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Traumatic and surgical injuries of facial soft tissue that involve underlying skeletal muscle remain one of the
greatest challenges to facial reconstruction. Despite the rather well-known capacity of skeletal muscle to repair,
regenerate, and remodel following injury, more severe craniofacial injuries, such as those involving the loss of
a substantial portion of muscle tissue are not capable of regeneration on their own and are characterized by
volumetric muscle loss (VML) injury, resulting in permanent aesthetic and functional deficits of either the injured
muscle or the muscle unit (i.e., in the presence of synergists).

To overcome the limitations associated with muscle repair after surgical resection, we propose to exploit our
novel “bioinspired” hyaluronic acid-based hydrogels. Our key innovation is that our HyA-based hydrogels embody
material features for robust muscle regeneration, in which our preclinical findings in biologically relevant rodent
models of VML injury demonstrated robust functional recovery, accompanied by volume reconstitution, muscle
regeneration and native-like vascularization.

To address limitations with current treatment options for VML, we developed a highly tunable hydrogel that allows
independent control over the following hydrogel properties, including: (1) the density of peptide sequences for cell
attachment via cell-surface integrins; (2) matrix modulus; (3) the cell-mediated degradation kinetics by selective
MMPs; and, (4) sequestration of exogenously added or endogenously synthesized growth factors via heparin con-
jugated within the hydrogel. These hydrogels are based on the natural biopolymer HyA with well-known biocom-
patibility. Previously the system has been optimized for vascularization, which plays a key role in muscle regen-
eration. No other hydrogel on the market has demonstrated the remarkable VML regeneration we have attained
with our biomaterial. To accelerate commercialization and clinical development, we have developed a pre-formed,
lyophilized scaffold form of our HyA hydrogel that can be implanted as a medical device.

The global market for VML comprises many distinct market segments including craniofacial muscle regeneration.
There are approximately 300,000 craniofacial muscle reconstruction procedures per year worldwide. Persistent
facial muscle defects resulting from cancer resection is common (e.g., 4-5 cases per week at UCSF), and lip cancer
is the most common cancer of the head and neck. Therefore, of the potential craniofacial indications, we chose
muscle repair after surgical resection as the first indication for our technology. For many types of defects, currently
available treatment options either (1) do not replace or restore the muscle, or (2) decrease the size of the muscle by
bringing the free ends together. These surgical treatment options have not changed in 30 years. The resultin the lip
or mouth is a smaller mouth (microstomia) with suboptimal functional and aesthetic consequences.

To make a convincing case to the CDRH of the FDA that our product is a device, we have settled on a final form of a
lyophilized scaffold, as an off the shelf-stable product, which we call Volumatrix™. We anticipate being regulated
as a Class Il device and we are pursuing a ‘premarketing’ or de novo pathway.

A composition of matter patent (owned by UC Berkeley - Growth Factor Sequestering and Presenting Hydrogels U.S.
Patent 9,827,272) has been issued and is being nationalized in various jurisdictions, and a second patent has been
filed (4/2019) jointly between UC Berkeley and the University of Virginia for use of our HyA-based hydrogels and
other form factors (i.e., scaffold) for muscle regeneration. We anticipate additional craniofacial clinical field of use
continuations or new patent applications based on discoveries from this grant.
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