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PUBLIC ABSTRACT

Objective and Rationale: Battlefield corneal damage is extremely prevalent, and conventional therapies do not provide effective treatment;
innovative new technologies that combine multiple wound healing strategies are needed. Engineered materials that mimic the physical
properties (structure, strength, orientation) and stimulate the electrical properties of ocular tissue can serve as useful scaffolds to
influence cell behavior and accelerate wound healing. Structural cues have been shown to enhance cell migration, proliferation, and
differentiation, all important aspects in wound healing. In addition, enhancement of naturally occurring bioelectronic cues at the wound
edge, generated by active ion transport in the surrounding intact tissue layer, has been shown to increase cell migration and neurite
outgrowth. The electric field at the wound edge serves as an important signal for the cells to begin the healing process, and a higher
wound electrical field corresponds to faster wound healing rate. The objective of the proposed work is to develop an engineered
biomaterial implant with tailored nanotopography and unique drug delivery functionality that enhances corneal wound healing by (1)
providing chemical and structural cues and (2) delivering wound electric field enhancing small molecules. The proposed material, with
carefully tailored structural and chemical properties, will be designed to be implanted at the wound site following a traumatic ocular injury.
Relevant ocular wounds could arise from blast, blunt, burn, ballistic, and/or penetrating injuries. We hypothesize that in the presence of
this material, wound healing will be accelerated, translating to reduced patient recovery time, allowing for faster approach to normal
corneal function. Additionally, the developed biocomposite could be used as a single, point-of-care therapeutic material, with integrated
pharmaceutical delivery and healing benefit, enabling first responders to effectively treat casualties on the battlefield as close to time of
injury as possible. Over the course of the 3-year EMERGE program, the material will be optimized for appropriate nanofiber structure,
overall transparency, mechanical strength, and drug delivery capability. Wound healing enhancement will be tested first on the
well-characterized rat model for corneal wounds. Information will then be translated to a human cornea wound healing model. At the end of
the 3 years, we envision having developed a high performance ocular implant that delivers chemical cues specifically chosen to enhance
wound electric fields and promote/accelerate wound healing in the cornea. We expect that this ocular implant will be mature enough for
transition to in vivo rabbit ocular wound studies following this 3-year study. Manufacturing scale-up and clinical trials would follow. Ultimate
timeline for delivery of this material to the field is estimated at 8-10 years.

Military Benefit: Despite representing only 12% of the body's surface area, the head, face, and neck body region encounters 30% of
combat wounds, an increase from prior conflicts. Ocular injuries, specifically traumatic eye injury from penetrating wounds and traumatic
brain injury-related visual disorders, rank second only to hearing loss as the most common injury among active military. EMERGE
addresses the Department of Defense-highlighted capability gap of "Inadequate mitigation and treatment of traumatic injuries, war-related
injuries, and diseases to ocular structures and the visual system." Ocular trauma is associated with significant pain, visual disability,
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decreased personnel availability, and excessive cost. The standard treatment for abrasions is the application of an antibiotic ointment
and patching of the affected eye(s) for 24 hours or longer. This therefore causes an inevitable and unpredictable period of loss of full
function of the soldier. Current treatments for penetrating injuries rely on use of donor amniotic membrane, which is expensive, scarce in
field hospitals, difficult to work with surgically, and can lead to host rejection. The proposed biomaterial implant will be applicable for the
treatment of multiple injury types to ocular structures and could be extended to introduce additional pharmaceuticals, such as antibiotics
and analgesics to target different aspects of ocular injury. The development of a biomaterial that can repair multiple layers of the cornea,
treat corneal scarring, or even repair full thickness injuries would be a significant advance in restoring native tissue architecture and
function. An implantable EMERGE biocomposite would facilitate accelerated wound healing, ensure a faster return to full function, and
improve the quality of life for those inflicted with eye injuries.
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