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Polytrauma in Military Service Members

US Department of Defense and the Defense 
and Veteran's Brain Injury Center:
• 22% of combat casualties (Afghanistan and 

Iraq) vs 12% (Vietnam)
• 60-80 % of soldiers with other blast injuries 

may have TBI.
• Blast, MVAs, gunshots.
• Polytrauma System of Care (symptomatic)



https://vet.purdue.edu/cpr/traumatic-brain-injury.php

Utmost need for regenerative therapy 
to halt the progression of TBI and 
mediate recovery.

Wounds

Slow or delayed wound healing often 
results in chronic recalcitrant 
wounds.

Traumatic Brain Injury



Human Adipose-derived Stem cells (hASC)

We isolated and characterized hASC 
for use in regenerative medicine:

- Ease of isolation.

- Personalized treatment.

- Large quantities.

Transplantation of hASC post TBI

Stem Cell Investig 2016;3



Exosomes are nanovesicles (25-120 nm) derived from 
adult human adipose stem cells (hASC).

Front. Oncol., 17 March 2023,Volume 13 - 2023 
| https://doi.org/10.3389/fonc.2023.1138142

Regenerative ability of adult human adipose 
stem cells (hASC)

Problems with infusion of stem cells: Proliferate and differentiate into several phenotypes.

US Patent 9,822,539
US Patent 10,857,187
US Patent 12,016,884B2

Exosomes

https://doi.org/10.3389/fonc.2023.1138142


Characterization of hASC exosomes
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The small extracellular vesicles (sEV) are characterized as exosomes using these methods

Exosomes-specific Cell 
surface markers



LncRNAs are packaged into hASC exosomes

Exosomes depleted of RNA

Exosomes

Long Noncoding RNA (lncRNA): 

Master orchestrators of gene regulation
ECIS Wound Healing assay:
RNA cargo drives exosomes’ repair function



MALAT1 and GAS5 drive the repair ability of 
hASC exosomes
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LncRNA GAS5 and MALAT1 contained in 
hASCexo drive regeneration and repair 

PMID: 3536800; 37620957

Topical application



Topical application

LncRNA GAS5 and MALAT1 contained in 
hASCexo drive regeneration and repair 



Topical application: RNAseq

LncRNA GAS5 and MALAT1 contained in 
hASCexo drive regeneration and repair 



Intranasal delivery of hASC Exosomes in a TBI 
model

Behavior and motor skills significantly 
improved with exosomes treatment

Dr. Bickford

RNAseq



Caveats for exosomes usage

Storage of exosomes: 

-80°C for 3 months, but expect 10-20% degradation
-20°C for 2 months, but expect 10% degradation
4°C for 1 week, but expect 5% degradation



Translating Discovery and Inventions to 
Innovations in healthcare



Store and carry exosomes in lyophilized form

Advantages:

• Store at room temperature

• Inclusion in first-aid kits, on battlefields

• Integrated into clinics 

US Provisional Patent number: 2023/0398155 A1



Lyophilized exosomes stored for 2 months at 
room temperature maintain structural 

integrity

US Provisional Patent number: 2023/0398155 A1
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Lyophilized exosomes stored for 2 months at 
room temperature maintain biological 

activity

US Provisional Patent number: 2023/0398155 A1



Efficacy of lyophilized exosomes stored at 
room temperature in vivo

• Open wound model

• TBI model



Lyophilized hASC exosomes efficacy in DPM-contaminated 
wounds
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Lyophilized hASC exosomes efficacy in TBI

Lyophilized exosome 
treatment on day 2



Conclusions

• Exosomes derived from human adipose stem cells provides a cell-free 
regenerative approach to treat wounds and significantly improve the outcome of 
TBI and wound healing.

• Lyophilized hASC exosomes are viable and maintain efficacy to treat open wounds 
and TBI.

• The lab is a pioneer in this field of research and has innovated methods of the 
storage and transport of exosomes to bring the technology to clinic and in 
battlefields.



Thank you!


