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Involvement of NF-xB in DMD

Identification

First identified in skeletal
muscles of patient
samples and mdx mice
(2003)

Relevancy

Relevance in DMD skeletal muscle

disease progression confirmed (2005-
2007+)

Inhibition

Pathway inhibition
ameliorates skeletal

muscle pathology (2005+) Mechanism
. Causes of disease
Cardiac Rescue progression elucidated

+
Activation identified in hearts (2007+)

of dko mice. Inhibition
improves function (2011)




Classical NF-xB Pathway
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Acharyyaet al, JCI, 2007; Acharyya et al., 2010, PLoS One
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Therapies used to inhibit NF-kB in DMD

Corticosteroids
Antioxidants
Curcumin

Green tea extract

Gene therapy (AAV)
Stem cell therapy

Pharmacological therapy (NBD)




: Pharmacological Inhibition of
a a IKK/NF-[1B by NBD

l Antennapedia - TALDWSWLQTE NEMO Binding Domain (NBD) Peptide
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Rushe et al., Structure, 2008

NBD therapy in murine disease models

Arthritis Cardiac Cachexia
General Inflammation  Vascular Injury
Brain Ischemia Pancreatitis

Bone loss

Colitis

Melanoma

Duchenne Muscular Dystrophy

NBD therapy in canine disease

Lymphoma



GLP-NBD is Effective in Inhibiting NF-xB

NBD mdx Treatment Regimen

post-necrotic (200 pg/mouse, 3x weekly for 4 weeks, IP)
ANT-NBD
v v

Suitable for mdx age (weeks)

pre-clinical
studies

Water soluble
GLP

Diaphragm NF-kB DNA binding Diaphragm contractility

Peterson et al. Mol. Med. 2011



NBD peptide is stable and improves in
vivo function

Stable in solution Mass = 3650.9533
(error = +4.8 ppm)
Fresh 1dayRT 2 wks 37°C
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NBD peptide improves function of
respiratory muscles
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NBD Improves Histopathology In
Skeletal Muscles of mdx mice

F4/80 Positive Area (%)
*
MyHC Positive Area (%)

lgG Positive Area (%)

Diaphragm TA Diaphragm TA Diaphragm TA

Injury Inflammation Regeneration

Peterson et al. Mol. Med. 2011
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NF-xB Is activated in mdx hearts

Phospho-p65




Mouse models of DMD cardiomyopathy

mdx

Dystrophin-deficient

*no overt clinical features
*normal mouse lifespan (2 yrs)
*mild skeletal muscle fibrosis
*mild cardiomyopathy

dko
Dystrophin/utrophin-deficient
+Clinical signs of muscular
dystrophy

*Dies 10-12 weeks-of-age
*severe cardiomyopathy

Deconinck et al. Cell 1997




NBD is Effective for Inhibiting NF-«xB In
dko Hearts

NBD dko Treatment Regimen

10 mg/kg/mouse, 3x weekly for 8 weeks, IP

ANT-NBD
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Striated muscle preparations

Figure 1. Linear muscle preparations (within dotted ovals) attached to micro-force transducers for
functional measurements. Left: isolated extensor digitorum longus (EDL) muscle; Middle: isolated
diaphragm muscle; Right: isolated cardiac trabecula. All muscles are superfused with modified
Krebs-Henseleit solution, and continuously oxygenated.
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NBD peptide improves basic heart muscle
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sImprovement of systolic function
*No impairment of diastolic function



NBD is effective over whole heart volume
range

15
—&— Vehicle (n=4)
—e— NBD (n=7)
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*Enhanced force at all
lengths
*No change in relationship

Developed Force (lemmz)
4]

85%  90%  95%  100%
Length (% of optimal)

Delfin et al. J. Trans. Med. 2011



NBD Is effective over entire frequency
range
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NBD peptide improves Isoproterenol
response
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NF-xB cardiac muscle function, histology

*No clear improvement
in histology

«Calcium handling
improvement very
likely

Delfin et al. J. Trans. Med. 2011
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Delfin et al. Journal of Translational Medicine 2011, 9:68 )
http://www.translational-medicine.com/content/9/1/68 "F JOURNAL OF
! TRANSLATIONAL MEDICINE
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Dystrophin deficiency
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Skeletal Muscle Cardiac Muscle

* Impamfunstion
* HOW?

* Improve function

« Reduce inflammation and injury
« Enhance regeneration
 Improve function



Current status: Is NBD a Safe and
Effective Therapeutic for Treating GRMD
Dogs?

NBD GRMD Treatment Regimen

Begin at 2 months 10 mg/kg, 3x weekly for 4 months, IV

ANT-NBD

v v
| S — — — GRMD age (months)

o 1 2 3 4 5 6

Safety Efficacy
 Blood e Heart MRI
 Tissues « Skeletal muscle function

« Histopathology
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