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Virus-derived immune modulating proteins significantly improve wound healing 
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Nonhealing dermal wounds represent major medical 
and financial burdens. Numerous treatments have 

been developed to promote wound healing in severe non 
healing skin wounds. Hemorrhage, clotting and associated 
inflammation regulate early wound healing. Viruses have 
developed highly potent immune modulating proteins 
over millions of years of evolution. We have examined two 
of these immune modulators in wound healing models 
demonstrating accelerated healing; 1) A SERine Protease 
INhibitor (SERPIN), Serp-1, that inhibits thrombolytic 
proteases and inflammation in two mouse excisional 
wound models and M-T7 a chemokine modulating protein, 
M-T7. Saline, recombinant Serp-1 or M-T7 were applied 
directly to wounds as single doses of 1μg or 2μg or as two 
1μg boluses. A chitosan-collagen hydrogel was also tested 
for Serp-1 delivery in excisional wounds and a silk fibroin 
suture was also tested in incisional wounds. Wound size 
was measured daily for 15 days and scarring assessed by 
Masson’s trichrome, Herovici’s staining and immune cell 
dynamics and angiogenesis by immunohistochemistry. 

Serp-1 treatment significantly accelerated wound healing 
but was blocked by uPAR antibody. A single application 
of Serp-1-loaded chitosan-collagen hydrogel or in silk 
fibroin overlay was effective. Serp-1 treatment of wounds 
increased arginase-1-expressing M2-polarized macrophage 
counts and peri-wound angiogenesis in the wound bed. 
Serp-1 improves collagen maturation and organization 
at the wound site. Topical treatment with recombinant 
chemokine modulating protein M-T7 also accelerated 
wound healing and with greater efficacy than Serp-1, 
when compared to saline treatment alone.

Healed wounds exhibited improved remodeling and collagen 
maturation with accelerated peri-wound angiogenesis and 
increased levels of TNF, VEGF and CD31. M-T7 treatment was 
associated with retained CCL2 levels and increased arginase-
1-expressing M2 macrophages and CD4 T cells. Thus, topical 
treatment with Serp-1 or recombinant M-T7 promotes a pro-
resolution environment in healing wounds with potential 
as novel treatments to improve cutaneous tissue repair.
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