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METHOD FOR ENHANCING MYOBLAST 
MIGRATION AND INVASION IN THE CONTEXT 

OF GENE THERAPY 

[0001] This invention Was made in part With government 
support under grant HL58713 from the National Institutes of 
Health. The government has certain rights in the invention. 

FIELD OF THE INVENTION 

[0002] This invention generally relates to a novel compo 
sition comprising myoblasts and groWth factors. The groWth 
factors may include, for example, basic ?broblast groWth 
factor (bFGF) and ?bronectin The invention also 
relates to a novel composition comprising myoblasts trans 
fected With vectors expressing metalloproteases and groWth 
factors. Additionally, the invention relates to the use of these 
compositions in assays for the identi?cation of agents Which 
are antagonistic or agonistic for myoblast migration either in 
vivo or in vitro. Furthermore, the invention relates to the use 
of these compositions for the treatment of degenerative 
muscle diseases. Further still, the invention relates to the 
therapeutic use of these compositions and methods in gene 
therapy. 

BACKGROUND 

[0003] The ability of myoblasts to migrate through con 
nective tissue barriers has important implications for muscle 
development, muscle regeneration, and myoblast-mediated 
gene transfer. During embryonic development, myogenic 
precursor cells migrate out of the somites and into the 
developing limb buds to form the limb ymusculature (Christ 
et al. “Experimental analysis of the origin of the Wing 
musculature in avian embryos”Anat. Embrylo. 1501171-186, 
1977), and myoblasts retain the ability to traverse the 
myo?ber basal lamina during postnatal development 
(Hughes and Blau “Migration of myoblasts across basal 
lamina during skeletal muscle development”Nature 
3451350-352, 1990). A number of studies have also demon 
strated migration of myoblasts both Within (Schultz et al. 
“Absence of exogenous satellite cell contribution to regen 
eration of froZen skeletal muscle”J. Muscle Res. Cell Motil 
71361-367, 1986; Philips et al. “Migration of myogenic cells 
in the rat extensor digitorum longus muscle studied With a 
split autograft model”Cell Tissue Res 262181-88, 1990) and 
betWeen adult muscles (Watt et al. “The movement of 
muscle precursor cells betWeen adjacent regenerating 
muscles in the mouse”Anat. Embryol. 1751527-536, 1987; 
Watt et al. “Migration of LacZ positive cells from the tibialis 
anterior to the extensor digitorum longus muscle of the 
X-linked muscular dystrophic (MDX) mouse”J. Muscle Res. 
Cell Motil. 141121-132, 1993; Watt et al. “Migration of 
muscle cells”Nature 3681496-407, 1994; Moens et al. “Lack 
of myoblast migration betWeen transplanted and host muscle 
of mdx and normal mice”J. Muscle Res. Cell Motil. 17137 
43, 1996). These studies have shoWn that in order to produce 
myoblast migration betWeen muscles there must ?rst be 
disruption of the thick outer epimysium on one or both 
muscles, combined With some sort of chemotactic stimulus 
or stimuli generated by conditions such as in?ammation or 
regeneration of muscle. 

[0004] In recent years, myoblast cell therapy and myo 
blast-mediated gene transfer therapy have been extensively 
explored for both muscle disorders, such as muscular dys 
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trophy (Karpati et al. “Myoblast transfer in Duchenme 
muscular dystrophy”Ann. Neur0l 3418-17, 1993; Morgan et 
al. “Normal myogenic cells from neWborn mice restore 
normal histology to degenerating muscles of the mdx 
mouse”J. Cell. Biol. 11112437-2449, 1990), and for disor 
ders Which require production of systemic protein factors 
such as factor IX (Yao and Kurachi “Expression of human 
factor IX in mice after injection of genetically modi?ed 
myoblasts”Pr0c. Natl. Acad. Sci USA 8913357-3361, 1992; 
Roman et al. “Circulating human or canine factor IX from 
retrovirally transduced primary myoblasts and established 
myoblast cell lines grafted into murine skeletal muscle”S0 
matic Cell Mol. Genetics 181247-258, 1992; Yao et al. 
“Primary myoblast-mediated gene transfer: persistent 
expression of human factor IX in mice”Gene Therapy 
1199-107, 1994; Wang et al. “Persistent systematic produc 
tion of human factor IX in mice by skeletal myoblast 
mediated gene transfer: feasibility of repeat application to 
obtain therapeutic levels”Bl00d 9011075-1082, 1997). The 
implanted myoblasts not only fuse With the existing myo 
?bers, but can also remain as satellite cells (Yao and Kurachi 
“Implanted myoblasts not only fuse With myo?bers but also 
survive as muscle precursor cells”J. Cell Sci. 1051957-963, 
1993), but in both cases these myoblasts must traverse the 
basal lamina. HoWever, the results from clinical trials using 
myoblast cell therapy for Duchenne’s muscular dystrophy 
(DMD) have been equivocal, With some reporting success 
(LaW et al. “Human gene therapy With myoblast transfer 
”Transplant. Proc. 2912234-2237, 1990; Huard et al. 
“Human myoblast transplantation: preliminary results of 4 
cases”Muscle & Nerve 151550-560, 1992) and others report 
ing less encouraging results (Karpati et al. “Myoblast trans 
fer in Duchenne muscular dystrophy”Ann. Neur0l. 3418-17, 
1993; Mendell et al. “Myoblast transfer in the treatment of 
Duchenne’s muscular dystrophy”New England J. Med. 
3331832-838, 1995). It is evident from these studies that 
substantial improvements are needed before such therapies 
Will become practical as a therapeutic intervention for 
human disorders. 

[0005] One of the primary limiting factors in myoblast 
therapy is the overall ef?ciency of incorporation of myo 
blasts into the myo?bers. Estimates have suggested that only 
5-10% of the implanted myoblasts become incorporated and 
contribute to transgene expression (Gussoni et aL “The fate 
of individual myoblasts after transplantation into muscles of 
DMD patients”Nature Medicine 31970-977, 1997; Wang et 
al “Persistent systemic production of human factor IX in 
mice by skeletal myoblast-mediated gene transfer: feasibil 
ity of repeat application to obtain therapeutic levels”Bl00d 
9011075-1082, 1997). Evidence from human clinical trials of 
myoblast implantation to correct DMD has suggested that 
even When the immune system is suppressed by cyclospo 
rine treatment, myoblast incorporation into the host myo? 
bers is still loW, and only minimal long term effects Were 
noted (Karpati et al. “Myoblast transfer in Duchenne mus 
cular dystrophy”Ann. Neur0l. 3418-17, 1993). These studies 
suggested that another barrier to successful myoblast incor 
poration is the presence of connective tissue sheaths sur 
rounding both fascicles and individual myo?bers. Myoblasts 
must ?rst traverse these barriers to access the myo?ber 
surface in order to fuse With and incorporate into the 
myo?ber syncytium. Moreover, human muscle contains 
thicker connective tissue sheaths than that of smaller organ 
isms, and therefore this barrier may be even greater in 
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humans than in experimental animal models such as mice. 
Thus the ability of myoblasts to cross connective tissue 
barriers may have a major effect on the overall ef?ciency of 
the gene transfer process. Recent studies have also demon 
strated that the myo?ber basal lamina is a signi?cant barrier 
to viral-mediated in vivo gene transfer as Well (Huard et al. 
“The basal lamina is a physical barrier to herpes simplex 
virus-mediated gene delivery to mature muscle ?bers”J. 
Viral. 70:8117-8123, 1996). 

[0006] Physical and chemical disruption of the basal 
lamina by damaging the muscle Would alloW implanted 
myoblasts to cross the basal lamina and merge With the 
concomitant regeneration program, regenerating the muscle 
?bers With a mosaic of endogenous and implanted myonu 
clei. Most studies on myoblast transfer in animal models 
have used either physical injury (Wernig et al. “Formation of 
neW muscle ?bers and tumors after injection of cultured 
myogenic cells”J. Neurocytol. 20:982-997, 1991; Morgan et 
al. “Normal myogenic cells from neWborn mice restore 
normal histology to degenerating muscles of the mdx 
mouse”J. Cell Biol. 111:2437-2449, 1990) or myotoxic 
agents (Salminen et al. “Implantation of recombinant rat 
myocytes into adult skeletal muscle: a potential gene thera 
py”Human Gene Therapy 2:15-26, 1991; Bonham et al. 
“Prolonged expression of therapeutic levels of human granu 
locyte-stimulating factor in rats folloWing gene transfer to 
skeletal muscle”Human Gene Therapy 7:1423-1429, 1996) 
to produce this effect. HoWever, these approaches may be 
too harmful and destructive for gene therapy in patients, 
particularly those suffering from disorders such as DMD or 
hemophilia. 

[0007] Therefore, What is needed is a less destructive 
methods for delivering genetically engineered therapeutics 
to muscles in the body. 

SUMMARY OF THE INVENTION 

[0008] The present invention generally relates to novel 
compositions comprising myoblasts and various groWth 
factors. Additionally, the invention relates to novel compo 
sitions comprising myoblasts genetically engineered to 
express certain proteins (e.g. various metalloproteases 
(MMP) and various therapeutic proteins) and various groWth 
factors. In one preferred embodiment the invention gener 
ally relates to novel compositions comprising myoblasts 
transfected With constructs expressing MMP-1 and MMP-2. 
In another embodiment, the invention relates to novel com 
positions comprising said transfected myoblasts and various 
groWth factors. The selection of groWth factors may include, 
but are not limited to, basic ?broblast groWth factor (bFGF) 
and ?bronectin Furthermore, the present invention 
relates to the use of said compositions to induce the migra 
tion of myoblasts and the invasion of myoblasts into myo 
?brils. Further still, the present invention relates to using 
said compositions to screen for agents that are agonistic or 
antagonistic to myoblast migration and invasion into myo 
?brils. Further still, the present invention relates to methods 
for treatment of degenerative muscular diseases and to 
delivery of therapeutic proteins by utiliZing said transfected 
and untransfected myoblasts and groWth factors. 

[0009] In one embodiment, the present invention contem 
plates a composition, comprising myoblasts transfected With 
a gene encoding a metalloprotease. It is not intended that the 
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present invention be limited to the degree of expression. 
HoWever, it is preferred that the level of expression of the 
metalloprotease exceeds that of the untransfected myoblast. 
The present invention contemplates embodiments, Wherein 
the gene is part of a vector Which encodes at least one 
metalloprotease (i.e. vectors encoding more than one met 
alloprotease are contemplated—in addition, transfections 
With more than one vector, each comprising a gene encoding 
a metalloprotease is also contemplated) 

[0010] In a preferred embodiment, said myoblasts have 
been co-transfected With a gene encoding a therapeutic gene 
product. Alternatively, tWo populations of myoblasts are 
mixed: one population transfected With the gene encoding 
the metalloprotease and the other population transfected 
With the gene encoding a therapeutic gene product. 

[0011] The present invention also contemplates a host, 
said host comprising myoblasts transfected With a gene 
encoding a metalloprotease. Again, it is preferred that said 
myoblasts have been co-transfected With a gene encoding a 
therapeutic gene product. Again, multiple vectors and mul 
tiple metalloproteases are contemplated as Well. 

[0012] The present invention also contempaltes a method, 
comprising: a) providing i) transfected myoblasts, said 
transfected myoblasts transfected With a gene encoding a 
therapeutic gene product, ii) a host, and iii) ?broblast groWth 
factor and ?bronectin; b) culturing said transfected myo 
blasts in the presence of said ?broblast groWth factor and 
said ?bronectin to create cultured, transfected myoblasts; 
and c) introducing said cultured, transfected myoblasts into 
said host. The present invention contemplates variations on 
this embodiment, such as Where said myoblasts have been 
co-transfected With a gene encoding a metalloprotease. 

[0013] In one embodiment, myoblast migration assays are 
established, comprising: a) providing i) myoblasts from a 
donor, ii) one or more groWth factors selected form the 
group consisting of bFGF and FN, iii) one or more com 
pounds suspected of being agonistic or antagonistic to 
myoblast migration; b) culturing said myoblasts under con 
ditions to measure cell migration, Wherein migration of 
myoblasts is measured in the presence and absence of said 
one or more groWth factors and compounds. The present 
invention contemplates using the above named composi 
tions, and variations thereof, in screening assays for the 
detection of substances that are agonistic or antagonistic to 
myoblast invasion of myo?brils. High-throughput in vitro 
screening techniques are also contemplated in this invention. 

[0014] In another embodiment, compounds suspected of 
inhibiting or promoting myoblast migration may be screened 
in vivo using, for example, mouse models, With the assay 
comprising: a) providing a host (eg a living animal); b) 
extracting myoblasts from said host; c) culturing said myo 
blasts With and Without a compound suspected of being 
agonistic or antagonistic to myoblast migration so as to 
create a ?rst and second preparation of cultured myoblasts; 
d) introducing at least a portion of said ?rst and second 
preparations of cultured myoblasts into the said host under 
conditions such that the migration of said ?rst and second 
preparations of said cultured myoblasts can be compared. In 
a preferred embodiment said cultured cells Would be marked 
for easy identi?cation after reintroduction into the host. Said 
means of identi?cation Would be knoWn by those practiced 
in the art and may include transfection into said myoblasts 
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of constructs that express a marker protein (e.g. green 
?uorescent protein (GFP), beta-galactosidase ([3-gal), 
luciferase or an expression product (antigen) detectable With 
a speci?c antibody), incorporation into said myoblasts of 
radioactive markers and incorporation into said myoblasts of 
easily assayable marker proteins or chemicals. In another 
preferred embodiment said cultured cells Would be trans 
fected With constructs that express metalloproteases includ 
ing, but not limited to, MMP-1, and MMP-2. Then said 
transfected myoblasts Would be assayed as described herein 
above. 

[0015] Furthermore, the present invention contemplates 
using the above named compositions, and variations thereof, 
to enhance the migration of myoblasts either in vivo or in 
vitro. In one embodiment, comprising, a) providing i) a 
patient, ii) one or more groWth factors selected from the 
group consisting of bFGF and FN, and iii) myoblasts (e.g. 
immunocompatible myoblasts) from a donor; b) contacting 
said myoblasts ex vivo With said groWth factor under 
conditions to promote myoblast migration; and c) introduc 
ing said myoblasts into said patient. 

[0016] While not limited to any mechanism, it is believed 
that, in part, culturing the cells in the manner proposed 
results in the expression by the cells of various metallopro 
teases, the expression of Which permit the myoblasts to 
transverse the epimysium (connective tissue) surrounding 
the muscle. In this regard, the present invention provides a 
method of treatment of human muscular degenerative dis 
eases (e.g. muscular dystrophy) comprising: a) providing a 
human patient diagnosed With a muscular degenerative 
disease; b) obtaining myoblasts from the patient or an 
immunocompatable donor; c) culturing said myoblasts in a 
culture medium, said culture medium comprising one or 
more of the above mentioned cytokines; and d) introducing 
at least a portion of said myoblasts into said patient so as to 
induce an in vivo therapeutic reaction. In another embodi 
ment the method further comprises additional introductions 
or administrations of said myoblasts into said patient. The 
invention shall not be limited by the selection of cytokines 
used to promote migration of myoblasts and invasion by 
myoblasts into myo?brils. 

[0017] In yet another embodiment, the invention com 
prises: a) providing i) myoblasts from a host and ii) a vector 
comprising MMP-1 and MMP-2 in an operable combination 
With a promoter; b) transfecting said myoblasts With said 
vector under conditions such that metalloproteases are 
expressed; c) culturing said transfected myoblasts With 
bFGF and FN so as to create treated transfected myoblasts, 
and; d) introducing at least a portion of said treated trans 
fected myoblasts into said host. 

[0018] Furthermore, the invention embodies the delivery 
of various therapeutic peptides via the introduction of genes 
into the myoblasts prior to the stimulation of the myoblasts 
With the cytokines that induce migration. One embodiment 
comprises: a) providing i) myoblasts obtained from the host 
and ii) a DNA vector Which encodes the therapeutic peptide; 
b) transfecting said myoblasts With said vector to create 
transfected myoblasts; c) culturing said transfected myo 
blasts With bFGF and FN so as to create treated transfected 
myoblasts; and d) introducing at least a portion of said 
treated, transfected myoblasts into said host. In another 
embodiment, the method further comprises additional intro 
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ductions of the said myoblasts into said patient. The inven 
tion shall not be limited by the selection of cytokines used 
to promote migration of myoblasts and invasion by myo 
blasts into myo?brils. In yet another embodiment, the inven 
tion comprises: a) providing i) myoblasts from a host and ii) 
a ?rst vector Which encodes a therapeutic peptide, and iii) a 
second vector that encodes a metalloproteases (e.g. MMP-1 
and MMP-2); b) transfecting said myoblasts With said ?rst 
and second vectors; c) culturing said transfected myoblasts 
With bFGF and FN so as to create treated, transfected 
myoblasts, and; d) introducing at least a portion of said 
treated transfected myoblasts into said host. 

[0019] For culturing, the bFGF may be used at concen 
trations in a range from about 0.1 to 10 pig/ml bFGF. 
Likewise, the FN may be used at concentrations in a range 
from about 5 pig/ml to 500 pig/ml. In one embodiment, the 
culture medium contains bFGF at 1 pig/ml and FN at 50 
pig/ml. 

[0020] In other embodiments, said transfected and cul 
tured cells may be cryogenically stored by methods knoWn 
to those practiced in the art for later use in screening assays 
or for therapeutic purposes. 

DESCRIPTION OF THE FIGURES 

[0021] FIG. 1 shoWs the effect of groWth factor and 
?bronectin stimulation of mouse myoblast migration and 
invasion in vitro. Panel a, mouse myoblast migration at 12 
hours; panel b, mouse myoblast invasion at 24 hours. 

[0022] FIG. 2 shoWs the migration and invasion of mouse 
myoblasts in response to MMP activators and inhibitors. 
Panels a and c, mouse myoblast migration assays With 
various stimulants as labeled; panels b and d, mouse myo 
blast invasion assays With various stimulants as labeled at. 
Migratin and invasion Were assayed at 12 and 24 hours, 
respectively 
[0023] FIG. 3 shoWs a gelatin Zymogram for MMP 
expression by mouse myoblasts. Panel a, gelatin Zymogram 
of culture medium samples folloWing treatment of cells With 
various groWth factors for 24 hours; panels b and c, quan 
ti?cation of the Zymograms for MMP-2 and MMP-9, respec 
tively. 
[0024] FIG. 4 shoWs a gelatin Zymography shoWing 
effects of ?bronectin fragments on MMP-2 activation. 

[0025] FIG. 5 shoWs MMP over-expression. Panel a, 
gelatin Zymogram of myoblasts transiently transfected With 
expression vectors for human MMP-1, MMP-2, or MMP-9. 
Panels b, c and d shoW Northern blot analysis. 

[0026] FIG. 6 shoWs the effects of overexpressed 
MMP-1, -2 and -9 on migration and invasion of mouse 
myoblasts. Panel a, effects on migration. Panel b, invasion of 
mouse myoblasts transfected MMP expression vectors. Bars 
represent mean :SEM from three individual experiments. 

[0027] FIG. 7 shoWs the migration and invasion of human 
myoblasts in response to groWth factors and ?bronectin in 
vitro. Panel a, effects on migration (12 hours); panel b, 
effects on invasion (24 hours); panel c, effects of plasmin 
and N-acetyl cysteine (NAC) on migration induced by 
PDGF-BB; panel d, effects of plasmin and NAC on invasion 
induced by PDGF-BB. Bars represent mean :SEM of at 
least three separate experiments. 
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[0028] FIG. 8 shows a gelatin Zymogram of human myo 
blasts treated With various stimulants. Similar conditions 
described for mouse myoblasts (FIG. 3) Were used. Panel a, 
Zymogram for control cells and cells transfected With MMP 
expression vectors; panel b, relative levels of MMP-2 com 
pared to the DMEM control panel c, relative level of MMP-9 
compared to the DMEM control. Activated forms of MMP-2 
are shoWn by bracket With asterisk. 

[0029] FIG. 9 shoWs histochemical analyses of transverse 
sections of SCID mouse muscles implanted With myoblasts 
carry [3-galactosides expression vector (BAG). 

[0030] FIG. 10 shoWs the effects of bFGF and ?bronectin 
on myoblast incorporation in vivo. 

[0031] FIG. 11 shoWs the effects of bFGF and ?bronectin 
on myoblast-mediated [3-GAL gene transfer in vivo. Panel a, 
myoblasts treated With DMEM alone (control); panel b, 
myoblasts treated With a combination of bFGF and ?bronec 
tin. 

DEFINITIONS 

[0032] To facilitate understanding of the invention, a num 
ber of terms are de?ned beloW. 

[0033] As used herein, the term “puri?ed” or “to purify” 
refers to the removal of contaminants from a sample. The 
present invention contemplates puri?ed compositions (dis 
cussed above). 

[0034] As used herein, the term “substantially puri?ed” 
refers to the removal of a portion of the contaminants of a 
sample to the extent that the substance of interest is recog 
niZable as the dominant species (in amount) by techniques 
knoWn to those skilled in the art. 

[0035] As used herein, the term “portion” When used in 
reference to a protein (as in “a portion of a given protein”) 
refers to fragments of that protein. The fragments may range 
in siZe from four amino acid residues to the entire amino 
acid sequence minus one amino acid. 

[0036] As used herein the term “portion” When in refer 
ence to cells (as in “a portion of the cells”) refers to any 
amount less than the total number of cells available. 

[0037] “Staining” shall be de?ned as any number of 
processes knoWn to those in the ?eld that are used to better 
visualiZe, distinguish or identify a speci?c component(s) 
and/or feature(s) of a cell or cells. 

[0038] “Antibody” shall be de?ned as a glycoprotein 
produced by B cells that binds With high speci?city to the 
agent (usually, but not alWays, a peptide), or a structurally 
similar agent, that generated its production. Antibodies may 
be produced by any of the knoWn methodologies [Current 
Protocols in Immunology (1998) John Wiley and Sons, Inc., 
NY] and may be either polyclonal or monoclonal. 

[0039] “Antigen” shall be de?ned as a protein, glycopro 
tein, lipoprotein, lipid or other substance that is reactive With 
an antibody speci?c for a portion of the molecule. 

[0040] “Immuno?uorescence” is a staining technique used 
to identify, mark, label, visualiZe or make readily apparent 
by procedures knoWn to those practiced in the art, Where a 
ligand (usually an antibody) is bound to a receptor (usually 
an antigen) and such ligand, if an antibody, is conjugated to 
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a ?uorescent molecule, or the ligand is then bound by an 
antibody speci?c for the ligand, and said antibody is con 
jugated to a ?uorescent molecule, Where said ?uorescent 
molecule can be visualiZed With the appropriate instrument 
(eg a ?uorescent microscope). Said antigen may be the 
product of a transfected expression vector. 

[0041] “Morphology” shall be de?ned as the visual 
appearance of a cell or organism When vieWed With the eye, 
a light microscope, a confocal microscope or an electron 
microscope, as appropriate. 

[0042] “Patient” shall be de?ned as a human or other 
animal, such as a guinea pig or mouse and the like, capable 
of donating and receiving myoblasts. 

[0043] “Myoblast” shall be de?ned as an muscle cell that 
has not fused With other myoblasts to form a myo?bril and 
has not fused With an existing myo?bril. 

[0044] “Metalloprotease (MMP)” shall be de?ned as a 
member of a group of proteases that are capable of degrad 
ing various extracellular matrix and connective tissue pro 
teins (e.g. collagens and proteoglycans). 

[0045] “Vector” shall be de?ned as a circular double 
strand DNA molecule capable of having any genes therein 
encoded transcribed When put into the appropriate environ 
ment in vivo or in vitro. 

[0046] “Expression” shall be de?ned as the transcription 
and translation of a gene. Such transcription and translation 
may be in vivo or in vitro. 

[0047] “Constitutive” shall be de?ned as the level of 
expression of a genomic gene in vivo. 

[0048] “Overexpression” shall be de?ned as expression at 
a level above the level normally expressed by an untrans 
fected cell and is re?ected by the combined expression level 
of a genomic gene along With a similar gene transfected into 
a cell. 

[0049] “Transfect” shall be de?ned as the introduction of 
a vector into a cell by means such as, e.g., eletroporation of 
lipofectamine. 

[0050] “In operable combination , in operable order” and 
“operably linked” as used herein refer to the linkage of 
nucleic acid sequences in such a manner that a nucleic acid 
molecule capable of directing the transcription of a given 
gene and/or the synthesis of a desired protein molecule is 
produced. The term also refers to the linkage of amino acid 
sequences in such a manner so that a functional protein is 
produced. 

[0051] A “gene encoding a therapeutic gene product” is a 
gene that encodes a product having a therapeutic bene?t. It 
is not intended that the present invention be limited to any 
particular therapeutic gene product. Avariety of such genes 
and gene products are contemplated, including but not 
limited to, a gene encoding dystrophin. Dystrophin is thera 
peutic, for example, in dystrophin-de?cient recipients. This, 
of course is not to say that the present invention only 
contemplates the dystrophin gene. For example, the gene 
may encode coagulation factors, (such as Factor IX), 
enZymes involved in speci?c metabolic defects, (such as 
urea cycle enZymes, especially omithine transcarbamylase, 
argininosuccinate synthase, and carbamyl phosphate syn 
thase); receptors, (e.g., LDL receptor); membrane transport 
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ers (e.g., glucose transporter); and a variety of cytoskeletal 
proteins. The gene may be of synthetic, cDNA or genomic 
origin, or a combination thereof. The gene may be one Which 
occurs in nature, a non-naturally occurring gene Which 
nonetheless encodes a naturally occurring polypeptide, or a 
gene Which encodes a recogniZable mutant of such a 
polypeptide. The present invention contemplates that such 
genes can be used With success With a variety of animals. 
Particular therapeutic success is achieved With humans. 

GENERAL DESCRIPTION OF THE INVENTION 

[0052] Research has demonstrated a central role for matrix 
metalloproteinases (MNPs) in cell migration and invasion, 
particularly during tumor metastasis (Stetler-Stevenson et al. 
“Extracellular matrix 6: Role of matrix metalloproteinases in 
tumor invasion and metastasis”FASEB J. 711434-1441, 
1993). Human myoblasts have been shoWn to constitutively 
secrete MMP-2 (Guerin and Holland “Synthesis and secre 
tion of matrix-degrading metalloproteinases by human skel 
etal muscle satellite cells”Devel. Dynamics 202191-99, 
1995), but currently there is only limited knowledge avail 
able on the basic biology underlying the fate of implanted 
myoblasts, the importance of MMPs and their relationship to 
physiological stimuli in myoblast migration and invasion in 
vitro and in vivo. 

[0053] The present Invention Would utiliZe the endog 
enous physiological ability of cells to cross protein barriers. 
In this regaurd, the present invention pertains to novel 
compositions and methods for the enhancement of myoblast 
migration both in vitro and in vivo. The development of 
these compositions and methods alloWs for the screening 
and testing of compounds that are suspected of being 
agonistic or antagonistic for myoblast migration. Addition 
ally, the present invention pertains to the delivery of thera 
peutic proteins by introduction into patients of myoblasts 
that Were transfected With a vector encoding the therapeutic 
protein and then cultured by the methods of the present 
invention. Furthermore, the invention pertains to the treat 
ment of degenerative muscle diseases. 

[0054] A. Cytokines and GroWth Factors in Myoblast 
Migration 

[0055] Gene therapy is emerging as a poWerful tool in the 
development of neW treatments for hereto untreatable dis 
eases. In this regard, the present invention relates to com 
positions and methodologies needed for the advancement of 
therapeutic intervention in muscular degenerative diseases. 
We previously reported that treatment of skeletal myoblasts 
With certain groWth factors, particularly bFGF, substantially 
increases myoblast-mediated factor IX gene transfer in mice 
(Yao et al. “Primary myoblast-mediated gene transfer: per 
sistent expressing of human factor IX in mice”Gene Therapy 
1199-107, 1994), and similar effects of bFGF Were also 
described for myoblast cell therapy (Kinoshita et al. “Pre 
treatment of myoblast cultures With basic ?broblast groWth 
factor increases the ef?cacy of their transplantation in MDX 
mice”Muscle Nerve 181834-841, 1995). HoWever, the ability 
of bFGF to be of any use in modulating the migration and 
transplantation of myoblasts has remained unclear. The 
present invention pertains to the use of various groWth 
factors (eg bFGF and FN) in vitro and in vivo in regards to 
their ability to induce myoblast migration and invasion and 
greatly enhance myoblast transplantation. 
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[0056] The groWth factors tested here are knoWn to have 
signi?cant effects on proliferation, differentiation or survival 
of myoblasts (Collins et al. “GroWth factors as survival 
factors1 regulation of apoptosis”Bi0essays 161133-138, 
1994). GroWth factors such as PDGF-BB and bFGF strongly 
stimulate myoblast proliferation and suppress differentia 
tion, While others such as TGF-[3 suppress proliferation. 
Their effect on myoblast migration and invasion is much less 
Well understood. It is possible that these groWth factors may 
effect myoblast migration and invasion (FIG. 1) through 
enhancing cell proliferation and survival, as suggested in the 
literature. HoWever, the major effects of groWth factors on 
cell migration and invasion observed in the present studies 
can not be completely due to such activities because the 
duration of the in vitro assay is too short to produce 
signi?cant effects on cell proliferation and/or differentiation. 

[0057] B. Effect of GroWth Factors in Murine Myoblast 
Migration 

[0058] Among the groWth factors tested With mouse myo 
blasts, bFGF reproducibly shoWed the strongest stimulatory 
effects on mouse myoblast migration and invasion in vitro 
(FIG. 1). This agrees With the importance of bFGF in 
migration in murine myoblasts, though no signi?cant effects 
of bFGF Were reported on rat myoblast migration (Bischoff 
“Chemotaxis of skeletal muscle satellite cells”Devel. 
Dynamics 2081505-515, 1997). This suggests possible spe 
cies differences of bFGF effects on myoblasts. The different 
effects of bFGF and other groWth factors observed With 
mouse and human cells in the present studies also agree With 
such species differences. These combined results demon 
strate the unpredictable nature of the effect of these factors 
on the migration and invasion of myoblasts from different 
species prior to actual testing. 

[0059] In addition to bFGF, ?bronectin also has strong 
augmenting effects on both migration and invasion of mouse 
myoblasts. It is important to note that the combination of 
bFGF and ?bronectin has an additive stimulatory effect on 
mouse myoblast migration and invasion (FIG. 1). This 
strong effect may be due to 1) an induction of greater 
MMP-2 expression compared With bFGF alone (bFGF also 
induces loW level activation of MMP-2 and a moderate level 
MMP-9 expression), and 2) induction and activation of 
MMP-2 by ?bronectin. Together, these results support the 
critical role of MMP-2 in these cell processes. This is further 
supported by the MMP-2 over-expression experiment, 
Which shoWed that the elevated MMP-2 expression substan 
tially increases the migration and invasion capacity of 
myoblasts, While N-acetyl cycteine (NAC) effectively sup 
pressed the effects (FIG. 7). The importance of the activated 
form of MMP-2 for migration and invasion of mouse 
myoblasts is also supported by the substantial enhancement 
of bFGF effects by plasmin treatment, Which proteolytically 
activates MMPs, (Reich et al. “Effects of inhibitors of 
plasminogen activator, serine proteinases and collagenase 
IV on the invasion of basement membrane by metastatic 
cells”Cancer Research 481307-3312, 1988), and also by 
substantial suppression of positive bFGF effects by N-acetyl 
cysteine (NAC) (FIG. 2). MMP-2 can also be activated by 
MT-MMP, a cell-membrane bound MMP (Strongin et al. 
“Mechanism of cell surface activation of 72-kDa type IV 
collagenase”J. Biol. Chem.27015331-5338, 1995). There 
fore, the effects of groWth factors and ?bronectin on MMP-2 
may also be conferred via their effects on MT-MMP. Acti 




















