pylliidiled Oif epdlel
and to replenlsh de%ﬁﬂei%%géss of this IND for genetic cell therapy. The
use of wviral vector mediated gene therapy on human

15 neuromuscular diseases has not met FDA approval.

CELL THERAPY WITH MYOBLASTS _
The cell is the basic unit of all lives. It is that
infinitely small entity which life is made of. With the
20 immense wisdom and knowledge of the human race, we have not
been able to produce a 1living cell £from nonliving
ingredients such as DNA, ions, and biochemicals.
Cell Culture is the only method known to man for the
replication of cells in vitro. With proper techniques and
25 precautions, normal or transformed cells can be cultured in
sufficient quantity'to repair, and to replenish degenerates
and wounds.
Cell transplantation bridges the gap between in vitro
and in vivo systems, and allows propagation of “new life”
30 in degenerative tissues or. organs of the 1living yet
genetically defective or injured.body.
Cell fusion transfers all the normal genes within the
nucleus like delivering a repair kit to the abnormal cell.
It is important to recognize that, for proper installation
35 and future operation, the software packaged in the
chromosomes needs other cell organelles as hardware to

operate.
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f genetic defect are now produced by the donor genome that is
normal. Various cofactors derived from expression of the
other genes corroborate to restore the normal phenotype.

10
GENE THERAPY WITH MYOBLASTS

The use of myoblasts as gene transfer vehicles has
been researched by this inventof_extensively. In
mammals, myoblasts are the only cell type which divide

1s extensively, migrate, fuse naturally to form syncytia,
lose MHC-1 antigens soon after fusion, and develop to
occupy 50% of the body weight in humans. These combined
properties render myoblasts ideal for gene transfer.

Natural transduction of normal nuclei ensureé-

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

25 MTT transfers all normal genes-toheffect genetic repair.
Since donor myoblasts also fuse among themselves to form
normal fibers in MTT, the muscles benefit from the
addition of genetically normal cells as well.

30 MYOBLAST THERAPY IS THE MEDICINE OF THE FUTURE

Health is the well-being of all body cells. In
hereditary or  .egenerative diseases, sick cells need
repairing and zad cells need replacing £for health

35 maintenance. _

Cell culture is. the only way to generate new, live

cells that are capable of surviving, developing and
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MYOBLAST THERABYaYS TidE n¥eDICl iy ¥ HrehidToRFays exerts its effect on a
cell, cell therapy will always be the common pathway to

health. After all, cels are what life is made of.

15 ' '
DMD: A SAMPLE DISEASE

DMD is a hereditary, degenerative, debilitating,

fatal, and undesirable mammalian disease. It is
characterized by progressive mﬁscle 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 were reported as potentially beneficial (Milhorat, A.T.,
Medical Annals of the District of Columbia, 23:15
(1954)). None are currently being used (Wood, D.S., In:
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regener at iwg ogdsfgases, ‘sick cells need repairing chﬂggs,lﬁggl
cells need replacing for health 35 mai nt enance.

culture is the only way to generate new, |ive cells that are capable
of surviving, qey&lpl "% Y and Mastaglia, F.L. fs and
VO 96/ 18303 ane astagmid. * 57 Usgn TagEests an

functi oni ng i n HfFaREChiushenng gpdegken MSGHRT mystrophy df@Wer at ed
cells that arey¥o¥: Raven Press; M®HAS{OIE | hauddyEfehéd i n the body
capavle of - chediialiels Seblodiiy oy P RIS S LolRoiTey av! o of
ef f ect plSenotymm:amapm,r anironl e iobsp (éare iMetteon . J MLT, ofelif. Med\ND is the
first human geng ey apys %rgonsgf@t%ﬁ&aea seﬁe Arznezﬁndpg{.‘;gﬁtlve The
use of MIT to tlrsansssfle(rlssgl)) coenzn Q (Folk K. et al., E t
' yme olkers, et a xcerpta
Med. Int. Congr. Ser., 334:158 (1974)), adenylosucc1n1c
acid (Bonsett, C.A., Indiana Medicine, 79:236 (1986)) and
10 growth hormone inhibitor (Coekley, J.H. et al., Lancet,
1(8578): 184 (1988)). Several hundred drugs have been
screened (Wood, supra), with some studies showing
consistent benefits from steroids (Entrikin, R.K. et al.,
Muscle Nerve, 7:130-136 (1984)). '
15 The beneficial effeets of prednisone on DMD was
first reported almost 20 years ago (Drachman, D.B. et
al., Lancet, 2:1409-1412 (1974)). The researchers
reported that prednisone couid delay the degenerative
process and in some cases even transiently strengthen DMD
20 muscles. The evidence substantiating prednisone is not
without debate (see Munsat, T.L. and Walton, J.N.,
Lancet, 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 ie undefined. Prednisone
causes numerous side-effects, and prolonged use induces
adverse reactions that by far out-weigh the gquestionable
benefits reported. ' |
Gene manipulation and transfer are other approaches
30 that are being used to treat hereditary and degenerative
diseaees. 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 dystrephy.

35 New York: Raven Press, 190 (19920); and Watson, J.D. et
al., Recombinant DNA. New York: W.H. Freeman and Co.; 576

(1992)). Success claimed over intramuscular DNA
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patients (Law, supra). Clinical trials are currently

15 underway for cystic fibrosis (CF) based on transgenic
mice studies (Hyde, S.C. et ai., 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 are

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
regulatory protein. .

Although dystrdphin 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
demonstrated, among others, by the present inventor using

30 MTT in mdx mice {( 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,
337:176-179 (1989)) 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,
15:550-560 (1992); Law, P.K. et al., Lancet, 336:114-115
(1990); Law, P.K. et al., Acta Paediatr. Jpn., 33:206-215



Medi cal Annals of the District of Colunbia, 23:15 (1954)). None are
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concern. These two parameters have been extensively
studied using the dy*dy* dystrophic mouse as an animal
10 model of hereditary muscle degeneration (Law, P.K., Exp.
Neurol., 60:231-243 (1978); Law, P.K., Muscle Nerve,
5:619-627 (1982); Law, P.K. et al., Transplant Proc.,
20:1114-1119 (1988); Law, P.K. et al., In: Griggs, R.C.;
Karpati, G., eds. Myoblast Transfer Therapy. New: Plenum
15 Press; 75-87 (1990); 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 Becker muscular dystrophy. New York: Raven
Press; 101-118 (1990); 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 treatment
(SMT) (Gussoni, E. et al., Naﬁure,_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 (1990); 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.K. et al., In:
Angelini, C. et al., eds. ‘Muscular dystrophy research.
New York: Elsevier Science Publishers: 109-116 (1991);
30 and Law, P.K. et al., Acta Cardiomiologica 3:281-301
{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 (1993)). Through 48
injections, 5 billion (55.6 x 10%/mL) normal myoblasts

8
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DVD (LagyrgBrKDISEASEKTOMDITIORSA. et al ., eds.: Pathogenesis
Raven FHE53, 100 ( 1800FR AR LALTSHY Fopetar tiuedRd)cald be pARESEUAL,
New York: W H. bir M@Tan ThtoGgh ner&ral cell( fosdpp, Seness aysdiagt® over
I ntranuscul ar Pgéert'full_complément of normal genes ino genetically
abnormal cells to effect repair. Promoters and enhancers
of the defective gene can be supplied or activated or
15 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 “seed” amount of satellite
cells with the normal gene, c) confirming the myogenicity
- of the transfected cells, d) proliferating the
25 transfected myoblasts to an amount enough to produce
peneficial effect and e) administering the myoblasts into
the patient.
Retroviral vectors have been used to transfer genes
into rat and dog myoblasts in pfimary cultures under.
30 conditions that permit the transfected myoblasts to
differentiate into myotubes expressing the transferred
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
35 (hGH) show significant levels of hGH in both muscle and
serum that are stable for 3 months (Dhawan, J. et al.,
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Wl ff, J.A et al., Science, 247:1465-1468 (1990)) and arterial
delivery of inmmature nuscle cells, al so known as myobl asts, to

skel etal nuscl %&i\&%@y%a 5509 fs.wb §L9dh) ; h's%%ogﬁndlla RR58:3202,
(1992)) is ver y t|on ? Attenpt of using
esul

transfected CIeQﬁﬁol%%%uésﬂioﬁﬁagtzlﬁ§§ ted in |ow efficiency and
nmutation in transfecrThonctdasducéd apdblasdebradskler was inspdiredcdy 264!

1507- 1509 199 Sgi 5 0 1
and Smith, B, F ST Bpproach B angpsipe fieiiFast {ank)) Bt et
Such appﬁoach In theviattqre$utua3u©n»cwenelhyoggnmcthelpgtu@npr@wnﬁaf(n
a “h0|eﬂ¥¥h@f@6ﬁéésﬁlﬁﬁafﬁﬁéfl&ﬂﬁiaﬁbA(BgﬁéstQan%%EuQMQd to the

patients (Law, Supra inical trials are curreéntl und ermay
cystic fibrosi §’a(t€F9’tha%%‘EF’6ne¥P%ﬂ§§8ﬂ| ¢n the nuﬁ"PGé' u&lh\?s trapgd ecsed
al., Nature, 3@&lls throwdf-26b1(4Q%8hre C(CLuniesl K.wal &tmmﬂh,gmﬂé’gﬂr apy

have al §9.5% been %g%y&m:gg%og%%gﬁze conbi ned i nmunodefi ci ency

(SCID). Unlike Sd defects are .
10 Similar approach has already been tested in animals’

using genetically transduced myoblasts to treat
hemophilia B (Yao, S.N. et al., Gene Therapy, 1:99-107
(1994)), cardiomyopathy (Marelli, D., Cell
Transplantation, 1:383-390 (1992); Koh, G.Y. et al., J.
15 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, myoblasts are nonetheless
20 embryonic cells that are capable of de-differentiated or -
even converted. Thus, myoblasts have recently been shown
to be converted into osteoblasts with bone morphogenetic
protein-2 (Katagiri, T. et al., J. Cell Biol.,
127:1755-1766 (19%4)). 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 myogenic lineage
(Gibson, A.J. et al, J. Cell Sci., 108:207-214 (1995)).
30 The implicated usage of myoblast transfer. therapy to
treat cancer and type II diabetes mellitus is described
below.

WHY MYOBLAST THERAPY

35 In hereditary or degenerative diseafaé, gene
defects cause cells to degenerate and die with time. An
effective treatment must not only repair degenerating

10



20 medi at ed t hrough enzym c deficiencies, the genetic defect of
DVD nani f S¥OR§/1833t he absence of a structural protein . PCH$9516093
dystrophin in the cell nenbrane rather than a regul atory protein.
Al t hough dystrophin serves as a good 25 genetic/ bi ochem cal marker
(Hof f man, E.P. c@tllaﬁ, bute|geplenish @gadoqelbogag 1wey)) iBhismecanabeation

of nuscle e IJOHIURIB Y £ kB SEF SREPTa A €N DGR 'R g&REEL AV $SnQPhY1
part of the trea tﬁg@ocess Thi s JOfas al ready bee enbpst rat ed,

anmong ot hers, &f SMatif bl HReFRPS0 Thel\ﬁféf"?’?!trﬁag ReLteculesen,
M et al., Celbéﬁexrﬂﬁéﬁﬁvﬁrswslngle gere Inflar?p(1d020n wWaightis G et al.

Am J. Pathol. ) t al .
Nat ur e, s ylﬁf’(@S%% |t.ﬁ° %ﬁ%%g %‘%ﬁg‘gjﬁcl fieaSé? lee
Nat ure, 356: 4wmqe1mal%aﬁmghe gene| mani{pukatgen canmspt.

81: 287- 288( 199 Liep1ldyairgh l]cast.etcé!lls Mg é\i%rv@mere is vé%{5§9m§@9d(1992)
Law, P.K et al Lancet, 336:114-115 1990) ; K. et al., Acta
Paedi atr. Jpn. eWE§?ﬁﬁ?:Eﬂ? hese approaches can repalr degenerating

cells. _

10 In U.S. Patent No. 5,130,141, this inventor
disclosed for the first time compdsitions and methods for
treating muscle degeneration and weakness. A composition
comprised of genetically normal myoblasts from a donor
was injected into one or more of the muscles of a host

15 having a hereditary neuromuscular disorder. - -Muscle
structure and function were greatly improved with the
injection, thereby preventing or reducing muscle weakness
which is a primary cause of crippling and respiratory

) fallure in hereditary muscular dystrophles This

20 transplantatlon of genetlcally normal muscle cells into
the diseased muscles of patients with hereditary muscular
dystrophy is known as MTT. |

MTT differs significantly from the conventional
single gene transfer format in several respects. In this

25 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,

~ both 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 Transplantation,
2:485 (1993)) of myoblast transfer therapy MTT prompted

11
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(1991); Lawoflgsoset al., Adv. din. Neurosci., 2:463-470 );

Law, P.K f In: Angelini, C et al., eds. NUscuIar éés??%p hy
resear ch. NEM/YOrk El sevi er SC|ence Publ i shers, 109-116 (1991); and
Law, P.K et al et ol §91 Because
DMVD pat hol ogy thi (iﬁ%eéior nusc fg@e eﬁ@%% |on<§ﬁ wé%ﬁness structura

and especially Wﬁﬁﬁmlﬁ rﬁ)?bbmmp%%s@ intoreach of 64 dyrekerne These
two paraneters d@&mra ¥t RSy € BMD) boys sawlaeobégslmﬁ henfantile

dy[err]dy[err] stro h| use n_ani el re ary
muscl e degenerzft%/ q@ergpc? stro&?y l\éﬁ?%ﬁ) 6 ?ﬁa"%i@“ 71%57
Law, P.Ks, I\/UdeH\]mf-\kEllnd clinbedll Pl (ﬂﬁ&ﬂ:)col,avapﬁdﬁredatb}althe FDA

Transpl ant Proc %é%? In: Giggs,
R C; Ka(r pat i ,haée Zﬁds% asé ans‘?‘é xq{lsﬁelfa seé"ﬂﬁw %I enum 15

Press: 75-87 (Dy9meduree separated|by ME%I% nenths . Each preeRduE33

(1988) Law, Pd&]i8terd -20d NinfSkiidiss B3, 5 bJ.ll:LcM"Srﬁ 1#std; leo eds.
Pat hogenesi s and ther chenne aq g r nuscular dystrophy

ow vorks Ravarither FY miaclag in fHiq 1o50E P.9E CaPSap, I L
20 Moscl e hristles: iIbG6 A qudy Hody [LEBE. stnﬂjwté@ams@es the’

E o al Nt L Souile 3 e Sk ” SASERY, back cigh®) (FEoGT

81:287- 288 (19®&bdomaunr carms, hlsz. mdalegsmﬁnlmmsvetal%@@l%o
(1992); Law, Pdfci®sporine for 3 months after each MTT. One IFSH and

10 DMD boys have received WBT and 20 more DMD boys-have
15 received 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 quadriceps received myoblasts or placebo, five
20 subjects have demonstrated immunocytochemical evidence of
dystrophin in one of these muscle biopsies 3 to 9 months
after 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%
25 of the subjects 3 to 6 month after MTT. About 50% of the
subjects report behavioral improvement in running,
balancing, climbing stairs and playing ball. One 14
yr-old DMD subject has stayed active without the need of
a wheelchair after MTT (Law, P.K. et al., Amer Soc Neural
30 Transpl Abst., p. 27 (1995); Law, P.K. et al., J.
Cellular Biochem.Supp, 21A:367, (1995)).

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

35 as a biologic to treat human diseases. The demonstration
of the dosage effectiveness further confirms the idea
that myoblast therapy can be used to treat a whole

12



Lancet, 336:114-115 (1990); Law, P.K. et al., Acta

25 al

Paedi atr. WPA§/18%3: 206-215 (1991): Law, P.K et al., Adv. PCI/US¥16p93
Neurosci., 2:463-470 (1992); Law, P.K et al., In: Angelini, C et
al ., eds. Miscul ar dystrophy research, New Yor k: El sevier Science

Publ i shers: 10Y2rigty1of mammmlian Giseases oK iktaahereditary.,

Car di om ol ogi cdeget@latile, debiXil¥tlidg, fatal, or unbesieabibi bikkase
safety, and effic %%.of MIT were assessed by this inventor in
experimental | S{o)al treatments invol ving 32 DVMD boys aged 6- 14
years of age, 35 Thiza Ipfr ecfenth amwen tei o neaobides ocgmpbaitiBnk. aad al .

oo, 1 BASSAE SR g L3208 Lo AR copnensavios
8 WO 96APEt0gells in patients with hereditary or degenegetive093
were transferradgsedls@s’? IFRRIrt AL H5 tHodOt EhdPYCEerized byl AlScN1RB €ach
of the subjects. —Results até%rnnugw ffter NWTolndlca edt,lnteralla
that (1) MIT  malfunction, generation and weakness In practicing

' the present invention, any myogenic cell may be used,

10 regardless of whether it is of skeletal, smooth, or
cardiac in origin. Transferred cell types include
myoblasts, myotubes and/or young muscle fibers. The
myogenic cells may be primary-cultured or cloned from
muscle biopsies of normal donors. They may also be

15 cytocline converted or genetically transduced myogenic
cells. Typically, the parents, siblings, or friends of
the dystrophic patient are the donors. In addition, it
is contemplated that the establishment of superior cell
lines of myoblasts, whether from humans or animals, will

20 provide a ready access of healthy donor cells for
patients who do not otherwise have a suitable donor (Fig.
2 to 5, also Law, P.K., Myoblast Transfer, Landes,
Austin, (1994)). It is further contemplated that the cell
transplantation procedure will augment size, shape,

25 appearance or function, and/or alleviate the disease
conditions..

The present invention provides a method for
controlling, initiating, or facilitating cell fusion once
the myoblasts are injected into one or more of the

30 muscles of a patient with the degenerative disease. By
artificially increasing the concentration of the large
chondroitin-~-é-sulfate proteoglycan (LC6SP) over the
patient’s endogenous level, fusibn of the transferred
donor myoblasts among themselves or with other cell types

35 can be enhanced and controlled.  (Law, P.K., Myoblast
Transfer Landes, Austin (1994)).

13



treatnment; (2) MIT inproves nuscle function in DVD, and 5 (3) nore

than 5 billion nyoblasts are necessary to strengt hen both | ower
i mbs of WVORHIEY bet ween 6 and 14 years of age. PCT/USIS/EFOBR
DI SEASE CONDI TI ONS 10 Potentially every genetic disease can be
benefited by MIT. Through natural cell fusion, donor nyoblasts

insert full cofpl éseetomnethed oapsest oft c;hyenmemmp to imprgyerthe

cel I's Lo ef feckuBeBal rack eRRhRIch &M HAANGHS donor cdlfid he Wpfiaptd ve

gene can be su or, activated ,or 15 re esse t 0, achj eve gene
transcription ggﬂ tV&ﬁ%P&?I&HJECt1°n\mqﬂ?q¢% ﬁﬁ4nﬁﬂﬂ&5

enzyme(s) fromincludingr dngelcained dmggmldyceﬂﬂmugh k:ew atyoﬁrherst ur aI
Dot ogn ©50pREpBhARNERL B PEREly ek ILBU S parar ol OEWE |

condi ti ons. ransduce tscan

The _ pr oo¥afiibersnsipods asf aa)sinals witeg anmsctlk@ triusisshe f r Gthe

the patient, b;,os&aagf% aRhi @ ved SR P WL 10 uRAIR] Wilkh the ledil IS with
t he normal geng, confirmn ogenicity of the transfected -

cells, d) prol PP@P&H R imd 1°n5 t{FIt-e & & By olil&S Lay & Banount

enough to prodMgeblast TriageEdssi dandeL@ustich e)(m@mml stering the
VI ral vectcgs have been

Ezggl?ziérgﬂg?er geﬁgsth%ug%h!en ot 5P“§ﬁ§'d§&ehso RLOGLS S e

cul tures undervitro fertilization and blastomere recombination can be
used on known Duchenne carriers to increase their chances
of having normai children (Fig. 9 to 13; also Law, P.K., '
Myoblast Transfer, Landes, Austin, (1994)).

15 It is yet another object of the present invention to
provide an automated cell processor, a highly efficient
means for producing mass quantities (over 100 billion in
one run) of viable, sterile, genetically normal as well
as functional myogenlc cells whether genetically |

20 transduced or cytocllne -converted. The cell processor has
an intake system which will hold biopsies of wvarious
human tissues. The cell processor’s computer will be
programmed to process tiséue(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 myoblasts,

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 myoblasts 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, 1995), skeletal muscles
appear to be devoid of cancer, though malignant tumor and

14



30 conditions that permt the transfected nyoblasts to

di ff er ent WRW/183D myot ubes expressing the transferred PCT/Y8HESOB3ni t h,
B.F. et al., Mdl. Cell Biol., 10:3268-3271 (1990)) . Furthernore,
mce injected with murine myobl asts that are transfected with human
growt h hor nonengtastasescryeshioWnsdi §ni pveant oFBes| ergrnhGHTRE NEEN Fescl e

and sersasébabr asgrebnll eeportdanmapkhgatrbhawadptdonst. al .,
9 WO 96/ 183 PCT/ US95/ 16093

Sci ence, 254: 1509- 1@'%% ¥369% 7. iBgrRogytarheyifpl dppepstration 8 once,
254:1507- 1509 dy¢$S€tpphin in DMD musdhest bamedthsdafizelbl MIT tindiskeednas

£O%: - - 1n . ;
dor i oy’ otong GeRhiLbEEeRERAT6E QnaReloSER-CTRY BAACEEHIL erom
transfect ed wityeplagti bharappa(figesl8hd r EhiiFnpyineiphe can appaiyt tent

after expansi ofrédt t g8l puRBeionh1t hAstil aAStesti 88ant muscles in Type II
diabetes mellitus. As a universal gene transfer wvehicle,
donor myoblasts insert the whole normal genome and this

10 can repair any malfunction of skeletal muscle cells,
rendering them insulin sensitive (Fig. 20).

Additional features and advantages are described in
and will be apparent from the detailed description of the
presently preferred embodiments and from the drawings.

15 Further, all references described herein are incorporated
by reference. '

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagram of some of the known protein

20 defects in DMD muscle cells that differ from normal
muscle cells. These include membrane structural proteins
that are decreased or absent in DMD such as dystrophin
(DIN), dystrophin-related-protein (DRP) and
dystrophin-associated-glycoproteins (DAG), enzymes

25 elevated in serum levels of DMD patients such as
creatinine phosphokinase (CPK), aldolase (ALD) and
aspartate transaminase (AST), and mitochondrial (Mito)
pfotein differences. Although these prdtein defects are
caused primarily or secondarily by the dystrophin gene

30 defect, their correction will require multiple gene (Gl
to 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

35 fluorescent microscopy. The arrow indicates the ' _
MHC-negativé myoblast. (B) is of the same slide viewed

15



cells through cell culture (Culver, KW et al., Transpl. Proc.,

23:170- 173y 461kBe3 - 10 - Simlar approach has al readpddegspsiigmbed i n
ani mal s usi ng genetically transduced myobl asts to treat

henophilia B (Yao, S.N. et al., CGene Therapy, 1:99-107 (1994)),
Card|0”V0pathYuhﬁEEeQ'ned@baﬂ3ilght mlcrégéﬁﬁéﬂf”WKﬁ'éE&oﬁ $83138Pe£1992) ;

Koh, GY. et aI &H l.nves. 92 1548- 1554 (1993)), anem a
(Hamanori, Y. Cef‘ez%atl"ﬁuﬁ‘ﬁ’r? Thtdpy= 20 4M9- 1356 (1994)).
Undoubt edl y, t her e wig. e J.rmm:;sﬂwh taff Jarth Besise sof anyoblastghbgh

nyobl ast therag,,igpfllho tIrOJt“nA‘%}; o4 Capa%%§é§$&l‘g§_@g°ugyobl asts

are nonet hel es n|c A
de-di f f ePent i araf8ioMHC claSSe\Ierartrmhmixeﬁj Sarplegobhyshlasbsereactad| y

been shown witht gnlgg_ m@@rlta%% |ﬁ1té;1tq§;@d)_@@sts W|th bone nor phogenetic
protein-2 (Katagiri . et al §E_ 127:1755- 1766

(1994)). This studyF&EhDﬁsﬂFaFe§qﬁ%ﬁe%2 agr?%ﬂ?ﬁﬂ?%% %%ﬂ%%??%ﬁnn9§bFH§ts
gan be adnmi ni sihgoblasts that weald eigatiive) fmneHE 1 | dmigbger gerprassien

| seases. R AL t has been denonstrated that nouse derna
fibrobl asts caﬁybgb%§§3%rfé§ rﬂ a nyogeni c |ineage (G bson, A J. et
al, J. ©8lIl Sci., 1889205 ZMu(SI:Qc%)e)s fBuorescent imfeensiftieatedl twage of

%ﬁb! ?3; f;aSZégFPEQeBmeybglasts a fife8Als AR i H by VPP bf 1 dbAbRE LSy .
( represents MHC-positive myoblasts (B) represents
MHC-negative or weakly expressed myoblasts. (A) and (B)
are of the same magnification and the pictures were
15 similarly processed. Bar = 30um.

Fig. 6 illustrates the angle of injection that
determines myoblast distribution. (A) Oblique 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 most mosaic
fibers. (B) Transverse injéction 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 results 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
injected with donor myoblasts.

Fig. 7 illustrates donor myoblast nuclei labeled

30 with fluoro-gold (FG), and are present in host muscle at
seven days after MTT. (A) Mosaic myofiber with donor and
recipient nuclei (black arrow) and donor myotube with

donor myonuclei (white arrow). (B) Mosaic myofibers with
donor (white arrows) and recipient (black arrows) nuclei.
35 Fig. 8 illustrates distributions of donor myoblasts

labeled with FG in host muscle. Even distribution of
donor myoblasts can be achieved with obligue myoblast
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VHY WGBLA@B(%F PY 35 In hereditary or degeneratﬁﬁ@y&kag%sas,

gene s cause cells to degenerate and die with t

effective treatnment must not only repair degenerating

10 WO 96/ 18303, . ., PCT/ US95/ 16093
cell's, but rep’dHSF-1¥ad2eh) s 85 9RFPT BHrleiapedppear in Patgheseyed

by the transpl at,&dj ovhife geredwshl Wyicbrgahdually shewlmorerabnomhal cel |
t herapy. The a toOf I ' | es Qs .

mani pal at i on whiEoL s SR, () reBFRELAES QUARIsREDE P1lilErion

di seases. Li k@nd (D) niengteudinal sinieagiengene mani pul ation cannot

repl enisk | ost cell sidurd hETlustiLiCes SENE Yréditt £6n of allSphégise that
t hese approaches .can repair. degenerating cells, 10 . In U S
Patent No. 5, 13075 "1l HRVERIFILen Of 3llepBsRn fOFmRHAoR (st i
conposi tions and netfiggs I®rillustratesathnge nlictermzgeser At hormabhd 1
weakness. A CO@%¥3§H§H€, 1 dystrophic (top to bottom).

' Fig. 11 illustrates physiological recordings of

10 maximal isometric twitch and tetanus tensions at 80 Hz
elicited from the soleus muscles of the normal,
allophenic, and dystrophic littermates. The allophene
recordings resemble the normal, rather than the
dystrophic recordings. _

15 Fig. 12 illustrates soleus cross-sections from
allophenic mice demonstrating core fibers (arrows)
characteristic of muscle from DMD carriers. Whereas most
myofibers remain normal in appearance, some degenerative
characteristics such as fiber splitting and central

20 nucleation are apparent. _ ;

Fig. 13 further illustrates soleus cross-sections from
allophenic mice demonstrating core fibers (arfows)
characteristic of muscle from DMD carriers. Although
most myofibers remain normal in appearance, some

25 degenerative characteristics are visible such as fiber
splitting and.central nucleation. - '

Fig. 14 illustrates the general layout of an
automated cell processor.

Fig. 15 illustrates the detailed design of culture

30 and harvest automated actions.

Fig. 16 is a comparison of cancer cell growth media
with myoblast growth media on cultured melanoma (CRL6322)
cells. (A, C, E, G) low magnification; (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 amount of melanoma cells
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conprised of genetically normal nyoblasts froma donor was i njected
I nto one owoenessf the nuscles of a host 15 havi ng a hereriu$ss/1§093
neur omuscul ar di sorder. - Miscl e structure and function were greatly
i nproved with the i njection, thereby preventing or reducing nuscle

weakness seddad drsd actpltiuﬂ?éd sﬁulﬁ?osiastlgiabweﬁ nedisespkr 9t Qays
failure in hereditary muscul.ar dystéoghkg g 8 taﬁgs‘ggant at | on of
genetical |y nofral TRFTIEIRERS |fpg differenpiatedoqq bR kepsie
patients with Wixmrqﬁtmme\ll growthdysdiaphyhe snéhanomascélls,

MIT differs sigaj lé%ﬂé’réﬂ#’mﬂi@ Clggéf&ﬂé' brical in ﬁﬂgé ggge transfer

f or mat |n sever al rc&spect ter gene t , single
copi es of the @SR rom the arfagsi nl’@@h%a%l%’égt\?}aﬁ’édﬁb%dca%lﬁl¢1§¢

conj ugates intdead (E) thmﬁfﬂiigrleeﬂwﬁéé@ﬂﬂiﬁaﬁw&ﬁl&fﬂ? aNfahi kEaTERY
pr ot ei ns, gﬁth struct P€ rlgp% tor 1 é ost gre]i%ously
Mil tiple gene iS%k |o%“a}1§1n essa gﬁ'-%’é 4 1QR¥S 3R MYOPIRPL 17 ot e ns
(Fig. 1). Mregyenth mesiia orthes mebamoma ocells stplbdappeahenumérnctsrs to

regul ate and tgﬂ @{e%s&wese | ost proteins in order to repair the
degenerating ce SUVWMARY OF THE | NVENTI ON 35
The dendflstration offig-eli%i rFa]r%ﬂi'rfé’@é‘F?ﬁleleaStS and gpetgnommdceiis cacy

(Law fet alh , Geldly Hdﬁt%ﬂﬁ%ﬁtdzmratlo) co2cdBButd@ %8 ) mpbbTa&P! §8dwth
transter t era%yé\/ﬂ'T pr&rrpt& low magnification; (B, D) high

magnification. (A, B) After 9 days in culture myoblasts

and melanoma cells are numerous and remain

15 differentiated. (C, D) After 14 days in culture
myoblasts dominate the culture, with melanoma cells still
surviving. ' | '

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 are beginning to fuse. (C, D) Myoblasts and
melanoma cells (1:1 concentration ratio) after 10 days in
myoblast fusion medium show numerous dying cells. Only a
few can survive in this medium for this long, and they

30 are detached and dying (D). (E, F) Myoblasts and
melanoma cells (1:1 concentration ratio) after 19 days in
myoblast fusion media. The surviving myobalasts retain
their spindle shape and align with each 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. Myoblasts have
begun to fuse, forming myotubes.

is8



WD 96/ 18303 PCT/ US95/ 16093

this i nverW@P6AB0nitjiate a whol e body trial (WBT) i NPEBUSII60%3
billion nyoblasts into each of 64 Duchenne nmuscul ar dystrophy (DVD)
boys and a boy with infantile . faci oscapul ohuneral dystrophy (1FSH).
The randomi zed 5 Figdodd ésplamdmmunpestochenicyl cdemenstyppioneafby t he

FDA (1 N@yBiaophlin) ianthuni® ERERLd RB $aved VEima 101 88d1ization of
procedures separated Y 3.to nmont.hs. Eacm_proced e | fvers 200
" ecti ons or  SYSELEPPLAL ARSI HGFTaL "CORErThpusalf, B e BUEn Do
upper body (UBIjn OMD ow3@l®0 (B) . must| 63 iDMD Heidepwerbbadiifl Bopclekbn) ect ed
muscl es Lpcl ud i sier! gder [

abdonen, 5ar ns, fh?g‘sggﬁg’t}%& .%tbljeeeécéﬁg}%%ke or%‘l? on@aﬁkcgégl %éSQP}ﬁgePgr 3
nmont hs after eiBAeRFEonendn the septralatenml MEebgs? aeebeéesrved WBT

anq 20 nore DNQiB@é&eBQVeslice bﬂ%ﬁ&ﬂﬁgﬁbéﬁﬂiﬂueéfﬂhiﬂltEﬁepéﬁa &f gmaths
with no adverse reacti.on. Thesgﬂfngglnlnar r&iults |nd|§ate t hat
i |

t he VBTSFUdY e ShE degignation %1 MG BYS G ¢ | CRBRPFNRE
until the end etvehaesiudfonevier, Warndly ome misd¢lhe Showpssarcolembadchii or

quadricegs recebugd ;PueR3SLE Ay Aih%. 1M, (), and (D) were
intentionally over-exposed to show immuno-reactive
background elements not associated with the sarcolemma.
_ Fig. 20 illustrates (a) normal skeletal muscle
metabolizing glucose with insulin. (b) In Type II
15 diabetes mellitus, the major sequela of insulin
resistance is decreased muscle uptake of glucose. It is
possible that the glucose 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, 19893).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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 into any
genetically abnormal cells through cell fusion. For
35 example, the genetically abnormal cell could be a liver
cell, heart muscle cell, or even a brain cell. The idea
is to introduce a full complement of normal genes into
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20 subj ects have denpnstrated immunocytocheni cal evidence of
dysuophl&ﬁé{&@%}ﬁ of these nuscle biopsies 3 to 9 nonths peruserfiikeds MIT.
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bal anci ng, cl iawitige sgene slavel pragi ngt bat| thengoymonal or Hioghgmpgsl

subj ect has stﬂ¥ﬁghgctive wi t hout the need of a wheel chair after MIT
(Law, P.K. et al., Amer Soc Neural 3

\ 0. . Transpl st , 27 (1995):; Law,
P.K. et al., J.  For tsepbiRg 8fBehif éﬁﬁﬁ?sﬁgAFég‘?,l’b‘igb%?) .( ) W
Thi s denpnstr adt OncOhribapibtbifiyabndrmal ttyesnrather thani negudatoyy30

Dbt 00 VoDl S5L L oo DR UL, werag, BECULAERy! B Bileysh v donce

L all .- -as abrologic to I séases.
The denpnstratimitiate orofachditiatageedlf éusiounengef UYPRLASESNVRERS t he
igea Vm;gg§a§%€§ha§ﬁt8h€ﬁép%oa90 berusgdxhewh' €Rht ampbBLaAsts fuse

readily at low serum concentrations in culturgFT/¥§25/16093

10 process is more complex in the in vivo situation. As the
myoblasts are injected intramuscularly into the
extracellular matrix (ECM), injection trauma causes the
release of basic fibroblast growth factor (bFGF) and
large chondroitin-6-sulfate proteoglycan (LC6SP) (Young,

15 H.E., et al., J. Morph., 201:85-103 (1989)). These

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

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

Controlled cell fusion can be achieved by
artificially increasing the local concentration of LC6SP
over the-endogenous'leve; at the transfer site. 1In '

25 muscles, this is achieved by including abproximately SuM
of LC6SP 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 LC6SP (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 gene transfer occurring in vivo, the production of

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

myoblasts.
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variety of manmmalian diseases be it a hereditary, enerative

debi | i t at wQ 9648803l , or undesirabl e disease condi t | o CT/US95/16093
The present invention provides conpositions and 5 nmet hods for repairing
degenerating cells and repl eni shing |l ost cells in patients with
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t he di sease
Normal cardiomyocytes have a very limited ability to

proliferate in vivo or in vitro. 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 cardiomyocytes 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 to 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 electrqphyéiology. From Cell to Bedside.
Philadelphia: WB Saunders Company, 491-502, (1990)) after
mapping of the injured sites. With the ability to grow
large quantity of these cardiomyocytes, the correction of
structural, electrical and contractile abnormalities in

35 cardiomyopathy can be tested first in dystrophic,
cardiomyopathic hamsters and then in humans.
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condi tions. The present invention provides a nethod for

control | i 4@ oei@hdsi ating, or facilitating cell fusion once pcrusoditBos
nyobl asts are 1 njected into one or nore of the 30 nmuscl es OF a patient

wi th the degenerative di sease. By artificially increasing the

concentration of t a : ralet in-6-sul fate t ycan
(LCBSP) over the hfhé égﬁ??%ﬁttgéggggge%gug _e@%ﬁF&?ﬁéﬁgﬁgﬁgggﬁéﬁg
transferred myoblaswsronyebrasdionesytesewdshyvda ol tia lcantrallead |

%ypeSfBS . (;é@lpefﬁéﬂaﬁgggiﬁﬂéscQﬂérQEbﬁdtinﬁLﬁ@té%dﬁarﬁﬁﬁﬂﬂ55t 13
v&ng/ﬁgsogn qgér£¥g$§gc tes %g'multiply, yieldingcﬁpeggg,ﬂﬁmyyrs of |t

i s yet ahot herceblecfonfthéeceblebranspiantnmpoobe klfi€ective. fusion rate

. between.the host agge o CeiLSWaIOrEBE§ted thate@gta&a“éﬁgéinjection
met hods were tested and cohpared -

cardiomyocytes grafted into the myocardium of syngeneic
hosts formed nascent intercalated disks between host and
donor cells (Soonpaa MH, et al., Science, 264:98-(1994)).
10 The use of fetal cells for cell transplant has and will
continue to raise ethical questions. The fact still
remains that fetal cells will not produce enough
cardiomyocytes to mend a myocardial infarct. The
bicengineering 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 ieast 6 months, and
appear to be regulated normally by humoral signals.
Whereas myoblast transfer into the dystrophic
20 myocardium followed by in vivo controlled cell fusion may
provide a structural impediment at the infarct, it
remains to be shown that the myoblasts will integrate
well with the cardiomyocytes, considering that the
pumping action of the heart will disaggregate the
25 developing cells from the host myocardium.
C. COSMETIC USAGE
In a broader sense, the cell therapy concept can
significantly contribute to the field of plastic surgery.
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.
Modif: 4 adipose tissue involving mixing and/or
hybri.” -ation of myoblasts and fat cells can be used to
35 contrc. size, shape and consistency of body parts. Since
muscle cells do not break down as easily as fat cells,
good results may be long-lasting. Today, body builders
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site into the nuscle. The goal is to achieve maxi numcell fusion
with the | east nunber of injections (Figs. 6 to 8, also Law, P.K ,
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i ncrease thei r vussmieesnass is afmdtwral selwwdorhildren (Fig. 9 to 13; also

:_?w_, P. K., ) Mt?).bl %&f}%ﬁfﬁﬁfcﬁénh lehgies, Austin, (1994)). 15
Is yet another object of the present_inventjon to , provi de an
aut omat e cel | procié”seore,s%%’g?ﬂrﬁﬁ%‘?f?%i%‘mermr ce]n]eagrfan%r‘)fgroduci ng

mass quantiti emyobleist)E Hid INigh+irisk chalbsmge urhunfits dEmeefsteratre,

et ca 1Y Do e inese cel P Inbe ! L00R MOGSILE ¢ Shicoalial e
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genetically 20 ransduced of Cytocline-converte

Eas _ an nondumanigenhaohindnantigenic, nbwikl dlevakopsery
uman tissues. I ssor's computer will be rogrammed to
process tissuefg)qj%r%ﬁél{uvﬁ]l%e jolbes

/ control ting, space,. proportions of
cul turel@onstituent & HREBHREARRT TS of mYQPH?%%El_S "éé%rr f t?ons can.
be ”Dgl tored a'ﬁnla?j@t tHﬂEi:oc}:gompaﬁibttiﬂﬂyLdf@nﬂ?I@eesBasé'ﬁE (MHQI) syt face
provi des a supply. of cells suita [ or ' her apy or
for shi ﬁﬁ%‘rhge(nf—’i ﬁ?oﬁfé%eﬁﬁ%ey biad! ’fﬂf%]tsﬁ 1§és JS}&&S#F\% er >
enbodi ment i n \dmpdhicamibnstin @ usagedeHran hsmmuppsuprressaphafter

chem cal derivglifi$st®transfer therapy. (See Huard J, et al., Muscle

15 Nerve, 17:224-34 (1994); Roy R, et al., Transpl Proc,
25:995-7 (1993); and Huard J, et al. Transpl Proc,
24:3049-51 (1992)). The immunosuppression period depends

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

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

In our study, human myoblasts were cultured from
normal muscle biopsies in accordance with the methods
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-I antigens expressed on the
myoblasts were demonstrated with fluorescent immunoassay.
Cell cycle synchronization of myoblasts was carried out
by adding colchicin in the growth medium and incubating

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

Myoblasts were incubated with anti-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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used to treat cancer. Figs. 16 to 18 illustrate nel anoma cancer cel
deat h upo e to nyoblasts in fusion medi um
Cancer 3%@§€ﬁ%ﬁ5and Cont r ol edited by G eenwal d, P$&gﬁ&%%gwk98 S.,

and Wéed, D.L. 35 .~ (Marcel Dekker, Inc. New York, 1995) skel et al
nuscl es a r to dev,oi.d of ncer ou h nant tunor and
14 o) 9%’%@%3%%“‘1 uJ 2204 She1 (O £ PCT/ US95/ 16093

net ast ases arecyboﬁduowomeezy'm@hemamﬂprmed?wnnhnglBemton -Dickiressms of
sar coma report gdy ?r %o.rr@re? %‘}%tc'eﬁ‘sat 488 nga Mg%iﬁ%éx?c rol
ermonst r t I'n

| mmunocyt ochem ca tio I n nmusc es 9
nont hs after MFErragtc guédbys omithigng the rﬁlcf('ﬁ’-'r éﬁﬁ@pdﬁeagemme def ect (s)

~can resust froﬂhmufl]gassﬁyroa|s?%§1é|lﬁ Y. oflgsutm@oﬁéd@ﬁéée can apply
et es mot Fok M 4TSRS L65] Lol JUSES? ol VAl e
nyobl ast s inseréathéonbokangeﬂwﬂrogemmrbngutdtweak The remaining 8.3%

of the myoblasts were negative for MHC-I antigen

expression. Fig. 2 illustrates both MHC-negative

10 myoblasts and MHC-positive myoblasts. The MHC-negative
myoblasts were successfully separated by cytofluorometry,
which is illustrated in Figs. 3,4. Both groupé of
myoblasts were then cultured for three weeks without
significant difference in proliferation..

15 ‘The lack of MHC-I antigens on these myoblasts may

' enhance survival of these myoblasts in recipients after
MTT. Fig. 5 illustrates the fluérescent intensities of
both MHC-positive myoblasts and MHC-negative or weakly

_ expressed myoblasts after separation by cytofluorometry.

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

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

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

30 selected for their unique properties. Unfortunately, it
has been shown that all clones of myoblasts eventually
produce tumors if allowed to proliferate excessively.
‘Thus, these cell lines should not be allowed to
proliferate over 30 generations.

35 E. MYOBLAST INJECTION METHODS

Aside ffom donor cell survival in an immunologically
hostile host, cell fusion is the key to strengthening
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10 can repair any mal function of skeletal nuscle cells,
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detail ed description of the presently preferred enbodi ments and from-
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S;S?P§S tnlpeﬁggé hofé? ¥¥?£¢§ ﬁd perpen&QEN&ar to the myofiber
dyst r ophi n- asmﬁa@dr gbgrablel etasthpAByofdbeyses apgl at aselsdngtledl sitsserum

level s of DMVD pald s RiS8185 rig. 6CL%aLsRIAReRN Iasrtase (CPK),
al dol ase (ALD)_ and aspartate transam nase (A m t ochondri al

(M to) %%ﬁ’é}hu’éﬁ-%‘e?%néegunﬁFt’-ﬁﬁu@ﬁ thesang, (?t afn edtiechien.
caused pr'”aﬂiﬂbcﬁoéPGﬁﬂ§a£b|ach!eﬁbemdxihhﬁpheﬂlgim%rﬁh withaflect, their

Fg. 2301 ust rLatet veethel PEVATIIEERSEs and MLC positive
myobl asts. (A) reprEbentrs-gobdn(EGobPadlls§) labelegdsdannad wWint maufd - VHC
glr ?33\/ || nglntc;?ggéfﬁaeﬁﬁébyéﬁ%fc?@fjeﬁygﬁlastsf | (40108S GAN L AMLNQBCRRY 15 /hhe
solution) were injected into the gastrocnemius muscles of
twenty normal 3-month old normal mice
15 (C57BL/6J-gpi-1b/b) . Host mice were immunosuppressed w1th
a daily subcutaneous injection of cyclosporine at 50
mg/kg body weight. Groups of mice were sacrificed on day |
7, 14, 24, 34, and 44 after cell injection. Transverse
sections of injected muscles were examined with
20 fluorescence microscopy. The cell fusion rates were
estimated by calculating the percentage of host muscle
fiberS'beariﬁg 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

25 muscles were also examined with agarose gel
electrophoresis. (200 V anode to cathode, 3 hours, pH
8.6). The first appearance of mosaic myofibers in the

tissue sections was within seven days after cell
injection. This is illustrated in Fig. 7. The highest
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 after MIT. Myoblasts
injected obliquely through the myofibers were widely and
evenly distributed with ejection of the myoblasts as the
35 needle is withdrawn. This is shown in Fig. 8. Myoblasts
injected perpendicular to the myofibers were partially
distributed, while myoblasts that were injected
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NHC—negative nyobl ast. (B) is of the sane slide viewed

8303 ' 6093
under a ré@ﬁggﬁé% ght m croscope. The arrow indi cates p@?ﬁé&ﬁ%&&}

MHC- negati ve nyobl ast. Bar = 20 un1 Fig. 3 illustrates an

anal ysi s of ny ronetr ntrol: sts reacted
W t hout PQB %ﬂgx ¥stF % egores ?@g mﬁﬁS% ?ggreacted
Wi th ant|-N+K:paa§élelanp|bb@imyoflbers were pﬁpgly4dnstalbu&eﬁer di agr am

of the separatgppi®bhripe 1n3ect16hoaka§h§ kpat gﬁ%@ BegitalﬁtEQBuVHQn
antigen expres cyt of | yoronetry

i|lustrates flﬁﬁgegBéﬁPnlntéﬁ§?ﬂﬁ§§lﬁﬂ Fﬁét a Smalér885§m8f°%yéblasts after
separati®n by eyhoéhtipanedt splution catlesr epseseubslbHdapaget than a
'gzgglggig: EEgla %é%% oi%me of a ¥§?&ne %&&yieg% %%%§E¥texggg$SGQution,
and in view of the trauma caused by injection decreases
the regenerative capability of dystrophlc muscles, the
technique of myoblast delivery is essential for MTT
10 success. '

Although oblique injection has been used in our
clinical trials, there is room for improvement since
human muscles are larger and the myofiber orientation of
different muscle groups have to be well-studied by the

15 orthopedic surgéons who administer myoblast injections.
Judging from previous mouse studiés, 20% normal myonuclei
were able to maintain normal phenotype in dystrophic
myofibers.

F. EXERCISE AND PHYSICAL THERAPY

20 Strenuous exercise causes damage to dystrophic
myofibers. Lack of dystrophin causes the vglnerablé
sarcolemma to tear upon contraction. Other cell types
are somewhat spared f£rom degeneration because they do not
contract. Thus, body building is counter-productive in

25 DMD patients‘to compensate for loss of muscle mass and
strength.

The use of exercise, however, in relation to MTT has
not been studied. In dystrophic animals, it is well
known that éxercise hastens the degeneration of myofibers

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

35 and improve the phenotypes of dystrophic muscles. Thus,
intensive exercise may induce the release of host
satellite cells that will fuse with normal myoblasts to

26
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(fusing with eagheghghe Wehf o RN WA iee dond 'SR R DA LONFRE- LD
Focal injection results el 194 eM/reC|p|eH?
muscl e fibers bei dQSlgned tpnj lédnﬁttmnumkdrasw@mmg alignment, amfg.

7 illustrates @aa%nrfy%ba%b @:%‘ve_lde' Y eAEa30 ther\é!;hh td L{Q{é) -, (FG) ,
and are presen% gggqleoagg seven d fter t (A saic
myof i ber with 4BRB AkiCe FESTRASS & %H‘W 190 fonor
nyotube with newly (f@mdrrxfdwseus( \Wiiked yargco\enhar(dd) tHes alevelsphdet S
Flo 8 MPlustratcBouner 2o ropaidl S3REe" " Hicdhd 104 Wa bk fote s
i n host nuscl einEtbe Gpslttlﬂ-lnblsd dﬂtﬁi‘loratlcrd(ﬂfordmmcs magrles acanéved
with oblique nmygbkaghl therapy is prescribed for dystrophic patients.
Disuse or lack of cross-bridge interaction results in a
decrease of calcium binding. 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 further
complicated by the presence of excessive connective and
fat tissues. While it takes approximately 1 to 3 weeks
for donor myonuclei to be'ihcorporaﬁed into dystrophic
fibers for repair, it takes over 4 months for donor
25 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 tendons all threaten their survival. Enough
nutrients have to be present for the developing fibers to
30 lay down the contractile filaments myosin and actin.
Neither electrical nor contractile activity is normal for
the development of the fibers. This is the time when
myotube transfer may be of help.
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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nyofi bers remainyéwt it witBpbepgencgaugennedayeser aBeteer still, they
characterlstlcs sg$h as_fi be{:h ' eatjon are

appar ent . 9. 5450t e? l?%#%@??é?%? §2Fé§gb§8§s§¢é @%: from
al | oph&rti ¢ ni croreenive ot i ssuesrdissboted( andonenoved by surgeons.
Since muscles can develop great forces and scar tissues
are inert, the developing muscles will force the scar
tissues aside throughout their existence.
Myotube transfer provides bioengineered young fibers

15 in vitro. These fibers have lost their MHC-I surface -
antigens and are thus nonantigenic. Myotube transfer
will not need to be administered with cyclosporin. For
patients previdusly infected with cytomegalovirus (CMV)
or other viruses, myotube transfer will be the choice.

20 In addition, for autosomal dominant -diseases such as
facioscapulohumeral dystrophy (FSH), myotonia congenita,
myotonia dystrophica and certain forms of congenital
muscular dystrophy and limb-girdle dystrophy, formation
of mosaic fibers may not be useful since nuclear

25 complementation may not be effective. The use of
entirely normal myotubes through myotube transfer will
undoubtedly open new avenues for treatment.

H. ALLOPHENIC MICE
Allophenic mice or mouse chimaeras are mice mosaics .

30 with two or more genotypes. They are produced by
blastomere recombination (see Hogan B., et al.
Manipulating the Mouse Embryo. A Laboratory Manual.
‘Cold Spring Harbor Laboratory, (1986)) or by the
artificial aggregation of embryos from two different

35 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
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characteristic of muscle fromDVD carriers. Although nost nyofi bers
remai n norWRI96ME3ppear ance, some 25 degener ati ve char a@<afys9sie8s ar e
vi si bl e such as fi ber splitting and central nucl eati on.

Fig. 14 illustrates the general |ayout of an aut omat ed cel

processor . by this inyentas anﬂugthQFEStPhéeG@natréﬁedéKSQﬁODhYcuIture

30 and h%ﬁﬁﬁﬁ%a@@i@ﬂﬁiﬁdnééﬁkﬂﬂSdevel ment wh&hO eﬁétiéaﬂl onpari son
of cancer cell % nmedi a on cultured

t wt
mel anoma ( CRL oat "af é%%?¥gph%%‘mZPngeﬁﬁgfﬁﬂg%gﬁﬁrflcatlon (B, D, F,

H) high mgrey i aggregating Balfkembryascef| sormaluledsi ateapnpr 35
cel l gr @m nggl a gh% A lsd]n eir
nunber s, eI ongate édag%tlg%gﬁy%nd ?g%éﬁs & y* Bt \réd'cz gng%e (35 S&% t:"I;’I
anmount of ne|dﬁyngigqg:@m of Fig. 9, sets of allophenlc twins wgre m@
96/ 18303 produced con51st1ng of chlmaerchﬁIéysgﬁéléﬁg§r normal

seeded and cultgiqustrgghlcaf t éS&éteSE?Flg 10? Xfthough the

dystrophic gene was present in the muscle fibers
10 according to genotype marker analyses, these allophenic
mice showed normal behavior, life span, and essentially
normal muscle function shown in Fig.1l and structure in
Figs. 12 and 13. |
Muscle fibers of these allophenic mice highly
15 resemble those of the Duchenne female carriers. Whereas
the dystrophic soleus 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
25 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 cafrier.and'from a normal
female can be obtained and fertilized in vitro with sperm
30 recovered from the carrier’s husband. The fertilized egg
of the carrier has a 50/50 chance of being normal or
dystrophic. Regardless of its genotype, its mixing with
the normal fertilized egg will ensure the development of
a normal phenotype. After culturing the embryo into 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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J. AUTOMATED CELL PROCESSORS

With the great demand for normal myoblasts, myotubes
and young muscles, the labor intensiveness and high cost
of cell 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,
of viable, sterile, genetically well-defined and
functionally demonstrated biologics, for example,
myogenic cells.

The automated cell processor will be one of the most
important offspring of modern day computer science,
mechanical engineering and cytogenetics (Fig. 14). The
intakes will be for the biopsies of various human
tissues. The computer will be programmed to process
tissue(s), with precision control in time, space, and
proportions of culture ingredients and apparatus
maneuvers. Cell conditions can be monitored at any time
during the process, and flexibility is built-in to allow
changes. Different protocols can be programmed into the
software for culturing, controlled cell fusion,
harvesting and packaging. The outputs will supply cells,
which will be ready for shipment or for injection using
cell therapy. The automated cell processor will be
self-contained in a sterile enclosure large enough to

30
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few can survive in this nmediumfor this long, and they 30 are detached
and dyi ng WOpP6/18308& F) Mobl asts and mel anoma cel | s (PRCT/US95/16093
concentration ratio) after 19 days in nyobl ast fusion nedia. The
surviving nyobal asts retain their spindle shape and align with each
ot her. Mel anoPuse the chardwargeipewbichsgeddsc areacylysrachedd (G H) 35
Myobl asts and mighaneTRce8! (Big3: isgoncentration ratlo) after 19 days
i n nmyobl ast fusion gﬁdlu obl asts have gyn to fusg, forn1ng
myot ubes. is 1inventor has developed §8tr nsferp

PCT/ US95/ 16093%an sustain thergrvi@alsaaﬂ mymgandpuuyheflpabhagmimtratlon

f d argel e

Gystropl ') s EREHLASLE BUIGG TLA0HCaaPa 6 SHER! £efPRratiiee” Survival
muscle (B). (&P 3o M%Y%e‘ﬁ%nbbécﬁphlﬁﬁgdl ybenSthe myebdastsulBirect who
received MIT I&%@f&@@a--mﬂspwmbauow the' Be2a! bakkabes! #® be

contral at er al scle 9 no befo % i Si nce bllndln% conti nues
until the end }ygred to remote p01nts o ut1 ization around
: world.
10 The automated cell processor will simply replace

current bulky inefficient culture equipment and elaborate
manpower. Its contribution to human healthcare will
undoubtedly be significant, and the manufacturing costs
are expected to be relatively low.

15 K. CELL BANKS

The automated cell processors will constitute only a
part of cell banks. 1Ideally, donor muscle biopsies'can
be obtained from young adults aged 8 to 22 to feed the
inputs of the automated cell processor. 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 results
and the donor’s physical condition, one can determine if
the donor cells are genetically defective or infected

25 with viruses and/or bacteria. These are the advantages

' of biopsies of mature tissues from adults. The major
disadvantage, however, is that mature cells often do not
divide, and even if they do, there is a limited number of
generations that can propagate before becoming

30  tumorigenic or nonmitotic.

Human fetal tissues can potentially provide
uniimited supplies. of dividing cells. However, aside
from ethical issues, it is difficult to determine the
genetic normality of these cells, notwithstanding the

35 existence of polymerase chain reaction (PCR) which is
used to screen many human genetic diseases.
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st udy, the designation of the MIT nuscle cannot be reveal ed.
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be corréct ed hiynbofield bstraimsnlof catt eEsetlexiprasss i lamovr r o Mebhedmo | mssiwbe 6,
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the treatnent fsrllownd ki sebmeiFlture andgciurhankat e rbrea cibar

g' seases. tH?V\Qit%nuéés | SE psex;donlfifé tnﬁtﬁhé hatrid hese hess Sa:?étld ot herd
| Sease states e yeate e invenijve_ conpositio an
met hods. 30 rem°vqub3C(§\ﬁ‘?R’é_ 3Hp l%lﬁxlsl’ecj' ic dev %ﬁﬂ‘ gfhave

t he unague abidtaged mf udte énbryddierThe muschelpsimdi¥din ttieatiseref r e nal
nyoblasts, a iyl lnvopiase S WHH SN 91 EPSEIBLSENGR GBS Pled NEROGUSEE 1 Nt O

any
automated cell processors.

TranSplantatlon of cattle cells into humans
constitutes xenografting. Due to the significant
15 differences between the human and the cattle immune
' systems, these xenografts will likely survive, develop
and function in the recipients without the need for
immunosuppressants. However, the method will be tested
with and without immunosuppressants
20 L. MYOBLAST DERIVATIVES V8. CANCER -
Evolution is one continual experiment through ages w1th
numerous statistics. The near absence of cancer
metastases in skeletal muscles 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 at different
developmental stages.
It should be understood that various changes and
35 modifications to the presently preferred embodiments
described herein will be apparent to those skilled in the
art. Such changes and modifications can be made without
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geneti cal I abnor rral cells through cell fusion. For 35 pErAISS/Se008 NE
geneti caW‘i// cell could be a liver cell, heart nuscle cell,
or even a bral n ceII The idea is to introduce a full conplenent of
nor mal genes .into WO

96/ 18303 departing from the spirit and Sco%ﬁ%ﬁ%ﬁ %@%ent
abnormal cel iavemnt icdrheamsd ovridhauteadinind sfeing i it sl aktgrdant at the gene

l'evel and not gt | B-_Q?e@o”ﬂn%.s Invoﬁﬁnﬁ%ended thé’@Vé’thh changes For

treating genetl C eases that structural ein

abnor mal i t i eendamedi Gieat icasuke fgvered by fihg ARPERR n‘é 21P8s, it woul d
be usekul to control, initiate or facilitate cell fusion once e
nyobl asts were injected into the body. It is known that nyobl asts
fuse readily at | ow serum concentrations in culture. The 10

process is nore conplex in the in vivo situation. As the nyobl ast s
are injected intranuscularly into the
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extracellular matrix (ECM, injection—trauma—causes—the rel ease of

basi ¢ fi bradbsedsegr ot h factor (b rge PCT/US95/16093
chondroi tin-6-sul fate proteogl ycarlj'lq‘i'l:S)Shé)ep A Re laJ:e§15 H. Ecr et al., J.
Mor ph., 201:85-103 (1989)). These Lﬂﬂﬁﬂ gromﬁh factors stimul ate
nyoblasts pr ol fegfnon. Unf ey also stinulate the
proliferation of fi brobl asts that are already present in increased
anount s in the dystrophic nuscle. It is, therefore, necessary to 20

i nject as purelas dossthbd 6f actreatingl mapmhldans disellEE conditiwrshout

achi cved by Shat “t@hEredivary, degetBBhERyerlERI AT TS, e

achi eved by concen

over thé5endogﬁﬁgﬂ%ltébb$,a?omh§1$1§§sﬁéﬁ steps pf:25 muscles, this is
achi eved by incl udi fg eRPify! §ekebyl [ggrh?b enic cgﬁlgCQggtl Rddhe transfer
medium In addition, insuli ?és t devel opqent al process
in vitro, and3936ma1 gen?E%E?%lYntFﬁESﬁBFﬁatPSnP QL YRS oon after
n{Obl?st t)conveffédpns%eThyogeﬂlafcéEﬁSPcbm@mgsa@gfmgmbapmm@x|nately 30
5[err]Mto a tran

ot cater MIT s ieads) vbidiy' hEBE1E) FBA R, pebigkE rba BAIL Grongidrer
VEHI CLE® Weadninideriegl astharapeutdcadiyorisecgdnet dosagsaiad sm.
Wi th gene trang] eimrmﬁaéﬁwgeggaﬂtveo the BegEUChh@n of 35

het erokaryons in vitro has i mense nedi cal .appli,cation. Thi s, can be

achi eved by controI?QﬁF%%ﬁ¥e¥u§?%ﬁcﬁﬁPﬁ and admipigterigg from said

‘'supply a therapeutically effective dose of myogenic cells
or cells converted from myogenic cells to the host,

15 whereby tissue/organ size, shape and/or function are
improved and/or the disease condition(s) are prevented,
alleviated or annihilated.

2. The method of claim 1 in which treatment of the

20 disease condition(s) is not limited to the usage of the
mechanical electrical or physical properties of said
myogenic cells, but includes the usage of biochemicals
secreted/released.

25 3. The method of claim 1 in ﬁhich myoblast therapy is
used to treat neuromuscular diseases, cancer, Type II
diabetes mellitus, cardiomyopathy, bone/cartilage
degeneration, hemophilia B, anemia, human growth hormone
deficiency and any other hereditary,'degenerative,

30 debilitating, fatal and /or undesirable disease
conditions or malfunction.

4. The method of claim 1 wherein the converted cell
types include but are not limited to osteoblasts and
35 chrondrocytes.
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large chondroitin-6-sulfate proteoglycan is increased in

10 a cell culture medium.

7. The method of claim 5 wherein the concentration of
large chondroitin-6-sulfate proteoglycan is increased in
a medium for transfer into a patient or host.

15 )
8. The method of claim 5 wherein the ‘concentration of
large chondroitin-é-sulfate proteoglycan is approximately

9. A method for controlling the_size, shape or _
20 consistency of human body parts,.pomprising the steps of:
culturing billions or more myoblasts from mammals;
and ' _
reintroducing the myoblasts and/or their physical,
genetic cell derivatives into the mammal body parts to
25 augment the size, shape, consistency, structure,
biochemistry and/or function.

10. The method of claim 9, further including the steps of
mixing myoblasts and cultured fat cells in appropriate

30 proportions and transferring the mixture into one or more
body parts to produce the desired size, shape, or
consistehcy, and/or function.

11. A cloned cell line derived from a culture of
35 genetically normal human or animal myoblasts, said cloned
cell line being characterized as lacking or mildly

expressing MHC-1 antigens.

35
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i ntegrating the skeletal nuscle cell characteristic, m t osi s,

het er kar y s¢® 96/¢8308li omyocytes will be able to prol i f erptreudos/isgoBr O.
20 Controlled cell fusion between normal nyobl asts and
normal cardi onyocytes nmay result in heterokaryons exhi biting the

characteristi g .of Hadiomed eddéBl IVAgEALeived fromehl ch!ﬁﬁi‘e Glfones can be
sel ect ed based on

p; .
devel op 25 ARSI RIS AP tRCET b n g BRACE b ZORNPABEYBEFRAGYY i n
synchrony aft eltsstdd tonmrsgpvanbeenonransduced withTheﬁergegatgeabLyor

[ II h
tsﬁge['yg; ggscrlab@gaéé@fb@o s e%i%&rf%& EBi(-IHPoE%EBeEG%Ppé‘ §@¥15 e
J, eds. 330 theygiened) o%%9§|%?6©9 _ChERpaAresrized Béd%?&klng or

Phi | adel phi a: mAR Sapnsiasse soimgMHC491ah02gehd990)) after nmappi ng of
the injured sites. Wth the ability to grow | arge quantity of these
cardi onyocytes, the correction of structural, electrical and

contractil e alrsor methe iwse iof 36he clonedi cejdpiihgscan BOiatimst 8d Bndsfl2i n

dystrophic,  in cefPMEUAUOPMOLC1BATBLCL 2eBRIabBED1 LA B Eacal,
10 hereditary degenerative or undesirable conditions of

mammals including human.

14. An automated cell processor capable of producing at
a single time enormously large quantities of functional '
15 myogenic cells, normal or transformed, comprising:
an intake system for processing biopsies of human or
animal tissues/cells; '
a means for controlling the time for processing the
tissues; ' v
20 a means for controlling the composition of the:
culture medium for maintaining cell growth;
a means for controlling the growing conditions for
the cells; |
a means for culturing the cells;
25 a means for controlling cell fusion;
a means for harvesting the cells; and

a means for packaging the cells.

15. The automated cell processor of claim 14 wherein the
30 quantity of the myogenic cells is approximately greater
than 100 billion. '

16. A method for producing a genetically normal child
from a Duchenne female carrier, comprising the steps of:

- 35 fertilizing in vitro an ovum of a Duchenne carrier
with a sperm of her choice;
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The genet iWOP$/A8383er of the mitotic property of my ob P&F{USIZ 14083
cardi onyocytes with in vitro controlled - cell fusion enables the
resul ting heterokaryotic _cardionmyocytes to multiply, yielding enough
numbers of 5 sl kigineir eV 19 aam pPat b dgenetiearldy normal

Recently, it wamdlePwiad 4 etRtieE $He!S€ame man; Cardi onyocytes grafted
into the nyocardi ump.of syngeneic . hosts_faormed nascent_intercal ated
i sks betwben host SARPEOMETe TRERMOLRATLOR SHiER WP £rrailized| eoge;

264: 98- (1994)). 10 cultubhingischeofrésibtamnt!émbifys etd tharispastdepes and

w | | 5 c%rktta!g%u,e aﬁb raise_ethical questions. The fact still
remai ns that fe ‘celTs will not produce enough cardi onyocytes to

mend a nyocardial iivRantinhehe blastperslyi et itee otterestof the
car.di onyocyt eHudHdihd Y Bid® denderdd QYadedoprEghakit OpitR hiRa®r obl emin

vi ew of reported studies that reconbi nant genes introduced into
- car di onyocyt e§RAEWIARMLed for at |east 6 nonths, and- appear to be
regul ated normal ly by hunoral signals. Wher eas nyobl ast

cont robPed ool 't udl FTHR TS profiChis LR Guydditericatibls fog, | e
infarct, it proliferation, comprising the steps of: :
mixing cardiomyocytes and normal myoblasts in
culturo in amounts and proportions sufficient to achieve
natural or controlled cell fusion; and -
- 15 selecting and then cloning cardiomyocytes that are

capable of proliferation.

18. The method of claim 17, including the step of
transferring the proliferating cardiomyocytes into a

20 patient or host to treat cardiomyopathy or other heart
diseases.

19. The method of claim 1 wherein the myogenic cells

comprise skeletal, smooth, and cardiac cells in origin.
25
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In a B/@8der 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 used in a much nore
natural way to replace silicone injections for-facial, breast and

hi p augnent ati on.
hybri -ation of mnyobl ast
si ze, shape and consi st
break down as easily
Today, body buil dey,

96/ 18303

Modi fi ed adi pose tissue involving m xing and/ or

cy of
fat cell

G4

1

G3

I G7

Mno“////

- C

CPK ALD AST

Structural protein deficiency

fat cells can be used to 35 contrc..
dy parts.
gd results may be | ong-| asting.

Si nce nmuscl e cells do not

22 WO
PCT/ US95/ 16093

Enzyme leakag

FIG. |



are in search of increasing nuscle mass and function at t he right

pl aces. The use of nyoblast transfer to boost muscle mass is a

nat ural soWVoD6/I8303 D. SUPERI OR CELL LI NES PCT/US9516093
establ i shment of superior cell lines of ,,, nyobl asts is a high-risk
chal  enge, but its benefits are nuner ous. These cell lines should be
hi ghl y nyogeni c, nont unori geni ¢, nonantigenic, and will devel op very
strong- muscles. 10 A uni que property of nyoblasts is their- |oss of
maj or hi stoconpatibility conplex class I (IMHC-1) surface anti gens
soon after they fuse. This has inportant I nplications in the usage
of an i munosuppressant after nmyobl ast transfer therapy. (See Huard
J, et al., Miscle 15 Nerve, 17:224-34 (1994); Roy R, et al., Transp
Proc, 25:995-7 (1993); and Huard J, et al. Transpl Proc,

24:3049-51 (1992)). The i mmunosuppressi on period depends _ on how soon
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nyobl ast s rg g nstrated with fluorescent immnoassay. cycle
synchroni z % nmyobl asts was carried out . by addi r?é:r@b?é’ﬂf‘l??n I n
the grow h nmedi um and i ncubating 30 for 48 hours. The nyobl ast
preparations used in the .experi ggnlp were 98% pure as assessed by

| mmunost ai ni ng wi th the nonocl onal anti body (MAb) anti-Leu-19.

Myobl asts were incubated with anti-MAC-I MAb (nouse 1: 25 dilution,

Sil enus Lab, Australia) N 0@1%"? )€ 8. r washi ng, the
nyobl ast s vgre I ncubat ea% /1 W %ﬁ?ﬁ%@%&%@%g -nouse-1gG (Si gm)
for 45 m nut es and exgm ned under fluorescence m croscope with

23 ‘V\Q 96/ 18303 PCT/ US95/ 16093
|tat|on filter. Cgﬂm ronetry was

wi de band ul tjravi ol et (UWV)
cell sorter operated at 488 v

performed w tjh a Becton-Di
obl ast contJrol was rled out by omtting the first dies in
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5 i as the background of autofl uorescence. 91. 7%
of the ny&gﬁggﬁgx?eacted with MVHG-| MAb. The react i orBCYHI§EE09r om

strong to weak. The remai ning 8.3% of the nmyobl asts were negative
for MHC-1 antigen expression. Fiag2® illustrates both MHC negative
10 nyobl asts and MHC-positive nyobl asts. - The MHC negati ve

nmyobl asts were successfully separated by cytofl uoronetry, which is
illustrated in Figs. 3,4. Both groups of nyobl asts were then
cultured for three weeks w thout significant difference in
proliferation. 15 The lack of MHC-1 antigens on these nyobl asts
may enhance survival of these nyoblasts in recipients after

MIT. Fig. 5 illustrates the fluorescent intensities of bot h

IVHC- posi ti ve nyobl asts and MHC- negative or weakly expressed

nyobl asts after separation by cytofluoronetry. 20 : The

i nmunosuppressant, cycl osporine, has nany side effects and by
suppressing the i mune system allows infection to prevail.

Myobl asts wi t hout MHC-1 antigen expression nmay contribute to a new
cell line nore capable of surviving in the host than the regul ar
myobl asts. 25 This superior cell line will elimnate the need to use

t he i munosuppressant, and will provide a ready access for patients
who do not have a donor. #11:175d878BBB& i or cell lines have to be
derived fram ' cl ones of primary nyoblast cultures becau$e% are 30
sel ected f O NEIT UNT GUE Properties. OnTortunatery, Tt hag been

shown that ald clones of nyobl asts eventual |y
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produce tunors if allowed to proliferate excessively. Thus, these
cell lines should not be allowed to proliferate over 30 generations.
35 WOP6/18803B| AST | NJECTI ON METHODS Asi de PCTUSSENG093 Ccel |
survival in an inmmunol ogically hg755Ie host, cell fusion is the key
24 303
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Fl uor o-gol d 0.01% | abel ed human or nouse (C57 c/c)
WO rtiosifibess.

nyoblasts of a 10[err] cells/m sol ution) were
into the gastrocnenm us nuscl es of twenty nornmal 3-nonth oId nornal
mce 15 (C57BL/ 6J-gpi -1 b/b). Host gikeg were inmunosuppressed with
a daily subcutaneous injection of cyclosporine at 50 ng/ kg body
wei ght. Groups of mce were sacrificed on day 7, 14, 24, 34, and 44
after cell injection. Transverse sections of injected nuscles were
exam ned with 20 fluorescence mcroscopy. The cell fusion rates were
estimated by cal cul ating the percentage of host nuscle fibers
beari ng.donor nuclei out of the total nunber of nmuscle fibers in the
area of donor cell covered. The gl ucose phosphate i sonerases (GPl)
of the injected 25 nmuscl es were al so exam ned with agarose gel
el ectrophoresis (200 V anode to cathode, 3 hours, pH 8.6). The first
appear ance of nosaic nyofibers in the ti ssue sections was within
seven days after cell injection. This is illustrated in Fig. 7. The
hi ghest 30 fusion rate achi gVed Wa; | el ect rophor eograns
of GPI showed host donor and nogaic GP speci nens at | east
up to 44 days after MIT. Myobl agts obl i quely through the
myof i bers were wi del $and evenl with ejection of the
nyobl asts as the 3513 needl e ils wth is shown in Fig. 8.
Myobl ast s ect ed perpendi c¥] a i bers were partially
di stributed, whil bl asts thgt wereli
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25 WD 96/ 18303 PCT/ US95/ 16093
Iongitudinaluy t hrough the core of the nuscles and parallel to the
nyof i bers WOE1E¥r | y di stri buted. Sinilarly, injectisaralso@fi@os POt
gave poor distribution and fusioq/égwwidering that a small vol une
of a 5 concentrated sol ution causes ‘I'ess nuscl e damage than a

| arger volune of a relatively | ess concentrated sol ution, and in
view of the trauma caused by injection decreases t he regenerative
capability of dystrophic nuscles, the techni que of nyobl ast delivery
Is essential for MIT 10 success. Al t hough oblique injection
has been used in our clinical trials, there is roomfor inprovenent
si nce human nuscles are |larger and the nyofiber orientation of

di fferent nuscle groups have to be well-studied by the 1 hopedi ¢
sur geons wh{ ' o . R B




Judgi ng from previ ous nouse studies, 20% nornal nyonucl ei were abl e
to mai ntain normal phenotype in dystrophic nmyof i bers. F.
EXERCI SE WapeA8y®sl CAL THERAPY 20 Strenuous exer ci sECTAPSFE60IAnage
to dystrophic nyofi bers. Lack of dystrophin causes the vul nerable
sarcol enma to tear upon contraction. Clh%r G are sonmewhat
Spared f raQ doaopnoaratign hocao = ars afa -
bui | di ng ‘

| oss of

however,

ani mal s,

nyof i ber &

with dysts

MIT in

cont ai ni

is to red

dyst r ophi

of host
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WO 96/ 183 PCT/ US95/ 16093
produce rmoé'z?lgé'wogers. Undoubt edl y, such dystrophic FEJEREP/46093
wi |l induce normal mnuscle regeneration. | mpl ant ed myobl asts not only
fuse to the newy seal ed regi ongzebh damaged nyofi bers, but also
survive as 5 satellite cells. MId exercise done shortly after MIT can
be designed to facilitate nyoblast m xing, alignnment, and fusi on,
and to provide physical therapy to the newy formed fibers. Mderate
exercise after innervation of newly forned fibers is likely to
enhance the devel opnent 10 of normal and nosaic fibers. Disuse plays a
maj or role in the continued deterioration of dystrophic nuscles, and
physi cal therapy is prescribed for dystrophic patients. Di suse or
| ack of cross-bridge interaction results in a decrease of cal ci um
bi nding. As a result, the excessive 15 intracel lul ar cal ci um pronotes
nmuscl e danage in dystrophi ¢ nuscl es. G MYOTUBE TRANSFER
In the later stages of DMD, there remains fewer nyofi bers to be
repaired with MIT. Formation of new 20 fibers to repl eni sh degenerated
cells is further conpli.cated by the presence of excessive connective
and BEL SN _ e
: - -PRODUCTION OF ALLOPHENIC TWINS

{ NORMAL "© = FERTILIZED £6GS () DYSTROPHIC
™ @ a-ceL. emsrvos (5F)
A REMOVAL OF A
L ZONA PELLUCIOA
. MICRODISSECTION %
' E 3 '\_ I 4 9 _
%% NORMAL. .QQ | DYSTROPHH

IN_CULTURO INCUBATION
FOR.36 HOURS TO FORM 3 BLASTOCYSTS

| NORMAL | ALLOPHENE | DYSTROPHIC

. TRANSFERRED TO UTERUS OF A
PSEUDOPREGNANT FEMALE AND
BROUGHT TO TERM

BIRTH

\ 4

| 1 NORMAL
3 LITTERMATES- | ALLOPHENE
| OYSTROPHIC

FIG.9



fat tissues. Wiile it takes approximately 1 to 3 weeks for donor
myonucl ei to be incorporated into dystrophic fibers for repair, it
t akes ovewo®d6rds3hs for donor 25 nmyobl asts to devel op i RCE/UMS/1G083
normal fibers de novo to repl gy gy | ost cells. Meanwhile, the

I npedi ment to devel opi ng nmyotubes to be vascul ari zed, innervated,
and connected to tendons all threaten their survival. Enough
nutrients have to be present for the devel oping fibers to 30 | ay down
the contractile filanments nyosin and acti n. Nei t her el ectrical nor
contractile activity is normal for t he devel opment of the fibers.
This is the tine when nyot ube transfer may be of help.

Transpl ants of newborn normal nuscles or nyotubes 35 into
dy[err]dy[err] dystrophic nmouse nuscles have been shown by this

I nventor to produce normal nuscle function and " structure. (See Law,
P.K. and Yap, J.L., Miscle Nerve, : 27
WD 96/ 18303 PCT/ US95/ 16093




2:356-63 (1979)). Motubes are easily obtained in cul turo through

nat ural nmHPEWBOX usi on by exposi ng confluent cul t ur B¢T{US¥HI93 usi on
medium In fact, small nmuscl es have been produced with spontaneously
contracting 5 fibers in culture. fheagyoung fibers exhibit sarcomeres
and i nmmunostain positively for nyosin. Myot ube transfer can be
adm ni stered t hrough injection with | arger gauge needles. Better
still, ‘they can be surgically inplanted into the beds of fat and 10
connective tissues dissected and renoved by surgeons. Si nce nuscl es
can devel op great forces and scar tissues are inert, the devel opi ng
muscles will force the scar ti ssues aside throughout their N
exi stence. Myot ube transfer provi des bioengi neered young fibers
15 invitro. These fibers have lost their MHC- |1 surface
ant.igens and are thus nonantigenic. Motube transfer- will not need
to be adm nistered with cyclosporin. For ©  patients previously
infected with cytonegal ovirus (CW) or other viruses, nyotube
transfer will be the choice. 20 |n addi{ion, for aytpsona
doni nant - di seases such ag, f acijosca@ ohunpral dystrpphly (FSH)
myot oni a congenita, I nyotonia strophica hnd certaijn fiprns of
congeni t al muscul @ dystrophy fand 1inb-gifdle dystrjopkly, formation’
of nosaic fibers may- not%e useful sijnce nucl ear) 25 cognplEenent ati on may
not be effective. The use o enti y._nor mal “ubes| t hr ough
myot ube transfer will o ‘é’
. Z .
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undoubt edl y open new avenues for treatnent. H ALLOPHENI C M CE
Al | ophenic m ce or nouse chinmaeras are m ce nosaics 30 - wth two or nore
genotypef,o%]'llggdg are produced by bl ast oner e reconbi PEIU8H/I68¥e Hogan -
B., et al. Mani pul ating the Nb%%@ nbryo. A Laboratory Mnual

Col d Spring Harbor Laboratory, (1986))1%rP%y the artificial
aggregation of enbryos fromtwo different 35 strains of mce. |In
addition to being inportant speci nens to study the clonal origins of
som tes and t heir nuscle derivatives, allophenic mce have been
shown 28 WD 96/ 18303

PCT/ US95/ 16093 by this inventor and others to denonstrate

dyst rophy suppression in natural devel opnent when genetically

normal and dystrophi ¢ nyogenesi s coexi st. By aggregating half
enbryos of normal (129 strain) 5 and dystrophic (C57BL/6J
dy[err]dy[err] strain) mce as shown in

FIG. 12



the diagramof Fig. 9, sets of allophenic twins were pr oduced
consisting of chimaeric mce and their nornal and gystro H“@

i tterng%gﬁ ,{%’b_g. 10). Although the dyst rophi c gen %2593 930t in
t he nus ?l ers 10 according to 293type mar ker anal yses, these

al | opheni c m ce showed nor nal %g avior, life span, and essentially
normal muscle function shown in Fig.1l1 and structure in Figs. 12 and
13. Muscl e fibers of these allophenic mce highly 15

resenbl e those of the Duchenne female carriers. \Wereas t he
dystrophi c sol eus contains 70% or nore degenerating fibers, only 3
to 5% of the allophenic soleus fibers are abnormal . Many of these
abnornal fibers showed "cores" as seen in the Duchenne carriers.
Through natural cell 20 fusion, normal nyoblasts fuse with dystrophic
ones to form nosai ¢ nyotubes that devel op into phenotypically

normal fi bers. l. NORMAL CHI LD FOR A DUCHENNE CARRI ER

Concei vably the technology of in vitro fertilization 25 and bl astonere
reconbi nati on used in the all ophenic nouse studi es can be applied to
human. Known carri ef : beari ng nor nmal

chi | dren. _ om a nor nal
femal e can be obt ai recover ed
fromthe carrier's e carrier has a
50/ 50 chance of bei #s of its

genotype, its m Xxing

..........

FIG. 15



the normal fertilized egg will ensure the devel opnent of &14364 el
phenot ypeyo 9/ig8¢3 cul turing the enbryo into the 35 bl asFocys? stage, it
can be inplanted into the uterus of the carrier. The latter can be

i nduced to be 29 WD 96/ 18303

PCT/ US95/ 1 regnant th human gonadot r ophi n, thus

al [ owi ng ip‘gétre‘émerﬂﬁ géﬁ?&?gnenw The use of in vitro
fertilizghhoDubemd ects the Endibsafe Abnor mal devel opi ng enbryos after
bl ast oner e Jéms deliver ANECONMDI Nat i on cAkndigure hascameliisd gas, fempértarp,nOr €, no

bl ast onesortions edays o\be renoved f ¢r apfwmiditewithin gsid¢ environment Si nce the
carrier h 50% chance of being nermal-, a PCR

fertilized e Celisth
anal ysi s for ssenger RNA can be cgntitagsmackson
bl ast orrer ei r ﬁ ast tﬁhgdfsu mtu@geins from the tray
Unf ortu na&,ﬁ roduced : stacks into the coliection container.
into the system Waste solutions are drained.
Automation
Controls and Collection container

The cell mixture is poured into this
container located within the sterile
enclosure.

monitors time, media .
composition, and

environmental .
conditions, and all Cells

automated cell From the collection

culture stages. container harvested cells-
are centrifuged, washed,
and packaged for
administration to the
patient.

FIG.14



this risks damagi ng the enbryo by renoving part of it at arly
devel opmwd sénssenge. 3. CTAUTOMATED CELL PROCESEESososs

Wth the great demand for normal nyobl asts, nyotubes 15 and young

nmuscl es, the | abor intensiveness and bsgbocost of cell culturing,
harveﬁiultuﬂ@&mm, and the fallibility of human inprecision,
an auﬁqﬁggﬂgvgell processor is needed. Such a processor woul d be
capabl’e of prodye+hrg—+a : i LQO billion per run, 20
of viable, sterile, ge functionally
dennnsbrated bi ol ogi cs cells. The
aut onateld cel | process -paportant of fspring
of nod%@:ﬂg?g"(?ﬂ‘ﬁputer 0i NeRdinage - and
cytogenetics (Fig. 14) f or sbi@ndicarEinespiadés are
various human t
ti'ssue(s), wth precis
cul ture ingredi ent Sw—emm
nonitored at any tinme
built-in to all ow

into the sof t waf
harvesting and packagi|
be ready for shipnent
automated cell process
encl osure | arge enough

proportions of
ondi ti ons can be
flexibility is
s can be programred
el | fusion, -
, 35 which w |l
Lo |<=@p-her apy. The
ed in a sterile

Culture plate

Each plate is 1800 cm2. Each
holds cells, media, and/or rinse
solutions. Made of stainless

Flow duct
Keeps the solution level even
throughout ail the culture plates.

. o . Also allows soutions to flow
stesl that‘ is sterilized and is betwsen culture plates when the
coated with collagen to allow o

‘Side view . cells to adhere. entire pan tilts..

-Jots >

Inject gases aﬁd _’
solution onto

culture plates .

Tiay stacks
Composed of many culture plates interconnected by flow ducts.
Trays are stacked but do not touch.

Automated actions - -
S~
—t ~ . R
— —~ ‘\
—
T —————— \ g
—
\ e
- 2221,
Fill Wash and drain Drain and collect
Jets fill trays with solution Tray stacks tilt to allow solutions Tray stacks tilt to vertical to
to drain during washing or media maximize detatched cell
changes. Jets add fresh solution collection during harvest.

to trays while wash solutions are
drained and discarded.

Detatched cell mixtures are '
collected. f FlG’1 5
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house the hardware in which cells are cultured and mani pul ated (Fiqg.
15). WO 96/18303hi s i nvent or has devel oped a transfer nedircwtsslicoos

can sustain the survival and nyogenicié¥ gf packaged 5 nyobl asts for
up to 3 days at roomtenperature. Sur ¢apP up to 7 days can be

achi eved when the nyobl asts are refrigerated. This will allow the
cell packages to be delivered to renote points of utilization around
t he wor | d. 10 The automated cell processor will sinply

repl ace current bul ky inefficient culture equi prent and el aborate
manpower. |ts contribution to human healthcare w || undoubt edl y be
si gni f i R . R et w ST TN
rel ati : "
processd



part of cell banks. ldeally, donor nuscle biopsies can be obtai ned
I nputs of the autonated

fromyoung adults aged 8 to 22 to feed the
cell procqssédnssdhis wll depend 20 on the avail abi |l ity pefrninealibdvs
vol unt eer donors. Each donor has to undergo a battery of tests that

are time-consum ng and expensi vezsAsased on the test results
and the donor's physical condition, one can determne if t he donor

cel | s afTRagds j £, Y, 2 y S
"o i Y A o d
bact er i kil *

% ;;‘t" ‘%;"é"t
from adj iy L £

often d¥: gﬂ
of e {__d.‘

i ssues, NEGHEE LD eI TR ESANLE oV 0 & TR i I 4 :
cells, : £ DN L e s A RS LA AR R ] - en
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As for the nuscul ar dystrophies, the use of nuscle prinordia of
fetal Caév&%gllgﬁ%i ved fromin vitro fertilization ofPCRESASISEHS v
wel | - defi'néd background may be a? | ternative. Spernms and ova can be
recovered from 5 i nbred strains &f Eﬁttles that are known for their
muscl e st reng N PRVIE S e i e L e T
fol | oneliirad : = >§*'~"* ot
pseudo-§

at spec

prinord

feed in

of -catt

signifig

syst enmsiy

inthe I

the net@ 3
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nunerous statistics. The near absence of cancer net astases in

skel etal nuscl es suggests that the physi cal, electrical, nechani cal
or chem cwio gsriesmnce of 25 nyogeni ¢ cells and derivati VIRGSI/pSesy86¥3S Or
anni hi | ates cancer. lLg.our study we showed that the
physi cal and : bi ochem cal condi%?égg of nyoblast at the cell fusion
stage caused the death of nel anoma cancer cells (Fig. 16 30 to 18).
Thi s does not preclude the potential effect of simlar or different
conditions, including electrical and mechani cal , of other nyogenic
cells at different devel opnment al st ages. It should be
under st ood that various changes and 35 nodi fi cations to the presently
pr ef ' ' e ' : to those
ski | be nade
with 03

PCT/

FIG.19



departing fromthe spirit and scope of the present I nventi on and
wi t hout diWPrﬂ‘élﬁ?oﬁg its attendant advant ages. It is t hBEEU895416093
i nt ended t hat such changes and nodifications be covered by the
appended clains. 5 20/20
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33 : CLAI M5 1.
cell fusion, conprising the step of :
concentration of large chondroitin-6-sulfate prot eogl ycan i n an anount
sufficient to exceed the endogenous | evel of | ar ge
chondroitin-6-sul fate prot eogl ycan. 2. The nethod of claim1
wherein the concentration of large ~ chaondroitin-6-sul fate proteoglycan
is increased in a cell cul ture nedium 3. The method of claim1 or
claim2 wherein the concentration of large chondroitin-sulfate

Eroteoglycan I's increased in a nediumfor transfer into a patient or
ost . '

A met hod for controlling
I ncreasing the
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4. » -Thie method of claim 1,2 o+ 3 wherein the concentratloﬂ%&ﬁéﬁmﬂgsggﬁpe

R T
CLAIMS

1. Use of a preparation of myogenic cells that are normal, genetically transduced or

phenotypically converted, the myogenic cells comprising myoblasts, myotubes, young muscle
fibers and/or converted call types in the manufacture of a composition for improving the size,
shape and/or function of tissues or organs and/or preventing, alleviating or annihilating
disease conditions that are hereditary, degenerative, debilitating, fatal or undesirable.

2. Use as claimed in claim 1, wherein the myogenic cells are used in conjunction with

an immunosuppressant.

3. A product containing (a) the myogenic cells as defined in claim 1 and (b) an
immunosuppressant as a combined preparation for simultaneous, separate or sequential use
in improving the size, shape and/or function of tissues or organs or preventing, alleviating
or annihilating disease conditions that are hereditary, degenerative, debilitating, fatal or

undesirable.

4, The use or product of any one of claims 1 to 3 in which treatment of the disease
conditions(s) is not limited to the usage of the mechanical electrical or physical properties
of said myogenic cells, but includes the usage of biochemicals secreted or released by the.

cells.

5. The use or product of any one of claims 1 to 4 in which myoblast therapy is used to
treat neuromuscular diseases, cancér, Type Il diabetes mellitus, cardiomyopathy,
boﬁe/cartilage degeneration, hemophilia B, anemia, human growth hormone deficiency and
any other hereditary, degenerative, debilitating, fatal and/or undesirable disease conditions
or malfunction.

6. The use or product of any one of claims 1 to 5 wherein the converted cell types
include but are not limited to osteoblasts and chrondrocytes.
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1 Jirrrrr 111111 I L LIoH A nmethod for controlling cell fusion,

conprisikng t step of : ., . .l ncreasi [ fephrafiGi
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exceed bhecempoxitiorofos contyslling thel sireg shapbpstrirctire] conSistenty ot iogheatistogandéem.
function of mammalian body parts by reintroducing the myoblasts and/or their physical,
genetic cell derivatives into the said mammalian body parts.

8. Use as claimed in claim 7, wherein the myoblasts are used in conjunction with
cultured fat cells in appropriate proportions.

S. A method for controlling cell fusion, comprising the step of:
increasing the concentration of large chondroitin-6-sulfate proteoglycan in an amount

sufficient to exceed the endogenous level of Jarge chondroitin-6-sulfate proteoglycan.

10.  The method of claim 9 wherein the concentration of large chondroitin-6-sulfate

proteoglycan is increased in a cell culture mediumi.

11.  The method of claim 9 or claim 10 wherein the concentration of large chondroitin--

sulfate proteoglycan is increased in a medium for transfer into a patient or host.

12.  The method of claim 9,710 or 11 wherein the concentration of large chondroitin-6-
sulfate proteoglycan is approximately 5 pivI to SmM.

13. A cloned cell line derived from a culture of genetically normal human or animal
myoblasts or myogenic cells which are genetically/phenotypically altered or have been
transduced with a foreign gene, or are hetei'okarybns resulting from controlled cell fusion,
said cloned cell line being characterised as lacking or mildly expressing MHC-I antigens.

14. A cloned cell line as claimed .in claim 13 for use in treating debilitating, fatal,
‘hereditary degenerative or undesirable conditions of mammals.
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10.. sThe nethod of claim?9 \;\herei n the concentration of |arge
chondroitin-6-sul fate proteogl ycan IS increased in

medi um 11, The nmethod of claim9 or claim10 wherein ﬁg@f@ﬂm $|¥E|T0n
of large chondroitin-sulfate " prot.eogl ycan is,increased in a nmedium
for trar$ter Amwoma@dtqearpro@nssqrd@pable of producingeat axsinglel tigre @pgnﬂv@y large or

11 wherein the Lon 0

pr ot eogl%‘é’étﬁl %%BMW@W ‘\'%lgl’ gﬁﬁﬁl &gﬁﬁs}“‘?‘?‘q %&%ﬁ% ‘hod for
produci ng cargli jatke syiten for pritessiny biléf)ﬁés SEh@hANOr asifiAly fissaeidcellse Steps of :
m xi ng cadi onyocytes and nornmal nyoblasts in culturo in anmounts and

proportions dumgansifencontrolling theotime Horprocessing:the tigsuegont rol | ed cel | fusi on;

prol i fer at i ot s r SRR iy SRR LSt ARARINCRARA o fiofi Gl |

treati nggrgﬁﬂgli onyopat hy or other heart di seases.

a means for controlling the growing conditions for the cells;

a means for culturing the cells;
a means for controlling cell fusion; ”"II

a means for harvesting the cells; and

|

a means for packaging the cells.

16.  The automated cell process of claim 15 wherein the quantity of the myogenic cells
is approximately greater than 100 billion.

17. A method for prdducing a geneﬁcaﬂy normal child from a Duchenne female carrier,
comprising the steps of:

fertilizing in vitro an ovum of a Duchenne carrier with a sperm of her choice;

fertilizing in vitro an ovum of a génetically normal female with a sperm of the same
man; _

blastomere recombination of the two fertilized eggs;

culturing the resultant embryo into the blastocyst stage; and

implanting the blastocyst into the uterus of the Duchenne carrier rendered
pseudopregnant with human gonadotropin.

18. A method for producing cardiomyocytes' capable of proliferation, comprising the steps
of:

mixing cadiomyocytes and normal myoblasts iz culturo in amounts and proportions
sufficient to achieve natural or controlled cell fusion; and

selecting and then cloning cardlomyocytes that are capable of proliferation.
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15.. . An automat ed cel |l processor capable of producing at a single tine
enornously large quantities of functional nyogenic cells, RPPIRSEMENT SHEET,

transforned, conprising: an intake system for processing biopsies of
human or aninmals tissues/cells; a neans for .controlling the tine for
processilfig t Qardibmyaeytes as describeal imeckaim Fforasein gedtingrardiomyopathys or other of
the culture pediumfor maintaining cell growth,; a neans for
controlpﬁﬁb S8 owi ng conditions for the cells; a nmeans for
controlling cell fusion; a neans for harvesting the cells; and

a neans for packaging the cells. 16. The automated cell process of

claim 15 wherein the quantity of the nyogenic cells is approximately
greater than 100 billion. 17. A met hod for producing a genetically
normal child froma Duchenne female carrier, conprising the steps of:
fertilizing in vitro an ovum of a Duchenne carrier wwth a sperm of her

choi ce; fertilizing in vitro an ovum of a genetically normal fenale
with a spermof the sane man; bl astonmere reconbi nati on of the two
fertilized eggs; culturing the resultant enbryo into the bl astocyst
stage; and i npl anting the bl astocyst into the uterus of the Duchenne
carrier rendered pseudopregnant with human gonadotropi n.
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18. "wA et hod T oF producing cardi omyocytes capable of proli feﬂEPU&EMENT SHEET
conpri si ng theThi Sieet HA Been Replaced M Xi NG cadi onyocytes and nornal myobl asts

“in culturoin a rjgporti ons sufficient to achi eve natural or
controll ed cell iw s@ledM$g and then cl oning
cardi onyocytes t e of proliferation. 19.

- Cardi onyocytes as described in claim18 for use in treating cardi onyopat hy
or ot her 1 hear A nibtlsddseseating a body part of a subject, comprising (a) proliferating myogenic cells and

then (b) administering said composition into the body part such that the cosmetic appearance

of the subject is altered.

2. A method as described in claim 1, wherein said body part is a face, breast, hib or non-diseased
»tissue.
3. A method as described in claim 1, wherein said myogenic cells are administered by injection

into said body part.

4, A method as described in claim 1, wherein said myogenic cells are MHC-1 antigen deficient.
5. A method as described in claim 4, wherein said 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

c) proliferating the removed cells.
6. A method as described in claim 1, wherein said composition further comprises fat cells.
7. A method as described in claim 6, wherein said myogenic cells and said fat cells are MHC-1

. . Y
antigen-deficient.

8. A method as described in claim 1, further comprising administering chondroitin sulfate into

the body part, together with or separately from the administration of myogenic cells in to the
body part.

REPLACEMENT SpEzT

34

A

REPLACED




10.

11.

12,

13.

14.
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L

A method for controlling cell fusion, comprising the step of:

i

increasing the concentration of large chondroitin-6-sulfate proteoglycan in an amount sufficient

to exceed the endogenous level of large chondroitin-6-sulfate proteoglycan.

The method of claim 9 wherein the concentration of large chondroitin-6-sulfate proteoglycan

is increased in a cell culture medium.

The method of claim 9 or claim 10 wherein the concentration of large chondroitin-sulfate

proteoglycan is increased in a medium for transfer into a patient or host.

The method of claim 9, 10 or 11 wherein the concentration of large chondroitin-6-sulfate

proteoglycan is approximately 5 pM to SmM.

A method for producing cardiomyocytes capable of proliferation, comprising the steps of:

mixing cadiomyocytes and normal myoblasts in culturo in amounts and proportions sufficient

to achieve natural or controlled cell fusion; and

selecting and then cloning cardiomyocytes that are capable of proliferation.

Cardiomyocytes as described in claim 13 for use in treating cardiomyopathy or other heart

diseases.

T A e

35

REPLACEMENT SHEET

23 OCT 1997

THIS SHEET HAS BEEN

REPLACED




TH'S SHEET .HA‘S — _ REPLACEMENT SHEET
REPLACED S

.CLAIMS

1. A method for controlling cell fusion, comprising the step
o : . _ _

increasing the concentration of large chondroitin-é6-sulfate
proteoglycan in an amount sufficient to exceed the

endogenous level of large chondroitin-6-sulfate
proteoglycan.
2. The method of claim 1 wherein the concentration of large

chondroitin-6-sulfate proteoglycan is increased in a cell
culture medium.

3. The method of claim 1 or claim 2 wherein the concentration
of large chondroitin-sulfate proteoglycan is increased in
a medium for transfer into a patient or host.

Iuh

The method of claim 1, 2 or 3 wherein the concentration of
large chondroitin-é6-sulfate proteoglycan is approximately
5 uM to 5 mM.
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