
Volumetric muscle loss (VML) disrupts skeletal muscle’s regenerative capacity, causing 
chronic inflammation, fibrosis, and permanent functional impairment. Current 
treatments, including autologous tissue transfer, often fail to restore structure and 
function, leaving warfighters at risk for prolonged rehabilitation, lifelong disability, and 
limb-salvage complications.

Our lab has developed a non-integrating Biologic composed of human induced 
pluripotent stem cell (iPSC)-derived cardiomyocytes and human neonatal fibroblasts 
seeded onto a bioresorbable matrix. In models of chronic ischemic heart failure, this 
Biologic improves cardiac structure and function by inducing a biphasic repair 
response: early immune activation followed by resolution, TREM2+ reparative 
macrophage emergence, and stromal cell recruitment (Lancaster et al., 2023; PMID: 
38007534). Its mechanism of action is not cardiac specific. Because VML is 
characterized by chronic inflammation, fibrotic remodeling, and failed muscle 
regeneration, we hypothesize that our Biologic can modulate the VML injury 
microenvironment to support skeletal muscle repair.
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• Human satellite cell model: Pax7+ satellite cells isolated from human deltoid 
biopsies were used to assess Biologic-mediated muscle repair.

• VML models: Biopsy-punch injuries were 
created in the gastrocnemius muscles of 
C57BL/6 mice. Chronic injuries progressed 
for 4 weeks before Biologic implantation or 
SHAM surgery; acute injuries received 
immediate Biologic treatment. Repair was 
assessed by intact footplate mechanics, 
MRI, histology, and proteomics.
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• Our Biologic treatment improved muscle force following VML injury, with treated 
mice recovering > 90% muscle function.

• Functional improvements were observed after both acute and chronic treatment , 
demonstrating the potential versatility of the Biologic.

• The findings support our Biologic as a regenerative approach for restoring muscle 
function and improving outcomes after VML.

• Ongoing studies will evaluate treatment timing, immunomodulatory mechanisms, 
multi tissue regeneration and translational potential.
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Figure 4: Footplate mechanics and Histology following chronic VML injury and 
delayed treatment in mice (n = 4/group). Force Frequency curves (A) and maximum 
force (B) are shown. Representative Masson’s trichrome stained sections are 
displayed below: C, VML injury with sham surgery at week 3; D, VML injury with 
fibroblast-only construct implantation; and E, VML injury with Biologic implantation 
containing fibroblasts and cardiomyocytes. (^#p < 0.05 and ^‡p < 0.01, baseline vs. 
VML injury; *p < 0.05 and ^!p < 0.01, VML + biologic vs. VML injury.)
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Figure 5: Pax7⁺ human muscle satellite cells were expanded and differentiated into 
myoblasts and myotubes before cryoinjury (A). Injured cells (B) were treated with 
Biologic supernatant (C), and proteomic analysis was performed to identify 
associated biological processes (D). Normalized RHO GTPase expression (E) was 
reduced following cryoinjury and increased after Biologic treatment. (^*p < 0.05, 
control vs. injury; p < 0.01, injury vs repair)

Figure 6: Footplate mechanics following VML injury and acute Biologic treatment in 
mice (n = 4/group). Force Frequency curves (A) and maximum force (B) are shown. 
Representative MRI images with 3D renditions are displayed below; the right limb (left) 
was injured/treated, and the left limb is identified by a marker placed anterior to the 
leg. Colors indicate muscle groups, Red – right medial gast., Green – right lateral gast.,
Teal – left medial gast., Yellow – left lateral gast., Blue - new tissue, White – Bone. (^#p 
< 0.05, baseline vs. VML injury; *p < 0.05, VML + Biologic vs. VML injury.)
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