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Abstract

Duchenne Muscular Dystrophy (DMD) isan inherited muscle diseasethat is characterized by
alack of dystrophin expression in the membrane cytoskeleton of muscle fibers. This lack of
dystrophin is responsible for muscle fiber necrosis which leads to the muscle atrophy and
progressive muscleweakness, characteristic of the DMD pathology. Myoblast transplantation
and genetherapy based on viral vectors have been shownto be efficient inthe delivery of genes
to skeletal muscle but has been hindered by several limitations. Results from our laboratory
and others have shown that adenovirus and herpes simplex virus efficiently infect neonatal
muscles, however, within a few days of mouse development, the muscle is largely refractory
to transduction with both viral vectors. Since myoblasts possess the ability to fuse with
immature and mature myofibers, and viral vectors can efficiently transduce myoblasts, the ex
vivo technique can be used as an alternative method to achieve viral gene delivery to mature
muscle fibers. We have demonstrated that the myaoblast-mediated gene transfer may be used
to deliver viral vectors (Adenovirus and herpes simplex virus type 1) into mature muscle. In
addition, we have shown that the ex vivo approach using mdx myoblasts engineered with
adenoviral vectors, which carry the full-length dystrophin gene, is capable of restoring
dystrophin to the injected mdx muscle. Our results suggest that the ex vivo approach may be
an alternative way of achieving viral gene delivery to mature muscle and may contribute to the
elimination of one of the major hurdles facing the application of gene therapy to skeletal
muscle.
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Duchenne Muscular Dystrophy (DMD) is an X-linked
recessive muscle disease characterized by alack of dystro-
phin expression in the sarcolemma of the muscle fiber [6,
28, 68, 81]. Dystrophin is a 427 kDa protein which is
associated with alarge oligomeric complex of glycoprote-
ins called dystrophin associated proteins (DAPs) which
provide a linkage to the extracellular matrix [21, 41, 50,
51, 57]. The lack of dystrophin in dystrophic muscle and
the consequent absence of the DAPs disrupt the linkage
between the subsarcolemal cytoskeleton and the extracel-
lular matrix [50, 51, 57], resulting in musclefiber necrosis
and progressive muscle weakness [10, 52, 74].

An inbred strain of mice (mdx) which has been broadly
used as an animal model for this pathology, has a point
mutation inthe samegene (dystrophin) resultingin dystro-
phindeficiency inmusclefibers[12, 28, 66]. Sincethelack
of dystrophin in thisanimal model also resultsinadrastic

reduction in the dystrophin associated proteins, the madx
mice represent a good biochemical model for DMD [15].
The main goal of gene transfer for DMD s to restore
dystrophin to asmany musclecells asrequiredto alleviate
the muscle weakness associated with this pathology.
Myablast transplantation and gene therapy using several
vectors have been extensively investigated as approaches
for the introduction of dystrophin into DMD muscle.
Myoblast transplantation (MT) consists of the implanta-
tion of myoblastsinto dystrophin deficient musclein order
to create a reservoir of norma myoblasts which can con-
sequently fuse with dystrophic muscle fibers and restore
dystrophin [59]. Thepotential for myoblast transplantation
for gene transfer is derived from a considerable number of
animal experiments [4, 30, 33, 34, 42, 45, 48, 53, 58, 59,
71]. Since DMD is a rapidly progressive, fatal disease
several research groups have begun clinical trials of
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myoblast transplantation in DMD patients based on suc-
cessful animal experiments [26, 31, 32, 36, 43, 49, 70].
Although the success of thisapproach in DM D patients has
been found to belimited, somevery important resultswere
obtained from these clinical trias, such as: 1)therestora-
tion of dystrophin positive muscle fibers into injected
DMD muscles, 2) atransitory increase in the strength of
the injected muscles, and 3) the induction of immunol ogi-
cal responses from the implanted myoblasts which even-
tually produced immunorejection of the injected cells [26,
31, 32, 43, 49, 70].

Genetherapy using naked DN A (plasmidscontainingthe
gene of interest under the control of an appropriate pro-
moter) is an approach which has been employed for the
introduction of foreign genes into muscle. Direct injection
of naked or complexed DNA (liposomes) carrying reporter
genes and dystrophin into muscle has been found to be
relatively inefficient [1]. However, even though humoral
and cellular immunity have been detected in response to
direct DNA injection [44], transgene expression following
plasmid DNA inoculation has persisted over longer time
periods [75].

Gene transfer via viral vectors is another approach for
gene delivery to muscle, and much recent effort has been
directed toward developing viral vectors (retrovirus, ade-
novirus, adeno-associated virus and herpes simplex virus
type 1) that are capable of delivering genes to muscle cells.
Since retroviral vectors require the presence of dividing
cells for integration and expression, they have been em-
ployed to introduce atruncated form of the dystrophin gene
(Becker) into myoblasts in vitro, but incapable of infecting
non-dividing cells such as muscle fibers [16, 17]. Further-
more, their relatively low titer (10"-10" pfu/ml) and therisk
of their integration in the vicinity of proto-oncogenes,
greatly limits the use of these vectors for gene therapy of
DMD.

Adenovirus (AV) possesses advantages as a viral vector
for skeletal muscle, such as: the ability to produce a high
titer of recombinant virus (10 210" “virus particle/ml), the
capacity to infect a wide variety of cell types and their
ability to infect quiescent, non-dividing cells. In fact, in-
tramuscular inoculation of adenoviral vectors has been
used extensively to infect and deliver foreign reporter
genes to muscle cells in vitro and muscle fibersin vivo [2,
60, 61,73]. Even though adenovirus appears to be a pre-
ferred vector for skeletal muscle cells, some limitations
have been described concerning its use as a gene delivery
vector to muscle. These limitations include differential
transducibility with adenovirus throughout muscle matu-
ration, immunological responses induced by AV transduc-
tion, (> 10 ! pfu/ml) and a restricted packaging capacity
[19, 20, 67, 72, 79, 80]. However, the development of new
mutant adenovirus deleted of all viral geneswhich expand
the packaging capacity may open new opportunity for
full-length dystrophin delivery to skeletal muscle[13, 46].

Adeno-associated virus (AAV) vectors represent another
promising system for gene transfer to skeletal muscle.

AAYV hasheen found capable of infecting newborn aswell
as mature myofibers with ahigh efficiency [14, 23, 76]. In
addition, a long term persistence of reporter gene expres-
sion (up to 1.5 years) has been observed in muscle foll ow-
ing. AAV transduction [14, 23, 76]. Theability ofthe AAV
genome to integrate with the host chromosome may con-
tribute to the long term persistente of the reporter gene
expression mediated by this vector [8, 24, 55, 63].

It has been observed that HSV-1 is also capable of
infecting both myoblastsand differentiated myotubes (im-
mature muscle fibers) in cell culture [37]. It has also been
shown that HSV-1 can infect a significant number of
muscle fibers in newborn mice and in some myofibers of
adult animals. However, some limitations have been ob-
served with thefirst generation of HSV-1 vectors, includ-
ing differential transducibility throughout the maturation
of muscle fibers, cytopathic effects, and immunological
problems associated with the intramuscul ar inocul ation of
thisviral vector [38, 39]. However, new engineered HSV-1
vectors which may be able to overcome some of these
liabilities are currently under characterization in our labo-
ratory [40]. The combination of myoblast transplantation
and gene therapy in an ex vivo approach may help to
overcome limitations facing the application of gene trans-
fer to skeletal muscle such as, the inability of viral vectors
to efficiently transduce mature skeletal muscle fibers.

This paper summarizes the current information and the
most recent achievements pertaining to the use of autolo-
gous myoblast transfer to mediate viral gene transfer in
mature muscle. We present data on ex vivo gene transfers
using various viral vectors such as adenovirus and herpes
simplex virustype 1 in mature muscle. The efficacy of viral
gene delivery to mature myofibers will be compared be-
tween the ex vivo and the direct gene transfer approaches.
In addition, wewill discussthe datarelating to the delivery
of full-length dystrophin to dystrophic mdx muscle using
this ex vivo approach and the potential of this approach as
an avenue to aleviate the muscle weakness of the DMD
patient.

Materialsand M ethods

A mdx myoblast cell line was used as a vehicle for the
ex vivo gene transfer. This cell line was isolated from a
transgenic animal carrying athermolabile SV40 T-antigen
under the control of an inducible promoter [54]. This
permanent mdx cell line proliferates indefinitely under
permissive conditions (33°C with gammainterferon ) and
undergoes normal differentiation at 37°-39°C without
gamma interferon [54]. The adenoviral vector used for this
project was afirst generation adenovirus carrying the LacZ
reporter gene under the control of the HCMV promoter.
We have also used a mutant adenoviral vector (Ad-
DY Spgal) deleted for all the viral genes and carrying the
full-length dystrophin and the LacZ reporter genes (see
below). The herpes simplex virus vector used for this
experiment was a new mutant HSV- 1 vector deleted for
multiple immediate early genes (ICP4, ICP22 and ICP27)
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carrying the LacZ gene under the control of the HCMV
promoter [40]. The construction, propagation and purifica-
tion of the adenovirus [35, 46] and herpes simplex vi-
rus[37-40] have previously been reported.

Myoblast transduction with adenovirus and herpes sim-
plex virus type 1

Theimmortalized cell line wasfirst grownin culture for
5 days in proliferating medium containing DMEM and
15% fetal bovine serum (Gibco-BRL; NY USA). 5 x 10°
myoblasts were infected with the adenovirus using amul-
tiplicity of infection of 25 (MOI = 25). At 24 hours post-
infection, the myoblasts were detached using trypsin
(0.25%) for approximately one minute, centrifuged for five
minutes at 3500 rpm and the myoblast pellet was reconsti-
tuted with 25 pl of Hank's balanced salt solution (HBSS,
Gibco-BRL, NY USA). The harvested cells were trans-
planted using the technique described below. The same
amount of immortalized myoblasts were infected with
herpes simplex virus using an MOI of 5. The same proce-
dure following the infection was carried out as described
above for the adenovirus. As a control, some myoblast
cultures, which were infected with adenovirusand HSV-1,
were assayed for LacZ reporter gene expression to deter-
mine the level of viral infection in vitro. The transduced
myoblast cultures were stained for the LacZ reporter gene
using the staining technique described below.

Direct and ex vivo gene transfer

Forty-eight hours prior to transplantation, the gastroc-
nemius muscles of normal mice (C-57 BL10J+/+) were
irradiated with gamma rays (30 Grays) to inactivate host
satellite cells. The muscle was also injected with amyone-
crotic agent, notexin (0.1 pg), to trigger muscle regenera:
tion twenty- four hours prior transplantation [27]. Then 25
ul of the transduced myoblast solution (5 x 10° myobl asts)
was injected intramuscularly into the exposed gastroc-
nemius muscle.

A similar amount of viral vectors used for transducing
myoblast in vitro was directly injected into the contral at-
eral muscle. The viral solution was also injected into the
exposed gastrocnemius muscle of the contralateral side
which was also irradiated and destroyed with notexin.

The injected mice were sacrificed two days post-injec-
tion, and the gastrocnemius muscles from the injected legs
were removed and snap frozen in isopentane pre-cooled in
ligquid nitrogen. The muscles were then cryostat sectioned
in entirety at 10 um thickness and assayed for LacZ re-
porter gene expression.

B-Galactosidase Staining

P-galactosidase staining was performed using a histo-
chemical technique previously described by Sanes et al.
[64]. The sectioned muscle was incubated overnight with
X-Gal substrate at 37°C and then counterstained with
hematoxylin and eosin following a protocol previously
described [35]. The number of transduced myofibers in

each group were counted, statistically compared (ANOVA
Test, Stat View'm™ 512", Brain Power Inc., CA. USA) and
the significance was shown with a P-value at < 0.05.

Adenoviral vector carryingfull-length dystrophin

Themdx cell linewasinfected with an adenoviral vector,
AdDY Spgal, carrying the full-length dystrophin cDNA
under the control of the muscle creatine kinase promoter
(MCK) and the LacZ reporter gene under the control of the
human cytomegalovirus (HCMV) promoter as previously
described [46]. One million mdx myoblasts were infected
with AdDY Spgal using a multiplicity of infection of 25
(MOI = 25). To follow the early fate of the injected
myoblasts, fluorescent latex microspheres (0. 5 pm,
FLMs) were added to the cultured myoblasts at adilution
of 1:1000 for 24 hrs. [47, 65].

A total of 25 ul of the transduced myoblast solution (1 x
10" myoblasts) was injected intramuscularly into the irra-
diated and notexin destroyed mdx muscle using a protocol
similar to that described earlier. The injected mice were
sacrificed five days after injection, and the gastrocnemius
muscles from the injected and non-injected legs were re-
moved and snap frozen in isopentane pre-cooled in liquid
nitrogen. The mdx muscle was cryostat sectioned in its
entirety at 10 um thickness and prepared for Lac Z and
dystrophin staining (see below).

Muscle sections were fixed with cold acetone (100%) for
one minute and rinsed with phosphate buffered saline
(PBS) containing 0.5% Tween 20 (PBS-T). Following a
blocking step with 5% horse serum in PBS for 30 minutes,
the primary antibody (polyclonal rabbit anti-dystrophin,
6-10 antibody) was incubated in a 1:1000 dilution on the
muscle sections overnight. After subsequent washings, the
sections were incubated with a goat anti-rabbit antibody
conjugated to biotin ina 1/500 dilution for 1 hour (Vector
Laboratories; CA, USA). After removal of the secondary
antibody, the sections were rinsed in PBS and findly
incubated with streptavidin-fluorescein (FITC) 1:100 for
1 hour (Vector Laboratories; CA, USA). Muscle sections
for dystrophin, P-galactosidase and fluorescent latex mi-
crospheres should be “stained” were viewed under light
microscopy and epifluorescence (Nikon), digitized with a
video camera (Optronics DEI-750) and frame grabber.

Reaults

A schematic representation of the ex vivo approach is
presented in Figure #1. The ex vivo gene transfer approach
isaform of somatic cell genetransfer that consisted of first
establishing aprimary myoblast cell culture which is then
transduced with a viral vector carrying a reporter gene in
vitro. These transduced myoblasts were then harvested and
injected into the host animal's skeletal muscle. In our
system, the myoblasts were not directly isolated from the
host animal but rather, wereisolated from an animal which
isgenetically indistinguishable(allograft).Inatrueautol o-
gous myoblast transfer, the primary myoblasts would be
isolated from a muscle biopsy taken from the same host

- 243 -




Autologous myoblast transfer: a combination of myoblast transplantation and gene therapy

Myoblast Mediated Ex-Vivo Gene Transfer

Myoblast Injection Muscle Biopsy

~
e -

(;/ti’rearllozir?:'s?u:gsr.\” Myoblast Cell Culture
Figure /. Schematic representation ofthe myoblast medi-
ated ex vivo gene transfer approach.

animal. The myoblast mediated ex vivo gene transfer has
been investigated in our experiment using three different
viral vectors including, first generation adenovirus, third
generation adenovirus carrying the full-length dystrophin
and new mutant herpes simplex virus type I.

We have observed that adenovirus can be successfully
delivered to mature muscle using the ex vivo gene transfer
technique (see Figure #2B). Moreover, as previously re-
ported, the adenovira vector can aso be delivered in
mature muscle using the direct vira-vector injection ap-
proach (see Figure 2A). We have observed that the
transduced myofibers obtained following the ex vivo ap-
proach had a small diameter and were located in the vicin-
ity of the injected site, suggesting that many of these fibers
were formed by the fusion of the injected myoblasts. The
number of transduced myofibers found in the injected
muscle following the ex vivo approach was significantly
higher than that observed using the direct gene transfer of
the same amount of virus P < 0.05 (E).

Similarly, we have observed that HSV-1 can bedelivered
to mature muscle by using the ex vivo approach (Figure
#2D). In addition, the number of transduced myofibers
using the same amount of HSV-1 particles were found to
be significantly higher when using the ex vivo approach
rather than the direct gene transfer approach (Figure #2C,
D, and E). We have observed that the HSV-1 remains
located outside the mature muscle fibers following the
direct gene transfer approach (Figure #2G) in contrast to
that observed with the ex vivo gene transfer of the same
vector (Figure #2D). The transduced myofibers following
the ex vivo approach based on HSV-1 vector were also
located in the vicinity of the injected site and were also the
small diameter (D).

We have shown that myoblasts transduced with an ade-
noviral vector expressing the full-length dystrophin and
the LacZ reporter gene were capable of fusing to form

myotubes in vitro expressing these proteins (data not
shown). Thetransplantation of these transduced myoblasts
into dystrophic mdx muscle, resulted also in the presence
of myofibers expressing 3-galactosidase and full-length
dystrophin (see Figure #3 A, B). The dystrophinand LacZ
positive myofibers were found in the vicinity of the in-
jected site. The co-localization of dystrophin (green fluo-
rescence) with FLM's (red fluorescence) suggests that
these myofibers were formed by the fusion of the injected
myoblasts (Figure #3B) and were not revertant fibers,
which would be caused by a spontaneous mutation [29].
However, the dystrophin positive myofibers which are not
FLMs positive, are probably revertant myofibers and not
formed by the fusion of theinjected myoblasts. Finally, the
presence of FLMs inside the dystrophin negative myofi-
bers may be due to many of the injected myoblasts dying
and releasing FLMs which can either stay inthe interstitial
space or be phagocytized by host myofibers.

Discussion

One major impediment facing the successful implemen-
tation of gene therapy to muscle istherestricted infectivity
of mature muscle fibers with viral vectors. This phenome-
non has been observed using retrovirus, adenovirus and
more recently with herpes simplex virus type 1 based
vectors (HSV-1). Even though the mechanism underlying
the rapid reduction of retrovirus-mediated gene delivery
concomitant with the maturation of muscle fibers is prob-
ably related to the inability of the viral vector to transduce
post-mitotic muscle fibers, the reason is still unclear for
adenovirus and HSV-1. Our findings indicate that the poor
level of transduction mediated by adenovirus and HSV-1
may be related through different mechanisms (paper in
preparation). Since the depletion of myoblasts in vitro
using Arac prevents the adenovirus infection of myotubes
[3], it appears likely that adenoviral vectors may require
myoblasts as a vehicle to transduce myofibers. In fact,
supporting this, a higher level of transduction was ob-
served with adenovirus in regenerating muscle (where
many myoblasts were fused to regenerate muscle) than in
age-matched control muscle [2]. If the adenoviral vector
requires myoblasts to transduce myotubes, then it is likely
that approaches which promote muscle regeneration by
releasing myoblasts are potential alternatives for increas-
ing the efficiency of direct gene transfer of adenovirus in
maturemyofibers.

Based on parallel studies of HSV-1 infections, we have
reported that the failure of HSV-1 infection of mature
myofibers is probably due to the maturation of the basal
lamina, which physically blocksthevirus’ accessibility to
mature myofibers [38, 39]. In support of this hypothesis, it
has been shown that HSV-1 infects with a similar effi-
ciency in vitro both myoblasts, and pure cultures of myo-
tubes, where only a rudimentary basal lamina is found.
This experiment suggests that the HSV-1 vector is capable
of directly infecting myotubes without requiring
myoblasts. Additionally, by using antibodiesagainst HSV -
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I and collagen IV, a major constituent of the basal lamina,
it has been observed that HSV-1 cannot transduce mature
myofibers due to the maturation of the basal |aminawhich
acts as aphysical barrier to HSV-1 transduction [38, 39].
In support of this hypothesis, it has been noted that an
intermediate level of HSV-1 transduction is observed in
adult myofibers of dy/dy micewhich have adefective basal
lamina due to merosin deficiency [5. 69, 77, 78]. Thus,
HSV-1 transduction in mature myofibers will require
methods which will permeabilize the basal lamina and
allow HSV-1 penetration and transduction of mature
myofibers.
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Figure 2. Adenovirus and Herpes simplex virus type 1
mediated gene transferto mature skeletal muscle.
Direct adenoviral injection transduces mature
skeletal muscle fibers with a lower efficiency (A)
than the same amount of adenovirus in an ex vivo
approach (B). Smilar results are achieved with
HSV-1 which shows a higher efficacy of transduc-
tion when /SV-1 is used to transduce the myoblasts
which are injected into the mature muscle (D) than
the direct injection ofthe same amount of virus (C).
In fact, the number of transduced myofibers are
significantly higher using this ex-vivo approach
than the direct viral injection for both virus (E).
(magnification: A, B = 20X; C, D = 10X).

Since myoblasts possess the ability to fuse with both
immature and mature muscle fibers, and adenovirus and
HSV-1 can efficiently transduce myoblasts, the ex vivo
gene transfer approach may represent a plausible alterna-
tive for viral gene delivery to mature muscle. The myoblast
mediated ex vivo gene transfer has been investigated by our
|aboratory and others, using different viral vectorsinclud-
ing adenovirus, retrovirus and herpes simplex virustype 1.

Ex vivo gene transfer of LacZreporter gene

The myoblast mediated ex vivo gene transfer of ade-
novirus carrying the B-galactosidase and luciferase re-
porter genes has resulted in an efficient gene transfer and
expression of the reporter genes into the injected muscle
[35]. The ex vivo approach allows an efficient genetransfer
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Figure 3. Myoblast mediated ex vivo gene delivery offull
length dystrophin and ft-galactosidase reporter
gene to mature mdx skeletal muscle. A large
number of transduced myofibers expressing LacZ
reporter gene are found in the mdx injected muscle
with the transduced myoblasts (A). In addition,
dystrophin-positive myofibers are also detected at
the same area in the mdx injected muscle with
engineered myoblasts (B). The co-localization of
the dystrophin-positive myofibers (green fluores-
cence) with the fluorescent latex microspheres (red
fluorescence) suggests that the dystrophin-positive
myofibers are the result of the fusion of the injected
myoblasts and not revertant fibers due to a sponta-
neous mutation. (B). (magnification: A, B = 20X).

to skeletal musclewithout apparent immunological prob-
lems associated with direct viral injection [35]. However,
some problems related to myoblast transplantation still
remain with this approach, since the vast majority of the
injected myoblasts were lost rapidly, usually within 48
hours posttransplantation [7, 22, 35]. The cause of the
accelerated death of the injected cells remains unclear, but
some explanations have been offered including: 1) only a
low proportion of these injected myoblasts are capable of
supportingmuscleregenerationand/or2)aninflammatory
response induced by themyoblast injection.

We have shown, as previously reported, that adenovirus
can be successfully delivered to mature muscle using the
ex vivo gene transfer approach [11, 35]. Moreover, a higher
efficiency of genetransfer viaadenovirusisobserved using

therapy

the ex vivo gene transfer as compared to the direct viral
vector injection in mature muscle (see Figure 2).This Sug-
gests that the ex vivo technique may be an efficient ap-
proach to efficiently deliver adenoviral transferred
therapeutic genes to mature muscle.

We have recently observed that the myoblast mediated
€ex vivo gene transfer approach can also be used to deliver
new mutant HSV-1 to mature skeletal muscle. In fact,
HSV-1 transduced myoblasts are also capable of retaining
their ability to proliferate and fuse forming myotubes in
vitro expressing the -galactosidase reporter gene [11].
The efficiency of gene transfer has also been found higher
than the direct injection of the same viral solution.

Retrovirally infected myoblasts have also been found
capable of preserving their ability to proliferate and fuse
into myotubes in vitro and are capable of expressing the
p-galactosidase reporter gene. The transplantation of the
transduced myoblasts in muscle in vivo results in an effi-
cient gene transfer to skeletal muscle [62]. In addition, a
persistent transgene expression of up to 30 days has been
achieved using the transplantation of myoblast mediated
gene transfer of retroviral vectors in skeletal muscle in
vivo. We have also observed that a higher efficiency of
gene transfer to mature muscle occurs when the retroviral
vector is delivered by the ex vivo approach rather than the
direct gene transfer to mature muscle (data not shown).

Myoblast mediated ex vivo dystrophin delivery in mdx
mice

We have developed a model which enables us to test the
feasibility of an autologous myoblast mediated gene trans-
fer to deliver full-length dystrophin in mature mdx muscle.
In our study, primary mdx myoblasts were utilized as
vehicles for ex vivo gene transfer to muscle. The myoblasts
were transduced in vitro with an adenoviral vector express-
ing the full length dystrophin gene and LacZ reporter gene.
We have shown that transduced myoblasts are capable of
fusing and forming myotubes in vitro expressing P-galac-
tosidaseand full-length dystrophin. Thetransplantation of
mdx transduced myoblasts has been found aso capable of
restoring full-length dystrophin in mature mdx muscle.
The co-localization of dystrophin and FLM's suggests that
myofibers are formed by the fusion injected myaoblasts and
are not revertant fibers which are caused by a spontaneous
point mutation [29]. Moreover, we have also observed that
we can successfully restore the 35 kDa and P-43 kDa
sarcoglycansin the injected MDX muscle (data not shown)
indicating that the restored dystrophin is capable of func-
tioning normally [25].

The myoblast mediated ex vivo approach may possess
attributes that make it useful as an effective gene transfer
to skeletal muscle. A benefit in the use of myoblast medi-
ated ex vivo gene transfer, is that these cells can not only
serve as a vehicle for gene complementation, but also are
able to create a reservoir of myogenic cells capable of
regenerating damaged myofibers. Since the muscle weak-
ness in DMD patients is not typically noticed until five

- 246 -




T’

Autologous myoblast transfer: a combination of myoblast transplantation and gene therapy

years of age, it appears that the dystrophic muscle of
younger childrenisfunctionally rescued by thelarge popu-
lation of satellite cells which continuously regenerates the
chronically damaged myofibers. However, as the patient
ages and the satellite cells undergo mitotic senescence [9,
56], progressive muscle weakness appears. The ex vivo
approach may not only achieve the restoration of
myobl asts capabl e of introducing dystrophin to dystrophic
myofibers, but which are also capable of regenerating the
muscles. In addition, this approach may enhance the total
number of myoblasts required to alleviate the muscle
weakness characteristic of this disease.

The current objectives in using the ex vivo approach to
restore dystrophin to the muscle of the DMD patient in-
volves the transplantation of a sufficient number of
myoblaststhat are capabl e of restoring dystrophin and thus
eventually decrease the muscle weakness associated with
this disease. Since it has been demonstrated that satellite
cellsisolated from DMD patients show alimited prolifera-
tive capacity, especially when taken from older patients
[9], one potential hurdle facing the application of the ex
vivo approach involves the cultivation of a sufficient
number of myoblaststo alleviate muscleweakness charac-
teristic of this disease. However, it is believed that it may
be possible to isolate myoblasts from muscles which are
less affected by the disease which will then serve as abetter
source of myogenic cells for the ex vivo approach [18].

In conclusion, the results show that the ex vivo gene
transfer method may be used as an alternative approach to
achieve a vira gene transfer to mature myofibers. This
approach may eventually aid in the development of a gene
therapy for the treatment of muscle disease such as
Duchenne Muscular Dystrophy. We have shown that this
technique provides abetter gene transfer in mature muscle
using adenovirus and HSV-1 as compared to the conven-
tional direct gene transfer approach. Finally, it is clear that
the limitations related to myoblast transfer such as therapid
loss of the injected myoblasts post-transplantation, as well
as the low spreading of the injected cells post-impiantation
have to be clearly understood to eventualy apply this
technology to the treatment of DMD patients.
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