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Abstract

Oculopharyngeal muscular dystrophy (OPMD) is a rare autosomal dominant late onset muscular
dystrophy affecting approximately 1:100000 individuals in Europe. OPMD is mainly characterized by
progressive eyelid drooping (ptosis) and dysphagia although muscles of the limbs can also be affected
late in life. This muscle disease is due to a trinucleotide repeat expansion in the polyA binding protein
nuclear-1 (PABPN1) gene. Patients express a protein with an 11-18 alanine tract that is misfolded and
prone to form intranuclear inclusions (INIs) which are the hallmark of the disease. Other features of
OPMD include muscle fibrosis and atrophy in affected muscles. Currently no pharmacological
treatments are available and OPMD patients can only be referred to surgeons for cricopharyngeal
myotomy or corrective surgery of extraocular muscles to ease ptosis. We recently tested a 2 AAV
“silence” and “replace” vector-based gene therapy treatment in a mouse model of OPMD. We
demonstrate here that this gene therapy approach can revert already established insoluble aggregates
and partially rescues the muscle from atrophy, which are both crucially important since in most cases
OPMD patients already have an established disease when diagnosed. This strategy also prevents the
formation of muscle fibrosis and stabilizes the muscle strength to the level of healthy muscles.
Furthermore, we show here that similar results can be obtained using a single AAV vector
incorporating both the “silence” and “replace” cassettes. These results further support the application

of a gene therapy approach as a novel treatment for OPMD in humans.
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Introduction

Oculopharyngeal muscular dystrophy (OPMD) is a rare autosomal dominant late onset muscular
dystrophy affecting nearly 1:100000 people in Europe. Individuals affected by OPMD have been
described in over 30 countries, and mainly in few specific populations like the Bukharan Jew
population and the French Canadian populations where the incidence peaks to about 1/600-1/1000
affected individuals (1-4) due to original founder effects (5). The disease primarily involves some
localized muscle groups like the external ocular region (which causes eyelid drooping) and muscles of
the pharyngeal area (that severely affects swallowing) but at a later stage muscles of the limbs are also
affected. Currently there is no cure for such disease and the only possible treatments are based on
surgical interventions to correct ptosis and dysphagia (6-9). OPMD is due to an expansion of GCG
triplets in the exon 1 of the poly(A) binding protein nuclear 1 (PABPNI) gene (10). The mutated
protein (expanded PABPN1 or expPABPN1) has a stretch of 11-18 alanines instead of the normal 10
that promotes the protein aggregation and the generation of insoluble intranuclear aggregates (11)
where proteins (like members of the ubiquitin/proteasome pathway, RNA binding proteins and the
normal PABPN1) (12-17), pre-mRNA (ie muscle-specific Troponin T3 pre-mRNA) (18) and polyA
RNAs (14, 19, 20) are sequestered. Aggregates seem to be instrumental for the disease as a number of
pharmacological and molecular approaches specifically targeting them, ameliorate the disease in
several preclinical in vivo models of OPMD (e.g., Cystamine, Doxycycline, Trehalose Guanabenz and
intrabodies) (21-25). Trehalose is currently in phase I/II clinical trial. Other promising approaches
include the autologous myoblast transplantation that showed a positive outcome when considerable
amounts of cells were delivered (26). We recently demonstrated the efficacy of a gene therapy
treatment based on a silence and replace approach in the A17 murine model of OPMD that expresses
a bovine expPABPN1 with 17 alanine residues under the control of the human skeletal actin (HSA)
muscle-specific promoter and presents nuclear aggregates of insoluble PABPN1 in skeletal muscles.
In heterozygous mice, most of the features of human OPMD patients are recapitulated including
muscle atrophy and weakness (27). For that study 2 AAV vectors, the first expressing a cassette
including a triple shRNA under control of RNA polymerase III promoters (AAV-shRNA3X) and the
second expressing human codon optimized PABPN1 tagged with a Myc epitope under control of a
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skeletal and cardiac muscle specific promoter Spc512 (AAV-optPABPN1) were co-delivered. This
treatment significantly reduced the amount of myonuclei containing PABPNI1 positive insoluble
intranuclear inclusions (INI), showed significant improvements in several histopathological features
(muscle regeneration, fibrosis, muscle force) and nearly completely normalized the transcriptome of
A17 muscles to the ones of wild type FvB mice (28). While this approach proved to be successful, the
study was not designed to assess whether such treatment simply prevents the generation of new
aggregates and the worsening of the pathology or it clears the pre-existing aggregates and reverts
pathological features of OPMD instead. Furthermore, while using 2 AAV vectors was feasible and
acceptable in the animal model as a proof of concept, the development of a single vector including
both silence and replace features would be necessary to progress the gene therapy approach towards
clinical stage. Here a long-term experiment in young A17 mice and a short-term experiment in older
A17 mice were performed to demonstrate that the gene therapy approach effectively reverts aggregate
pathology while stabilising both fibrosis deposition and muscle strength. Furthermore, we generated a
new single “Dual vector” including both shRNA3X and optPABPNI1 cassettes and we showed that it
is as effective as the 2-vector system in downregulating expPABPNI1 and clearing aggregates. Our
work represents a step further towards the design of a single vector strategy for a clinical application

of gene therapy in OPMD.
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Results

“Silence and replace” gene therapy strategy reverts the amount of insoluble aggregates containing
PABPNI to the wild type level.

A17 mice at 11 weeks of age were injected locally in Tibialis anterior (TA) muscles with the
combination of 2 AAV vectors (2.5x10" vp of AAV-shRNA3X and 1.3x10" vp of AAV-
optPABPN1). Age matched A17 and FvB mice were injected with saline as controls and further 11-
week old A17 and FvB mice were used to assess the functional and histopathological features of TA
muscles at pre-injection stage. 15 weeks after AAV injection (i.e. when mice were 26-week old),
muscles were collected and immunoblot for PABPN1 and Myc-tag was performed. Western blot
analysis detected a profound inhibition (i.e. 96% knockdown) of expPABPNI1 protein expression in
muscles upon co-delivery of shRNA3X and optPABPNI1 (Figure 1A). OptPABPNI1-Myc was
successfully expressed in muscles treated with the combination of vectors expressing shRNA3X and
optPABPNI1 (Figure 1B). To assess the effects of PABPN1 knockdown on the formation of insoluble
aggregates co-immunostaining for PABPN1 and Laminin was performed. DAPI was used to
counterstain the nuclei. TA muscles of 11-week old A17 mice had ~30% of nuclei containing INI that
increased to ~35% in 26-week old mice (One-way Analysis of variance (ANOVA) test, p<0.01) while
muscles of FvB mice contained no INI at the corresponding ages. The injection with the combination
of 2AAVs significantly decreased the aggregates to ~2.5% (Figure 1C, E). A17 muscles have higher
content in collagen proteins compared with age-matched muscles of FvB mice®. The treatment with
the combination of 2 AAVs significantly decreased the area covered by collagen proteins in treated
muscles compared to those of 26-week old mice and stabilized the fibrosis to the level observed in 11-
week old mice (Figure 1D, F). These data demonstrate that a gene therapy protocol effectively down-
regulates PABPNI in vivo and clears the pre-existing aggregates from the muscles and stabilizes the

collagen proteins deposition to a pre-injection stage.

Gene therapy treatment partially reverts muscle atrophy and stabilizes muscle strength
Muscles of both 11 and 26-week old A17 mice are atrophic compared to muscles of FvB mice and
this is depicted by a difference in muscle weight (Figure 2A). Treatment with 2 AAVs did not
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significantly increase the muscle weight compared to saline injected muscles of 26-week old mice
although a clear positive trend was observed (unpaired t-test, p=0.037) (Figure 2A). This small
increase in muscle mass correlated with a significant difference in muscle strength. Indeed the
injection of the 2 AAVs significantly increased the maximal tetanic force of AAV-treated TA
compared to that one of saline injected TA (One-way ANOVA test, p<0.01) and essentially reverted
the maximal force to the FvB level, (One-way ANOVA test, p>0.05), Figure 2B and Supplementary
Figure 1A, B). The normalization of the maximal force by the relative muscle weight provides a
measure of the muscle strength by unit of muscle known as specific maximal force. This parameter
was again improved after injection of the 2 AAVs and normalized to the pre-injection stage (Figure
2C and Supplementary Figure 1C, D). These results show that the AAV treatment induced a partial
reversion of muscle atrophy that is likely contributing to the prevention of the decrease in muscle

force.

Gene therapy treatment with a single vector clears the aggregates at advanced stage of disease

To assess if a short-term gene therapy treatment is sufficient to clear the insoluble aggregates, a short-
term gene therapy study was performed in muscles when the aggregates peak in number (ie in 26-
week old mice). Indeed in 11-week old mice the pathology and the number of aggregates is still
evolving (28). The combined vectors were used at the same doses used for the previous experiment
and we analysed the muscles 8 weeks later (ie when mice were 34-week old). Furthermore a single
“Dual” vector presenting both the silence and replace cassettes was generated to compare its efficacy
with the standard 2 vector system (Figure 3). 2.5x10' vp/TA were injected for the Dual vector in
order to have a similar expression of PABPN1 shRNAs. At the end of the treatment saline injected
muscles presented nearly 35% of nuclei containing aggregates while in muscles of FvB no aggregates
were detected. The injection with either the combination of 2AAVs or with the Dual vector
significantly cleared the muscles from the presence of aggregates lowering those levels to ~2% and
4% of positive nuclei respectively (p<0.001 in both cases, Figure 4A, B). To quantify the reduction in
the expression of endogenous PABPNI and verify that this does not affect optPABPNI1 expression
after Dual vector delivery we quantified PABPN1 expression by immunoblot (Figure 4C). PABPN1
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is overexpressed in TA muscles of A17 mice compared to those of FvB wild type mice but the two
gene therapy approaches reduced the amount of PABPNI to ~5 and ~15% respectively compared to
saline injected A17 muscles (p<0.001 in both cases, Figure 4D). The different level of PABPN1
expression detected in these two treatments is likely due to the higher expression of optPABPNI from
the Dual vector as confirmed by analysing the expression of Myc-tag (Figure 4E). As expected the
short time point we used did not allow to assess a change in histopathological markers of the disease.
The use of either vector did not modify the percentage of centrally nucleated fibres (CNF) and the
area covered by collagen proteins (Supplementary figure 2A-D) nor the muscle mass compared to
saline injected A17 muscles although a clear trend was observed with the Dual vector (unpaired t-test,
p=0.03) (Supplementary figure 2E). Accordingly, the maximal force generated by the muscle was
not significantly modified after gene therapy treatment although, again, a positive trend was observed
for the Dual vector (unpaired t-test, p=0.03) (Supplementary figure 2F). Finally, neither treatment
increased the specific maximal force (Supplementary figure 2G). These data show that the gene
therapy protocol only needs 8 weeks to clear the pre-existing aggregates. Importantly, a single vector
presenting both the silence and replace cassettes has a similar potential in reducing endogenous

PABPNI and aggregates than the dual vector system.
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Discussion

Currently there is no cure for OPMD and the only possible treatment is based on corrective surgery to
reduce ptosis and improve dysphagia (29). The use of trehalose to reduce the amount of intranuclear
inclusions, that are considered crucial for the pathology, is currently in phase I/II clinical trial and
some preliminary results suggested beneficial effects of such treatment for the OPMD patients
enrolled (30). However, this is an uncontrolled open label trial and more objective evidences (i.e. an
extension clinical trial including a placebo arm) will be necessary to really assess the beneficial
effects of systemic trehalose administration. Local injection of autologous myoblasts was also studied
in an open label clinical trial. Cells were harvested from unaffected muscles of OPMD patients and
different amounts of cells were transplanted in the pharyngeal area together with a myotomy. All
patients showed improvements in swallowing, and patients treated with the highest amounts of cells
showed the highest benefits after the treatment (26). However, the cells are not genetically corrected
and the duration of beneficial effects for this treatment is difficult to predict. Recently we developed a
gene therapy strategy based on delivering 2 AAV vectors, one including triple shRNA cassette
designed to knockdown endogenous PABPN1 expression and a second vector designed to express a
codon optimized human PABPNI1 resistant to the RNAi degradation provided by the first AAV (27).
Such treatment showed substantial reduction of aggregates and fibrosis and an improvement in muscle
strength together with a near complete normalization of the muscle transcriptome to the one of normal
muscles. Patients diagnosed with OPMD invariably present aggregates in muscle biopsies and
therefore it is important to verify if the gene therapy treatment clears pre-existing aggregates or
simply prevents their formation. Indeed previous studies based on pharmacological approaches to
reduce the presence of aggregates (e.g. Cystamine, Doxycyclin, Trehalose, Guanabenz, Intrabodies)
showed that their reduction correlates to the amelioration of OPMD (21-25). To assess the effect of
the gene therapy we analysed both the amount of aggregates and the functional and histopathological
features of TA muscles of 11-week old mice (ie of mice age-matching the ones at the time of the
injection) and we compared the results to those of muscles after the gene therapy treatment. The
treatment cleared about 90-95% of aggregates present in the muscle in 8-week period suggesting that
in a clinical application in human, the aggregates would potentially be quickly and almost completely
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reverted by this treatment. Importantly, in the previous study we observed that PABPN1 knockdown
without proper optPABPNI1 replacement is detrimental for the muscle suggesting that a proper
balance of PABPNI silence and replace is needed. Here we show that the single Dual vector is as
effective as the 2 AAVs in knocking down expPABPNI1 and in replacing it with optPABPN1 once
administered intramuscularly. As expected this time was too short to see any histopathological and
functional improvements although a positive trend was observed for the Dual vector on increasing
muscle mass and muscle strength indicating that in a longer time point this vector could significantly
improve these features.

Making such an effective single vector incorporating both the silence and replace features is necessary
to improve the safety of the gene therapy approach, to facilitate the pathway with regulators and to
reduce the cost of the vector production. Similar approaches with a single “silence and replace” vector
have been developed for a dominant form of retinitis pigmentosa (31) and for alpha-1 antitrypsin
deficiency (32). Further modifications of this Dual vector will be needed to obtain a construct suitable
for gene therapy in human: for example the removal of the Myc tag and the cloning of the shRNA
cassette into a microRNA backbone where it could be expressed by a tissue specific pol II polymerase
promoter (33, 34). This in turn would increase the safety and the specificity of the vector.

In conclusion here we demonstrate that the gene therapy strategy reverts the aggregate in OPMD
muscles while it prevents the deterioration of most of the other pathological features of this disease.
Furthermore, we show that a single vector for gene therapy of OPMD providing the same beneficial
effects of the dual vector system can be generated. Once opportunely modified, this single vector may

likely pave the way for the clinical translation of gene therapy for OPMD.

6102 AINr 61 Uo Jasn (uopuoT 869109 AusIeAuN) TON Ad ZL60ESS/L91ZPP/BUIL/EE0 L 0L/I0PAdBISGE-B]0IE-00UBADE/BWL/WOD dNO"dlWspeoe)/:SA]Y WoIj POPEOUMOQ



Materials and methods

Preparation of single Dual construct

The preparation of both the pssAAV-spc512-optPABPN1 and the pscAAV-shRNA3X has been
already described (27). Briefly, three shRNA, designed to bind common sequences in human, mouse
and bovine PABPNI1, were cloned downstream of the U61, U69 and HI RNA polymerase III
promoters. The shRNA3X construct was cloned into a self-complementary pAAV2 backbone to
generate pscAAV-shRNA3X. Human PABPNI1 fused with a Myc-tag (optPABPN1) and a Kozak
sequence was sequence optimized by GeneArt (Waltham, US). optPABPN1 was subcloned into a
single stranded AAV2 vector backbone downstream of SPc5-12 muscle specific promoter to generate
pAAV-optPABPNI1. The construct for the Dual vector (pssAAV-spc512-optPABPN1-shRNA3X was
prepared by subcloning the triple shRNA cassette (shRNA3X) (1784 bp) in the pssAAV-PABOPT

vector using restrictions enzymes Notl HF and Mfel.

Generation of Adenoassociated viral vectors

scAAV2/8-shRNA3X, ssAAV2/9-optPABPN1 and the Dual vector ssAAV2/9-optPABPNI1-
shRNA3X were prepared with the standardized double transfection protocol. Briefly, HEK293T cells
were seeded in roller bottles and cultured in DMEM at 37°C and 5% CO2. Once 50% confluent, cells
were transfected using PEI with the relative pAAYV plasmid and either pAAV helper cap8 (pDPS) (for
scAAV2/8-shRNA3X) or pAAV helper cap9 plasmids (pDP9rs) (for the other two vectors). Cells
were cultured in roller bottles for 3 more days. Afterwards cells were lysed and recombinant
pseudotyped AAV vector particles were purified by iodixanol (Sigma-Aldrich, Gillingham, UK) step-
gradient ultracentrifugation. The copy number of vector genomes was quantified by quantitative

polymerase chain reaction (qPCR).

In vivo delivery of AAV's
A17 transgenic mice were previously described (24, 28). A17 mice and WT FvB controls were
generated by crossing the heterozygous carrier A17 female mice with FvB male mice and genotyped
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by PCR for bovine PABPN1 4 weeks after birth. Animals were housed with food and water ad libitum
in minimal disease facilities (Royal Holloway, University of London). In vivo experiments were
conducted under statutory Home Office recommendation; regulatory, ethics, and licensing procedures
and the Animals (Scientific Procedures) Act 1986 (Project Licence 70/8271). Briefly, A17 or FvB
mice were anesthetised with isoflurane and a combination of 2.5x10'° vp of scAAV8-shRNA3X and
1.3x10" vp of ssAAV9-optPABPN1 or ssAAV2/9-optPABPN1-shRNA3X (2.5x10" vp for the
experiment in 26-week old mice) were diluted in 50 pl saline and intramuscularly administered into
tibialis anterior (TA) muscles (n=6 per group). Saline injected TA of both A17 mice and FvB mice,
were used as negative and healthy controls respectively. At either 8 or 15-weeks post-injection, mice
were anesthetized with Hypnorm/saline/Hypnovel 1:2:1.5, and in situ TA muscle physiology was
performed. After analysis mice were weighted, sacrificed and TA muscles were excised from tendon

to tendon, weighed, blocked in OCT and frozen in liquid nitrogen-cooled isopentane.

Immunofluorescence and histological staining

Muscle tissue sections of 10 um thickness were cut using a Bright OTF 5000 cryostat (Bright
Instruments, Huntingdon, UK), placed on coated glass slides (VWR, Lutterworth, UK) and stored at -
80°C prior to use. For immunohistochemical staining we used the following antibodies: anti-PABPN1
(rabbit monoclonal, diluted 1:100, Abcam ab75855, ON, 4°C), anti-Laminin (rat monoclonal; diluted
1:800; Sigma-Aldrich, Gillingham, UK, 1 h RT), anti-collagen VI (rabbit polyclonal, Abcam ab6588,
1:200, 1 h RT). Secondary antibodies were Alexa fluor (Life Biotechnologies, Paisley, UK)
conjugated to 488 or 594 fluorochromes. PABPNI intranuclear inclusions were detected by
immunostaining using a previously published protocol (35). Briefly, tissue sections were fixed in
paraformaldehyde 4% and soluble proteins were removed by incubating slides with KCI buffer (1 M
KCl, 30 mM HEPES, 65 mM PIPES, 10 mM EDTA, 2 mM MgCI2, pH 6.9) for 1 h at RT. Muscle
sections were then blocked with 1% normal goat serum in 0.1 M Phosphate Buffered Saline (PBS),
0.1% Triton X100 for 1 h and then incubated overnight at 4°C with anti-PABPN1 and anti-Laminin
primary antibody diluted in the same buffer. After washings, sections were incubated with
fluorophore-conjugated secondary antibodies. Slides were then incubated with 4°,6-diamidino-2-
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phenylindole (DAPI; 3 pg/ml; Sigma-Aldrich, Gillingham, UK) for 5 minutes and finally mounted
with Mowiol. For the analysis of INI content, five fields (20X) were randomly captured per each
muscle and INI were manually counted. All immunofluorescence images were captured and digitised
using identical parameters of exposure, saturation and gamma-levels between specimens.
Haematoxylin and Eosin (H&E) staining (obtained using a standard protocol) was used to calculate
the percentage of centrally nucleated fibres. Sirius red staining was used to calculate the percentage of
collagen proteins positive area in 2/3 randomly captured fields (x10 magnification). All analyses were

performed using NIH image] analysis software (NIH, Bethesda, Maryland, USA).

Western blot

Muscle lysates were prepared by homogenising tissue in Radioimmunoprecipitation assay buffer
(RIPA) solution (NaCl 0.15 M, HEPES 0.05 M, NP-40 1%, sodium deoxycholate 0.5%, SDS 0.10%,
EDTA 0.01 M) with protease inhibitor cocktail. Proteins were separated on 4-12% Bis-Tris gel (Life
Technologies, Paisley, UK) and transferred onto a nitrocellulose membrane (Hybond ECL membrane;
Amersham Biosciences) for 1 h at 30 V constant. Membrane was blocked by incubation in 5% milk in
0.1 M PBS, 0.2% Tween-20 for 1 h at room temperature (RT). Membrane was stained with anti-
PABPN1 (Abcam rabbit monoclonal, ab75855, 1/10,000, overnight (ON)), anti-GAPDH (Abcam
mouse monoclonal, 1/2500, ON), anti-Vinculin (Sigma-Aldrich, mouse monoclonal SAB4200080,
1/10,000, ON),and Myc-tag (Abcam rabbit polyclonal, ab9106, 1/5000, ON), Membranes were then
incubated with appropriate secondary antibodies conjugated fluorochromes (Li-cor Biosciences,
Cambridge, UK, 1:10000, 1 h RT) and the Odyssey system (Li-cor) was used to detect the signals

from the membranes.

In situ muscle force measurement

Mice were anaesthetised using intraperitoneal injection of a Hypnorm/Hypnovel solution and
contractile properties of TA muscles were analysed by in situ muscle electrophysiology using a
protocol previously described (27). Briefly, the knee and foot were fixed with clamps and the distal
tendons of the muscles were attached to a 305B dual-mode servomotor transducer (Aurora Scientific,
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Aurora, Ontario, Canada) using a 4.0 braided surgical silk (Interfocus, Cambridge, UK). Mice were
carefully monitored throughout the experiment to ensure that there was no reflex response to toe
pinch. The sciatic nerves were proximally crushed and distally stimulated by a bipolar silver electrode
using supramaximal square wave pulses of 0,02 ms duration (701 A stimulator; Aurora Scientific). All
data provided by the isometric transducer were recorded and analysed using a Lab-View-based DMC
program (Dynamic muscle control and Data Acquisition; Aurora Scientific). All isometric
measurements were made at an initial length LO (length at which maximal tension was obtained
during the tetanus). Muscle length was measured using digital caliper. Response to tetanic stimulation
(pulse frequency: 10, 30, 40, 50, 80, 100, 120, 150, 180 Hz) was recorded and the maximal force was
determined. After contractile measurements muscles were collected, weighed to calculate the specific
maximal force and frozen in isopentane cooled in liquid nitrogen and stored at -80°C. The specific

force (N/cm2) was calculated by dividing Po by TA muscle cross-sectional area.

Statistical Analysis

All data are presented as mean values = standard error of the mean. Statistical analyses were
performed using the One-way ANOVA with the Bonferroni post-hoc analysis. A trend was
considered present between 2 groups when a significant difference was measured using Student #-test.
GraphPad Prism (version 4.0b; GraphPad Software, San Diego California, USA) was used for the

analyses. A difference was considered to be significant at *P < 0.05, **P< (.01 or ***P < 0.001.
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Legends

Figure 1: Injection of 2 AAV vectors in 11-week old mice efficiently clears the amount of
expPABPNI1 aggregates, partially reverts muscle atrophy and prevents increase in fibrosis. A
combination of the 2 single AAV vectors was injected in Tibialis anterior muscles of 11-week old
A17 or FvB mice. At 15 weeks after AAV injection, muscles were collected and analysed for
PABPNI1 expression and with Sirius red staining to detect the area covered by Collagen I and III
proteins. (A) Western blot for PABPN1 expression shows that the treatments with the combination of
the 2 vectors efficiently knockdown the endogenous PABPNI1. Western blot detecting Myc-tag
demonstrates that human codon optimized PABPN1 is expressed in treated muscles. (B)
Densitometric analysis of western blot for PABPN1 detection shows statistically significant reduction
in protein expression after treating TA muscles with the vectors. PABPN1 levels were normalized to
the relative Vinculin expression. (C) Immunostaining for PABPN1 (green)/DAPI (for the nuclei, blue)
to detect the percentage of nuclei containing intranuclear inclusions (INI). (D) Sirius red staining to
detect collagen I and III proteins in saline and AAV treated muscles. (E) The number of PABPN1
positive INI were significantly reduced in AAV treated muscles compared to both 11-week old and
26-week old mice. Sections were pre-treated with 1M KCI to discard all soluble PABPNT1 from the
tissue. (F) Morphometric evaluation of collagen I and III proteins by Sirius red staining in treated
muscles showed a significant reduction in fibrosis in muscles treated with the combination of the 2
vectors. Scale bar = 200 um. (One-way ANOVA test with Bonferroni post-hoc test, n=6, **p<0.01,

*#*%p<0.001, ns: not significant).
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Figure 2: In situ TA muscle physiology of 11-week old mice and mice after the treatment shows
that the combination of 2 vectors prevented the decrease of the specific maximal force. Maximal
force generated by TA muscles of treated mice 15 weeks after injection was measured by in situ
muscle physiology. (A) TA muscle weight normalized by final bodyweight shows that the dual vector
significantly increased the muscle mass compared to either age matched saline treated A17 muscles or
muscles of 11-week old mice. (B) Maximal force generated after 120Hz stimulation. Co-injecting
AAV-shRNA3X and AAV-optPABPNI significantly increased the maximal force generated by TA
muscles compared to the force observed in age matched saline injected muscles. (C) Normalization of
maximal force by the cross sectional area provides a measure of the muscle strength per unit of
skeletal muscle called specific maximal force. Specific maximal force after 120Hz stimulation of 26-
week old mice at the end of the treatment. The specific maximal force in 2 AAV vectors treated
muscles was similar to the one of 11-week old mice suggesting that the treatment prevented the
decrease in muscle force. (One-way ANOVA test with Bonferroni post-doc test, n=6, **p<0.01,

**%p<(0.001, ns: not significant).
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Figure 3: single AAV-shRNA3X and AAV-optPABPNI1 and Dual AAV-shRNA3X-optPABPNI1
vectors were used. (A) Three siRNA were initially designed to bind sequences in human, mouse and
bovine PABPNI1. siRNAs were cloned downstream RNA polymerase III promoters and successively
subcloned in self complementary pAAV2 backbone to generate pscAAV-shRNA3X. Human
PABPNI1 fused with a Myc-tag (optPABPN1) was sequence optimized and subcloned into single
stranded pAAV2 vector backbone downstream of Spc512 muscle specific promoter to generate
pssAAV-Spc512-optPABPN1. AAV vectors expressing shRNA3X or optPABPN1 were prepared
following the standardized triple transfection protocol in HEK293T cells. (B) A single vector
containing both the triple sShRNA (under control of RNA polymerase III promoters) and the human
codon optimized PABPN1 (under control of Spc512 muscle specific promoter) was prepared.

A PABPN1 PABPN1 PABPN1
shRNA-1 shRNA-2 shRNA-3|

pscAAV-shRNA3X 2AAVs

E— Codon optimized human PABPN1

pssAAV-Spc512-optPABPN1

Codon optimized human PABPN1
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Figure 4: The co-injection of 2 separate AAVs or a dual bicistronic AAV in 26-week old mice
efficiently decreased the amount of insoluble aggregates containing PABPNI. A mix of the 2 single
AAV vectors (2.5x10" vp of scAAV-shRNA3X and 1.3x10" of ssAAV-optPABPNI1) or the single
dual vector (2.5x10" vp/TA) were injected in Tibialis anterior muscles of 26-week old A17 mice and
analysed at 34 weeks of age when muscles were collected and the change of histological parameters
was assessed. Age matched Al7 and FvB mice were injected with saline as controls. (A)
PABPN1/Laminin co-immunostaining and the relative DAPI/Laminin fields are shown. Sections were
pre-treated with 1M KCI to discard all soluble PABPN1 from the tissue. Scale bar = 200 um. (B) The
percentage of nuclei containing PABPNI positive inclusions (INI) is significantly reduced in AAV
treated muscles compared to saline injected muscles. (C) Western blot for PABPN1 expression shows
that the treatments with the combination of the 2 vectors or the single dual vector efficiently
knockdown the endogenous PABPNI. (D) Densitometric analysis of western blot for PABPNI
detection shows statistically significant reduction in protein expression compared to the level of A17
muscles when muscles are treated with the vectors. (E) Densitometric analysis of Myc-tag suggests
that expression of optPABPNI1 is higher in samples treated with single Dual vector compared with
samples treated with the combination of vectors. PABPN1 and Myc levels were normalized to the
relative GAPDH expression (One-way ANOVA test with Bonferroni post-doc test (for B and D), or

student t-test (for E), n=6, *p<0.05, ***p<0.001, ns: not significant).
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Abbreviations:

PABPNI1: polyA binding protein nuclear-1

OPMD: Oculopharyngeal muscular dystrophy

INI: Intranuclear inclusions

TA: Tibialis anterior
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