Functional and Histological Improvements Comparing 4 Micro-dystrophin
Constructs in the mdx Mouse Model of DMD
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BACKGROUND

RESULTS

Dystrophin expression
Four weeks after transgene delivery, micro-dystrophin protein
expression was robustly increased with the rAAVrh74.MHCK7.
micro-dys construct compared to the other constructs
(Figure 2A and B).
Percent positive dystrophin expression in mice treated with the
rAAVrh74.MHCK7.micro-dys was 80% compared to 78% for the
rAAVrh74.MCK.micro-dys, ~75% for the rAAVrh74.MHCK7.udys.
Cterm construct, and ~50% for the rAAVrh74.MHCK7.DV.minidys
(Figure 2B). Additionally, rAAVrh74.MHCK7.micro-dys was
assessed using sarcolemma intensity of dystrophin and was
significantly more intense at the membrane compared to the
three other constructs.
Histopathology
The muscle environment in the rAAVrh74.MHCK7.micro-dys
construct was normalized, which is demonstrated by reductions in
centralized nucleation (Figure 2A and C).

Duchenne muscular dystrophy (DMD) is caused by a mutation in
the dystrophin gene, resulting in production of a nonfunctional
dystrophin protein and leading to a progressive loss of muscle
strength, ambulation, and ultimately respiratory and cardiac failure.1,2
Several AAV-based gene transfer therapies are currently under
development, all designed with the goal of restoring production
of functional dystrophin protein (NCT03375164, NCT03368742,
NCT03362502).
–The dystrophin gene is too large to be packaged into an AAV
capsid and therefore must be modified in a way that maintains the
functional properties of the full-length gene.
–Any modification of full-length dystrophin must maintain specific
spectrin repeats and hinge regions within the dystrophin protein
that are essential for maintaining its function.
With this in mind, we developed rAAVrh74.MHCK7.micro-dystrophin,
which contains a shortened version of the dystrophin gene (microdystrophin) under control of the MHCK7 promoter to ensure
skeletal and cardiac muscle expression.
To maximize efficacy, we included essential regions in our transgene
sequence (ΔR4-23/ΔC) that would closely resemble native
dystrophin structure and ensure proper functioning.

Figure 2. Dystrophin expression levels and improvement in muscle
morphology depends on promoter and transgene
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Furthermore, these data demonstrate that the microdystrophin
transgene sequence (ΔR4-23/ΔC) driven by the MHCK7 promoter
produced the most advantageous outcome measures in the mdx
mouse among these constructs. Inclusion of the nNOS domain or
nNOS sarcolemma localization in the DV.minidys or
MHCK7.udys.Cterm constructs did not improve functional
outcomes. With no functional benefit and the need for two
vectors at high dose, the DV.minidys construct was not chosen as
a clinical candidate.
The findings in this preclinical study provided proof-ofprinciple for safety and efficacy for systemic delivery of
rAAVrh74.MHCK7.micro-dystrophin in a dose-escalation study
in the mdx mouse model for DMD.

Four weeks after transgene delivery, specific force output
increased in the tibialis anterior (TA) muscle for the
rAAVrh74.MHCK7.micro-dys construct compared to the other
constructs, and there was no difference from wild-type levels
(Figure 3A and B).
Functional benefit was 15% higher in the rAAVrh74.MHCK7.micro-dys
construct compared to the rAAVrh74.MCK.micro-dys construct.
No functional improvements above the Untreated TA control
was observed for the rAAVrh74.MHCK7.udys.Cterm and
rAAVrh74.MHCK7.DV.minidys constructs.
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Animals
All procedures were conducted in accordance with approval by The
Research Institute at the Nationwide Children’s Hospital Institutional
Animal Care and Use Committee.
C57BL/6 and C57BL/10ScSn-Dmdmdx/J mice were maintained
under standardized conditions on a 12:12 hour light:dark cycle, with
food and water provided ad libitum.

The results of this study highlight the importance in the design
of the transgene sequence in promoting maximal dystrophin
expression.

Muscle function

rAAVrh74.MCK.micro-dys

OBJECTIVE
The objective of this study was to demonstrate and compare
the efficacy of 4 unique rAAVrh74 vector constructs following
intramuscular delivery in dystrophin null (MDX) mouse model
of DMD.

CONCLUSIONS

Figure 3. rAAVrh74.MHCK7.micro-dystrophin produces the greatest
functional improvement in muscle
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rAAVrh74 vector constructs
We designed 4 constructs of rAAVrh74 vector (Figure 1).
Constructs were delivered intramuscularly in the left tibialis anterior
(LTA) muscle. The contralateral right tibialis anterior muscle (RTA)
was untreated and served as the comparator.

Functional endpoints
Tetanic contraction was assessed in intact mice in the tibialis
anterior, as previously described.3-6
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Mice received vector constructs intramuscularly in the left tibialis anterior (LTA). The untreated right tibialis
anterior (RTA) is the contralateral (untreated) limb. (A) Representative images of immunofluorescent
staining for micro-dystrophin 4 weeks post-injection. 20x images are shown. (B) Quantification of
dystrophin fiber expression assessed by immunofluorescence. Quantification of intensity of dystrophin
expression at the sarcolemma and protein levels are significantly increased in the MHCK7.micro-dys
construct compared to the other three constructs (data not shown) (C) Improvement in dystrophic
pathology (i.e., reduction in central nucleation) was observed in treated TA (LTA) after treatment with the
constructs with the micro-dys transgene.

Biological endpoints
Micro-dystrophin expression was evaluated by
immunofluorescence, as previously described.7
Histological evaluations were performed using 12-μm thick
cryosections of muscle, as previously described.8

rAAVrh74.MCK.micro-dys
rAAVrh74.MHCK7.udys.Cterm
rAAVrh74.MHCK7.DV.minidys

400

rAAVrh74.MHCK7.micro-dys

300
**

200
100
0

Four weeks after treatment, left tibialis anterior muscles were harvested to measure (A) specific force
(normalized to tibialis anterior weight). ** indicates statistical differences compared to untreated TA
(p<.05)
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Figure 1. Construct schematics
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* R1-3 has been shown to be essential for maximal protection against eccentric force loss.9
** R16/17 contains an nNOS binding domain.
***Hinge domains are important for conferring flexibility,10 but no differences in restoration of muscle functional capacity have been found between hinge 2 and hinge 3.11,12 ’
indicates partial repeat/hinge.
****Indicates the construct with the addition of the C-terminus localizes nNOS to the sarcolemma.
+MCK promoter directs tissue-specific expression in both skeletal and cardiac muscle.
++MHCK7 promoter drives robust expression selectively in skeletal and cardiac muscle through the addition of α-MHC that enhances expression in cardiac muscle.13
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