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Abstract

The BIO14.6 hamster carries a mutation in the delta sarcoglycan gene causing muscular dystrophy and cardio-
myopathy. The disease can be prevented by systemic delivery of delta sarcoglycan cDNA using adeno-associated
viruses (AAVs). However, all AAVs also target the liver, raising concerns about their therapeutic efficacy in human
applications. We compared the AAV2/8 with the chimeric AAV2/2i8, in which the 585-QQNTAP-590 motif of
the AAV8 serotype was added to the heparan sulfate receptor footprint of the AAV2 strain. Both vectors carrying
the human delta sarcoglycan cDNA were delivered into 24 14-day-old BIO14.6 hamsters. We followed transgene
expression in muscle and liver for 7 months. We detected a sustained ectopic expression of delta sarcoglycan in
the liver when using AAV2/8 but not AAV2/2i8. Genomic copies of AAV2/2i8 were not detectable in the liver,
while at least 100-fold more copies of AAV2/8 were counted. In contrast, the hamster skeletal muscle expressed
more delta sarcoglycan using AAV2/2i8 and were still healthy after 7 months at the lower dosage. We conclude
that this chimeric vector is a robust option for safer and longer-term diseased muscle targeting.

Introduction

The BIO14.6 hamster displays an absence of delta sar-
coglycan (DSG) from the muscle membrane (Nigro et al.,

1997), followed by a deficiency of alpha, beta, and gamma
sarcoglycan, reproducing the human limb-girdle muscular
dystrophy type 2F (LGMD2F) phenotype (Nigro et al., 1996a).
This is the most severe form of LGMD, with onset in early
childhood (Piluso et al., 2010; Blain and Straub, 2011; Nigro
et al., 2011). In the last few years, viral gene delivery has be-
come a promising experimental therapeutic strategy in hu-
mans. Recombinant adeno-associated viruses (AAVs) have
been identified as one of the best options for gene delivery as
they provide significantly longer transgene expression and do
not exhibit pathogenicity in humans (Berns and Linden, 1995;
Hasbrouck and High, 2008; Mingozzi and High, 2011). In
previous studies, we demonstrated that long-life hamster
disease rescue was achieved using systemic administration of
AAV2/1, 2/8, or 2/9 (Vitiello et al., 2009) and that steroid
treatment was unfavorable (Rotundo et al., 2011).

Before proposing systemic use in humans, it will be nec-
essary to adapt the AAV vector tropism to particular cells in
order to enhance infection while reducing transduction of
nontarget tissues and unwanted vector dissemination (Shi
et al., 2001). Even if transgene expression can be restricted by

using target-specific promoters (Lu, 2004; Wang et al., 2008),
the presence of virus particles outside the targeted tissue
raises a number of issues. Almost all AAVs tested so far
targeted the liver (Zincarelli et al., 2008; Paneda et al., 2009).
This suggests that long-term effects of capsid sequences on
liver tissue cannot be ruled out.

Clinical trials of AAV Factor IX treatment in hemophilia B
patients have shown that therapeutic levels of transgenes
decreased steadily with a parallel increment of transami-
nases in the liver during the weeks following treatment
(Manno et al., 2006). This result is very likely due to a cellular
immune response to specific epitopes in the AAV capsid.
Consequently, only low systemic AAV dosages have been
authorized to date. However, such dosages are not effective
to correct most genetic defects (Manno et al., 2006).

Muscle tissue tropism displayed by various AAVs, such as
AAV2/8 (Wang et al., 2005) and AAV2/9, is beneficial for
gene transfer by systemic delivery. However, these AAVs all
have a propensity to accumulate within the liver (Zincarelli
et al., 2008). It is thus necessary to develop a new generation
of engineered AAV strains using molecular genetic tools
(Yang et al., 2011; Asokan et al., 2012).

AAV2 serotype is able to infect both dividing and quies-
cent cells with a tropism for different tissues and organs such
as the liver. Liver targeting is mediated by the region around
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residue 520 or residues 560–590, corresponding to the he-
paran sulfate (HS) binding site (Hileman et al., 1998; Sum-
merford and Samulski, 1998; Wu et al., 2000; Shi et al., 2001;
Levy et al., 2009) that acts as a primary receptor.

To develop AAV vectors with improved tropism for
clinical applications, Asokan and colleagues (Asokan et al.,
2010) reengineered the heparan sulfate receptor footprint on
the AAV2 capsid surface. The heparan sulfate footprint on
the AAV2 capsid is composed of the basic amino acid resi-
dues R484, R487, K527, K532, R585, and R588, which form a
continuous basic patch (Levy et al., 2009). The R585 and R588
residues within the so-called GH loop form the inner walls of
the spikes located on the icosahedral threefold axis, while the
other residues occupy the floor surrounding these regions
(Levy et al., 2009). Mutations of either R585 or R588 disrupt
the basic cluster and prevent heparan sulfate binding (Opie
et al., 2003).

AAV2/8 ubiquitously transduces muscle and liver tissue
with high efficacy, while AAV2/2 preferentially transduces
liver. Substituting 585-RGNRQA-590 residues in the AAV2
capsid with 585-QQNTAP-590 motif of the AAV8 results in
disruption of the continuous basic patch formed by the cluster
of arginine and lysine residues. This chimeric vector was called
AAV2i8, but for consistency, we will designate it as AAV2/2i8
henceforth. In mice, AAV2/2i8 vector transduces cardiac and
skeletal muscle tissue with high efficacy similar to that of
AAV2/8 and is liver-detargeted (Asokan, 2010).

The peculiar tissue tropism of AAV2/2i8 compared to any
naturally occurring AAV is relevant for gene therapy in
muscular dystrophies, which requires the transduction of a
wide range of muscle types after systemic administration
(Gregorevic et al., 2004).

Materials and Methods

Mutagenesis and vector production

The chimeric 2i8 capsid was generated from an AAV2
capsid protein using the QuickChange II site-directed mu-
tagenesis kit (Stratagene). For 585-QQNTAP-590 mutation
the mutagenic sense primer was 5¢-ctaccaacctccagcaacagaa-
cacagcaccagctaccgcagatg-3¢ (Asokan et al., 2010).

AAV vector construction and production

The human d-SG gene was cloned into the plasmid pAAV-
2/1CMV-EGFP. A recombinant AAV vector containing hu-
man DSG cDNA, driven by the cytomegalovirus (CMV)
promoter, was constructed by standard cloning protocols
and was packaged into the AAV2/8 and AAV2/2i8 sero-
types. The resulting pAAV2/1-CMV-delta-SG was trans-
fected into subconfluent 293 cells along with the pAd-Helper
and AAV2/8 and AAV2/2i8 packaging plasmids, as de-
scribed (Gao et al., 2002). The recombinant AAV2/8 and
AAV2/2i8 vectors were purified by two rounds of caesium
chloride (CsCl). Vector titers were assessed by real-time
polymerase chain reaction (PCR) (ABI 7900 Real Time PCR
System) as described (Gao et al., 2000), obtaining a concen-
tration of 3.2 · 1012 and 2 · 1012 GC/ml for two AAV2/8
preparations, as well as 1.6 · 1012 and 2.7 · 1012 GC/ml for
two AAV2/2i8 preparations. To minimize possible varia-
tions caused by AAV preparation, all AAV batches were
pooled together and used in animal treatment.

Experimental animals

All animals were male Syrian hamsters, either BIO14.6
strain hamsters (cardiomyopathic) or BIO golden Syrian
control hamsters. They were purchased from Bio Breeders,
Inc., (www.biobreeders.com), which guarantees a homo-
geneous pure genetic background. All procedures on wild-
type (WT) BIO golden Syrian and dystrophic BIO14.6
hamsters were approved by the ‘‘Ministero della Salute’’
committee in Rome, Italy. The study was carried out in
conformity with the European Commission Directive 86/
609/EEC.

Protocol design

We tested different AAV serotypes and AAV dosages as
follows. All hamsters were intraperitoneally injected using a
standard volume of 600 lL. Group AAV2/8max (n = 8): We
injected into 2-week-old BIO14.6 hamsters at a dosage of
5 · 1013 genomic copies (GC)/kg, corresponding to about
1 · 1012 GC/hamster. Group AAV2/8mid (n = 8): We injected
AAV2/8-CMV-hSCGD into 2-week-old BIO14.6 hamsters at
a dosage of 1.5 · 1013 GC/kg, corresponding to about
3.3 · 1011 GC/hamster. Group AAV2/8min (n = 8): We in-
jected AAV2/8-CMV-hSCGD into 2-week-old BIO14.6
hamsters at a dosage of 5 · 1012 GC/kg, corresponding to
about 1 · 1011 GC/hamster. Group AAV2/2i8max (n = 8): We
injected AAV2/2i8-CMV-hSCGD into 2-week-old BIO14.6
hamsters at a dosage of 5 · 1013 GC/kg, corresponding to
about 1 · 1012 GC/hamster. Group AAV2/2i8mid (n = 8): We
injected AAV2/2i8-CMV-hSCGD into 2-week-old BIO14.6
hamsters at a dosage of 1.5 · 1013 GC/kg, corresponding to
about 3.3 · 1011 GC/hamster. Group AAV2/2i8min (n = 8):
We injected AAV2/2i8-CMV-hSCGD into 2-week-old
BIO14.6 hamsters at a dosage of 5 · 1012/kg, corresponding
to about 1 · 1011 GC/hamster.

AAV vector genome distribution

Genomic DNA was extracted from 100 mg of snap-frozen
tissue (liver and muscle) after lysis in a buffer containing
10 mmol/l Tris, 10 mmol/l ethylenediaminetetraacetic acid
(EDTA), 0.6% sodium dodecyl sulfate (SDS), 200 ng/ll pro-
teinase K (Qiagen). RNAseA (Qiagen) was added at a final
concentration of 10 lg/ul, and samples were incubated at
37�C for 1 hr followed by double phenol/chlorophorm ex-
traction. DNA was then precipitated by adding 2.5 volumes
of ethyl alcohol (EtOH) and incubating at - 80�C for 2 hr.
Samples were centrifuged at 14,000 rpm for 1 hr. DNA pellets
were washed in 70% EtOH and resuspended in water.

Real-time PCR analysis was performed on 100 ng genomic
DNA using a set of primers and Taqman probes specific for
the viral genome with Taqman universal PCR master mix
(Applied Biosystems) and standard cycles (Tessitore et al.,
2008). All the reactions were performed in triplicate.

Western blot

The hamsters were euthanized by inhalation in a CO2

chamber, a procedure performed by expert technicians. Tis-
sues were rapidly explanted, frozen in liquid nitrogen, and
stored at - 70�C. For muscle (gastrocnemius, soleus, and
quadriceps) and liver, about 100 mg of tissue was homoge-
nized in a lysis assay buffer (Urea 8 M, SDS 4%, 125 mM Tris
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HCl pH 6.8). Samples from similarly treated animals and from
the same tissue were pooled together. About 50 lg of protein
extract was separated on 10% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) and transferred to
a nitrocellulose membrane. After blocking in 10% nonfat dry
milk in Tween Tris-buffered saline (TTBS-1X) (10 mM Tris-
HCl, 150 mM NaCl, 0.05% Tween-20) for 1 hr, the membranes
were incubated with primary antibodies in TTBS 1X at room
temperature for 1.5 hr. The monoclonal antibody recognizing
a human epitope of DSG (NCL-d-SARC; Novocastra La-
boratories) was used at 1:25 dilution, while the monoclonal
antibody anti-tubulin (Sigma) was used at 1:5,000 dilution.

Following primary antibody incubation and rinses,
membranes were incubated with the secondary antibody,
goat anti-mouse immunoglobulin conjugated with horse-
radish (Sigma) at 1:10,000 dilution in 0.5% dry milk and
TTBS 1X. After 45 min of antibody incubation and five wa-
shes with TTBS 1X buffer, the DSG protein band was visu-
alized with a chemiluminescence reagent (SuperSignal�
West FEMTO Max. Sensitivity Substrate, Euroclone) and
processed by ChemiDoc-It Imaging System. Band intensity
was determined using Total Lab 1D software (TotalLab
Limited). After background subtraction, values of band in-
tensity were normalized with respect to the internal control
(tubulin) and expressed as a difference compared to the
sample showing the highest expression level.

Histology

The tissue samples were collected at 2 and 7 months of age.
The samples were processed by cryosections at 7- to 10-mm
thickness. Cryosections of the muscular tissues (gastrocnemius
and quadriceps) were fixed in 4% PFA, then washed in
phosphate buffered saline (PBS) 1X buffer (10 mM Tris-HCl,
200 mM NaCl, 0.05% NP 40, 0.05% Tween 20) and stained in
hematoxylin for 4 min and in eosin for 6 min. Cryosections
were dried in ethanol, fixed in xylene, and mounted with the
EUKITT mounting kit (O.Kindler GmbH & CO).

Immunofluorescence

For immunofluorescence (IF) staining, unfixed muscle
cryosections were immediately blocked in 10% goat serum
and PBS at room temperature for 1 hr. Monoclonal anti-
bodies against alpha- and beta-SG (Novocastra Laboratories)
were diluted at 1:100 in 10% goat serum, whilst a polyclonal
antibody to delta-SG was diluted at 1:1,000 in 10% horse
serum–PBS and incubated with the cryosections for 1 hr and
30 min at room temperature. After three washes, the sections
were incubated with Cy-3-labeled anti-mouse or anti-rabbit
secondary antibodies ( Jackson Immuno Research Labora-
tories) at 1:300 and 1:400 dilutions respectively in 10% horse
serum PBS. After three washes, the samples were mounted in
Vectashield mounting with 4’,6-diamidino-2-phenylindole
(DAPI). All sections were photographed with a Zeiss
Axioplan fluorescence microscope, using the Axio Vision 4.5
Program at a magnification of 10 · and 20 · .

Immuno response

The presence of neutralizing antibodies directed at the hu-
man DSG transgene in the sera of treated BIO14.6 hamsters
was determined using an enzyme-linked immunosorbent as-

say (ELISA), with conditions similar to those proposed by
Tessitore and colleagues for detecting anti-ARSB immuno-
globulin G antibodies (Tessitore et al., 2008). Briefly, the re-
combinant human DSG was produced and purified as
previously reported (Nigro et al., 1996b). Serial dilutions from
1:50 to 1:5,000 of hamster serum were assayed. Biotinylated
anti-hamster immunoglobulin G antibodies (Vector Labora-
tories) were used as secondary antibodies. Binding was re-
vealed by the addition of extravidin–horseradish peroxidase
(Sigma-Aldrich) followed by incubation with o-phenylene-
diamine dihydrochloride substrate (Sigma-Aldrich). The level
of enzyme-linked immunosorbent assay optical density (OD)
observed in an assay represents a quantitative measure of
antibody affinity. For OD units up to 0.2, the antibody reac-
tivity was classified as either low or nil and for values > 1.2
OD units, it was classified as high-affinity antibody reactivity.
Serum from nontreated hamsters was used as a negative
control. No reaction against DSG was observed.

Results

Experimental design

To compare AAV2/8 and AAV2/2i8, we intraperitoneally
injected AAV2/8-CMV-dSG and AAV2/2i8-CMV-dSG into
newborn (postnatal day 14) male hamsters at three different
doses (max = 5 · 1013 GC/Kg; mid = 1.5 · 1013 GC/Kg; and
min = 5 · 1012 GC/Kg). Figure 1 shows the experimental
timelines of six different hamster groups. We measured the
following parameters at different times after treatment: i)
liver targeting; ii) muscle targeting; iii) expression of other
components of the sarcoglycan complex; iv) persistence of
AAVs; and v) muscle rescue. As in previous studies (Vitiello
et al., 2009; Rotundo et al., 2011), we did not observe any
immune response against DSG.

FIG. 1. Timeline of experimental procedures for different
hamster groups. Two-week old BIO14.6 hamsters (n = 8 for
each group) were intraperitoneally injected with delta sarco-
glycan (DSG) in AAV2/8 or AAV2/2i8 vectors at the fol-
lowing dosages: AAV2/8max at 5 · 1013 GC/Kg; AAV2/8mid
at 1.5 · 1013 GC/Kg; AAV2/8min at 5 · 1012 GC/Kg; AAV2/
2i8max at 5 · 1013 GC/Kg; AAV2/2i8mid at 1.5 · 1013 GC/Kg;
AAV2/2i8min at 5 · 1012 GC/Kg. Untreated BIO14.6 (n = 4)
and golden Syrian (n = 4) hamsters were used as negative and
healthy controls respectively. Treated (n = 4) and untreated
(n = 2) animals were sacrificed at 2 and 7 months (STOP
marks), respectively. AAV, adeno-associated virus.
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Liver detargeting

To test the effectiveness of liver detargeting, we analyzed
liver proteins by Western blotting at 2 months (n = 4) and 7
months (n = 4) after injection, using a monoclonal antibody
(NCL-d-SARC) against human DSG (Fig. 1, STOP marks).
NCL-d-SARC cannot detect hamster protein in control ani-
mals, as it recognizes a human-specific N-terminal epitope.
We observed that DSG was expressed in the AAV2/8max
and AAV2/8mid groups, but not in the AAV2/2i8max and
AAV2/2i8mid groups, both at 2 and 7 months (Fig. 2a and
b), confirming liver detargeting for the AAV2/2i8 serotype.
No expression was observed in liver of the AAV2/8min and
AAV2/2i8min groups.

In addition, persistence of liver transduction in animals
injected with AAV2/8, but not in animals treated with
AAV2/2i8, was confirmed by the presence of detectable
AAV genomic copies at 7 months (Fig. 2c). To exclude the
possibility that the absence of expression in the liver could be
due to inactivation of CMV promoter, we also measured
AAV genomic copies. The hamsters receiving higher and
middle vector doses of AAV2/8 and displaying a higher li-
ver expression of the protein also exhibited higher AAV
genome copy numbers. The hamsters receiving higher and
middle vector doses of AAV2/2i8 and displaying no liver
expression of the protein also exhibited lower AAV genome
copy numbers (Fig. 2c). No expression in other tissues, in-

cluding stomach and intestine, was observed for both vec-
tors, as well as no significant difference was observed
between animals of the same group at the same AAV dose
(data not shown).

Muscle targeting

To test the expression of DSG, we analyzed muscle tissue
extracts by Western blotting (Fig. 3), using a monoclonal
antibody (NCL-d-SARC) against human DSG (Fig. 1, STOP
marks). In skeletal muscle, the DSG expression was weaker
in the AAV2/8 group than in the AAV2/2i8 group after 2
months (Fig. 3a). To confirm long-term transgene expression,
we performed Western blot analyses from skeletal muscle
tissue at 7 months after the treatment (Fig. 3b). To measure
the number of AAV genomic copies, we performed real-time
PCR assays on muscle samples (Fig. 3c). Again, we observed
a higher level of AAV2/2i8 that paralleled the Western blot
results. No difference was observed between animals of the
same group injected with the same AAV dose (data not
shown).

Immunofluorescent (IF) staining also confirmed Western
blotting analyses. At 2 months after injection, skeletal muscle
from AAV2/8max showed few positive fibers, while muscle
from AAV2/2i8max presented approximately 100% positive
fibers, a similar result to that of the WT group (using a

FIG. 2. AAV transduction to liver: (a) Expression of DSG
assessed by Western blot analysis in liver in 2/8max (5x1013

GC/Kg); 2/2i8max (5 · 1013 GC/Kg); 2/8mid (1.5 · 1013 GC/
Kg); 2/2i8mid (1.5 · 1013 GC/Kg); 2/8min (5x1012 GC/Kg);
and 2/2i8min (5 · 1012 GC/Kg) at 2 months after treatment
(Ctrl + ; internal laboratory control of Ab specificity). (b)
Expression of DSG assessed by Western blot analysis in the
liver in 2/8max (5 · 1013 GC/Kg); 2/2i8max (5 · 1013 GC/
Kg); 2/8mid (1.5 · 1013 GC/Kg); 2/2i8mid (1.5 · 1013 GC/
Kg); 2/8min (5 · 1012 GC/Kg); and 2/2i8min (5 · 1012 GC/
Kg) groups at 7 months after treatment (Ctrl + ; internal
laboratory control of Ab specificity). After normalization (a,
b), a percentage is reported that quantify protein expression
compared to the sample showing the highest expression le-
vel. (c) AAV genome copies for molecules of diploid genome
(mdg) extracted from liver of the same animal groups at 7
months after treatment. The mean absolute value is labeled
at the top of each bar.

FIG. 3. DSG expression in skeletal muscle. (a) Expression of
DSG assessed by Western blotting analysis of pooled mus-
cles in 2/8max (5 · 1013 GC/Kg); 2/2i8max (5 · 1013 GC/Kg),
2/8mid (1.5 · 1013 GC/Kg); and 2/2i8mid (1.5 · 1013 GC/Kg)
groups at 2 months after treatment (Ctrl + ; internal labora-
tory control of Ab specificity). (b) Expression of DSG as-
sessed by Western blot analysis of pooled muscles in 2/8max
(5 · 1013 GC/Kg); 2/2i8max (5 · 1013 GC/Kg); 2/8mid
(1.5 · 1013 GC/Kg); and 2/2i8mid (1.5 · 1013 GC/Kg) groups
at 7 months after treatment (Ctrl + ; internal laboratory control
of Ab specificity). After normalization (a, b), a percentage is
reported that quantify protein expression compared to the
sample showing the highest expression level. (c) AAV genome
copies for molecules of diploid genome extracted from mus-
cles of the same animal groups at 7 months after treatment.
The mean absolute value is labeled at the top of each bar.
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FIG. 4. Recovery of sarcoglycan complex expression in skeletal muscle. Immunofluorescence (IF) analysis of DSG ex-
pression in skeletal muscle from 2/8max, 2/2i8max, 2/8mid, 2/2i8mid, and control ( + / - ) groups is shown at 2 (a) and 7 (b)
months after the treatment. (c) Rescue of sarcoglycan complex was assessed by IF analysis of beta sarcoglycan expression in
the same muscle samples. Magnification 20 · .

FIG. 5. Recovery of skeletal muscle histology. (a) Hematoxilin-eosin staining on cryosections of skeletal muscle from the
same groups, tested 7 months after treatment. (b) Masson’s trichrome staining as carried out on the same animal groups.
Magnification 20 · .
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polyclonal antibody) (Fig. 4a). Muscle of the AAV2/2i8mid
group showed few positive fibers, whereas that of the
AAV2/8mid group presented none (Fig. 4a). Expression
levels using AAV2/2i8 also improved in samples from 7-
month-old animals, obtaining the same results as AAV2/8 at
two- to four-fold lower dosages (Fig. 4b).

In addition to DSG, we tested the recovery of beta sarco-
glycan as a measure of functional reconstitution of the whole
sarcoglycan complex. By IF we showed that beta sarcoglycan
was also recovered in skeletal muscle after 7 months (Fig. 4c).

Pathology rescue

We analyzed the skeletal muscle structure by evaluating
necrotic areas using hematoxylin-eosin staining (Fig. 5a) and
the presence of fibrosis using the Masson’s Trichrome proce-
dure (Fig. 5b). The time point was set at 7 months because
fibrosis is a late-occurring event. The best results were observed
in the skeletal muscle of animal groups treated with AAV2/2i8,
which displayed an absence of necrotic areas and a homoge-
neous fiber dimension comparable with that of controls.

Discussion

We previously reported the use of different combinations
of AAV vectors for gene therapy in BIO14.6 hamsters (Vi-
tiello et al., 2009). Muscle and heart rescue as well as in-
creased lifespan was demonstrated with the use of systemic
treatment (Zhu et al., 2005; Vitiello et al., 2009). However, we
observed strong liver targeting that captured the majority of
virus particles.

To search for novel AAV vectors with improved clinical
value, we tested in vivo an AAV with the capsid proposed by
Asokan and colleagues, which created the AAV2/2i8 chi-
mera (Asokan et al., 2010). In mice, this chimeric vector was
shown to maintain muscle tropism, but was no longer liver-
targeted. The selective muscle tropism of chimeric 2i8 capsid,
and its ability to evade sequestration by the liver, should
allow for the precise control over vector biodistribution as well
as cardiac or skeletal muscle-specific transgene expression.

Here we show that muscle delivery by AAV2/2i8 also
works in the BIO14.6 hamster at lower dosages than AAV2/
8. In addition, this occurs without any liver targeting, even
using intraperitoneal AAV injections. The success of intra-
peritoneal delivery confirms previous observations in mice
and could lead to the development of in utero gene transfer
protocols (David et al., 2011).

At 2 and 7 months after treatment, AAV2/2i8 vector ef-
ficiently delivered DSG into skeletal muscle but not in liver
of BIO14.6 hamsters, as confirmed by the absence of AAV
genomic copies in liver at the end of treatment. In addition, a
higher protein level was detected by Western blotting and IF
analysis in several muscles (including gastrocnemius, soleus,
and quadriceps) by comparing AAV2/2i8 results with
AAV2/8. The rescue of sarcoglycan complex and its long-term
expression suggest normal fiber organization as highlighted
by the absence of necrotic areas and a homogeneous dimen-
sion of fibers with fewer centralized nuclei (not shown).

Given that the cardiomyopathy may be a major issue in
BIO14.6 hamsters, we also measured an improvement in
ejection fraction at 6.5 months, as previously shown (Vitiello
et al., 2009; Rotundo et al., 2011). However, in contrast to
skeletal muscle, no significant differences were observed

using AAV2/8max or AAV2/2i8max (data not shown). To
compare and detect any differences in lifespan, we would
need long-life testing.

We are using the intraperitoneal delivery in hamsters,
because this is similarly efficacious as the intravenous de-
livery (Dane et al., 2012), but with our settings i) it was safer
and the animals were not stressed; ii) it can be easily used in
newborn animals or before birth; iii) the reproducibility was
higher. Our experimental conditions (a different animal
model, use of non–muscle-specific CMV promoter and AAV
injection intraperitoneally in close anatomical proximity to
the liver) were favorable to liver targeting. Despite this, our
transgene was not delivered to the liver, transduced muscle,
and was highly expressed at 7 months with significant
therapeutic efficacy. Recently, novel-engineered AAV2/9
variants were tested in mice and displayed 10- to 25-fold
lower gene transfer efficacy in liver, while transducing car-
diac and skeletal muscle as effectively as AAV2/9 (Pulicherla
et al., 2011). As previously reported (Vitiello et al., 2009), the
results obtained in our laboratory using AAV2/9 were un-
satisfactory in BIO14.6 and were in contrast with reported
observations on the ability of AAV2/9 in mice to transcend
vasculature and transduce myocardium (Pacak et al., 2006).
In 2-week-old hamsters, AAV2/9 serotype showed much
weaker transduction than AAV2/8, and this result was con-
firmed using different AAV preparations (Vitiello et al., 2009).

We conclude that AAV2/2i8 is equally effective in mice
and hamsters, which are evolutionarily distant, and may be
useful in long-term clinical applications. This particular AAV
leads to a significant overall improvement in young animals
with muscular dystrophy and could be translated to the
treatment of human muscular pathologies, including those
with congenital onset.
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