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Significant levels of adenovirus (Ad)-mediated gene transfer occur only in immature muscle or in regener-
ating muscle, indicating that a developmentally regulated event plays a major role in limiting transgene
expression in mature skeletal muscle. We have previously shown that in developing mouse muscle, expression
of the primary Ad receptor CAR is severely downregulated during muscle maturation. To evaluate how global
expression of CAR throughout muscle affects Ad vector (AdV)-mediated gene transfer into mature skeletal
muscle, we produced transgenic mice that express the CAR ¢cDNA under the control of the muscle-specific
creatine kinase promoter. Five-month-old transgenic mice were compared to their nontransgenic littermates
for their susceptibility to AdV transduction. In CAR transgenics that had been injected in the tibialis anterior
muscle with AdVCMVlacZ, increased gene transfer was demonstrated by the increase in the number of
transduced muscle fibers (433 = 121 in transgenic mice versus 8 = 4 in nontransgenic littermates) as well as
the 25-fold increase in overall 3-galactosidase activity. Even when the reporter gene was driven by a more
efficient promoter (the cytomegalovirus enhancer—chicken 3-actin gene promoter), differential transducibility
was still evident (893 * 149 versus 153 = 30 fibers; P < 0.001). Furthermore, a fivefold decrease in the titer
of injected AdV still resulted in significant transduction of muscle (253 = 130 versus 14 * 4 fibers). The
dramatic enhancement in AdV-mediated gene transfer to mature skeletal muscle that is observed in the CAR
transgenics indicates that prior modulation of the level of CAR expression can overcome the poor AdV
transducibility of mature skeletal muscle and significant transduction can be obtained at low titers of AdV.

Virus vectors used for gene transfer to skeletal muscle must
be able to infect postmitotic cells. In addition, replacement
therapy of genetic diseases such as Duchenne muscular dys-
trophy requires a large viral insert capacity in order to accom-
modate large cDNAs (e.g., the 13.9-kb dystrophin cDNA).
Adenovirus vectors (AdV) fulfill both criteria and have proven
to be useful in gene therapy applications directed at muscle
(16). However, a major constraint in the use of AdV is that
efficient gene transfer occurs only in immature muscle or in
regenerating muscle (2, 9, 14, 17). The low level of transduc-
ibility of mature skeletal muscle may be partly due to inefficient
binding of adenovirus (Ad) particles to the cell surface.

The entry of AdV into cells involves two different types of
receptors: a high-affinity primary receptor, the coxsackievirus
and Ad receptor CAR (3, 28), and lower-affinity secondary
receptors that consist of the ay-containing integrins (a5 and
ayBs) (23, 31) and perhaps also asp; (7). The structural fea-
tures of Ad capsid that are implicated in AdV binding to the
cell surface are the fiber protein and the penton base protein.
AdV binds to its primary receptor through the knob domain at
the tip of the fiber protein projecting from the Ad capsid (5, 18,
26, 27). Analysis of the crystal structure of the CAR-Ad fiber
knob complex has recently shown that three CAR monomers
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bind each knob trimer (5). The N-terminal portion of CAR
(amino acids 25 to 125, the immunoglobulin V domain) is
sufficient for binding knob in solution and acts as a potent
inhibitor of viral infection for cells in culture (11).

The AdV penton base consists of five identical RGD-con-
taining subunits (25) that mediate binding to the heterodimeric
cell surface receptors, integrins. Once bound, AdV is internal-
ized via clathrin-coated pits (12). Not only does recombinant
penton base protein block internalization of AdV, but RGD-
containing peptides also inhibit AdV-mediated transduction
(31). However, prior incubation of cells with the penton base
protein does not prevent AdV attachment to the cell surface
(31). Thus, the first stage of AdV infection has been viewed as
consisting of two sequential steps involving an attachment re-
ceptor (CAR) and an internalization receptor (integrins). At
high input doses of AdV (a high multiplicity of infection), cells
that do not express CAR can still be infected, albeit with a
much lower transduction efficiency. Under these conditions the
low-affinity binding of penton base to integrins may be suffi-
cient for some CAR-independent binding and uptake of AdV.
Conversely there is some evidence that CAR can mediate AdV
uptake through an integrin-independent pathway, as AdV in
which the RGD site in the penton base has been ablated can
still be internalized, at a rate dependent upon the fiber recep-
tor concentration (10).

The decrease in gene transfer that occurs with maturation of
skeletal muscle suggests that a developmentally regulated
event plays a major role in limiting transgene expression in
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mature skeletal muscle. Our earlier studies had shown that
although a/B5 and aBs levels decrease by about 70% during
myogenesis and maturation of muscle fibers in the mouse (1),
their lower levels could not account for the 95% decrease in
AdV transduction between the neonatal period and 4 to 6
weeks of age (2). We subsequently showed that in developing
mouse muscle, expression of the primary Ad receptor CAR is
severely downregulated during muscle maturation, with CAR
transcripts being barely detectable in the adult muscle (24).
Furthermore, we demonstrated that forced expression of CAR
in mouse myoblasts, followed by transfer of these myoblasts to
syngeneic host muscle, resulted in the formation of myofibers
with increased susceptibility to AdV transduction (24). These
results suggested that CAR expression limits the susceptibility
of myofibers to AdV transduction. The myoblast transfer ex-
periments, however, did not permit us to address certain issues.
For example, a relatively small number of CAR-expressing
myofibers were obtained by this approach, making it impossi-
ble to determine the level of CAR expression required to
increase the susceptibility of individual myofibers to AdV
transduction. In addition, the majority of CAR-expressing
myofibers with increased susceptibility to AdV transduction
were of smaller diameter than nontransduced fibers. This
raised the possibility that fibers with increased susceptibility to
AdV transduction were forming predominantly from injected
myoblasts and may not have been fully representative of myo-
fibers in intact, mature skeletal muscle. Several factors, includ-
ing the extensive basal lamina surrounding mature myofibers,
may limit the access of exogenously introduced virus to the
muscle fiber plasma membrane. To evaluate how global ex-
pression of CAR throughout muscle affects AdV-mediated
gene transfer into mature skeletal muscle, we produced trans-
genic mice that express the CAR cDNA in a muscle-specific
manner. With these mice, we evaluated the transducibility of
mature skeletal muscle by AdV. The continued expression of
CAR on muscle plasma membranes dramatically improved the
extent of AdV-mediated gene transfer to skeletal muscle of 5-
to 6-month-old transgenic mice.

MATERIALS AND METHODS

Production and genotyping of transgenic mice. A cDNA containing the full-
length coding sequence for Mus musculus CAR mRNA (GenBank accession
number Y10320) that was generated by reverse transcriptase PCR (RT-PCR)
was described previously (24). The full-length CAR ¢cDNA (nucleotides 1 to
1098) was cloned downstream of regulatory sequences of a muscle-specific cre-
atine kinase (MCK) gene (GenBank accession number AF188002). This frag-
ment, which spans the region from —1,354 to +1 bp from the transcription
initiation site, has previously been described (19) and contains the MCK E1
enhancer and promoter, but not the E2 enhancer found in the first intron of the
gene. Transgenic mice were generated by pronuclear microinjection. Founder
mice were identified by genotyping of tail DNA for the presence of MCK-CAR
fusion sequences. The founders were bred with B6C3F1 mice to verify transgene
expression by Northern and Western blot analyses. A single founder expressed
CAR mRNA and protein. Subsequently, all mice were genotyped for the pres-
ence of CAR cDNA by Southern blot analysis of tail DNA following digestion
with BamHI, which yielded an ~1-kb fragment (Fig. 1). Hemizygous CAR
transgenic mice between the ages of 5 and 6 months were used for AdV trans-
duction experiments. These animals were normal in development, growth, and
behavior.

Analysis of CAR transgene expression. To determine the level of CAR ex-
pression, skeletal muscle was homogenized in TRIzol (Life Technologies, Bur-
lington, Ontario, Canada) to extract total RNA according to the manufacturer’s
instructions. Northern blot analysis was performed as described previously (24)
using total RNA (10 ug per sample) that was electrophoresed on a formaldehyde
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FIG. 1. Depiction of the construct used to generate the transgenic
mice (A) and results of genotyping of the mice by Southern blot
analysis (B). (B) Genomic DNA was digested with the restriction
enzyme BamHLI, electrophoresed on a 1% agarose gel, transferred to a
nylon membrane, and hybridized with CAR cDNA. A BamHI frag-
ment of ~1 kb is present in transgenic mice (TG) but absent in control,
nontransgenic littermates (C). The high-molecular-weight fragment
(~9 kb) that is visible in all lanes represents the endogenous CAR
gene that cross-hybridizes with the CAR ¢cDNA. Numbers on the left
indicate the position of molecular weight markers (1-kb ladder) in-
cluded in a flanking lane.

agarose gel, followed by hybridization to the CAR ¢cDNA probe. Equal loading
of samples was verified by hybridization with a cDNA probe for the housekeep-
ing gene glyceraldehyde-3-phosphate dehydrogenase.

For Western blot analysis, tissues were excised from mice and homogenized in
sample buffer as previously described (24). Protein samples (5 or 10 ng as
indicated in figure legends) were analyzed by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) using 10% (wt/vol) acrylamide gels,
followed by electrotransfer to nitrocellulose as described previously (24). The
production, purification, and characterization of the polyclonal antibody against
CAR has been previously described in detail (24).

In vivo AdV transduction. The recombinant AdVCMVlacZ has been de-
scribed previously (2). The AdV recombinant containing an Escherichia coli lacZ
reporter gene driven by the cytomegalovirus (CMV) enhancer—chicken B-actin
gene promoter was a kind gift of James Wilson (Philadelphia, Pa.) (34). The
AdV preparations were purified by two centrifugations over discontinuous ce-
sium chloride gradients (2). The virus band was collected, diluted in phosphate-
buffered saline, and desalted on a Sephadex G25 column (Pharmacia, Montreal,
Quebec, Canada). All injections were performed with freshly purified AdV, and
within each experiment, all groups of animals received the same preparation of
AdV at the indicated titer. For all preparations of AdV, the ratio of total
particles (as determined by optical density) to infectious titer (as determined by
total cytopathic effect on 293 A cells) was between 50:1 and 100:1. Immunosup-
pression was carried out as described previously (22). All mice received daily
subcutaneous injections of FK506 (5 mg/kg of body weight) starting 2 days prior
to AdV administration and continuing until they were euthanized. Hind limbs
(tibialis anterior muscles) of adult mice (5 to 6 months old) were injected
percutaneously with a single deposit of 25 ul of recombinant AdV at a titer of
10'2 particles/ml. In some animals, the contralateral tibialis anterior was injected
with AdV at a titer of 2 X 10'! particles/ml. Eight days after AdV injection, the
animals were euthanized and AdV-transduced muscle fibers were identified by
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FIG. 2. Expression of CAR in transgenic mice and control, nontransgenic littermates as analyzed by Western (A) and Northern (B) blotting.
(A) Samples (10 pg of protein each) of gastrocnemius muscle from an adult transgenic mouse (TG) and a control nontransgenic littermate (C)
were run on an SDS-10% polyacrylamide gel. Proteins in the gel were transferred to nitrocellulose and incubated with antiserum to the
extracellular domain of mouse CAR. A major band corresponding to CAR is visible at ~46 kDa in the transgenic muscle but absent in control
muscle. (B) Samples (10 pg of total RNA each) from the gastrocnemius and tibialis anterior muscles of three transgenic mice (TG) and one control
nontransgenic littermate (C) were electrophoresed on a formaldehyde agarose gel and hybridized with CAR ¢cDNA and glyceraldehyde-3-

phosphate dehydrogenase cDNA probes as indicated.

histochemistry for B-galactosidase activity. The number of B-galactosidase-pos-
itive fibers in the entire tibialis anterior and extensor digitorum longus (EDL)
muscles was quantitated by counting the positive fibers under light microscopy.
For quantitation of B-galactosidase activity, 60 sections of 10-um thickness each
were prepared from the region immediately adjacent to the one that had been
sampled for histochemistry. The frozen muscle sections were homogenized in
100 mM phosphate buffer (pH 7.8) and 0.2% Triton X-100 for chemiluminescent
detection of B-galactosidase according to the manufacturer’s instructions (Ga-
lactolight; Tropix, Inc., Bedford, Mass.). A BioOrbit luminometer (Turku, Fin-
land) was used to measure light emission. A standard curve was generated by
serial dilutions of pure B-galactosidase (Boehringer Mannheim, Laval, Quebec,
Canada), and the muscle B-galactosidase activity was converted to nanograms of
enzyme. Differences between groups were determined either by ¢ test (unpaired)
for the AdVCMVlacZ-injected groups or by analysis of variance (ANOVA) for
all other groups, with statistical significances being defined as P values of <0.05.

RESULTS

We had previously demonstrated that high-level, muscle-
specific transgene expression can be obtained using 5’ regula-
tory sequences from the MCK gene (19). In this study we used
the same 1,354-bp fragment from the MCK gene to regulate
the expression of a full-length CAR c¢cDNA in transgenic mice
(Fig. 1). Transgenic mice were produced that expressed mod-
erately high levels of CAR in skeletal muscle as assessed by
Northern and Western blotting. As shown in Fig. 2, little or no
expression of the endogenous CAR transcript or protein was
detected in the adult control, nontransgenic mouse littermates,
confirming previous results (4, 29), including our own (24). In
contrast, the CAR transgene that was under the control of the
MCK1354 promoter had sustained expression even in adult
tissue. Furthermore, of several adult tissues tested, significant
expression of CAR was only detectable in skeletal muscle (Fig.
3A). To some extent this is a question of antibody sensitivity, as
on prolonged exposure, traces of CAR expression could be
seen in liver and heart tissue (data not shown). Failure to
detect more substantial expression of CAR protein in lung,

liver, and heart is somewhat surprising as CAR transcripts are
readily detectable in these tissues in nontransgenic mice (4,
28), and some protein accumulation would be expected from
the endogenous gene. Clearly, CAR expression in muscles of
adult transgenic mice far exceeds levels of endogenous expres-
sion seen in any adult tissue tested. However, expression of
CAR in muscles of the transgenic mice is of the same order of
magnitude as expression from the endogenous gene in 10-day-
postnatal mouse brain (Fig. 3B).

The transducibility by recombinant AdV of adult mouse
skeletal muscle is much lower than that of skeletal muscle of
neonates (2, 9, 14). This decrease in transducibility is evident
as early as 2 weeks of age. To determine the susceptibility of
the CAR transgenic mice to transduction by AdV, 5- to
6-month-old transgenic mice were compared to their nontrans-
genic littermates that served as controls. Animals were injected
with a recombinant (E1 and E3 deleted) AdV carrying a
CMVlacZ expression cassette. To minimize immune reaction
to transgene expression, animals were treated with FKS506.
Euthanasia was performed 8 days later; the injected muscles
were sectioned and stained histochemically for B-galactosidase
activity. Muscle samples from CAR transgenic mice had a
significantly higher number of B-galactosidase-positive fibers
than those of nontransgenic controls (Fig. 4A). In accordance
with previous data, nontransgenic adult mice had 8 * 4 posi-
tive fibers; in contrast, the CAR transgenics had 433 = 121
positive fibers (P = 0.0015; unpaired ¢ test). The increase in the
number of transduced fibers was accompanied by a similar
increase in overall B-galactosidase activity (Fig. 4B).

Ad-mediated gene expression in adult muscle is affected by
the nature of the promoter that is used to regulate the trans-
ferred gene. It had previously been shown that the use of a
hybrid promoter comprising the chicken B-actin promoter and
the CMV enhancer resulted in better gene expression in adult
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FIG. 3. (A) Expression of CAR in various tissues of adult (5-month-old) transgenic mice. Samples (10 pg of protein each) of tissue dissolved
in Laemmli sample buffer were loaded in each lane of an SDS-10% PAGE gel. Proteins in the gel were transferred to nitrocellulose and incubated
with antiserum to the extracellular domain of mouse CAR. From left to right, the samples were from tibialis anterior (TA), quadriceps (Q), soleus
(S), diaphragm (D), heart (H), lung (Lg), liver (L), and spleen (Sp) tissue. Numbers on the left indicate the position of molecular weight markers
included in a flanking lane. (B) Comparison of the level of expression of CAR in tibialis anterior muscle from a 5-month-old transgenic mouse
(lane TA) with expression in brain of a 10-day-old control, nontransgenic littermate (lane B). Samples (5 g of protein each) of tissue dissolved
in Laemmli sample buffer were loaded in each lane of an SDS-10% PAGE gel. Proteins in the gel were transferred to nitrocellulose and incubated
with antiserum to the extracellular domain of mouse CAR. Numbers on the right of the panel indicate the position of molecular weight markers

included in a flanking lane.

skeletal muscle than that obtained with the CMV promoter
(15). To test whether sustained expression of CAR in adult
skeletal muscle influences the transducibility by AdV carrying
the lacZ gene under the control of this alternative promoter,
5-month-old animals were injected in the tibialis anterior mus-
cle with an AdV recombinant containing an E. coli lacZ re-
porter gene driven by the CMV enhancer—chicken B-actin
gene promoter. Even with this more-efficient promoter, there
was differential transducibility of skeletal muscle that de-
pended on CAR expression: although nontransgenic litter-
mates had an average of 153 = 30 positive fibers, CAR trans-
genics had 893 = 149 positive fibers (P < 0.001; ANOVA)
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(Fig. 5). In one animal, a single 25-ul injection of AdV resulted
in the transduction of the entire tibialis anterior and EDL
muscles (3,000 muscle fibers) (Fig. 6A).

We hypothesized that the presence of increased numbers of
AdV attachment receptors might obviate the need to inject
large doses of AdV to obtain a meaningful number of trans-
duced muscle fibers. The mice that had been injected in the
above experiment with AdV at 1 X 10'? particles/ml also re-
ceived AdV in the contralateral tibialis anterior muscle at the
lower titer of 2 X 10" particles/ml (injectate containing a total
of 5 X 10? particles). Increased transduction due to expression
of CAR was obtained even at these lower titers (Fig. 5 and 6B)

40

53 o8}
[=2 <

B-galactosidase (ng)
=)

Control

CARTg

FIG. 4. AdV transducibility of CAR transgenics by AdVCMVlacZ. (A) Quantitation of the number of B-galactosidase-positive fibers, following
a single injection of AdVCMVlacZ (10'? particles/ml) into the tibialis anterior muscle of 5- to 6-month-old hemizygous CAR transgenic mice
compared to control, nontransgenic littermates (P = 0.0015; unpaired ¢ test). (B) The muscles that had been examined in the results shown in panel
A were sectioned, and B-galactosidase activity was determined as described in Materials and Methods. Results are means =+ standard error.
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FIG. 5. AdV transducibility of CAR transgenics by AdV expressing
lacZ under the control of the CMV enhancer—B-actin promoter. Quan-
titation of the number of B-galactosidase-positive fibers following a
single 25-ul injection of either 1 X 10'% or 2 X 10'! particles/ml into
the tibialis anterior muscle of 5- to 6-month-old hemizygous CAR
transgenic mice compared to control, nontransgenic littermates. At the
higher dose, differences between the control group and the CAR
transgenics were significant (P < 0.001; ANOVA). Note that trans-
ducibility obtained with the CAR transgenics injected with the lower
dose is similar to that with controls receiving the higher dose of AdV
(differences between these two groups are not significant by ANOVA,
followed by the Bonferroni posttest). Results are means = standard
error.

with an average of 253 = 130 fibers being positive in the CAR
transgenics as opposed to 14 = 4 fibers in the nontransgenic
littermates.

DISCUSSION

A major issue in gene therapy is efficient and widespread
delivery of the therapeutic gene to the target tissue. AdV-
mediated gene transfer occurs inefficiently in adult skeletal
muscle. The transcript for the primary AdV receptor CAR is
undetectable by Northern blot analysis of skeletal muscle tis-
sue of human (3, 28), mouse (4, 24, 28), and rat (8) origin.
Even when sensitive detection methods are used, such as RT-
PCR (24) and competitive RT-PCR (8) to estimate the abun-
dance of the CAR mRNA, the levels of CAR transcript are
extremely low in adult mouse skeletal muscle. Thus, the lack of
CAR may be a major impediment to efficient gene transfer to
mature skeletal muscle.

Forced expression of exogenous CAR has recently been
used to facilitate the entry of AdV serotype 5 into a number of
cell types that are not generally susceptible to AdV, such as
primary fibroblasts (13), lymphocytes (20), myoblasts (24), and
tumor cells (21). However, it was unclear whether CAR could
effect an increase in gene transfer in vivo where presumably
greater barriers exist that can hinder the interaction between
AdV and the cell surface. In this regard, mature skeletal mus-
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cle fibers are surrounded by a well-developed basal lamina that
could theoretically limit the access of AdV to the muscle fiber
plasmalemma. In order to address the question of whether the
absence of CAR is a major limiting factor in AdV-mediated
gene transfer to mature skeletal muscle in vivo, we produced
transgenic mice that maintained a relatively high level of CAR
expression in their skeletal muscle. In the present study, when
AdVCMVlacZ was injected intramuscularly at a single site
into the tibialis anterior of 5- to 6-month-old animals, the
number of [-galactosidase-positive fibers was consistently
higher in the CAR-expressing transgenics than in their non-
transgenic littermates (Fig. 5). The dramatic enhancement in
AdV transducibility indicates that upregulation of CAR can
overcome local constraints to tissue penetration by the AdV in
these relatively old animals.

The experimental results obtained in vivo measure the trans-
ducibility of the tissue: the final readout is a consequence of
both the entry of AdV and the subsequent expression of the
expression cassette contained within the virus vector. Thus, a
low level of transducibility as determined by low levels of
transgene expression may result from lack of virus attachment-
internalization and/or transcriptional inefficiency within spe-
cific tissues of the transgene promoter that is used. We specif-
ically examined this issue by comparing in CAR transgenic
mice and control littermates the transduction efficiency that
was obtained when the E. coli lacZ reporter gene was placed
under the control of the hybrid CMV-B-actin promoter. As
expected, this transcriptional unit is expressed at higher lev-
els in mature skeletal muscle (15), resulting in a higher num-
ber of B-galactosidase-positive fibers in the muscles of control
mice (153 = 30) than in the muscles of those injected with
AdVCMVlacZ (8 = 4) (Fig. 4 and 5). Remarkably, the pres-
ence of CAR also influenced the levels of transducibility that
were attained in this experiment, with an average sixfold in-
crease in the number of B-galactosidase-positive fibers in the
muscles of CAR transgenics. In addition, in one transgenic
mouse, a single injection of 2.5 X 10'° viral particles resulted
in the transduction of the entire tibialis anterior and EDL
muscles, achieving the same extent of transduction that is usu-
ally only observed in neonatal mice (Fig. 6). In this context, the
efficiency of AdV-mediated gene transfer has been ascribed to
the presence of myoblasts in the developing muscle (30).
Moreover, it was suggested that multinucleated myofibers were
incapable of being transduced by AdV (29). However, our
results clearly demonstrate that under appropriate biological
conditions, extremely efficient AdV transduction of mature
skeletal muscle can be achieved. Furthermore, these results
also suggest that modulation of CAR levels can significantly
decrease the dose of administered vector needed to obtain
acceptable levels of gene transfer for therapeutic purposes.

A potential means of circumventing the poor transducibility
of adult skeletal muscle would be the use of adenovirus vectors
engineered to have modified tissue tropism. One such vector is
AdZ.F(pK7), in which lysine moieties have been incorporated
into the AdV fiber protein to target surface receptors contain-
ing heparan sulfate (32, 33). Although no significant difference
was observed in transduction efficiency between AdV with
wild-type fiber protein (AdZ) and AdZ.F(pK7) in neonatal
mice injected in the hind limb, there was a fourfold increase in
efficiency in the adult mice (4 to 5 months of age) that were
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tomicrographs of mouse tibialis anterior muscle showing histochemical staining of muscle fibers for B-galactosidase activity subsequent to a single
injection of AdV at a titer of 1 X 10'* (A and C) or 2 X 10" (B and D) particles/ml in the contralateral muscle are shown. Note that at the higher

dose of AdV, all fibers express B-galactosidase.

injected in the EDL muscle (6). Curiously, in the neonates,
unlike the relatively even distribution of AdZ, the fibers that
were transduced with AdZ.F(pK7) were those at the periphery
of muscle fascicles and the perimysial connective tissue (6). In
the adult, only a proportion of muscle fibers were transduced,
perhaps as a consequence of the occupancy of the receptors by
endogenous ligands and components of the extracellular ma-
trix. In a separate study by van Deutekom and colleagues, the
efficiency of transduction of adult normal and dystrophic mus-
cle with AdZ.F(pK7) was shown to be significantly lower than
what is commonly obtained with wild-type fiber-containing
AdV in neonate skeletal muscle (29). In this regard, our results
clearly show that upregulation of CAR can lead to complete
transduction of the tibialis anterior and EDL of adult 5- to
6-month-old mice (Fig. 6A).

We produced transgenic mice that express CAR in order to
address specific issues in AdV-mediated gene transfer to adult
skeletal muscle (lack of AdV receptors and presence of phys-
ical barriers). The dramatic enhancement in AdV-mediated
gene transfer to mature skeletal muscle that is observed with
these CAR transgenics indicates that prior modulation of the
level of CAR expression results in extremely efficient AdV
transducibility of mature skeletal muscle. In the context of
gene therapy directed to human muscle, a transient increase in

CAR expression could be achieved either through activation of
the transcription of endogenous CAR gene or as part of a
two-step gene therapy protocol, by regulatable expression of
CAR delivered through a different viral vector such as the
adeno-associated virus.
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