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1. INTRODUCTION:

Primary Goal & Overarching Hypothesis: 

An overarching objective of our research program is to develop individualized, patient-specific (i.e., 
personalized medicine) therapies capable of providing the highest level of functional performance and 
optimal QoL for SMs and veterans with traumatic extremity injuries. However, before this can be 
achieved, numerous aspects of those injuries, including VML injuries, require further investigation. Thus, 
pre-clinical studies involving a dual anti-fibrotic and pro-regenerative therapeutic, which seek to elucidate 
these key questions, particularly those, focused on VML injuries, are crucial to understanding the 
fundamental mechanisms related to the interplay between anti-fibrosis and tissue regeneration. Thus, the 
primary goal of this study is to develop a dual anti-fibrotic and pro-regenerative treatment strategy, which 
facilitates optimal functional outcomes following VML injury. The proposed work will test the overarching 
hypothesis that optimization of duration and timing of administration of an anti-fibrotic will improve the 
efficacy of a comprehensive pro-regenerative medicine treatment strategy and thus facilitate improved 
skeletal muscle form and function compared to either the anti-fibrotic or pro-regenerative interventions in 
isolation.  

2. KEYWORDS:

Volumetric Muscle Loss, Antifibrotic, Regenerative Therapy, Skeletal Muscle, Wound Healing 

3. ACCOMPLISHMENTS:

• What were the major goals of the project?

o Specific Aim 1: The objective of this aim is to determine if mCAR513 will enhance the
efficacy with which regenerative medicine therapies mediate regeneration and functional
restoration of a VML affected muscle. The hypothesis to be tested in this aim is that
mCAR513 will promote an anti-fibrotic microenvironment within the VML wound bed
thereby enhancing the efficacy regenerative medicine therapies resulting in a greater
density of contractile tissue and improvements in functional capacity

o Specific Aim 2:  The objective of this aim is to determine the efficacy of a dual treatment
strategy within the more challenging large animal model. The hypothesis to be tested in
this aim is that an optimized dual treatment strategy will facilitate improved functional
outcomes compared to either treatment in isolation. We will test this hypothesis using an
established DoD relevant, large animal (porcine) model of VML with a well characterized
fibrotic wound healing response that results in extensive collagen deposition that is
representative of the human condition to evaluate functional outcomes following an
optimized treatment strategy.
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Timeline USUHS Status 

Specific Aim I: Characterize the spatiotemporal dynamics of skeletal muscle wound healing associated with 
administration of mCAR513 as an adjunct anti-fibrotic therapy to regenerative medicine 
treatment strategies for volumetric muscle loss. 

Sub-Aim 1A: Assess the ability of mCAR513 to dampen the 
fibrotic pathobiology associated with VML 

Months POC -- 

Subtask 1A-1: Obtain IACUC & ACURO Approvals 1-3 Dearth Complete 

Subtask 1A-2: Perform Rodent Surgeries 3-12 Dearth / Goldman Ongoing 

Subtask: 1A-3: Perform In-vivo Functional Analyses 3-13 Dearth / Goldman Ongoing 

Subtask 1A-4: Perform Cellular, Molecular, & Histological Analyses 4-15 Dearth / Goldman Ongoing 

Subtask 1A-5: Data Reduction, Interpretation & Dissemination 6-16 Dearth / Goldman Ongoing 

Sub-Aim 1B: Evaluate the ability of mCAR513 to enhance the 
efficacy with which regenerative medicine therapies 
facilitate restoration of skeletal muscle form and 
function following VML 

Months POC -- 

Subtask 1B-1: Obtain IACUC & ACURO Approvals 1-3 Dearth Pending 

Subtask 1B-2: Perform Rodent Surgeries 15-22 Dearth / Goldman Pending 

Subtask 1B-3: Perform In-vivo Functional Analyses 15-23 Dearth / Goldman Pending 

Subtask 1B-4: Perform Cellular, Molecular, & Histological Analyses 16-25 Dearth / Goldman Pending 

Subtask 4: Data Reduction, Interpretation & Dissemination 17-26 Dearth / Goldman Pending 

Milestone(s) Achieved: Determination of an optimized treatment strategy, consisting of an anti-fibrotic and pro-
regenerative materials, which facilitates improved outcomes following VML injury. 

Timeline USUHS Status 

Specific Aim II: To characterize the ability of an optimized dual anti-fibrotic & pro-regenerative strategy to 
facilitate improved functional outcomes within a clinically relevant, large animal model of 
volumetric muscle loss 

Subtask 2-1: Obtain IACUC & ACURO Approvals 14-17 Dearth Pending 

Subtask 2-2: Perform Porcine Surgeries 25-30 Dearth / Goldman Pending 

Subtask 2-3: Perform In-vivo Functional Analyses 25-31 Dearth / Goldman Pending 

Subtask 2-4: Perform Cellular, Molecular, & Histological Analyses 28-35 Dearth / Goldman Pending 

Subtask 2-5: Data Reduction, Interpretation & Dissemination 30-36 Dearth / Goldman Pending 

Milestone(s) Achieved: Evaluation of the efficacy of an optimized combination therapy at facilitating the highest level 
of function following VML injury in a large animal model. 
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• What was accomplished under these goals?

During the current reporting period (Yr1), the investigative team devoted significant effort towards 
several activities have been undertaken/completed towards study set up/initiation, including (but 
not limited to): 

• Internal study kickoff meeting completed

• Award account set up at HJF

• BPO account initiated at USU

• IACUC protocol submitted/approved

• Ordering of necessary supplies

• Outreach to obtain mCAR513 from CALIBR/SCRIPPS

Unfortunately, in the time that passed from when the proposal was written/funded to when the 
funding selection was made/award made, the investigative team is now unable to gain access to 
the proposed anti-fibrotic treatment – mCAR513. Specifically, the investigative team was able to 
virtually meet with the CALIBR/SCRIPPS team shortly after the award was issued to reacquaint 
everyone with the study and to discuss the amount, and associated timing, of mCAR513 needed 
for the study. However, following that initial meeting, the investigative team has since not been 
able to successfully contact the CALIBR/SCRIPPS team despite numerous outreach efforts. 
Thus, in an unexpected turn of events the investigative team has not been able to acquire the 
mCAR513 material as previously anticipated, and thus the study needed to pivot to an alternative 
anti-fibrotic intervention. 

To that end, the investigative team has conducted a thorough examination of the literature base 
to determine the best potential anti-fibrotic therapies to utilize. Particular emphasis was placed on 
the following topics: prior documented efficacy within skeletal muscle, and specifically VML; cost 
effectiveness; route of administration, clinical translation availability/potential, etc. The outcome of 
these analyses revealed agents which block TGF-β signaling as the primary target of opportunity. 
To that end, three candidates rose to the top – Nintedanib, Pirfenidone, & Saracatinib --- details 
of each are provided within the slides below. 
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In an effort to avoid any further delays incurred by the study, the investigative team has: 1) 
generated and received approval for a modification of the USUHS IACUC to include the 
additional anti-fibrotic agents described above, and 2) initiated a pilot study to evaluate the 
effectiveness of the 3 aforementioned anti-fibrotic candidates at reducing fibrosis within a VML 
injury model. The slides below summarize these ongoing experiments. 
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• What opportunities for training and professional development has the project
provided?

o While the overarching intent of this award is not to necessarily facilitate professional
development activities, to date, several trainees were provided exposure to this project as
part of their development activities. Furthermore, we anticipate that additional
opportunities will be made available in the next reporting period.

• How were the results disseminated to communities of interest?

o Nothing to report

• What do you plan to do during the next reporting period to accomplish the goals?

o During the next reporting period, we plan to accomplish the items listed below:

▪ Complete the evaluation of the potential anti-fibrotic alternatives

▪ Complete all subtasks within Specific Aim 1

4. IMPACT

• What was the impact on the development of the principal discipline(s) of the
project?

o Nothing to report

• What was the impact on other disciplines?

o Nothing to report

• What was the impact on technology transfer?
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o Nothing to report

• What was the impact on society beyond science and technology?

o Nothing to report.

5. CHANGES/PROBLEMS:

• Changes in approach and reasons for change:

o We are currently in pursuit of finding an alternative antifibrotic from the original proposal

with mCAR513, due to unforeseen issues in acquiring the material in a timely fashion.

Thus, we are evaluating alternative antifibrotics (pirfenidone, Nintedanib, saracatinib) that

will elicit the anticipated antifibrotic effects of mCAR513.

• Actual problems or delays and actions to resolve them:

o This research project has incurred unanticipated delays due to the COVID-19 pandemic.

The investigative team has taken numerous actions to mitigate/resolve the deleterious

effects associated with the COVID-19 pandemic, including supply chain issues.

o Additionally, delays have incurred due to difficulties in obtaining the original antifibrotic

intervention (i.e., mCAR513). The investigative team has taken extensive action to

identify an alternative (i.e., Pirfenidone, Saracatinib, Nintedanib), gained regulatory

approval to do so, and have ongoing rodent experiments to evaluate their efficacy of

reducing fibrosis.

• Anticipated Problems/Issues

o Assuming there are no additional COVID-19 associated restrictions/supply chain issues,

and/or any additional unexpected scientific outcomes, we do not anticipate any additional

problems/issues for this project.

• Changes that had a significant impact on expenditures:

o Nothing to report

• Significant changes in use or care of human subjects, vertebrate animals,
biohazards, and/or select agents:

o Nothing to report

6. PRODUCTS:

• Publications, conference papers, and presentations:

o Nothing to Report
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• Website(s) or other Internet site(s):

o Nothing to Report

• Technologies or techniques:

o Nothing to Report

• Inventions, patent applications, and/or licenses:

o Nothing to Report

• Other Products:

o Nothing to Report
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