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Program Details: Since 1943, the United States Army Institute of Sur-
gical Research (USAISR) has worked to develop advanced solutions 
and products for injured warfighters as well as other Department of 
Defense (DoD) beneficiaries and civilians. Out of all of the research 
laboratories under the U.S. Army Medical Research and Develop-
ment Command of the U.S. Army Futures Command, the USAISR is 
the army’s top institution for military medicinal research. The Institute 
has optimized combat casualty care through three main missions: (1) 
improve medical care for wounded service members through goal-
directed development, (2) oversee the only Burn Center in the DoD 
and ensuring state-of-the-art care critical care to injured fighters and 
DoD beneficiaries, and (3) utilize the Joint Trauma System to assess the 
efficacy of medical care delivered to patients.
Biomedical technologies developed at the USAISR have saved lives not 
only on the battlefield during Operation Enduring Freedom in Afghan-
istan and Operation Iraqi Freedom, but also in civilian populations as 
well; these products include hemostatic dressings, extracorporeal 
organ support, tourniquets, and burn resuscitation. Through student 
enrichment, the USAISR has provided learning opportunities for stu-
dents interested in biomedical research. The Summer Undergraduate 
Internship Program was established for accomplished undergraduate 
students from across the nation to hone their skills of scientific inquiry 
in the context of translational medicine. Students worked alongside a 
research scientist mentor across the varying departments within the 
USAISR to find solutions to challenges in combat medicine.
For the 2019 program, twelve students (Fig. 1) were chosen from an 
applicant pool of several hundred to work on an individual project 
for ten weeks, from June 3rd to August 9th, 2019. Research task areas 
included: hemorrhage control and resuscitation, blood and coagu
lation, burn injury, comprehensive trauma care, intensive care, pain 
management, multi organ support technology, sensory trauma, and 
veterinary support.
While the primary focus of the program was for students to gain 
research exposure, students also participated in multiple enrich-
ment activities to gain a better contextual understanding of combat 
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medicine. Interns toured the Center for the Intrepid, attended grand 
rounds in the USAISR Burn Center Intensive Care Unit, viewed the 
hyperbaric medicine chamber, presented at weekly journal clubs, and 
observed a lower negative pressure demonstration. Participants were 
also invited to attend a local activities. Students learned the rationale 
behind experimental design, how to interpret and analyze data, and 
the principles behind scientific communication. Career exploration in 
research, medicine, and military service were encouraged throughout 
the duration of the program.
At the end of the internship, students presented posters detailing the 
results of their projects.
Eligibility: In order to be considered for selection to the Summer 
Undergraduate Internship Program, students must be current U.S. citi-
zens and have completed a year of undergraduate study at an accred-
ited bachelor’s degree program. Because of the nature of the research, 
applicants enrolled in a Science, Technology, Engineering, or Math 
(STEM) are preferred.
Meeting format: On August 8th, 2019, interns presented the proceed-
ings of their research project to various members of the military scien-
tific community. The USAISR, Naval Medical Research-San Antonio, and 
the Brook Army Medical Center were invited, and attendees included 
military personnel, clinicians, postdoctoral researchers, and principal 
investigators.
Awards: After program completion, COL Jerome Buller and Dr. David 
Burmeister awarded participants with Certificates of Appreciation 
(Fig. 2).
Conclusions: The USAISR Summer Internship Program provides stu-
dents the opportunity to conduct life-saving research in translational 
medicine in a state-of-the-art research facility. Participants had the 
unique experience of conducting research at a military institution, 
driving innovation specifically for to treat combat casualty. Interns 
gained laboratory expertise in a variety of fields, such as conducting 
Western blots, processing animal tissue, and analyzing histological 
samples. Interns honed their skills of data collection and analysis over 
the course of the summer on individual research projects. Students 
also developed proficiency at scientific communication through oral 
presentations, written abstracts, and poster presentations. Further-
more, participants also observed the meticulous process of experi-
ment development and revision by troubleshooting procedures and 
consulting field experts. Since 2016, interns have had the opportunity 
to publish their project abstracts in this journal. Overall, the USAISR 

presents undergraduate students an immersive research experience 
to advance their professional goals and allows participants to make a 
tangible impact on military medicine.
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Background: Surgical debridement of burn wounds is considered 
the gold standard of treatment, but may result in over-debridement 

Fig. 1  Summer interns outside the USAISR (Bottom row, left to right) 
Madeleine Ausburn, Michaela Priess, Micaela Saathoff, Kevin Chang, 
Nancy Park, Rachel Li (Top row, left to right) Nina Dasari, Jessica Baker, 
Leanne Duke, Catherine Moses, Chirantan Sen, Chris Haggerty. Photo 
credit: U.S. Army Photo by Dr. Steven Galvan, US Army Institute of 
Surgical Research Public Affairs

Fig. 2  COL Jerome Buller (left) and Dr. David Burmeister (right) 
presents award to student after completion of internship and poster 
session. Photo Credit: U.S. Army Photo by Dr. Steven Galvan, US Army 
Institute of Surgical Research Public Affairs
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and worsen aesthetic and functional outcomes [1]. In military settings, 
surgical debridement is not performed until patients are transported 
back to the United States, but early debridement promotes healing 
and graft success [2]. Enzymatic debridement agents can degrade 
damaged tissue while minimizing damage to healthy tissue. SN514, 
a novel metalloprotease, is currently in development as a new enzy-
matic debridement therapy. Our objective was to evaluate the use of 
SN514 as a safe and effective non-surgical debridement.
Materials and Methods: Twenty partial thickness (PT) and twenty full 
thickness (FT) burn wounds (3 cm diameter, 100o C) were created on 
the dorsum of anesthetized Yorkshire pigs on day -4 (n = 8). On day 
0, treatments (0.5% SN514, 1.0% SN514, Santyl, Vehicle Control (VC), 
and No Treatment) were applied and wounds were covered with Tega-
derm. Daily reapplication occurred on days 1 and 2. Half of the wounds 
were biopsied on day 3 by harvesting a strip through the middle of 
the wound to include normal tissue while the other half of the wounds 
received one final treatment and were harvested on day 4. Samples 
were paraffin embedded, sectioned at 5  μm, stained with Masson’s 
trichrome, and imaged. Average normal dermis depth, wound length, 
dermis remaining, and area of vascular congestion were measured in 
ImageJ with Masson’s trichrome stains. One-way analysis of variance 
and Tukey post hoc tests were conducted in R.
Results: The percent of dermis remaining in the wound bed was sig-
nificantly less when comparing 0.5% SN514 to vehicle control after 
72  h of treatment (60.5% vs. 76.9% p < 0.05). SN514 treatment on FT 
wounds also removed more necrotic tissue than the VC at 72 h (0.5% 
vs. VC: 39.9% vs. 60.5% p < 0.05; while 1.0% vs. VC: 38.8% vs. 60.5% 
p < 0.05). After 96  h, only 1.0% SN514 on FT wounds resulted in sig-
nificant debridement compared to the vehicle control and no treat-
ment samples (1.0% vs. VC: 50.5% vs. 67.0% p < 0.05; while 1.0% vs. 
NT: 50.5% vs. 68.6% p < 0.05). Less overall debridement was observed 
after 96 h for all treatments. No punctate bleeding or dermatitis was 
observed on skin where SN514 was applied.
Conclusions: SN514 provided safe debridement in a porcine burn 
wound model. However, SN514 did not provide complete debride-
ment, as moderately injured tissue remained in the wound bed while 
more severe collagen denaturation was more conducive to enzymatic 
debridement. Future work will include testing a reformulation of 
SN514 and determining if the therapy improves wound healing.
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Background: Angiogenesis is a crucial process in tissue formation 
and wound healing. Dysfunctional angiogenesis can lead to difficulty 
healing and repairing dead tissue. Mesenchymal stem cells (MSCs) are 
stem cells that can differentiate into many cell types [1]. Because they 
can be derived from medical waste tissue, provide immune-modula-
tory and anti-inflammatory activity, and are relatively immune-privi-
leged, MSCs show promise as safe allogeneic agents for use in both 
acute trauma and in wound healing [2]. Here we investigate the ability 
of human MSCs derived from different tissues to form tubes in  vitro 
under permissive conditions for angiogenesis.

Materials and Methods: Human bone marrow, adipose, and umbili-
cal cord MSCs (BM-MSCs, Ad-MSCs, UC-MSCs), human umbilical vein 
endothelial cells (HUVECs), and cell–matrix (GelTRX) were obtained 
from commercial sources. Three days prior to the experiment (Day 
-3) cells were thawed and expanded in separate flasks with appropri-
ate media. MSCs were harvested and plated on matrix in triplicate at 
10  k or 5  k cells/well in 24 well plates; HUVEC positive control cells 
were plated at 24 k or 12.5 k per well. Control wells consisted of cells 
plated without GelTRX angiogenic matrix. After 4 or 24 h, phase-con-
trast images were taken using a Leica DNI6000B microscope. Images 
were analyzed using ImageJ Angiogenesis Analyzer to quantitatively 
assess tube formation. After imaging, cells were prepared for mRNA 
isolation and subsequent RT-PCR analysis of angiogenic markers. Cells 
were also incubated with fluorescently-labeled antibodies specific for 
human CD31 (PECAM- an angiogenesis protein) as well as phosphati-
dylserine externalization (an early marker of apoptosis). Fluorescent 
images were obtained using the Leica microscope.
Results: Phase contrast images revealed that MSCs were capable 
of tube formation under permissive conditions. Angiogenesis was 
dependent upon cell number and duration. MSC angiogenesis dif-
fered from HUVECs; the tubes were slower to form, tube morphol-
ogy was different, and more numerous but less expansive meshes 
were formed. Immunofluorescent staining at 24 h revealed that CD31 
is prominent in HUVEC tubes yet diffuse for MSCs. At this later point, 
apoptosis was apparent in both populations as visualized by lactad-
herin binding to cell surface phosphatidylserine. RT-PCR showed con-
trol HUVECs had > 300 fold more CD31 mRNA than control MSCs; both 
cell types upregulated CD31 upon tube formation.
Conclusions: This study confirmed that the angiogenic potential of 
MSCs may reside not only in their indirect effect on endothelial cells 
but also on the fact that they themselves were capable of angiogen-
esis. This potential of MSCs may have implications in wound healing 
and regenerative medicine in military and civilian trauma.
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Introduction: Multiple organ failure (MOF) is a leading cause of post 
resuscitation death in traumatic injury, which is independent of suc-
cessful initial resuscitation[1]. Current biomarkers, such as lactate, are 
not sufficient to evaluate the degree of cellular damage in tissues or 
to be used as the therapeutic targets to protect organ function follow-
ing hemorrhagic shock. A close correlation has been demonstrated 
between mitochondria dysfunction, MOF, and mortality in animal 
models and clinical observation in various diseases[2], which has not 
been fully characterized in trauma and hemorrhagic shock. In this 
study, we hypothesized that the mitochondrial function was signifi-
cantly decreased in response to acute trauma and hemorrhagic shock.
Materials and Methods: Sprague–Dawley rats received control (n = 6) 
or polytrauma/hemorrhagic shock (TH, n = 4) under isoflurane anesthe-
sia. Polytrauma was induced by: laparotomy, gentle crush of 10 cm-seg-
ment of intestine anterior to the cecum, gentle crush of the right and 
medial liver lobes, bone fracture (right femur), skeletal muscle crush 
(right hindlimb), and controlled hemorrhage (40% of blood volume) 
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within 30 min after trauma. At 4 h after trauma, the blood sample was 
collected for liver function test (Alanine Transaminase (ALT) and Aspar-
tate Transaminase (AST) Assay Kit), kidney function test (BUN (Blood 
Urea Nitrogen) and creatinine (Cr) by iSTAT), and lactate (by iSTAT). 
The rats were euthanized at 4 h after trauma, and then the liver (non-
traumatized), kidney and skeletal muscles (Extensor Digitorum Longus 
(EDL) and Soleus) were collected to measure mitochondrial function 
using high-resolution respirometry (OROBOROS Oxygraph 2  K). The 
oxygen consumption was measured after sequentially adding adeno-
sine-diphosphate (ADP, 5 mM), succinate (10 mM), oligomycin (7.5 µM), 
carbonylcyanide 4-(trifluoromethoxy) phenylhydrazone (FCCP, 2.5 µM), 
rotenone (2.5 µ M), and antimycin A (12.5 µ M) for assessing the activ-
ity of mitochondrial complex I, complex II, maximum oxidative phos-
phorylation (OSPHOS), maximum capacity of electron transport system 
(ETS), and residual oxygen consumption (ROX) respectively. Data is 
expressed as mean ± standard error of mean and analyzed using stu-
dent’s t test, significance was set at P < 0.05.
Results: Polytrauma/hemorrhagic shock led to a reduction in liver 
and kidney function (rise in ALT, AST, BUN and Cr), and an elevation in 
lactate. In parallel with organ dysfunction identified by the functional 
tests, there was a significant reduction in mitochondrial function of 
liver and kidney as measured by a significant decline in OSPHOS, com-
plex II activity, and ETS.. Additionally, the mitochondrial function was 
restored in the soleus but not EDL, suggesting that trauma/hemor-
rhagic shock induced mitochondrial dysfunction is at least associated 
with the tissue differential in mitochondria content (Table 1).
Conclusions: This preliminary study suggests that acute liver and 
kidney failure after polytrauma/hemorrhagic shock is associated with 
mitochondria dysfunction, which in particular is due to a reduction in 
mitochondrial complex II activity and ETS. However, the underlying 
mechanisms have not been well defined and will be explored in the 
future. The capability of assessing mitochondrial function in the tis-
sues will improve understanding the pathophysiology of trauma and 
hemorrhagic shock, which will ultimately be used as a sensitive bio-
marker for diagnosis and mitochondrial-directed therapy for hemor-
rhagic shock induced tissue damage.
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Background: Burn injury causes debilitating pain to both military 
and civilian patients. Opioid medications have been an efficacious 
method to control this pain. However, clinical use of these drugs is 
limited because of the occurrence of analgesic tolerance [1]. Mature 
nerve growth factor (mNGF) is known to stimulate growth, differentia-
tion, survival, and maintenance of peripheral sensory and sympathetic 
neurons following injury. Previous studies from our laboratory [2] and 
others [3] have also demonstrated that the mNGF signaling pathway 
plays an important role in the development of morphine-induced 
analgesic tolerance mechanisms. The roles of mNGF and ProNGF dur-
ing conditions of both burn injury and analgesic tolerance are not fully 
understood and are the foci of the present study.
Materials and Methods: Two groups of adult male Sprague–Daw-
ley rats (saline control and chronic morphine treatment groups, n = 6/
group) were used in this study. All rats were anesthetized and thermal 
injured. Analgesic tolerance was induced in injured rats by subcutane-
ously administering 10  mg/kg of morphine in 0.5  ml saline twice per 
day (morning and evening) for five consecutive days. Control animals 
received saline treatment. Analgesic tolerance was assessed by measur-
ing paw withdrawal latency (PWL) to thermal stimuli. After final behavio-
ral testing on Day 7 post-injury, rats were euthanized and the spinal cord 
tissue was harvested and frozen. Additionally, trunk blood was collected 
and plasma was isolated. NGF and ProNGF protein levels were measured 
using ELISA.
Results: Opioid-induced tolerance was demonstrated through a sig-
nificant decrease in PWL in thermally injured, morphine-treated rats. The 
combination of thermal injury and chronic morphine treatment signifi-
cantly increases the mNGF level in the spinal cord compared to rats that 
received thermal injury alone. Also, the contralateral side of the spinal 
cord of thermally injured rats with morphine treatment showed a signifi-
cant increase in mNGF levels compared to the ipsilateral side. There were 
no significant changes in the ProNGF levels in either the spinal cord or 
plasma between saline and morphine treated animals.
Conclusions: Our data demonstrates that chronic morphine adminis-
tration induces analgesic tolerance in thermally injured rats. A combi
nation of thermal injury and chronic morphine treatment significantly 
alters mNGF protein levels at the spinal cord level. ProNGF levels appear 
to be unchanged following chronic morphine treatment in the spinal 
cord and blood plasma. The preliminary findings from this study indicate 

Table 1  Oxygen Consumption Rates of the Tissues measured by OROBOROS

*: p < 0.05, significant difference between Control and TH
#: p < 0.05, significant difference between EDL and Soleus in TH

Respiration 
(pmol/s/mg)

Liver Kidney EDL Soleus

Control TH Control TH Control TH Control TH

Endogenous 9.0 ± 0.9 8.2 ± 0.9 21.3 ± 7.1 11.7 ± 7.0 4.8 ± 3.4 2.2 ± 0.8 2.2 ± 0.9 2.0 ± 0.4

Substrate 13.5 ± 1.5 12.7 ± 1.6 39.7 ± 12.5 19.0 ± 2.2 26.2 ± 14.8 15.4 ± 6.7 23.5 ± 5.6 35.9 ± 16.1

ADP 31.8 ± 5.3 22.1 ± 5.1 70.9 ± 23.0 30.8 ± 2.8* 75.3 ± 40.7 42.5 ± 17.5 74.3 ± 22.6 121.3 ± 21.3#

Succinate 64.5 ± 6.9 42.6 ± 5.0* 109.7 ± 39.0 61.0 ± 7.9 98.3 ± 37.7 50.6 ± 14.8 104.2 ± 22.3 152.0 ± 58.6#

Olygomycin 29.6 ± 2.0 24.5 ± 2.9 64.4 ± 16.3 43.1 ± 3.3* 33.8 ± 8.6 16.1 ± 1.9* 36.0 ± 3.6 41.8 ± 8.4#

FCCP 75.5 ± 9.0 44.3 ± 6.5* 95.1 ± 26.1 57.8 ± 2.2 76.3 ± 13.6 39.6 ± 9.9* 85.7 ± 20.5 117.0 ± 53.7#

Ratenone 39.3 ± 5.3 21.8 ± 2.5* 52.7 ± 13.8 31.8 ± 3.7 34.1 ± 8.3 15.6 ± 1.3* 36.6 ± 5.5 47.4 ± 19.0#

Antimycin A 6.5 ± 1.7 6.2 ± 1.2 13.1 ± 1.5 9.2 ± 1.0* 5.1 ± 2.8 3.9 ± 1.9 6.9 ± 3.1 5.1 ± 1.5
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that mNGF may play a role in morphine-induced analgesic tolerance 
mechanisms.
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Background: Acute respiratory distress syndrome (ARDS), the most 
severe form of acute lung injury, remains a risk factor for death in 
combat casualty care [1]. Mesenchymal stem cells (MSCs) show prom-
ise in the clinical treatment of ARDS; however, factors such as stor-
age requirements make this therapy unfeasible on the battlefield [2]. 
Since the ability of MSCs may be attributed to their secretome, specifi-
cally extracellular vesicles (EVs), we examine the possibility of replac-
ing MSCs with EV treatment. Therefore, we aimed to characterize 
the properties of EVs from adipose derived stem cells (ASCs) in order 
to develop a cell-free treatment for lung injury. Since ARDS causes 
hypoxemia, we also studied the effect of hypoxia on ASCs prior to col-
lection of EVs, with the goal to enhance their therapeutic potential.
Materials and Methods: To produce conditioned media (CM), conflu-
ent cultures of human ASCs were incubated with serum-free medium 
(SFM) for 24 or 48  h, either under 21% O2 or 2% O2. EVs were then 
isolated from CM by ultracentrifugation. Size distribution of EVs was 
evaluated using nanoparticle tracking analysis (NTA). Flow Cytometry 
was performed to assess viability of cells and surface markers of the 
EVs. Protein content of EVs was assessed by Milliplex and normalized 
to total protein. All experiments, except for surface marker identifica-
tion, were performed in triplicates.
Results: Following SFM culture, the number of ASCs was reduced in all 
but the 21% O2-24 h group when compared to baseline. Interestingly, 
the percentage of apoptotic cells was only significantly increased in 
the 21% O2-24 h ASCs group. Flow cytometry showed that EVs derived 
from the 21% O2- and 2% O2-groups expressed MSC markers, cellu-
lar adhesion molecules, glycosphingolipids, immune regulators, and 
cell signaling mediators co-expressed with exosome-specific mark-
ers. However, EVs from the 2% O2 group did not express four pro-
teins detected in EVs from the 21% O2 group. The 21% O2 group EVs 
expressed proteins related to lymphocyte regulation and cell adhe-
sion. NTA showed no change in mean diameter between time points, 
but 2%-EVs were significantly larger than 21%-EVs. 21%-24 h-EVs con-
tained high amounts of inflammatory cytokines and growth factors 
while 2%-24 h-EVs contained smaller amounts of cytokines. 48 h incu-
bation did not significantly alter the protein cargo.
Conclusions: This study suggests that serum starvation and hypoxia 
may affect ASC apoptosis and EV size, surface markers, and protein 
cargo. In addition, 48-hour incubation does not seem to affect the 
protein content of EVs. Overall, more in  vitro and in  vivo studies are 
required to determine the optimal conditions for EV production to 
enhance their therapeutic benefits for lung injury treatment.
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Background: Since the Vietnam conflict, head and neck trauma has 
becomethe second most common battlefield injury. Open mandibu-
lar fractures have been reported to occur in 76% of craniomaxillofacial 
(CMF) combat injuries.1 Bone regeneration is key to regaining form, 
function and psychological well-being of the soldier. Soft tissue clo-
sure is critical to successful regeneration. 2, 3 The primary goal of this 
study is to characterize the soft tissue of a porcine model for CMF 
defects. The second goal is to assess closure techniques to minimize 
the opening of CMF wounds. We hypothesize that improved CMF 
wound closure techniques and materials result in differential wound 
strengths that will resist opening forces in the mobile environment of 
the face and oral cavity.
Materials and Methods: Porcine soft tissue samples were removed 
postmortem and processed for histologic analysis of various regions 
of the CMF complex. An Instron Electropuls e3000 machine was uti-
lized for mechanical testing. In short, ninety-four samples of the fresh 
attached gingiva, buccal mucosa, hard palate, and buccal skin were 
harvested from Hanford or Yucatan swine. Each sample was cut in half 
and re-approximated utilizing interrupted, continuous interlocking, 
or horizontal mattress techniques with a 3-0 chromic gut suture, 3-0 
vicryl suture, or Vetbond tissue adhesive. To measure tension, the tis-
sue was pulled at a rate of 50 mm/min near the suture line. Samples 
were categorized by tissue or suture failure, and their load capacities 
analyzed.
Results: As a wound closure technique, Vetbond provided the great-
est resistance to maximum and mean load on all tissues except 
mucosa. The performance under tension of the continuous interlock-
ing, interrupted, and horizontal mattress techniques varied with each 
tissue type. As a material, Vicryl provided maximum resistance to load 
in the mucosa because it is a braided material with a non-smooth sur-
face that provides friction and greatest resistance to load. The chromic 
gut suture provided the greatest resistance on outer cheek skin. Lastly, 
load distribution also varied among the tissue types with the greatest 
amount of resistance to load provided by the outer cheek and gingiva.
Conclusions: Primary wound closure can be optimized by selecting 
the proper closure material and technique for each soft tissue of the 
CMF region, because it may reduce the incidence of wound dehis-
cence and subsequent infection.
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Background: The mechanism of modern warfare has led to an 
increase in the incidence of ocular injuries. Traumatic ocular injuries 
sustained on the battlefield can result in severe vision impairment 
due to retinal damage. Changes to the retina have been reported with 
neurodegenerative conditions [1]. Current treatments include utilizing 
human induced pluripotent stem (iPS) cells, but have limited battle-
field viability [2]. Extracellular vesicles (EVs) derived from iPS (iPS-EVs) 
cells offer a solution as they are proving equally therapeutic, but with 
greater sustainability and combat-specific utility. Although little is 
known about them, EVs play a role in intercellular communication, 
and are thus a promising cell free approach to stimulate tissue regen-
eration [3, 4]. This study focuses on isolating and characterizing EVs 
produced from iPS cells and iPS cell-derived retinal pigment epithelial 
(iPS-RPE) cells.
Materials and Methods: Conditioned media from cultured iPS cells 
and iPS-RPE cells were collected, stored at − 80 °C, and thawed at 4 °C 
overnight. Media was centrifuged at 4  °C at 300×g for 10  min and 
10,000×g for 30 min. Pellet was disposed of after each spin, and result-
ing supernatant was spun at 100,000×g for 90  min. Final pellet was 
resuspended in filtered PBS. iPS-EV and iPS-RPE-EV were measured via 
nanoparticle tracking analysis. iPS-EV samples were characterized to 
detect surface epitopes via flow cytometry using the MACSPlex Exo-
some Kit.
Results: The iPS-EV mean size increased 147–217 nm over days 1–4, 
mode size increased linearly 87–196  nm, concentration decreased 
days 1–3, but increased on day 4 (Fig. 1). There were no significant dif-
ferences in measurements among EVs from different passages of iPS 
cells. iPS-EVs were positive for exosome specific markers CD81, CD63, 
and CD9, and other surface antigens. iPS-RPE-EV concentrations were 
higher than iPS-EV, which could be due to lower starting volumes 
of conditioned media. iPS-RPE-EV size increased over time. Apical 

iPS-RPE-EV concentrations were higher than basal iPS-RPE-EV concen-
trations (Fig. 2).
Conclusions: The iPS-EV size increased over subsequent days, which 
correlates to cell growth and proliferation to confluency. Flow cytom-
etry showed iPS-EV contained markers typical of exosomes (CD81, 
CD63, CD9), and additional surface epitopes characteristic of pluri-
potent cells. There were no significant differences in concentration. 
There were no significant differences between different passages of 
iPS cells. The higher apical iPS-RPE-EV concentrations compared to 
basal iPS-RPE-EV is consistent with the positioning of RPE cells in the 
back of the retina and their role in protection and transporting nutri-
ents and ions to the cells nearby (photoreceptors, ganglion cells, etc.).
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Background: Chronic pain is a common issue for approximately 
40% of Service Members and 80% of veterans, but little research has 

Fig. 1  Nanoparticle tracking analysis of iPS-EV A) mean size B) mode 
size C) concentration by day and passage number

Fig. 2  Nanoparticle tracking analysis of iPS-RPE-EV concentration. 
Pools 1–3 are apical iPS-RPE-EV and pools 4-6 are from basal iPS-RPE-
EV
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been conducted concerning novel pain management treatments. 
Exosomes are small, endogenous vesicles that participate in inter-
cellular communication by traveling through bodily fluids to deliver 
cargo, including miRNAs, mRNAs, and proteins to target cells [1]. 
MAPK14, mTOR, VEGFR2, p70S6K, AKT1 and ERK1/2 are gene targets 
of miRNA biomarkers we have found to be differentially expressed 
(DE) in plasma exosomes of rats following spinal nerve ligation (SNL) 
[2]. Previous research has shown that pathways involving these 
genes play a role in the development of chronic neuropathic pain, 
but most studies have only focused on expression of these targets 
in the spinal cord rather than the brain [3–7]. The objective of this 
study was to determine whether the targets of DE circulating exo-
somal miRNAs demonstrate differential expression in specific brain 
regions following nerve injury.
Materials and Methods: Male Sprague–Dawley rats underwent either 
SNL or sham surgery on the right L5 nerve, under anesthesia [8]. Prior 
to surgery and on days 3 and 15 post-injury, mechanical allodynia was 
assessed and plasma was collected. Exosomal RNA was isolated from 
the plasma, and small RNA was sequenced. DE miRNAs and gene tar-
get enrichment for these miRNAs were identified [2]. Brains were har-
vested from all rats on day 15, and tissue samples were collected from 
different brain regions. Expression of the gene targets, MAPK14, mTOR, 
VEGFR2, p70S6K, AKT1, and ERK1/2, and total protein expression in the 
prefrontal cortex (PFC) was determined by Wes (Protein Simple) and 
ImageJ analysis.
Results: In the left PFC, VEGFR2 and P70S6K (p-Thr421) demonstrated 
significantly higher expression in the SNL group at day 15. Previously, 
we have observed that the miRNAs that regulate the pathways of 
these targets are significantly down-regulated on day 15 [2]. While not 
significant, MAPK14 demonstrated a sizeable increase in the left PFC 
of the SNL group. Overall, there were no changes in target expression 
observed in the right PFC, as expected, because this is the ipsilateral 
side of injury.
Conclusions: Some DE exosomal miRNAs may be affecting expres-
sion of their downstream targets in the PFC. Overall, exosomal miRNAs 
are key regulators, biomarkers, and targets in the treatment of neu-
ropathic pain. Further work still needs to be done to examine target 
expression of a wider range of DE exosomal miRNAs in different brain 
regions.
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Background: Burn management is complex process which requires 
specialized clinical training in order to properly address burn wound 
size, fluid resuscitation, medication administration, and wound dress-
ing [1, 2]. In order to enhance a non-burn clinician’s ability to compre-
hensively manage burn patients, we developed a mobile application 
that utilizes augmented reality (AR). Advantages of an AR headset 
include hands-free mobility, heads-up display, non-tethered, holo-
graphic imagery overlay onto the real environment, and utilization 
of hand-gestures and voice commands [3]. We re-designed the user 
interface (UI) to enhance the experience in order to increase its usa-
bility and hypothesized that the new UI design will have increased 
usability.
Materials and Methods: We used Visual Studio (Microsoft, Redmond, 
WA) for software development and Balsamiq Wireframes (Balsamiq, 
San Francisco, CA) for the UI design and wire-framing. The AR device 
used was the HoloLens (Microsoft, Redmond, WA). We asked 18 vol-
unteers to participate in a cross matched study to assess the usability 
of both the old and newly-designed applications. Each volunteer had 
standardized HoloLens training and was asked to complete 6 stand-
ardized tasks for each interface application. Each task was performed 
on both interfaces. The participants then filled out the SUS surveys 
and were asked for their overall preference.
Result: Mean usability scores (min–max) for the initial and new inter-
face score was 83.75 (62.5–100) and 82.2 (52.5–97.5), respectively. 
Scores above 68 indicate average usability. Therefore, both the inter-
faces were indicated to be highly useful. 9 participants preferred the 
new interface, 8 preferred the old interface, and 1 had no preference.
Conclusions: 9 participants (50%) stated that they disliked the pop-up 
keyboard. A more intuitive and user-friendly Virtual Health application 
should be developed to address issues with the keyboard of the new 
interface. An additional study should be conducted to compare the 
new interface with the initial interface. Based on the usability scores 
and the participants’ answers, no overall preference between the 2 
interfaces was found.
Limitations: The participants required more time with the AR-device 
for training and familiarity. A notable observation was that the sec-
ond exposure to one of the applications was generally more favored 
indicating that familiarity is a factor. Although we implemented a 
cross match design, users generally took a longer time in familiarizing 
themselves with the application when first exposed, which may affect 
perception.
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Background: Treatment of severe thermal burn injury (e.g., total 
body surface area (TBSA) > 20%) often requires wound debridement 
and intravenous fluid resuscitation with large volumes of lactated 
Ringer’s [1,2]. While debrided tissue is often discarded as medical 
waste, it has been found to contain viable adipose-derived stem 
cells (ASCs) which are easily isolated [3]. Due to their regenerative 
capabilities, ASCs have been shown to promote wound healing 
[2,4], but their effects on visceral organs (presumably damaged by 
systemic inflammation caused by burn injury) are unknown. The 
goal of this study was to investigate the effects of ASCs on organ 
function.
Materials and Methods: Commercially available ASCs from 3 human 
donors (RoosterBio) were cultured in 96-well plates. ASC prolifera-
tion was monitored after treatment with various resuscitation fluids 
or with plasma from burned pigs from a previous protocol. A porcine 
burn model was then used to investigate the effects of ASC infusion 
on liver and kidney function. Full thickness 40% TBSA contact burns 
were induced in 18 anesthetized Yorkshire pigs. Animals (n = 6/group) 
were randomized to 1) no ASCs 2) 5x105 ASCs/kg (low dose), or 3) 
5x106 ASCs/kg (high dose). Animals’ drinking fluid also had 5-chloro-
2′-deoxyuridine (CldU) (1  mg/mL) to label endogenous proliferating 
cells. The cells were examined at 24 h in the kidney, liver, and intestine. 
Cells were also labeled to detect caspase-3 to measure apoptosis.
Results: In vitro results showed that ASC viability, when compared to 
cell culture media, was significantly increased with pre-burn plasma 
(p ≤ 0.04) but was significantly decreased by PlasmaLyte (p ≤ 0.005) 
and fresh frozen plasma (p ≤ 0.003). For in  vivo results, two-way 
ANOVA revealed a significant effect of time for hematological metrics 
(leukocytes, hematocrit, and total protein), kidney function biomark-
ers (total urine output, BUN) and liver function biomarkers (total biliru-
bin, alanine and aspartate aminotransferases). Specifically, biomarkers 
increased over time, except creatinine (no significance) and biliru-
bin, which returned to baseline levels by 24  h. Western blot analysis 
revealed no significant difference between treatment groups for cas-
pase-3 expression in kidney, but higher hepatic caspase-3 in the “low 
dose” group.
Conclusions: In vitro results demonstrated that cell viability was great-
est when treated with pre-burn plasma, suggesting ASC infusion 
should be prompt following burn. Xenogeneic infusion of ASCs did 
not improve kidney or liver function, even at large doses. A major limi-
tation of this study was the relatively short duration of treatment. The 
effect of ASCs on cell proliferation (CldU) is currently under investiga-
tion. The ultimate goal of this study is to provide a point-of-care means 
to ameliorate systemic organ dysfunction caused by severe thermal 
burn injury.

References
1.	 Gómez B.I. et al., (2018). Plos One, 13(5):e0195615
2.	 Foubert P. et al., (2018). Burns, 44(6): 1531–1542
3.	 Natesan S. et al., (2013). J Burn Care Res., 34(1): 18–30
4.	 Burmeister D. et al., (2018). Stem Cells Translational Medicine, 7(4):360–372

P11.  
Regulation of platelet function by adenosine receptors

Kevin L. Chang1, Catherine D. Moses1, Daniel N. Darlington1,2, Xiaowu 
Wu1,2, James Bynum1,2, Andrew P. Cap 1,2

1Coagulation and Blood Research, United States Army Institute of Surgical 
Research, Fort Sam Houston, TX, USA, 2Department of Surgery, University 
of Texas Health Science Center, San Antonio, TX USA
Correspondence: Daniel N. Darlington (daniel.n.darlington.civ@mail.mil)   
J Transl Med 2020, 18(Suppl 2): P11

Background: Severe trauma and hemorrhage can lead to inhibition 
of platelet aggregation and elevation in cyclic adenosine monophos-
phate (cAMP), an effect known to be stimulated by adenosine [1–3]. 
Because adenosine is released from damaged tissue, it may contribute 
to the platelet dysfunction seen after severe trauma [1]. Platelets have 
four G-protein coupled adenosine receptors (A1, A2a, A2b and A3) 
that have been proposed to stimulate adenylyl cyclase and increase 
intracellular cAMP [4,5]. Although studies have shown that A2a can 
inhibit platelet aggregation and elevate cAMP, there is little data 
showing function of the other receptors.
Materials and Methods: Platelet-rich plasma (PRP) was isolated 
from human whole blood, and centrifuged at 200 g for 10 min. Light 
transmission aggregometry was performed using a plate reader (Syn-
ergy Neo2 Multimode Reader, BioTek) with constant agitation. PRP 
was stimulated with ADP (100uM) with or without various adenosine 
agonist and antagonist, including the non-metabolizable adeno-
sine agonist 5-(N-ethyl-carboxamido) adenosine (NECA) in combina-
tion with/without antagonists A1 (DPCPX), A2a (Sch 58261), A2b (GS 
6201) and A3 (MRS 1220), or with/without agonist A1 (CCPA), A2a 
(CGS 21680), A2b (Bay 60-6583), A3 (2-Cl-IB-Meca). Cyclic AMP was 
extracted from 100ul of PRP after adding 1 ml of EtOH, 10 mM ammo-
nium formate, with 10ug/ml cGMP-Br as an internal control. Samples 
were centrifuged at 20 K g for 10 min, and supernatant dried. Samples 
were brought up in 200ul of 0.1% formic acid for analysis by Reverse 
Phase liquid chromatography/Tandem Mass Spectroscopy (Quantiva, 
ThrermoFisher).
Results: We found that adenosine agonist (NECA) inhibits the effects 
of adenosine diphosphate (ADP)-induced platelet aggregation in 
a dose dependent manner by elevating cAMP (n = 8). Additionally, 
A2a receptor antagonist, Sch 58261, was shown to block NECA inhi-
bition of platelet aggregation by 45.7% (n = 9). Following this result, 
CGS 21680, an A2a receptor agonist, was also shown to inhibit ADP-
induced platelet aggregation in a dose dependent manner by elevat-
ing cAMP (n = 8). Stimulation of platelets with A2a agonist, but not 
that of A1, A2b, nor A3, significantly inhibited aggregation and ele-
vated cAMP (n = 8).
Conclusions: Adenosine inhibits platelet aggregation in response 
to natural agonists like ADP through the A2a adenosine receptor by 
a mechanism that appears to be due to an elevation in intracellular 
cAMP. These data suggest that the A2a receptor could be potential tar-
get for a resuscitation strategy that could attenuate or prevent plate-
let dysfunction after trauma by preventing synthesis or accelerating 
removal of cAMP. This study was funded by the USA ISR MRDC.
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Background: Airway compromise is the second leading cause of 
preventable death in combat fatalities [1]. Endotracheal intubation is 
a life-saving procedure that frequently fails, leading to patient death 
through hypoxemia or unrecognized intubation of the esophagus 
[2]. Current methods of verification of endotracheal tube placement 
can be subjective and require additional time and manpower [3]. Our 
previous work [4] confirms a spectral difference between the baseline 
esophagus and tracheal tissues in both ex  vivo and in  vivo models. 
However, no studies have been conducted in the presence of biologi-
cal fluids, a situation that may occur in patients that have undergone 
trauma.
Methods: The trachea and esophagus were collected from eight pigs 
used on a previous study. A fiber optic reflection probe, spectrometer, 
and halogen white light source were used to collect reflectance spec-
tra of tracheal and esophageal tissues. Baseline measurements were 
taken first without any bodily fluids. Then saline followed by blood and 
“vomit” (cream of chicken soup) were deposited inside the trachea via 
syringe. A total of three scans were done in different locations for both 
the trachea and esophagus in each of the bodily fluids. Using previ-
ously identified wavelengths of interest [5], ratios B (561/543) and Y 
(561/578), termed “detection ratios”, were used to compare the relative 
intensities of the signals using a likelihood ratio test.
Results: Our ex  vivo results confirmed previous research [4] of a 
distinct tracheal spectral profile, with two local minima at 543  nm 
and 578  nm and one maximum at 561  nm. Importantly, this unique 
spectral profile was still detectable even with blood, saline and vomit 
present in the trachea. Ratio B (561/543) was significantly different 
between trachea and esophagus at baseline and in the presence of all 
bodily fluids, while ratio Y (561/578) was significantly different at base-
line and in the presence of saline and vomit, but not blood (Fig. 1).
Conclusion: Our data confirm that the trachea has a unique spectral 
profile. Importantly, the unique tracheal profile, consisting of three 
distinct points (543, 561, and 578) is still detectable even in the pres-
ence of blood, saline, and vomit. Furthermore, the statistical differ-
ence in ratios B and Y indicates an ability to distinguish tracheal from 
esophageal tissue.
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