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Abstract:

Duchenne Muscular Dystrophy (DMD) is an inherited, X-linked disorder that is progressive,
debilitating, and ultimately fatal. Symptomatic (manifesting) DMD carriers have also been
reported with various DMD carrier associated pathologies (D-CAPSs). Estimates indicate that
approximately 2.5-19% of DMD carriers have skeletal muscle symptoms and 7.3-16.7%
develop dilated cardiomyopathy. Research on this population is extremely limited, in part
because of difficulties in diagnosis of carrier status. Foundational work with the estrogen
receptor modulator tamoxifen suggests the potential of a unique spectrum of therapeutic benefit
from endoxifen, an active metabolite of tamoxifen in this population. Analyses of the
mechanisms of action of endoxifen support this potential. For example, the PKC family of
proteins has been implicated in DMD pathogenesis indicating PKC’s essential role in muscle
physiology and pathophysiology. PKC-6 is of particular interest as it is thought to be involved in
skeletal muscle regulation and chronic inflammatory responses. In mdx mice, genetic ablation of
Prkcq (the PKC-6 gene) resulted in reduced inflammation and improved muscle healing, which
was paired with reductions in pro-inflammatory genes and pro-fibrotic markers, including a
reduction in NF-kB activation. Studies using a PKC-0 inhibitor led to reduced inflammatory
pathway activation and immune cell infiltration, which was associated with a significant
reduction in muscle damage. Inhibition of PKC-6 also resulted in maintained muscle generation,
preserved muscle integrity, and improvements in muscle activity recovery performance.
Inhibition of PKC-6 has also been found to reduce dystrophic heart inflammation and improve
the dystrophic heart phenotype and function of DMD cardiomyopathy in mdx mice. PKC-p,
another PKC family member, and known target of endoxifen, is also known to be involved in
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NF-kB activation, although its effect on DMD pathogenesis, if any, is unknown. Several studies
have shown that activation of PKC-f leads to muscle damage in DMD by promoting
inflammatory processes, increasing oxidative stress and modifying calcium signaling within
muscle fibers. Thus, it is hypothesized that inhibition of PKC-B signaling has the potential to
reduce inflammation cytokine production and consequently reduce immune cell infiltration into
damaged muscle tissue. Together these data indicate that targeting PKC-86 or PKC-B, or both,
may be a potential therapeutic approach for treatment of D-CAPs patients. There is preliminary
evidence that some of the other downstream pathological mechanisms born by DMD carriers are
therapeutic targets for D-CAPs that are potentially modulated or effected by endoxifen’s multiple
mechanisms of action, in a manner that would be beneficial to patients. This evidence is both in
vitro and in vivo. There is now a substantial body of clinical evidence developed in indications
other than DMD that supports the safety profile of endoxifen as a therapeutic agent. Endoxifen
may provide a material mitigation of symptoms for D-CAPs patients without causing adverse
effects. Mitigation of symptoms in and of itself would have a positive effect on D-CAPs patients,
which should as well benefit DMD patients themselves.
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