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Concurrent Oral Abstract Session 1A: Clinical

A1. | A Phase 3 Open-label, Controlled, Randomized Trial

Evaluating The Efficacy And Safety Of Bioengineered Regenerative

Skin Construct In Patients With Deep Partial-thickness

Thermal Burns

Angela Gibson1, James Holmes2, Jeffrey Shupp3, David Smith4, Victor

Joe5, Joshua Carson6, Jeffrey Litt7, Steven Kahn8, Tracee Short9,

Leopoldo Cancio10, Julie Rizzo10, Jeffrey Carter11, Kevin Foster12,

B. Lynn Allen-Hoffmann1

1University of Wisconsin School of Medicine and Public Health, Madison,

WI, USA, 2Wake Forest University School of Medicine, Winston-Salem,

NC, USA, 3Medstar Washington Hospital, Washington DC, DC, USA,
4University of South Florida, Tampa, FL, USA, 5University of California at

Irvine, Irvine, CA, USA, 6University of Florida, Gainesville, FL, USA,
7University of Missouri Health Care, Columbia, MO, USA, 8Medical

University of South Carolina, Charleston, SC, USA, 9Baton Rouge General

Medical Center, Baton Rouge, LA, USA, 10United States Army Institute of

Surgical Research, Houston, TX, USA, 11Louisiana State University School

of Medicine, New Orleans, LA, USA, 12The Arizona Burn Center at MIHS,

Phoenix, AZ, USA

Background: In a phase 1b trial, no deep partial-thickness (DPT)

wound treated with a bioengineered allogeneic cellularized construct

(BACC) required autograft (AG) by Day 28 and wound closure (WC) at

the BACC site was achieved in 93% of patients by Month (M) 3. This

phase 3 study (NCT03005106) evaluated the efficacy and safety of

this BACC in patients with DPT burns.

Methods: Enrolled patients were aged ≥18 years with 3–49% TBSA

thermal burns on the torso or extremities. In each patient, two DPT

areas (≤2,000 cm2 total) deemed comparable following excision were

randomized to treatment with either cryopreserved BACC or

AG. Coprimary endpoints were 1) the difference in percent area of

BACC treatment site and AG treatment site autografted at M3 and

2) the proportion of patients achieving durable WC of the BACC

treatment site without AG at M3. Ranked secondary endpoints were

the differences between BACC and AG in 1) average donor site pain

intensity through Day 14; 2) donor site cosmesis at M3; and 3) treat-

ment site cosmesis at M12. Safety assessments were performed in

all patients through M12.

Results: Seventy-one patients were enrolled. By M3, there was a 96%

reduction in mean percent area of BACC treatment sites that required

AG, compared with AG treatment sites (4.3% vs 102.1%, respectively;

P<.0001). BACC treatment resulted in durable WC at M3 without AG

in 92% (95% CI: 85.6, 98.8; 59/64) of patients for whom data was

available. By M3, mean donor site Patient and Observer Scar Assess-

ment Scale (POSAS) observer total score (±SD) was significantly lower

(more like normal skin) for BACC donor sites compared with AG donor

sites (6.3 ± 1.71 vs 16.3 ± 7.71; P<.0001). At M12, mean POSAS

observer total score (±SD) was 15.6 (± 8.34) for BACC treatment sites

compared with 16.3 (± 9.41) for AG treatment sites (P=.4268). The

most common BACC-related adverse event (AE) was pruritus, which

occurred in 11 (15%) patients. All BACC-related AEs were mild or

moderate in severity.

Conclusions: This phase 3 study achieved both coprimary endpoints,

including significant autograft sparing and durable WC in DPT burns.

Both donor site pain and donor site cosmesis were favorable out-

comes of significantly reduced use of AG in BACC-treated patients.

M12 POSAS for BACC did not differ significantly from AG. This BACC

may offer a new treatment for severe burns to reduce or eliminate

the need for AG.

External Funding: Stratatech, a Mallinckrodt Company; Funding and

technical support for the Phase 3 clinical study were provided by the

Biomedical Advanced Research and Development Authority (BARDA),

under the Assistant Secretary for Preparedness and Response, within

the U.S. Department of Health and Human Services, under Project

BioShield Contract No. HHSO100201500027C.

A2. | A Non-Contact Device For Fast Screening Of Wound

Infections

Jon Senkowsky1, Shuxin Li2, Ashwin Nair2, Suvra Pal3, Wenjing Hu2,

Liping Tang2

1Texas Health Physician's group, Arlington, TX, USA, 2Progenitec Inc.,

Arlington, TX, USA, 3University of Texas at Arlington, Arlington, TX, USA
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Background: There is a need for diagnostic devices that can be used

to quickly screen wound infection at point-of-care.

Methods: Since leukocyte esterase has been associated with various

infectious diseases, we explored its applicability in a wound care set-

ting using commercial esterase strips and a disposable device,

DETEC® esterase. Both strips and devices were used to detect ele-

vated leukocyte esterase activities in wound exudates adsorbed onto

wound dressings from diabetic ulcer wounds with and without signs

of infection. The hypothesis that the device output concurs with the

clinical determination of infection was tested statistically using a one

sample test for proportions at a level of significance, alpha = 0.05.

Results: Our results show that the elevated leukocyte esterase activi-

ties are very heterogeneous ranging from 5% to 85% of wound sur-

face areas. The detection of elevated leukocyte esterase responses on

typically large wounds can only be carried out using DETEC® esterase

which is designed to assess such activities on discarded wound dress-

ing to avoid direct patient contact. We first correlated device outputs

from 32 diabetic ulcer wounds showing signs of infection as deter-

mined by the provider. The results show that DETEC® Esterase device

had good sensitivity (86%), specificity (75%), and accuracy (81%) along

with a high positive predictive value (PPV) (96%) and low negative

predictive value (NPV) (43%). We then explored the possibility of

using DETEC® Esterase device as a tool to screen all wounds with or

without signs of infection. One hundred and nineteen wounds were

included in this study. Our results show that DETEC® Esterase had

good sensitivity (86.36%) and accuracy (79%). The device had high

PPV (85%) while consistent with previous observations, NPV (60%)

was low.

Conclusions: DETEC® esterase device can be used to identify ele-

vated leukocyte esterase activities and to screen for infection

throughout the entire surface of wounds. Such information may facili-

tate the decision-making process of a provider at the point-of-care.

A3. | Toward A Deeper Understanding Of Recurrent Pressure

Injury Risk

Kath M. Bogie1, Katelyn Schwartz2, Kristi Henzel2, Mary Ann

Richmond2, Ricky Chan1

1Case Western Reserve University, Cleveland, OH, USA, 2Louis Stokes

Cleveland VA Medical Center, Cleveland, OH, USA

Background: The conundrum remains why many suffer from a contin-

uous cycle of recurring pressure injury (PrI) and long periods of hospi-

talization while others stay PrI free. We have previously shown that

intramuscular adipose tissue (IMAT) is a critical clinically significant

risk factor for recurrent PrI. The current study investigates the

hypothesis that DNA variants predispose some individuals to

increased IMAT. Specifically, some people exhibit rapid IMAT accumu-

lation following spinal cord injury (SCI), while others do not. Repeated

measures have shown that IMAT levels vary considerably even

between individuals with similar clinical profiles. To enable earlier

identification of individuals predisposed recurrent PrI, it is important

to determine what is driving these changes.

Methods: DNA was extracted from whole blood samples for 38 per-

sons with complete or incomplete SCI (AIS A-D) and known PrI his-

tory. Genetic assay was carried out using the TruSight™ One

Expanded Sequencing panel (Illumina, San Diego CA) for next genera-

tion sequencing (NGS) covering multiple genes associated with fatty

metabolism and inflammation. FastQC and TrimGalore! (Babraham

Institute, Cambridge, UK) was used for NGS output quality control.

Acceptable reads were processed using the Genome Analysis Toolkit

(GATK) pipeline (Broad Institute, Cambridge, MA) and annotated using

AnnoVar.

Results: Candidate genes and DNA variants which are differentially

active between persons with and without a history of PrI have been

identified. Gene pathway analysis focused on non-synonymous exonic

variants. Genes with Combined Annotation Dependent Depletion

(CADD) Score less than 20 were filtered out. Current results indicate

513 enriched genes that are significantly different between persons

with different IMAT levels. When cross-referenced with persons who

had recurrent PrI, 260 genes meet the criteria. Comparing these genes

to known gene sets, genes encoding proteins involved on fatty acid

metabolism are the primary pathway, with 7 genes that are highly sig-

nificant (p<0.01).

Conclusions: Our preliminary findings indicated that some individ-

uals are predisposed to increased deposition of IMAT following

SCI, and resultant increased PrI risk The correlation of IMAT with

pressure injury introduces a novel mechanistic basis for the etiol-

ogy of this condition and can point to approaches and interven-

tions to improve prevention and treatment. The finding that

genes encoding proteins involved on fatty acid metabolism are

significantly correlated with recurrent PrI, facilitates earlier identifi-

cation of individuals predisposed to rapid and higher levels of

IMAT deposition. Knowing their personal; PrI risk enables individ-

uals living with SCI to be proactive and make choices that posi-

tively impact overall health.

A4. | Identification Of Non-healing Wounds Using One-time

Wound Alkalinity Measurement

Jon Senkowsky1, Shuxin Li2, Ashwin Nair2, Suvra Pal3, Wenjing Hu2,

Liping Tang2

1Texas Health Physician's group, Arlington, TX, USA, 2Progenitec Inc.,

Arlington, TX, USA, 3University of Texas at Arlington, Arlington, TX, USA

Background: The objective of this study was to determine whether

and how one-time wound alkalinity measurement could be used to

predict wound non-healing.

Methods: Planar alkalinity of entire wounds was monitored by

assessing discarded wound fluid-soaked wound dressings from 60 dia-

betic foot ulcer wounds and 36 other type wounds using a disposable

and non-contact device - DETEC® pH. The wound alkalinity at the 1st,
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2nd and 3rd visits were correlated with non-healing wound determina-

tion over 12 weeks of follow-up.

Results: By comparing wound alkalinity measurements of diabetic

patients at the 2nd visit had the highest sensitivity (77.5%) and speci-

ficity (80%) for predicting the non-healing outcome. An alkaline result

at the second visit resulted in an 8% increased risk for non-healing,

while a non-alkaline result showed a 19.7% reduction in risk. We also

identified that the optimal time for the second visit assessment at

7-21 days after initiation of treatment was a better non-healing prog-

nostic than (less than 7 days) or (more than 21 days) This was associ-

ated with an alkaline test result showing a 15.7% increased risk while

a non-alkaline test result yield a 38.1% reduction in risk of non-healing

wound. The diagnostic sensitivities for patients with diabetic ulcer,

venous stasis, and other wounds were calculated as 83.9%, 85.7%,

77.8%, and the specificities were 57.1%, 75.0%, and 75.0% respec-

tively. Using two-sample test for proportions, we found that planar

wound alkalinity can be used to prognosticate non-healing wounds

and there is no significant difference of such probability regardless of

types of wounds.

Conclusions: Our results showed that wound alkalinity measurements

of most wound types at a routine follow-up visit between 7 to

21 days after the first visit could be used to predict the risk of non-

healing wounds. This new information could help the clinician design

the most optimum wound management process for the patient.

A5. | Assessing The Uncertainty Of Treatment Outcomes In

Venous Leg Ulcer Randomized Controlled Trials: Secondary Analysis

Of A Previous Systematic Review

Marissa J. Carter, Kristen A. Eckert

Strategic Solutions, Inc, Bozeman, MT, USA

Background: We performed secondary analysis of a previous system-

atic review to assess risk of bias at the study level and uncertainty of

outcomes in randomized controlled trials that evaluated treatments of

venous leg ulcers.

Methods: The authors of the previous systematic review searched

PubMed, Embase, CINAHL, CENTRAL, Scopus, Science Direct, and

Web of Science for studies that assessed the wound bed condition in

venous leg ulcers and that were published in English from 1998 to

May 22, 2018. We verified the article inclusion and excluded dupli-

cates and articles retracted since the previous systematic review was

published. To assess the risk of bias, we extracted the following data:

treatment groups; primary and secondary endpoints that were statisti-

cally tested between groups (including their results and p values);

whether blinding of patients and assessors was done; whether alloca-

tion concealment was adequate; whether an intention-to-treat analy-

sis was conducted; whether an appropriate power calculation was

correctly done; and whether an appropriate multiplicity adjustment

was made, as necessary. We performed pre- and poststudy power cal-

culations and adjusted for multiplicity using the step-up Hochberg

procedure. We analyzed results for all studies, pre-2013 studies, and

2013/post-2013 studies.

Results: There were 142 randomized controlled trials that evaluated

14,141 patients included in our analysis. The majority of trials lacked

blinding (72.5%-77.5%) and allocation concealment (88.7%). Less than

half (49.3%) of articles included a power calculation, with 27.5% detail-

ing a correctly done and appropriate calculation. Only 27.2% of trials

had adequate statistical power of the primary endpoint. Nearly all the

studies (98.6%) did not have multiplicity adjustment; the lack of which

affected the uncertainty of outcomes in 20% of trials, with the majority

of the secondary endpoints (67.7%) in those trials becoming nonsignifi-

cant after multiplicity adjustment. Newer studies tended to have weak

improvement in certainty of outcomes compared to older studies.

Conclusions: The lack of blinding and allocation concealment, insuffi-

cient statistical power associated with outcomes, and lack of multiplic-

ity adjustment results in venous leg ulcer randomized controlled trials

having a high bias and poor uncertainty. The evidence base in wound

care would be improved with greater attention to the uncertainty of

outcomes and trial design and conduct.
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Concurrent Oral Abstract Session 1B: Novel Therapies

B1. | Inhibition Of Cysteine Protease Cathepsin K Accelerates

Wound Healing In A Diabetic Porcine Model

Anne Chenchar1, Mary Freeman1, Brenda M. Alexander1, Amanda

E. Louiselle2, Stephen M. Niemiec2, Mark W. Azeltine Bannerman2,

Carlos Zgheib2, Kenneth W. Liechty2, S Nair1

1University of Wyoming, Laramie, WY, USA, 2University of Colorado

Denver School of Medicine and Children's Hospital Colorado, Aurora,

CO, USA

Background: Elevated protease activity has been implicated in

impaired wound healing. The cysteine protease cathepsin K is a

potent collagenolytic and elastolytic enzyme. We have previously

shown that cathepsin K is upregulated in diabetic wounds compared

to non-diabetic wounds. Thus, we hypothesize that inhibition of

cathepsin K could enhance the healing of diabetic wounds

Methods: To test this hypothesis, ten female Yorkshire pigs

(3-months old) were rendered diabetic by a single intravenous injec-

tion of streptozocin (75 mg/kg). Diabetes was confirmed by the

maintenance of blood glucose levels over 300mg/dL. Four weeks

after induction of diabetes, 10 full-thickness wounds measuring

2.54 x 2.54 cm were created on the back of the diabetic and non-

diabetic pigs. Each wound was injected intradermally with either

cathepsin K inhibitor-II (a peptide inhibitor of cathepsin K),
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odanacatib (a small molecule inhibitor of cathepsin K) or vehicle

(PBS). The drugs were tested at two doses (high-dose -

30 ng/mm2/wound and low-dose -10 ng/mm2/wound). The treat-

ment was done at the time of wounding (day 0) and again on days

3, 7, and 14 after wounding. Animals were euthanized on day

21 after injury, and tissue was harvested for future analysis. Data

were analyzed for statistical significance using two-way ANOVA

followed by Tukey’s post hoc test (GraphPad Prism 7), and a ‘p’
value ≤ 0.05 was considered statistically significant.

Results: Our data showed that the percent of original wound area in

the vehicle-treated wounds at day 21 was 30.5 ± 2.7 percent (mean ±

SEM, n= 8). Whereas inhibition of cathepsin K with cathepsin K

inhibitor-II low-dose, odanacatib low-dose, and odanacatib high-dose

accelerated wound healing with a percent of original wound area of

6.5 ± 0.6 (p=0.05), 7.1 ± 1.3 (p=0.004), and 8.4 ± 2.3 (p=0.01),

respectively.

Conclusions: Our results demonstrate that pharmacological inhibition

of cathepsin K resulted in a significant improvement in diabetic wound

healing, suggesting that targeting cathepsin K may offer a therapeutic

option of treatment of diabetic wounds.

B2. | Staged Dermal-hypodermal Xenografting To Model

Trilaminar Human Skin In The Murine Host

Phoebe L. Lee1, Shawn J. Loder1, Patricia A. Leftwich1, Wayne

V. Nerone1, Kacey G. Marra1, Lauren E. Kokai1, J. Peter Rubin2

1University of Pittsburgh, Pittsburgh, PA, USA, 2University of

Pittsburgh, Pittsburgh, PA, USA

Background: Reliability and relevance of our pre-clinical models rep-

resents one of the most persistent needs in wound care. Because of

the range of skin pathologies, we need models able to scale and be

adapted rapidly and economically in a patient relevant manner.

Unfortunately, the inherent complexity and unique architecture of

human skin directly limits the applicability of lower animals to

human practice and, while porcine models are more ‘human-like,’
they present with significant logistical and biological hurdles of their

own. Human skin xenografts present one potential solution to this

problem; however, traditional skin grafting has several limitations

and even a full thickness skin graft only carries the bilaminar der-

mis/epidermis, lacking the stem-cell rich hypodermis. Here we pro-

pose a strategy utilizing staged engraftment and donor-matched

tissue banking to overcome this limitation and recreate trilaminar

human skin in a murine host.

Methods: Full-thickness skin and lipoaspirate was collected from

panniculectomy samples obtained as discarded tissue under IRB

exemption. Utilizing an inverted mesh chamber as an air-media inter-

face we banked 1 square cm full thickness skin grafts for 7 days under

standard culture conditions in McCoy’s Media. Lipoaspirate was

maintained inside the mesh chamber not in direct contact with the

skin. At time of harvest lipoaspirate samples were grafted to the sub-

cutaneous space on the flank of athymic mice. After 7 days banked

skin and fat were grafted in a buried position into the subcutaneous

space the mice. At 7- and 21-days the animals were sacrificed. Grafts

were exposed, photographed, and collected for histologic analysis at

this time.

Results: When maintained in an inverted air-media interface utilizing

McCoy’s media, viability of skin was maintained at 83.6+/-0.95% at

7 days. Adipose co-cultured deep to the skin-maintained viability at

83.9+/-1.3%. Adipose grafts placed at time of initial harvest into the

murine subcutaneous space demonstrated gross formation of a de

novo vascular network by 1-week post-engraftment. Full-thickness

skin and/or adipose placed directly to the prior donor-matched adi-

pose graft demonstrated adherence by 7-days and maintained 85.1

+/-1.2% viability by 21-days.

Conclusions: In vivo modelling of trilaminar skin is a critical need in

wound care. Several methods including use of porcine and/or tissue

engineered systems have been proposed and/or used each with their

own risks and limitations. Here we describe a simple two-step staged

engraftment model supported by short term tissue banking to gener-

ate donor-matched xenograft with a robust and viable hypodermal

layer consistent with native human skin architecture.

B3. | Bandage-like Nanogenerator-driven Electrical Stimulation

Enhances Wound Healing In Human Skin

Aiping Liu, Yin Long, Jun Li, Lily Meronek, Xudong Wang, Angela

Gibson

University of Wisconsin-Madison, Madison, WI, USA

Background: Electrical stimulation (ES) has been shown to promote

wound healing and regeneration, however, clinical applications are

limited by cumbersome external power. We have developed a

bandage-like nanogenerator (NG), which is self-powered by body

movements to deliver ES. This NG-ES bandage is highly effective in

rodent wound healing. Considering different healing mechanisms

between rodents and humans, the objectives of this study were to

test the efficacy of NG-driven ES on human skin wounds and

to explore underlying mechanisms through which ES affects healing.

Methods: Full-thickness excisional wounds were created in human

skin xenografts after engrafting on immunocompromised athymic

mice. Mice were bandaged around the torso with or without NG-

driven ES. At various time points of healing, the xenografts were

harvested for histological examination to identify critical cellular pro-

cesses in healing. In vitro scratch assays were performed on a mono-

layer culture of human fibroblasts with or without NG-driven ES to

characterize the influence of ES on cellular migration.

Results: ES wounds were fully re-epithelialized on Day 7, compared

to ~70% healing in non-stimulated wounds. Neutrophil accumulation

was increased in the ES wounds on Day 4, compared to the non-

stimulated wounds. This robust response was resolved on Day 7 in

the ES wounds, compared to the non-stimulated wounds where neu-

trophil abundance persisted. By day 7, ES resulted in increased vascu-

lature as indicated by CD31 positive cells on the wound edges
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compared to the non-stimulated wounds. In vitro scratch assay dem-

onstrated that fibroblasts preferentially align perpendicularly to the

electrical field, compared to non-stimulated cells.

Conclusions: Using a clinically relevant model of human skin wound

healing we demonstrate that NG-driven ES enhances the rate of

wound healing in human skin, largely through re-epithelialization. NG-

driven ES influences cell behaviors associated with an increase in

angiogenesis, and an early inflammatory response with faster resolu-

tion in the wound. One mechanism is through directed cellular migra-

tion, suggested by in vitro scratch assay. These findings highlight the

positive effect of NG-ES on the underlying cellular processes of

wound healing.

B4. | Suitability Of Wound Care Dressings And Solutions For

Use With Stratagraft Skin Tissue

Ashley Schwarzenstein1, Kenneth Gratz1, Janice Smiell2, Randi

Rutan2, Helen Hahn2, Allen Comer1

1Mallinckrodt Pharmaceuticals, Madison, WI, USA, 2Mallinckrodt

Pharmaceuticals, Bedminster, NJ, USA

Background: StrataGraft® skin tissue is a bioengineered allogeneic

cellularized construct under clinical evaluation to promote healing of

deep partial-thickness burns and is comprised of a viable, differentiated,

fully stratified epithelium of human keratinocytes, grown on a collagen

hydrogel matrix containing human dermal fibroblasts. Some routinely

used topical products are known to be cytotoxic, potentially reducing

the efficacy of StrataGraft®. This study assessed effects of various topi-

cal antimicrobial agents and dressings on StrataGraft® viability.

Methods: StrataGraft® punches (8 mm) were cultured dermis-side

down on nonviable dermal extracellular matrix layers. In one series of

experiments, tissues were subjected to daily, 1-minute washes with

hypochlorous acid solution, sodium hypochlorite (at 0.0625%,

0.125%, 0.5%), or chlorhexidine (0.02%, 0.05%, 0.125%, and 4%) for

5 consecutive days. Following each wash application, tissues were

rinsed using culture media. In a second series, tissues were covered

with different inert contact layer dressings, with or without antimicro-

bial secondary dressings (e.g., silver or mafenide acetate). After 5 days,

tissue punches were analyzed for metabolic activity as a measure of

tissue viability in MTT assays. Results (n=5 samples per group) were

classified as negligible (<10%), moderate (10%-30%), or substantial

(>30%) and compared to controls by one-way ANOVA with a

Dunnett’s post-hoc test comparing each condition to its appropriate

control at a P<.05 significance level.

Results: Of the wound washes/soaks, only exposure to chlorhexidine

concentrations ≥0.125% resulted in significant decreases in tissue via-

bility compared to controls (0.125%: mean difference compared to

controls, -75.4%, P<.001; 4%: -95.9% mean difference compared to

controls, P<.001). None of the individual dressings caused substantial

decreases in tissue viability compared to their controls. For the con-

tact layers, tissue viability decreased moderately with N-TERFACE®

(-11.4%, P=.033) and ADAPTICTM (-18.5%, P<.001). Co-application

of either ACTICOATTM (-15.3%, P=.002) or AQUACEL® (-17.0%,

P=.001) with N-TERFACE® resulted in additional moderate decreases

in tissue viability compared to the N-TERFACE® only. 5% SUL-

FAMYLON®-saturated TelfaTM also moderately reduced tissue viabil-

ity compared to the saline-soaked TelfaTM control (-23.3%, P<.001).

Conclusions: Exposure of StrataGraft® to chlorhexidine ≥0.125%

should be avoided due to the substantial decreases seen in tissue via-

bility. All other tested dressings and wash solutions had either negligi-

ble or moderate effects on StrataGraft® viability, which alone would

not be expected to compromise StrataGraft® effectiveness. Topically

applied antimicrobial washes as well as commonly used dressings may

have significant impact on tissue viability.

B5. | Fat Grafting For The Dysesthetic Digit: A Discussion Of

Technique And Pilot Data

Shawn J. Loder1, Elizabeth A. Moroni1, Justine Kim1, J Peter Rubin2,

Alexander Spiess1

1Pittsburgh, Pittsburgh, PA, USA, 2University of Pittsburgh, Pittsburgh,

PA, USA

Background: Digital amputation represents a common injury requiring

acute hand surgery intervention. These injuries are often complicated

by pain, hypersensitivity, dysesthesia, cold intolerance, and contour

deficits/pulp atrophy. Many secondary procedures exist to address

these concerns; however, they are often limited by undesirable donor

site morbidity and/or complex rehabilitation. There is currently no sin-

gle gold standard for treatment of the dysesthetic digit. Free adipose

transfer via lipofilling offers to correct these defects by providing soft,

healthy bulk to the amputated site with minimal comorbidity. Here we

describe a protocol and preliminary data for providers considering adi-

pose transfer to the dysesthetic digit.

Methods: We examined 113 patients who sustained digit amputa-

tions between 2010 and 2019. Patients sustained an average of 1.6

+/-0.9 amputations per trauma. 13 patients were identified with

chronic pain, dysethesia, cold intolerance, or hypersensitivity that per-

sisted after therapy. Controlling for reversible nail bed pathology,

10 patients demonstrated primary chronic dysesthesia.

Results: 4 of 10 patients presenting for chronic amputation

stump dysesthesia elected for fat grafting to the fingertip. All

patients reported improved pain and reduced dysesthesia/hyper-

sensitivity post-intervention. 3 patients required no further inter-

vention after one round of grafting; 1 patient underwent repeat

grafting. Of the non-grafted group, 66.7% (4/6) progressed to

revision amputation. There were no operative revision amputa-

tions after grafting.

Conclusions: Fat grafting to the fingertip offers a simple, safe, and

easily accessible technique to augment soft tissue bulk at the digital

stump. Our preliminary data suggests that this may be an effective

option to manage digital dysesthesia/hyperesthesia.
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C1. | Fibronectin Functionalized Collagen Scaffold Preferentially

Promotes Vascular Smooth Muscle Cells Proliferation And Promotes

Stronger Vascular Formation Via Alpha-v Beta-3 Integrin

Interactions

Kaiti Duan, Biraja Dash, Henry Hsia

Yale School of Medicine, New Haven, CT, USA

Background: Fibronectin-functionalized collagen scaffolds can pro-

mote induced-pluripotent-stem-cell-derived-vascular smooth muscle

cell (iPSC-VSMC) proliferation and enhance their pro-angiogenic para-

crine profiles. However, the underlying mechanism of how

fibronectin-collagen scaffold enhances iPSC-VSMC’s capability is

poorly understood. In this study, our objectives were to elucidate the

mechanism of how fibronectin interacts with iPSC-VSMCs and evalu-

ate the integrity of vascular vessel formation in fibronectin-

functionalized collagen scaffolds.

Methods: 50ug of fibronectin was added to type I collagen to obtain a

final density of 4mg/ml in scaffold. iPSC-VSMCs were incubated

within the scaffold for 3 days, and after the first 24 hours either

Echistatin or ATN-161, which are integrin inhibitors of Alpha-v Beta-3

and Alpha-5 Beta-1 respectively, were added to scaffolds. The resul-

tant scaffold media were evaluated for proangiogenic paracrine secre-

tion profiles (VEGF, bFGF, ANG-1, SDF, MMP-2, TGF, and IL-8) and

iPSC-VSMC viability. Next, we combined iPSC-VSMC and human

umbilical vein endothelial cells(HUVEC) at a ratio of 1:4, and embed-

ded them into fibronectin-functionalized collagen for 7 days. The

resultant scaffolds were then immunofluorescence stained with Sm-

22alpha and CD31.

RESULTS: RESULTS: iPSC-VSMCs embedded in fibronectin-

functionalized collagen scaffold increased cellular viability and

enhanced bFGF secretion (P-value=0.0001 and P-value=0.0001,

respectively). The addition of ATN-161 to fibronectin scaffold did not

result in a significant difference in either cellular viability or paracrine

secretion profile. The addition of Echistatin to fibronectin scaffold

resulted in decrease of iPSC-VSMC’s viability and decrease of bFGF

secretion (P-value=0.0045 and P-value=0.05). iPSC-VSMC and

HUVEC combination vasculatures embedded in fibronectin scaffolds

demonstrated stronger interaction and more overlapping than the

control. (figure 1)

Conclusions: The significant result of Echistatin reversing fibronec-

tin’s role on iPSC-VSMCs, indicates fibronectin may have an agonistic

effect on Alpha-v Beta-3 integrin expressed on iPSC-VSMC surface

promoting the cells’ viability, bFGF secretion, and vascular vessel for-

mation, while not having any effect on MMP-2 secretion. Alpha-5

Beta-1 inhibitor, ATN-161, did not demonstrate the same inhibitory

effect as Echistatin, suggesting that the underlying mechanism of how

fibronectin may preferentially promote iPSC-VSMC viability,

proangiogenic paracrine profiles and vessel formation may be via

Alpha-v Beta-3 integrin. These findings resulted in better understand-

ing of the underlying mechanism of how to effectively and specifically

promote iPSC-VSMC capabilities, and ultimately, these findings may

enable future pharmacological developments to specifically target

Alpha-v Beta-3 in order to maximize iPSC-VSMC angiogenic capabili-

ties and eventually translate to more effective cell therapy-based

wound healing regimens.

C2. | Effect Of Dehydrated Amnion Chorion Membranes On

Mesenchymal Stem Cells In Vitro

Katrina Harmon, John McQuilling, Katie Mowry

Organogenesis Inc, Birmingham, AL, USA

Background: Mesenchymal stem cells or more recently termed

“medicinal signaling cells” (MSCs) role in native tissue healing and

their availability throughout tissues in the form of pericytes has

recently been established1. MSCs have been shown to promote reso-

lution of wound inflammation, increased angiogenesis, and regulation

of extracellular matrix remodeling in vivo2. Hypoxia has been shown

to affect MSC responses including proliferation, differentiation, and

secretory prolife3. Relevance of hypoxia is especially interesting when

considering that diabetic wounds are known to be hypoxic in nature.

In the current study, we have evaluated the response of bone marrow

(bm) MSCs to dehydrated amnion chorion membranes (dACM�)

in vitro under normal and hypoxic conditions. dACM is a sterilized,

dehydrated placental allograft intended for use as a wound covering

in the management of acute and chronic wounds as well as appropri-

ate surgical applications.

Methods: bm-MSCs were treated with either assay media (AM) or

media conditioned with dACM (CM) and evaluated for proliferation

and migration responses. CM was obtained by incubating dACM

grafts in basal media for 3-5 days at 4�C at a ratio of 1 cm2 to 1 mL

media. To characterize the role of hypoxia, bm-MSCs treated with CM

were cultured under normoxic (18.6% O2, 5% CO2) and hypoxic (2.5%

O2, 5% CO2) conditions for 3 days, then cell supernatants were ana-

lyzed using Quantibody arrays (RayBiotech).

Results: dACM CM promoted bm-MSC proliferation and migration

(1.3 and 3.5-fold change compared to AM, respectively) in normoxic

conditions. When evaluating secreted factors, we found dACM CM

treatment resulted in significant increased secretion of chemokine

ligand 3 (CCL3), CCL5, interleukin 6 (IL-6), and IL-8 from MSCs under

normoxic and hypoxic conditions. Increased trends were also seen in

insulin-like growth factor-binding protein 3 (IGFBP-3), IGFBP-4, and

IGFBP-5, though not statistically significant.

Conclusions: These results demonstrate that dACM promotes bm-

MSCs proliferation, migration, and stimulates secretion of factors

related to inflammation and angiogenic processes in vitro. 1)Caplan,A.

I. Mesenchymal stem cells:Time to change the name! Stem Cells
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Translational Medicine 6, 1445-1451 (2017).2)Lee,D.E., Ayoub,N. &

Agrawal,D.K. Mesenchymal stem cells and cutaneous wound

healing:Novel methods to increase cell delivery and therapeutic effi-

cacy. Stem Cell Research and Therapy 7, 1-8 (2016).3)Das,R.,

Jahr,H., van Osch, G.J.V.M. & Farrell, E. The Role of Hypoxia in

Bone Marrow-Derived Mesenchymal Stem Cells: Considerations for

Regenerative Medicine Approaches. Tissue Engineering Part B:

Reviews 16, 159-168 (2010).

C3. | Mechanical Properties And In Vitro Characterization Of A

Tri-layer Placental Allograft Membrane

Paul Bonvallet, Sita Damaraju, Heli Modi, Victoria Stefanelli, Sunil

Saini, Ankur Gandhi

Integra Lifesciences, Princeton, NJ, USA

Background: Background: The growing demand for cell and tissue-

based products, such as placental allografts rich in growth factors,

cytokines, and extracellular matrix, stems from their ability to acceler-

ate the wound healing process, especially in chronic wounds. How-

ever, the handling properties of placental tissues are typically poor

and processing of these placental tissues may damage the inherent

factors contained in these membranes. The aim of this study is to

assess the enhanced handling properties as well as the in vitro bioac-

tivity of a novel, dehydrated tri-layer placental allograft membrane

(TPAM), consisting of amnion, chorion, and amnion.

Methods: Handling properties of the membranes were assessed by

performing mechanical testing and enzyme degradation assays. For

in vitro bioactivity assays, TPAM was homogenized and extracted in

media at 37C for 72 hours. Chemotactic migration was assessed with

human dermal fibroblast cells via a scratch assay. Proliferation of

fibroblasts as well as secretion of collagen I ECM in the presence

of TPAM extracts were also assessed. An inflammation assay was per-

formed with lipopolysaccharide activated peripheral blood mononu-

clear cells (PBMCs) to determine whether TPAM could reduce the

expression of pro-inflammatory cytokines.

Results: Clinically, the handling properties and degradation profiles of

placental membranes can influence the application of product and res-

idence times. The data show TPAM membranes have a higher allow-

able maximum load to break than single- or double-layer placental

membranes and TPAM takes longer to fully degrade than single- or

double-layer membranes. Migration, proliferation, ECM deposition,

and immune modulation bioassays were performed to evaluate the

response of cells to growth factors that influence wound healing pro-

gression. Results demonstrate that TPAM promotes enhanced adult

fibroblast migration and proliferation, which were both significantly

higher than a control. Furthermore, fibroblasts cultured for 7 days in

the presence of TPAM extract had more collagen I secretion than

basal media alone. Finally, the addition of TPAM extracts to PBMCs

significantly reduced the expression of pro-inflammatory mediators by

more than 90% for TNF-alpha, IL-1beta, and IL-6, and by 40% for

IL-8.

Conclusions: The culmination of this work suggests that TPAM has

enhanced mechanical and degradation profiles over single- and

double- layer membranes, correlating to better handling properties

and a slower break down. Furthermore, TPAM is replete with cyto-

kines, and growth factors that may improve the chronic wound milieu

and ultimately lead to improved wound healing.

C4. | Dehydrated Amniotic And Placental Membrane Allografts

Confer Beneficial Immunomodulation For Tissue Regeneration

Victoria Stefanelli, Paul Bonvallet, Sita Damaraju, Heli Modi, Sunil

Saini, Ankur Gandhi

Integra LifeSciences, Princeton, NJ, USA

Background: Immunomodulation is tightly associated with tissue

regenerative processes, often being an imperative for favorable

outcomes. The purpose of the present work was to investigate the

capacity of dehydrated single-layer dehydrated amniotic membrane

allografts (DAMA) and tri-layer placental allograft membranes

(TPAM) to bring about both anti-inflammatory and immunomodula-

tory phenomena relevant to wound healing and tissue

regeneration.

Methods: Extracts of DAMA and TPAM were created from mechani-

cal homogenization of human membranes followed by elution into

buffer. DAMA and TPAM anti-inflammatory characteristics were

determined via cytokine analysis of PBMC activated with lipopolysac-

charide in the presence of DAMA or TPAM extracts. An M1 versus

M2 macrophage polarization assay was employed to predict regenera-

tive potential of DAMA and TPAM by measuring ratios of secreted

pro-inflammatory markers (TNF-alpha, INF-gamma, IL-6, RANTEs)

versus pro-regenerative markers (CCL22, CCL18, PDGF, IL-13) in a

multiplex ELISA. M1-M2 ratios were contrasted with that of dec-

ellularized acellular dermal matrix constructs as well as non-stimulated

macrophages. The impact of DAMA and TPAM extracts on lympho-

cyte functionality was explored in a three-pronged manner seeking to

identify proliferation patterns, T regulatory cell differentiation, and

preferences in Th2 versus Th1 Helper T cells. Several flow panels with

staining for DNA proliferation, standard immune surface markers,

FoxP3, and cytokine secretion were employed to identify specific cell

populations.

Results: Anti-inflammation assays demonstrated that DAMA/TPAM

extracts significantly reduced the ability of stimulated PBMCs to

secrete such pro-inflammatory cytokines as TNF-alpha, IL-6, IL-1beta,

and MIP-1a, by over 90% compared to controls (n=4 per group;

p<0.05). Macrophage polarization assays highlighted an ability of

DAMA and TPAM (n= 3 per group) to promote an M2 macrophage

polarization preference. Flow panels indicate that DAMA and TPAM

extracts diminish the impact of inflammatory players like B cells and

Cytotoxic T cells in a dose-dependent manner via targeted cell death,

proliferative suppression, and reduced cytokine secretion. DAMA and

TPAM extracts also significantly promoted T regulatory cell differenti-

ation as well as a favorable ratios of Th2 over Th1 Helper T cells
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(N =3 per dose, p< 0.05 compared to non-treated controls). Further,

CD25+, indicative of immune activation, was expressed in a manner

specific to inflammatory state.

Conclusions: DAMA and TPAM possess an ability to robustly reduce

inflammation and promote favorable immunomodulation such that

wound healing and tissue regenerative processes are greatly benefited.

C5. | Mechanical Activation Of Inflammation At The Implant-

tissue Interface Underlies Pathological Foreign Body Response

Jagannath Padmanabhan1, Kellen Chen1, Clark A. Bonham1, Britta

A. Kuehlmann1, Teruyuki Dohi1, Dominic Henn1, Zachary A. Stern-

Buchbinder1, Peter A. Than1, Hadi S. Hosseini1, Noah J. Magbual1,

Mimi Borrelli1, Dharshan Sivaraj1, Artem A. Trotsyuk1, Sun Hyung

Kwon1, Zeshaan Maan1, Michael Januszyk1, Lukas Prantl2, Geoffrey

C. Gurtner1

1Department of Surgery, Stanford University, Stanford, CA, USA, 2Center

of Plastic, Aesthetic, Hand and Reconstructive Surgery, University

Hospital Regensburg, Regensburg, Germany

Background: Sustained inflammation around biomedical implants leads

to reduced biocompatibility, long-term foreign body response (FBR), and

eventual implant failure. Inflammation in FBR has also been linked to

rare forms of cancer such as the Breast Implant-associated Anaplastic

Large Cell lymphoma, which recently led to the temporary ban of tex-

tured implants in the US. While there is a consensus about the central

role of inflammation in FBR, the trigger for this inflammation remains

unclear. Elucidating and targeting these inflammatory mechanisms are

crucial in order to develop durable, next-generation medical devices.

Methods: We developed a unique, large volume human tissue library

consisting of breast implant capsules with different degrees of fibro-

sis. We analyzed mRNA isolated from the paraffin-embedded human

tissue specimens using a next-generation sequencing-based quantita-

tive assay against a biomarker Panel, consisting of 1000+ known bio-

markers for inflammation and fibrosis. Further, we modeled the local

mechanical stress patterns that emerge at the implant-tissue interface

in mice and humans using finite element modeling. Finally, we devel-

oped a mechanically stimulated implant (MSI) model and compared

the fibrous capsules formed around standard implants and MSIs in

mice using histopathology and single cell sequencing, and compared

the results with human implant capsules.

Results: Analysis of this human tissue library using next-generation

sequencing implicated mechanical signaling as the prime driver of

inflammation in FBR-mediated implant failure. Further, we found that

owing to the large differences in tissue geometry and mechanical prop-

erties, the effective mechanical stress around biomedical implants in

humans was 100-fold higher than that around standard murine implants.

Armed with this insight, we created a reproducible small animal model

of ‘human-like’ FBR, characterized by sustained inflammation around

implants, by altering the mechanical forces at the implant-tissue inter-

face. Single cell sequencing revealed that in standard murine implants,

there is a modest inflammatory response at the early stage, which sub-

sided by later timepoints. In contrast, mechanically stimulated implants

(MSIs) generated a sustained presence of mechanically activated mye-

loid cells at the implant-tissue interface, which upregulate a gene signa-

ture similar to that found in Baker IV human breast implant capsules.

Conclusions: In summary, we found that mechanically activated mye-

loid cells drive the sustained inflammatory response around biomedi-

cal implants and are responsible for a Baker IV-like capsule

phenotype. We conclude that pathologic FBR is the result of an ongo-

ing inflammatory response activated by mechanical signaling due to

the implant that resembles a wound that never fully heals.
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D1. | Skin Wounding Induces Cognitive And Behavioral

Alterations And Modulates Cytokine Expression In The Murine

Hippocampus

Daniel Fregoso1, Yasmin Hadian1, Anthony Gallegos1, John Maaga1,

Isaiah Kletenik2, Melanie Gareau1, Rivkah Isseroff1

1UC Davis, Sacramento, CA, USA, 2Harvard Medical School, Brigham and

Women's Hospital, Boston, MA, USA

Background: Patients with chronic wounds often have associated

cognitive dysfunction and depression with an as yet unknown mecha-

nism for this association.

Methods: To address the possible causality of skin wounding inducing

these changes, the behavior and cognitive functions of mice with an

excisional skin wound were compared to those of control unwounded

animals. Hippocampal tissues were probed for expression of inflam-

matory mediators and cerebral cortices and sera were analyzed for

catecholamines.

Results: At six days post wounding, wounded animals exhibited

increased depressive and anxiety-like behaviors as well as decreased

memory, as elicited by the forced swim, light/dark box and novel

object recall tests, respectively (n= 8-10, p= <0.05). Wounded ani-

mals also had concomitant increased hippocampal expression of

TNFα, the pattern recognition receptor NOD2, the glucocorticoid

receptors GR/NR3C1 and NR3C2 (n=8 unwounded, 16 wounded p

< 0.05). Prefrontal cortex serotonin metabolism was increased as

evidenced by increase in tryptophan precursor and of the serotonin

metabolite 5-HIAA (n= 8 -10, p= < 0.05). The dopamine metabolite,

HVA was also elevated in the cortex of wounded animals. In con-

trast to the central CNS findings, day six post -wounding serum cat-

echolamines did not differ between wounded and unwounded

animals.
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Conclusions: These findings suggest that wounding induces an altered

expression of inflammatory mediators and pattern recognition recep-

tor genes in the hippocampus, independent of changes in systemic

mediators, which may be responsible for the observed behavioral

deficits.

D2. | Transcriptome Analysis Identifies Differentially Regulated

Genes Contributing To Hematological Response After Radiation

Exposure In A Mouse Model

Abdulnaser Alkhalil1, John Clifford2, Stacy Miller3, Ross Campbell4,

Aarti Gautam5, Marti Jett5, Rasha Hammamieh5, Lauren Moffatt1,

Jeffrey Shupp1

1MedStar Health Research Institute, Washington, DC, USA, 2USAISR, San

Antonio, TX, USA, 3The Oak Ridge Institute for Science and Education,

Fort Detrick, MD, USA, 4The Geneva Foundation, Washington, DC, USA,
5Walter Reed Army Institute of Research, Silver Spring, MD, USA

Background: Risks of radiation exposure in occupational, accidental,

or deliberate incidents are on increase. Physiological and biological

consequences of ionizing radiation exposures are not well under-

stood but known to be accumulative and lethal at higher doses

when repair and restoration mechanisms in affected victims are

overwhelmed. Using a genomic approach in a mouse irradiation

model we have characterized hematological responses that align

with clinical manifestation of radiation exposure at molecular levels.

Opposite hematological responses in survivable and lethal IR doses

were identified.

Methods: Groups of mice n=5 received whole-body x-ray exposures

(0, 1, 3, 6, or 20Gy) and skin biopsies were obtained from each animal

at times post-irradiation (h2, Days 4, 7, 21, 28). Biopsies were col-

lected from the 20Gy cohort for only days 0, 4, and 7. Total RNA was

isolated and microarrays were performed and analyzed using custom

R scripts to obtain lists of probe sets differentially expressed. Changes

in gene expression at Benjamini-Hochberg FDR adjusted P less than

0.05 and FC greater than 2 were deemed significant. Analyses were

performed comparing the different doses of X-ray exposure over all

time points.

Results: Mice in the 20Gy group were euthanized by d7 and the dose

was considered lethal. Animals in 1, 3, and 6Gy groups completed the

full experiment to d28. Sammon plot analysis of transcriptomes

showed clear separation of samples based on the irradiation levels

and time after exposure. Pathways enrichment analysis of the signifi-

cantly differentially transcribed genes (SDTGs) Identified GP6 signal-

ing pathway and the intrinsic prothrombin activation pathway among

the top significantly (-log p greater than 1.3 and z-score greater than

Abs 2) modulated pathways in lethal and sublethal IR doses. Both

pathways were predicted significantly inactivated in lethal doses and

activated in at least one time point in the sublethal doses. Dys-

regulation of collagens, laminin, calmodulin, platelet-derived growth

factor like and kallikrein related peptidases undelying the modulations

in these pathways. Other genes contributing to heme-binding and

movement and activation of leukocytes and blood cells, such as eryth-

roblast membrane associated protein (ERMAP), erythroid differentia-

tion regulator 1 (EERDR1), hemoglobin subunit alpha 2 and beta

(HBA1/HBA2, HBB), hemopexin (HPX), heme binding protein

2 (HEBP2), and hemojuvelin BMP co-receptor (HJV) were differen-

tially transcribed after IR exposure.

Conclusions: These results introduce the major pathways and genes

involved in hematological system responses to IR dose exposures and

differentiate between responses to lethal and sublethal doses.

D3. | Pseudomonas Aeruginosa Theft Biofilm Requires Host

Lipidsof Cutaneous Wound

Nandini Ghosh1, Mithun Sinha1, Dayanjan S. Wijesinghe2, Shomita

S. Mathew-Steiner1, Amitava Das1, Kanhaiya Singh1, Mohamed El

Masry1, Savita Khanna1, Hiroyuki Inoue3, Katsuhisa Yamazaki3,

Manabu Kawada3, Gayle M. Gordillo1, Sashwati Roy1, Chandan

K. Sen1

1Indiana University, Indianapolis, IN, USA, 2Virginia Commonwealth

University, Richmond, VA, USA, 3Institute of Microbial Chemistry,

Microbial Chemistry Research Foundation, Tokyo, Japan

Background: PA biofilm causes wound chronicity. Both CDC as well

as NIH recognizes biofilm infection as a threat leading to wound chro-

nicity. Chronic wounds on lower extremities often lead to surgical

limb amputation. Objective: This work addressing complexities in

wound infection, seeks to test the reliance of bacterial pathogen Pseu-

domonas aeruginosa (PA) on host skin lipids to form biofilm with path-

ological consequences.

Methods: An established pre-clinical porcine chronic wound biofilm

model, infected with PA (PAWT) or Pseudomonas ceramidase mutant

strains (PAΔCer) was used. The porcine wounds were followed till

day 56 post wounding. Analyses of wound closure (digital

planimetry), skin barrier function (TEWL), ceramide levels (targeted

lipidomics), wound biofilm infection assay (by scanning electron

microscopy, wheat-germ agglutinin, PA quorum sensing genes by

quantitative RT-PCR), PPARδ, ABCA12 expression (IHC and quanti-

tative RT-PCR) were done.

Results: We observed that bacteria drew resource from host lipids

to induce PA ceramidase expression by three orders of magnitude

(n=5, p<0.05). PA utilized product of host ceramide catabolism to

augment transcription of PA ceramidase. Biofilm formation was

more robust in PA compared to PAΔCer (n=6, p<0.05). Downstream

products of such metabolism such as sphingosine and sphingosine-

1-phosphate were both directly implicated in the induction of cer-

amidase and inhibition of PPARδ, respectively. PA biofilm, in a

cermidastin-sensitive manner, also silenced PPARδ via induction of

miR-106b (n=6, p<0.05). Low PPARδ limited ABCA12 expression

resulting in disruption of skin lipid homeostasis. Barrier function of

the wound-site was thus compromised.

A10 ABSTRACTS



Conclusions: This work demonstrates that microbial pathogens must

co-opt host skin lipids to generate complex biofilms. Anti-biofilm

strategies targeting host lipids at risk of infection could be

productive.

D5. | Cell Therapy Stimulates Antimicrobial Properties Of

Venous Leg Ulcers Via Perforin-2

Vivien Chen, Rivka Stone, Jamie L. Burgess, Natasa Strbo, Irena

Pastar, Marjana Tomic-Canic

University of Miami Miller School of Medicine, Miami, FL, USA

Background: Unresolved inflammation and persistent infection from

both intracellular and extracellular pathogens are major factors that

contribute to wound chronicity. The antimicrobial protein Perforin-2

(P-2)/MPEG1 is a highly conserved membrane attack complex pore-

forming domain containing protein that plays an indispensable role

in the innate immune response against intracellular pathogens. It is

downregulated in chronic wounds, which results in increased intra-

cellular bacteria. In this study, we investigated P-2 modulation trig-

gered by treatment of chronic venous leg ulcers (VLU) with

bioengineered bilayered living cell construct (BLCC), an FDA-

approved therapy demonstrating efficacy in promoting healing

of VLUs.

Methods: We previously conducted a clinical trial (NCT01327937)

(n=30) and comprehensive genomic analyses that showed that appli-

cation of BLCC shifts nonhealing VLUs to a healing phenotype

through promotion of antifibrotic remodeling in the wound bed and

inducing acute wound-like inflammatory response in the wound edge.

Here we used a similar approach to determine P-2 regulation by BLCC

treatment. To further define the broader role of the innate antimicro-

bial response in chronic wound closure, we also examined expression

of antimicrobial peptides (AMPs) in transcriptomic profiles from

human acute wounds (n=6), VLUs (n=10), and diabetic foot ulcers

(DFUs) (n=8).

Results: BLCC treatment upregulates P-2 expression in VLUs to pro-

mote an enhanced anti-microbial response as a component of its

induction of a healing tissue response. Upon further subgroup analy-

sis, BLCC-triggered P-2 upregulation was significant only in VLUs that

subsequently healed and not in their non-healing counterparts. This is

the first evidence that a cell-based therapy in chronic wounds triggers

antimicrobial effect of the host. Expression levels of AMPs β

defensins, S100 alarmins, RNAses and dermcidin were similarly regu-

lated in acute and chronic wounds. In contrast, P-2 was the only AMP

exclusively upregulated in acute wounds, displaying downregulation

or no change in non-healing ulcers (DFUs and VLUs, respectively).

Conclusions: Taken together, our findings elucidate potential anti-

microbial mechanisms of action in BLCC treatment, and support a

specific role for P-2 in contributing to the antimicrobial innate

immune response necessary for successful wound closure of

chronic wounds.
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E1. | Single Cell RNA Sequencing Reveals Fibroblast

Heterogeneity Across Embryonic Origins Of Skin

Michelle Griffin, Megan King, Kellen Chen, Heather desJardins-Park,

Shamik Mascharak, Evan Fahy, Nicholas Guardino, Christopher Lavin,

Darren Abbas, Michael Januszyk, Derrick Wan, Michael Longaker

Stanford Univeristy, Palo Alto, CA, USA

Background: Human skin scarring varies according to anatomical loca-

tion, with the face healing at differing rates to scalp, ventrum and dor-

sum. Fibroblasts are the key cells involved in skin homeostasis, wound

healing and fibrosis, originating from four embryonic origins. Fibro-

blasts from the face, scalp, ventrum and dorsum originate from the

neural crest, cephalic mesoderm, lateral plate mesoderm and somite

mesoderm, respectively. Defining fibroblast subpopulations across

embryonic origins will allow us to understand the heterogeneity in

skin scarring throughout the body. Here, we use single-cell RNA

sequencing to understand fibroblast heterogeneity across embryonic

origins in murine excisional wounds over time

Methods: Stented excisional wounds were created in the facial, scalp,

ventrum and dorsum regions in C57/BL6J mice. Wounds were

harvested at post-operative day (POD)-7 and POD-14, with

unwounded skin serving as controls. Wound sections underwent

immunofluorescence staining for fibrotic markers (collagen type-I/

Col-1, collagen type-III/Col-3, alpha smooth muscle actin/a-SMA) and

imaged using confocal microscopy. Fibroblasts derived from the

wounds were enriched in single cell suspension using fluorescence

activated cell sorting (FACS), gating for live cells and excluding endo-

thelial, immune and epithelial cells. Fibroblasts were then processed

for droplet based microfluidic single-cell RNA analysis (ScRNAseq)

using 10x genomic platform.

Results: Facial wounds derived from the neural crest displayed signifi-

cantly accelerated wound closure and decreased scar thickness, com-

pared to dorsal, ventral and scalp derived wounds (7vs14 days,*P<0.05).

Facial wounds also demonstrated significantly lower protein expression

for classical pro-fibrotic markers (Col-1, Col-3, a-SMA) compared to dor-

sal, ventral and scalp wounds (*P<0.05). ScRNAseq analysis indicated a

shift in fibroblast subpopulations from the unwounded state to POD-14

across all four embryonic origins. We identified 6 distinct clusters of

fibroblasts cells at POD-14. Two subpopulations were abundant in facial

derived fibroblasts enriched for CD200, Ncam1 and Jag1. Pathway anal-

ysis using gene set enrichment analysis showed up-regulation of known

neural crest pathways including wnt, transforming growth factor-β and

hedgehog signalling in facial clusters, indicating that the embryonic ori-

gins of fibroblasts contributed to the outcome of skin scarring. The
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fibroblast subpopulations were also identified in human dermal scars

derived from the four embryonic origins by FACS, highlighting the

robustness of our dataset.

Conclusions: Our study demonstrates that there is a high degree of

fibroblast heterogeneity across embryonic regions, which may con-

tribute to the diversity in skin scarring across the body. Identification

of distinct scarring fibroblast subpopulations will allow us to develop

targeted anti-fibrotic treatments to overcome skin fibrosis.

E2. | Analysis Of HOX Gene Expression And The Effects Of

HOXA9 Overexpression In Fibroblasts Derived From Keloid Lesions

And Normal Skin

Dorothy M. Supp1, Jennifer M. Hahn2, Kevin L. McFarland2, Kelly

A. Combs2, Meridith Anness1

1University of Cincinnati, Cincinnati, OH, USA, 2Shriners Hospitals for

Children - Cincinnati, Cincinnati, OH, USA

Background: Keloids are fibroproliferative lesions resulting from an

abnormal wound healing process due to mechanisms that remain

incompletely understood. Keloids occur more frequently in anterior

(e.g., ears, face, chest) vs. posterior body regions; this has been attrib-

uted to higher skin tension in those areas, although this has not been

conclusively proven. Previous studies reported reduced expression of

multiple homeobox (HOX) genes in keloid versus normal fibroblasts,

suggesting a role for HOX genes in keloid pathology. However, HOX

genes are differentially expressed along the anterior-posterior axis.

Hypothetically, differential HOX expression may be due to differences

in body sites, as matched donor sites are often unavailable for keloids

and normal skin. To better understand the basis for differential HOX

gene expression in keloid vs. normal cells, we compared HOXA7,

HOXA9, HOXC8 and HOXC11 expression in keloid and normal skin-

derived fibroblasts from various body sites, and analyzed the effects

of HOXA9 overexpression.

Methods: Fibroblasts were isolated from keloid lesions (N=19), non-

lesional skin of keloid patients (N=10), and normal skin of non-keloid

patients (N=12). Expression of HOXA7, HOXA9, HOXC8 and HOXC11

was measured by quantitative PCR (qPCR). Normal and keloid fibro-

blasts (3 donor strains each) were modified to overexpress HOXA9 via

lentiviral transduction. Proliferation was measured via MTT assay, and

migration was measured using an in vitro scratch assay. HOXA9 pro-

tein, vinculin (focal adhesions) and actin (stress fibers) were localized

by immunofluorescence. Expression of genes previously implicated in

keloid pathology (COL1A1, POSTN, CCND1, CCND2, VEGF, MMP3,

WNT5A, PRICKLE1, DKK1, IGF1) was analyzed in control and

HOXA9-modified cells by qPCR. Statistical analyses were performed

using SigmaPlot; p < 0.05 was considered statistically significant.

Results: Overall, expression of HOXA7, HOXA9, and HOXC8 was sig-

nificantly lower in keloid versus normal fibroblasts. However, HOX

expression was higher in fibroblasts from more posterior vs. anterior

body sites. When keloid and normal cells from similar body sites were

compared, differential HOX expression was not observed. To

investigate the phenotypic relevance of HOX expression, HOXA9 was

overexpressed in keloid and normal fibroblasts. HOXA9 over-

expression did not affect proliferation, but significantly reduced fibro-

blast migration, increased stress fibers and focal adhesions, and

altered gene expression.

Conclusions: The results suggest that differential HOX expression

may result from differences in positional identity between keloid and

normal fibroblasts. However, HOX genes can potentially regulate

fibroblast phenotype, suggesting that differential HOX gene expres-

sion may play a role in keloid development in anterior body sites.

E3. | Disrupting Mechanotransduction Reduces Scar Formation

And Restores Cellular Subpopulations In A Large Animal Model Of

Skin Grafting

Kellen Chen, Dominic Henn, Clark A. Bonham, Chikage Noishiki, Janos

A. Barrera, Theresa C. Carlomagno, Tara Shannon, Chyna J. Mays,

Artem A. Trotsyuk, Jagannath Padmanabhan, Michael T. Longaker,

Michael Januszyk, Geoffrey C. Gurtner

Stanford University, Palo Alto, CA, USA

Background: Humans and other large organisms heal wounds by

fibrosis, forming hypertrophic scars (HTS) that severely compromise

physiologic skin function. The current standard-of-care for soft tissue

defects without exposed bone or neurovascular structures is split-

thickness skin grafting (STSG); however, skin grafts often result in

HTS formation and have other disadvantages including fragility,

abnormal pigmentation, and altered sensation. Currently, there are no

effective therapeutics on the market that prevent HTS formation

after STSG.

Methods: We developed the first large animal STSG model using clini-

cally relevant surgical techniques and established treatment protocols

for postoperative wound care. Full-thickness excisional wounds were

created on the back of red Duroc pigs. STSG were harvested with

0.01 inch thickness using an electric dermatome and meshed in a

1:1.5 ratio. Grafts were secured on the wound bed with skin staples,

bolster dressings and either treated with focal adhesion kinase inhibi-

tor (FAKI) releasing hydrogels, blank hydrogels (placebo), or standard

dressings (control). Wound healing and scar quality were assessed

over time by serial quantification of scar area in photographic images

as well as cutometer measurements of the scars over time. After

90 days, the animals were euthanized, and explanted tissue were

processed for droplet-based microfluidic single cell RNA sequencing

(scRNA-seq). We also performed immunofluorescent protein staining

and investigated the effect of FAKI on cultured porcine fibroblasts in

a 3D cell culture system.

Results: All STSG showed undesirable aesthetics and a “meshed”
appearance by 7 days, and substantial contracture and HTS formation

at 90 days (p<*0.05). We identified pathways critical to driving scar

formation, such as aberrant mechanotransduction signaling. FAK inhi-

bition significantly reduced contracture, fibrotic collagen deposition,

and improved biomechanical properties (p<*0.05). Using scRNA-seq,
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we observed an increase in myeloid and lymphoid cells in untreated

scars compared to scars treated with FAKI and unwounded skin.

Moreover, we identified that fibroblast sub-populations in untreated

scars showed osteogenic and chondrogenic differentiation fates,

whereas FAKI drove fibroblasts toward pro-angiogenic and adipogenic

differentiation states. We recapitulated these shifts in fibroblast dif-

ferentiation using 3D-cultured fibroblasts in vitro and also confirmed

these findings using immunofluorescent staining.

Conclusions: Our findings provide an effective therapeutic strategy to

mitigate HTS formation after STSG by restoring the transcriptional

differentiation fates of scar fibroblasts. Our STSG model, trans-

lationally applicable therapy, and clinically relevant endpoint measure-

ments demonstrate therapeutic potential for future human clinical

trials.

E4. | Novel Genetic Analysis Of MRL Mice Reveals That

Complement Inhibition By Factor H Reduces Scarring

Heather E. desJardins-Park1, Katya L. Mack2, Nicholas Guardino1,

Michelle Griffin1, Michael F. Davitt1, Shamik Mascharak1, Derrick

C. Wan1, Hunter B. Fraser2, Michael T. Longaker1

1Stanford University School of Medicine, Stanford, CA, USA, 2Stanford

University, Stanford, CA, USA

Background: MRL mice are uniquely able to regenerate ear punch

wounds, while dorsal wounds heal via scarring. Identifying genes

underlying this regeneration could provide novel therapeutic insights,

but previous methods could not robustly identify specific genes driv-

ing strain-specific complex traits. In recent studies, outbreeding a

strain with a trait of interest (here, ear regeneration) and assessing

hybrid offspring for spatial/tissue-specific differences in relative gene

expression from the two parent alleles (differential allele-specific

expression; “diffASE”) could reveal genes underlying that phenotype.

We hypothesized that diffASE could represent a novel approach to

identify pro-regenerative genes in MRL mice.

Methods: MRL and CAST mice were cross-bred and offspring under-

went dorsal excisional and ear punch wounding. POD7 wounds were

harvested and dermal immune (CD45+), endothelial (CD31+), and

fibroblast (Lin-) cells were FACS-isolated and underwent bulk RNA-

sequencing. Reads were mapped to the MRL or CAST genome based

on strain-specific variants. Genes with significantly differing expres-

sion (FDR<5%, Benjamini-Hochberg method) from the MRL vs. CAST

allele and dorsal vs. ear wounds were identified.

Results: Consistent with prior reports, MRL ear wounds regenerated

by POD28, while MRL dorsal and CAST ear and dorsal wounds

formed fibrotic scars. For all cell types, substantially more genes in ear

(vs. dorsum) had significantly different expression from MRL vs. CAST

allele (e.g., 2531 vs. 159 unique genes in immune cells), consistent

with ear-restricted phenotypic divergence. In fibroblasts, such genes

were enriched for wound-related pathways (e.g., cell adhesion) and

phenotypes. Fibroblast diffASE genes significantly overlapped with

regions identified by a previous “fine-mapping” genomic study of

MRL ear regeneration (*P=0.0094). Cfh (complement factor H), a neg-

ative complement modulator, had MRL-specific upregulation in ear

fibroblasts and was within a fine-mapped region. Treating typically-

scarring MRL dorsal wounds with recombinant factor H (10 mg/mL)

resulted in significantly reduced scar thickness (*P=0.0050) and less

dense/fibrotic ECM on picrosirius red staining.

Conclusions: In MRL hybrid mice, key wound cells exhibited markedly

greater allele-specific gene expression in ear wounds (regenerative)

than dorsal wounds (scarring), consistent with MRL-specific gene reg-

ulation leading to ear regeneration. Our results are supported by a

previous “fine-mapping” study that identified genomic regions func-

tionally associated with MRL ear regeneration. Integrating our results

with this study revealed a potential role for complement-inhibitory

factor H in wound regeneration, suggesting a potential therapeutic

approach to reduce scarring. Our results suggest that probing differ-

ential allele-specific gene expression may represent a powerful

approach for identifying genes underlying complex mammalian traits.

E5. | Evaluating The Effects Of Fibroblast-Specific NF-κβ
Signaling On Scar Formation

David M. Chesko, Traci A. Wilgus.

Ohio State University, Columbus, OH, USA

Background: Published studies have shown that inflammation regu-

lates cutaneous scar formation. In mature skin, reducing inflammation

generally leads to healing with less scarring. In early-gestation fetal

skin, wounds typically heal with minimal inflammation and no scarring.

Additionally, if inflammation is artificially induced in fetal wounds,

instead of healing scarlessly they heal with a scar. NF-κB is a tran-

scription factor that regulates the expression of pro-inflammatory

genes and is an important regulator of inflammation. In preliminary

studies, our lab found that there were higher levels of active NF-κB in

scar-forming embryonic day 18 (E18) mouse wounds compared to

scarless E15 wounds. We also found an increase in NF-κB related

genes in E18 dermal fibroblasts compared to E15 fibroblasts by RNA

sequencing. This led us to hypothesize that NF-κB signaling in fibro-

blasts promotes scar formation. To determine the effects of fibroblast

NF-κB signaling on scar formation in vivo, fibroblast-specific,

tamoxifen-inducible IKKβ conditional knockout (cKO) mice were cre-

ated. NF-κB signaling is dependent on IKKβ; therefore, conditional

deletion of IKKβ is commonly used to block NF-κB activation in spe-

cific cell types in vivo. Scar formation was compared in control mice

and IKKβ cKO mice using an incisional wound model to determine the

importance of fibroblast NF-κB signaling in the cutaneous scar forma-

tion process.

Methods: Five daily intraperitoneal tamoxifen injections were used

to induce Cre recombinase activity in control mice (IKKβWT/WT/

Col1a2-Cre/ERT+/-, n=13) and fibroblast-specific IKKβ cKO mice

(IKKβfl/fl/Col1a2-Cre/ERT+/-, n=18). After one week, three-

centimeter full-thickness linear incisional skin wounds were created

and closed with stainless-steel wound clips. Scar tissue was
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harvested 14 days post- wounding. Masson’s trichrome staining was

used to visualize collagen in histological sections. Scar width, scar area,

and density of collagen staining were determined using image analysis.

Results: Scar size was similar in control and IKKβ cKO mice. No statis-

tical differences were found in overall scar area or in the width of the

scar tissue in the superficial, middle, or deep portions of the scar. In

addition, no differences were observed in the density of collagen

staining between groups.

Conclusions: Our results suggest that control and IKKβ cKO mice heal

with similar scar characteristics in closed incisional wounds. We are

currently evaluating scar formation as well as other aspects of healing,

including inflammation and reepithelialization, in IKKβ cKO mice using

an excisional wound model. Additional studies are required to fully

understand the role of NF-κB signaling in dermal fibroblasts on wound

healing.
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F1. | Reactive Oxygen Species Signaling: A Therapeutic Target

For Wound Healing And Regeneration

Alanna V. Van Huizen, Luke J. Kinsey, Jacqueline M. Greene, Wendy

S. Beane

Western Michigan University, Kalamazoo, MI, USA

Background: The ancestral role of reactive oxygen species (ROS) in

tissue repair is proximal to the injury signal at the wound site. ROS

signaling is required for immune cell recruitment, angiogenesis, scav-

enging pathogens, and initiation of wound closure via the actin cyto-

skeleton. Recent data, including our work, demonstrates ROS also

regulates epimorphic regeneration of organs and limbs. However, the

distinct roles of ROS signaling in wound healing versus regeneration

are poorly understood. This study aims to elucidate whether single or

multiple ROS signaling pathway(s) regulate these two processes,

either in tandem or independently.

Methods: We used the planarian model system, where epimorphic

regeneration and wound healing are separate processes with distinct

stem cell responses. We used a general oxidative stress indicator dye

(CM-H2DCFDA) to examine the ROS accumulation timeline following

injury in different wound types (regenerative versus non-regenera-

tive). We also pharmacologically modified ROS levels to decrease (dip-

henyleneiodonium) or increase (H2O2) ROS signaling, then assayed

wound morphology at 1 hour (wound healing) and 3 days (regenera-

tion) by imaging and quantifying effects on healing and new tissue

growth. We used in situ hybridization to investigate the underlying sig-

naling mechanisms and phalloidin labeling to observe actin structures

at the wound site.

Results: Our current data reveal ROS accumulation occurs at the

wound site by 1 hour in both regenerative and non-regenerative

(wound healing only) injuries. Furthermore, ROS loss inhibits while

H2O2 exposure rescues both wound healing and regeneration. Our

data suggest ROS inhibition reduces wound site expression of the

transcription factor jun-1, which is upregulated 30 minutes after injury

and is required for regeneration, suggesting jun-1 also plays a role in

wound healing. Finally, we show that during regeneration ROS medi-

ates expression of the chaperone Heat Shock Protein 70 (Hsp70),

which is required for stem cell proliferation after injury.

Conclusions: ROS accumulation is required for both wound closure

and subsequent regeneration in planarians. H2O2 is a key signaling

molecule that promotes healing and initiates signaling, including jun-1

and Hsp70 which are downstream targets of ROS signaling that pro-

mote repair processes. Current investigations will clarify ROS roles

during wound organization by examining muscle contraction and

cytoskeletal-mediated epithelial spreading. Additionally, ongoing stud-

ies will parse whether jun-1 and Hsp70 are components of the same

or different ROS-mediated pathway(s).

F2. | Transgenic Inhibition Of Engrailed-1 Results In

Endogenous Postnatal Skin Regeneration

Shamik Mascharak, Heather E. desJardins-Park, Michael F. Davitt,

Kellen Chen, Michelle Griffin, Nicholas Guardino, H. Peter Lorenz,

Derrick C. Wan, Geoffrey C. Gurtner, Michael T. Longaker

Stanford University School of Medicine, Stanford, CA, USA

Background: Skin scars pose a massive biomedical burden, and no

available therapies exist to divert this normally fibrotic process to a

regenerative one. Recently, we showed that blockade of

mechanotransduction signaling with verteporfin, a chemical inhibitor

of Yes-associated protein (YAP), yields true wound regeneration with

recovery of dermal appendages, normal matrix ultrastructure, and

breaking strength comparable to unwounded skin.

Methods: Our preliminary findings implicated the homeobox gene

Engrailed-1 (En-1) in this striking outcome, so we generated transgenic

mouse models of heterozygous (En1Cre-ERT;Ai6;YAPfl/+; n = 4) and

homozygous (En1Cre-ERT;Ai6;YAPfl/fl; n = 8 wounds) YAP knockout.

Tamoxifen was delivered systemically prior to dorsal excisional

wounding, such that YAP signaling was knocked out in En-1-

expressing fibroblasts (GFP+). Silicone splints were adhered to the

dorsal skin to prevent rapid wound contraction. To directly probe

the postnatal role of En-1 in scarring, we generated En1Cre-ERT;Ai6;

R26iDTR mice (n = 6 wounds) enabling diphtheria toxin (DT) mediated

ablation of En-1+ fibroblasts (GFP+). Tamoxifen was delivered sys-

temically, mice were wounded, and then 200 ng of DT or PBS was

injected into the wound site at post-operative days (POD) 0, 2, and 4.

Results: While control wounds (En1Cre-ERT;Ai6;YAP+/+; n = 8 wounds)

formed bare scar areas, YAPfl/+ and YAPfl/fl wounds grew small hairs

by POD 14 and had substantial hair regrowth by POD 30, similar to

verteporfin-treated wounds. Histological analyses confirmed no
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scarring, with depletion of En-1+ fibroblasts, recovery of cytokeratin

14/19-positive secondary dermal elements, and normal matrix ultra-

structure, suggesting that En-1 is mechanically-regulated in the wound

environment to promote fibrosis. Similar to YAPfl/fl wounds, DT-

treated wounds regenerated early follicles and sprouted thick tufts of

hair by POD 30 while control PBS-treated wounds (n = 6 wounds)

formed bare scar areas. Histological analyses again supported a regen-

erative outcome, with recovery of normal follicles, glands, and matrix

ultrastructure, and virtually no En-1+ fibroblasts observed within the

wound bed.

Conclusions: Together, these data support that verteporfin pro-

motes wound regeneration specifically through its effects on fibro-

blast YAP signaling. Furthermore, they suggest that En-1 is a

mechanoresponsive master regulator of fibroblast activation; accord-

ingly, ablation of En-1 signaling, either indirectly (YAP inhibition) or

directly (DT ablation), is sufficient to trigger true wound regenera-

tion. Our findings have translational implications as they suggest

that mammalian regenerative potential might be regained in postna-

tal life if the dominant, mechanically-driven propensity for fibrosis

can be averted.

F3. | Whole-transcriptome Analysis Demonstrates Evolving

Transcriptional Human Response To Injury In Acute Wounds

And Scars

Jamie Oh, Stephen Sibbett, Lara Muffley, Shari Honari, Theo

Bammler, James W. Macdonald, Saman Arbabi, Nicole S. Gibran

University of Washington, Seattle, WA, USA

Background: The goal of this study was to use RNA sequencing on

clinical samples from both burn wounds and scars to identify novel

genes involved in wound healing and scar formation.

Methods: RNA was isolated from 108 human samples comprising of

uninjured skin (n=26), acute burn wounds (n=54), and hypertrophic

scars (HTS) (n=30). Genes with at least 1.5-fold change and a p-value

less than 0.05 with a false discovery rate of 0.05 were considered

significantly differentially expressed. Samples were sequenced using

Illumina Hi-Seq sequencers, and pathway/Gene Ontology Enrichment

analysis was conducted using iPathwayGuide.

Results: Median subject age for uninjured skin (30.5; IQR 4.5, 52) and

acute burns (31; IQR 12, 53) was higher than for the scar samples (19;

IQR 7, 51). Race and ethnicity distribution varied, but most were from

White non-Hispanic subjects, and 62% of samples were from male sub-

jects. Comparing wounds to uninjured skin (Table 1), we found 9,311

statistically significant differentially expressed genes. These accounted

for 1,017 significant Gene Ontology (GO) terms. The top 10 most signif-

icant GO terms include regulation of signaling receptor activity, regula-

tion of complement activation, cell adhesion, complement activation

(classical pathway), adaptive immune response, leukocyte migration,

inflammatory response, extracellular matrix organization, receptor-

mediated endocytosis, and G protein-coupled receptor signaling path-

way. Comparing scars to uninjured skin (Table 1), we found 7,299 statis-

tically significant differentially expressed genes. These accounted for

1,022 significant GO terms. The top 10 most significant GO terms

include many of the same cellular processes as the acute wound, but

also includes collagen fibril organization and keratinization.

Conclusions: By analyzing the whole transcriptome, we characterized

the dominant genes expressed in wound healing and scar formation.

Many of these genes have not been previously found in the context of

wound healing and scar formation. This study reveals the complexity

of these processes and helps to bring novel genes to light.

F4. | Ability Of The Panniculus Carnosus To Distribute Load

Suggests Possible Reason For Pressure Injury Recurrence Following

Poor Regeneration Of The Muscle

Nurul Jannah M. Nasir1, Alberto Corrias2, Johannes Heemskerk1, Eng

Tat Ang2, Julia H. Jenkins1, Sandeep Sebastin3, Lisa Tucker-Kellogg1

1Duke-NUS Medical School, Singapore, Singapore, 2National University of

Singapore, Singapore, Singapore, 3National University Health System,

Singapore, Singapore

Table 1. Wound and Scar top upregulated and downregulated genes ranked by log2 fold change

Rank

Wound Scar

Upregulated Downregulated Upregulated Downregulated

Gene
Name

Log Fold
Change

Gene
Name

Log Fold
Change

Gene
Name

Log Fold
Change Gene Name

Log Fold
Change

1 IL24 10.0 KRT2 -10.0 SFRP4 10.0 UGT3A2 -4.7

2 TDO2 10.0 C1orf68 -9.1 IGHG1 10.0 LINC00624 -4.5

3 CXCL5 10.0 LCE5A -9.0 DCD 10.0 SP8 -4.4

4 CXCL6 10.0 FLG2 -9.0 ACAN 10.0 CYP4B1 -4.3

5 MMP13 10.0 CHP2 -8.7 AGHG2 9.9 BEST2 -4.1

6 MMP3 10.0 FLG -8.7 COL11A1 9.7 LOC102723971 -3.9

7 MMP1 10.0 LCE2B -8.7 IGHG4 9.5 AGR3 -3.8
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Background: Predicting the risk of pressure injury is important for

prevention, but extremely difficult with current methods. Moreover,

pressure injuries frequently recur at the same site after initial healing,

and recurrence risk is also difficult to predict. The panniculus carnosus

(PC) is a thin muscle in the cutaneous layer, traditionally considered

vestigial in humans. In this work, we ask whether the PC may play a

role in prevention of pressure injuries, and whether its loss may play a

role in recurrence.

Methods: To assess PC regeneration, we created a pressure-like

injury by applying a pair of 12mm magnets to the dorsal skinfold

and PC, in two intervals of 12 hours. To assess PC microanatomy in

humans, eight heels from cadavers were dissected and analyzed by

histology. To examine the biomechanical function of the PC, a finite

element analysis was performed on a 3D model of the heel in

supine position, looking at the change in soft tissue deformation

during weight-bearing, depending on whether the PC layer is pre-

sent or absent.

Results: When the PCs of mice were injured by pressure, fluorescent

tracing of endogenous stem cells showed that the PC muscle failed to

regenerate across the distances necessary for this two-dimensional

sheet-like structure. Instead, a hole remained in the PC, while the

other tissue layers regenerated successfully. In cadavers, we found a

PC layer (with thickness 0.63 to 1.71 mm) was present in all heels

examined. Heels are among the most common sites for pressure inju-

ries to occur. In computational simulations of heel tissue undergoing

mechanical deformation during supine weight bearing, we find the PC

improves peak strain and stress (13.3% and 30% respectively) on soft

tissues around the bony prominence, and causes a dramatic decrease

in the volume of tissue experiencing high strain and stress (73% and

89% respectively).

Conclusions: Our work shows that the PC redistributes load around

the posterior of the heel bone, which could allow it to prevent pres-

sure injuries. Moreover, it is highly susceptible to poor regeneration or

failure to regenerate after pressure injury. We conclude that poor

regeneration of the PC after pressure injury might be a predictive ana-

tomical biomarker for future recurrence of pressure injury, and that

this biomarker should be evaluated prospectively in future clinical

trials.

F5. | Maximal Harvest Density Of Full-Thickness Skin Columns

In Skin Replacement Therapy

Laura Cooper, Javier Chapa, Sean Christy, Rodney Chan, Anders

Carlsson

US Army Institute of Surgical Research, San Antonio, TX, USA

Background: Split-thickness skin grafts (STSGs) are the mainstay of

skin replacement therapy but fail to reproduce basic skin functions,

such as temperature regulation, pliability, uniform texture and color,

and lubrication, and subject patients to new, open wounds that can

cause significant pain and scarring. Full-thickness skin grafts (FTSGs)

have improved cosmetic outcomes and better recapitulate skin

function, but few sites can serve as donors and requirement for “take”
is greater. Prior research has shown that full-thickness skin column

(FTSC) harvest results in improved injured site healing and decreased

donor site morbidity. In efforts to optimize the FTSC method, this

study aims to determine the maximal harvest density of FTSC donor

sites.

Methods: Ten donor sites were created on the dorsum of anesthetized

swine (Sus scrofa domestica). STSG donor sites were harvested with a

dermatome (12/1000 inch) and compared to FTSC donor sites with

the highest possible harvest ratio of sixteen 1.5mm-diameter skin col-

umns/1cm2 (28% harvest density). Donor site morbidity was assessed

via re-epithelialization, contraction, pigmentation, hair follicle number,

and scar thickness on post-burn day (PBD) 7, 14, 21, 28, 60, and 90.

Results: There were no significant differences in re-epithelialization or

contraction between FTSC and STSG donor sites. STSG donor site pig-

mentation was significantly decreased as compared to control on all

assessment days (p=0.0161, 0.0003, 0.0031, 0.0095, 0.0244, 0.0015,

respectively), and remained significantly hypopigmented as compared

to FTSC starting at PBD 14 (p<0.0001). Pigmentation was decreased

for FTSC donor sites at PBD 14 (p=0.0204) but significance was lost

by PBD 21. Both FTSC and STSG donor sites showed significantly

fewer hair follicles as compared to control at PBD 7 (p=0.0011,

0.0003, respectively). On PBD 21, STSG had significantly less hair folli-

cles as compared to FTSC donor sites (p=0.0010). This resolved by

PBD 28. FTSC scars were significantly thicker than control and STSG

at PBD 28 (p=0.0348, 0.0038, respectively) and PBD 60 (p=0.0174,

0.0329, respectively). This significance was lost by PBD 90.

Conclusions: No statistically significant differences were seen in re-

epithelialization and contraction between FTSC and STSG donor sites.

STSG were hypopigmented as compared to FTSC donor sites and had

significantly less hair follicles at day 21. FTSC donor site scars were sig-

nificantly thicker than STSG. Although decreased donor site morbidity

has been observed at lower harvest densities (10%), these results were

not seen at 28%, which likely exceeds the optimal harvest density.
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2:30 PM - 3:30 PM CTWHS SESSION 5: CONCURRENT ORAL

ABSTRACTS III

Concurrent Oral Abstract Session 3G: Chronic Wounds

G1. | Single-cell Transcriptomics Of Human Pressure Ulcers

Reveals Mhcii Expressing Keratinocytes In Patients With A Worse

Healing Outcome

Ning Xu Landén1, Dongqing Li1, Shangli Cheng1, Qiaolin Deng1, Pehr

Sommar1, Yu Pei1, Jaanika Kärner1, Eva Herter1, Maria Toma1, Letian

Zhang1, Kim Pham1, Xingqi Chen2, Liv Eidsmo1

1Karolinska Institute, Stockholm, Sweden, 2Uppsala University, Uppsala,

Sweden

A16 ABSTRACTS



Background: Pressure ulcer (PU) is a chronic non-healing wound cau-

sed by continuous pressure of the bodyweight to the skin, which is

often seen in spinal cord injury patients and the bedridden elderly

population. Despite high mortality, the pathophysiology of PU

remains poorly understood.

Methods: Here we compared single-cell transcriptomic profiles on

human epidermal cells from PU wound-edges, with uninjured skin and

acute wounds (AW) from healthy donors.

Results: We identified significant shifts of cellular composition and

gene expression pattern in PU wound-edges, which could stratify PU

into two groups. Interestingly, our study identified a subset of

keratinocytes expressing major histocompatibility complex class II

(MHCII), and these cells are enriched in the group of patients with

worse healing outcomes. We showed that IFNγ in PU-derived wound

fluid induced MHCII expression in keratinocytes, and wound fluid-

treated keratinocytes exerted an inhibitory effect on autologous T cell

activation. In line with this, T cells from PUs enriched with MHCII+

keratinocytes were found to produce less inflammatory cytokines.

Conclusions: Together, our study provides a high-resolution molecular

map of human PU in comparison to AW and the skin, which sheds

new insights into the understanding of PU pathology and the future

development of tailored wound therapy.

G2. | Cytoskeletal Deregulation In Non-Healing Chronic

Wounds Inhibits Cell Migration And Wound Re-epithelialization

Beatriz Abdo Abujamra1, Jelena Marjanovic1, Rivka C. Stone1,

Cheyanne R. Head1, Irena Pastar1, Juan P. Musi2, Fotios

Andreopoulos3, Robert S. Kirsner1, Hadar Lev-Tov1, Marjana Tomic-

Canic1, Ivan Jozic1

1University of Miami Miller School of Medicine, Miami, FL, USA,
2University of Miami School of Biomedical Engineering, Miami, FL, USA,
3University of Miami Miller School of Biomedical Engineering, Miami,

FL, USA

Background: Although impaired keratinocyte migration is known as

one of the hallmarks of non-healing chronic wounds, the molecular

mechanisms underpinning impaired cell movement in patients are yet

to be fully defined. Here, we demonstrate that both diabetic foot

ulcers (DFUs) and venous leg ulcers (VLUs) exhibit global deregulation

of cytoskeletal organization, as evidenced by RNAseq and microarray

approaches. Specifically, microfilaments, well-known regulators of cel-

lular migration, exhibit deregulation of not only Rho family of proteins,

but also their activators (ArhGEFs), inactivators (ArhGAPs) and effec-

tors, in genomic comparison to normal skin and acute wounds.

Methods: We utilized primary human keratinocytes, 3D human skin

equivalent cultures, splinted tamoxifen-inducible keratinocyte specific

caveolin-1 knockout mice and db/db mice, ex vivo human skin and

biopsies from DFU patients, in order to ascertain how disruption of

caveolae (by methyl-β-cyclodextrin, or MβCD) and caveolin-1

(by genetic ablation) affects cytoskeletal rearrangement necessary for

successful cell migration and subsequent wound closure.

Results: Interestingly, ArhGAP35, which serves both as an inactivator

of RhoA and as a glucocorticoid repressor, was found downregulated

in DFUs and VLUs. Since chronic wounds exhibit elevated cortisol

levels and caveolin-1 (Cav1), a structural component of caveolae and

a known hub for various signaling events, we posited that observed

elevation in Cav1 expression may contribute to impaired actin-

cytoskeletal signaling leading to slow keratinocyte migration. Using

3D human skin equivalent cultures, we show that Cav1 indeed

antagonizes ArhGAP35, resulting in increased activation of RhoA and

diminished activation of Cdc42, which can be rescued by Cav1 dis-

ruption. Furthermore, we demonstrate that disruption of Cav1, in

either keratinocyte specific knockout mice, or by cholesterol deple-

tion by MβCD treatment of diabetic mice, can accelerate wound clo-

sure. We also show that RNAseq analysis of MβCD treated diabetic

mouse skin exhibits global reorganization of cytoskeletal machinery

and alters the cellular architecture to promote migration and re-

epithelialization.

Conclusions: Taken together, our findings provide a previously unreported

mechanism of inhibited wound closure in chronic wound patients and

establish a new therapeutic approach to stimulate wound healing.

G3. | The Effects Of Novel NRF2 Activators On Diabetic Wound

Healing

May Barakat1, Brian David2, Kornelia Skowron2, Lin Chen1, Terry

Moore2, Luisa DiPietro1

1University of Illinois at Chicago College of Dentistry, Chicago, IL, USA,
2University of Illinois at Chicago College of Pharmacy, Chicago, IL, USA

Background: Every year, many patients undergo lower extremity

amputation due to chronic diabetic wounds, a life-threatening compli-

cation of diabetes mellitus with limited treatment options. Diabetic

skin exhibits increased oxidative stress and decreased activity of the

transcription factor Nuclear Factor Erythroid 2-related Factor

2 (NRF2), which activates a cytoprotective pathway in response to

increased oxidative stress. Exogenous NRF2 activation improves

wound healing in diabetic mice, and NRF2 -/- diabetic mice heal

slower than NRF2+ diabetic mice, suggesting that NRF2 plays a criti-

cal role in diabetic wound healing.

Methods: To investigate the effects of the novel NRF2 activators

ADJ-310 and PRL-295 on wound healing in Lepr db/db mice, two

full-thickness 8mm dorsal skin wounds were made per mouse and

treated daily for 15 to 21 days with either a novel activator, the posi-

tive control NRF2 activator Bardoxolone-methyl (CDDO-Me), or vehi-

cle alone (40% DMSO in PBS, or 10% DMSO in F-127 pluronic gel).

Wound closure was compared by measuring the wound area on each

day, normalized to Day 0. Wounds treated with ADJ-310 and vehicle

only (40% DMSO in PBS) were sampled at day 5 for qRT-PCR analy-

sis. Human dermal fibroblasts (HDFs) and HaCaT cells were treated

with ADJ-310, PRL-295, and CDDO-Me for 24 hours at normal glu-

cose to assess their effects on cell proliferation in non-diabetic

conditions.
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Results: In one study, ADJ-310-treated wounds were smaller than

controls from Days 1 to 15, with statistically significant differences on

days 1 and 2, suggesting a “jump-start” in healing. In a second study

comparing ADJ-310, PRL-295, and CDDO-Me, treated wounds were

smaller than controls between Days 0 and 8, after which wounds

were no longer visible. Analysis by qRT-PCR of day 5 ADJ-

310-treated wounds confirmed differential expression of two down-

stream targets of NRF2, HMOX-1 and NQO-1, and significantly

higher expression levels of CD206 (47X controls). All three com-

pounds demonstrated no biologically significant effects on cell prolif-

eration in HaCaT cells or HDFs at normal glucose after 24 hours.

Conclusions: These results indicate that our novel NRF2 activators

improve wound healing in diabetic mice, activate downstream targets

of NRF2, demonstrate comparable efficacy to pre-existing activators,

and may modulate inflammation during healing. Our in vitro results

align with previous results indicating that NRF2 activation in WT mice

does not improve healing. This work highlights the potential of novel

NRF2 activators as a therapeutic for diabetic ulcers.

G4. | The Novel Role Of The Notch1 Signaling In Fibroblasts-

Modulated Diabetic Wound Healing

Zhao-Jun Liu, Irena Pastar, Hongwei SHAO, YAN LI, Rochelle

Prokupets, Sophia Liu, Kerstin Yu, Roberto I. Vazquez-Padron,

Marjana Tomic-Canic, Omaida C. Velazquez

University of Miami, Miami, FL, USA

Background: Fibroblasts play a pivotal role in wound healing. Tissue

injury triggers transdifferentiation of fibroblasts into myofibroblasts,

which actively produce extracellular matrix proteins (ECM) and regula-

tory soluble factors, provide a structural scaffold and contract the

wound. They participate in the coordinated regulation of the healing

process through interactions with their neighboring cells, including

keratinocytes and endothelial cells. However, the molecular mecha-

nisms that determine the reparative response of fibroblasts in wound

healing remains unknown. Here, we identify the Notch1 pathway as a

molecular determinant that controls the plasticity and function of

fibroblasts in modulating diabetic wound healing and angiogenesis.

Methods: Immunoblotting and immunostaining were used to assess

the Notch pathway activity in fibroblasts isolated and presented in

diabetic wounds, non-diabetic wounds and normal skin. Mouse strains

in which the Notch gain-of-function (GOF) and loss-of-function (LOF)

specifically occured in fibroblasts were created to study the role of

intracellular Notch pathway activity in regulating wound healing. Skin

fibroblasts were isolated from these genetically modified mice and

tested for the effects of the intracellular Notch pathway activity on

cells' biological properties.

Results: The Notch pathway is activated in both human and murine

fibroblasts from diabetic wounds but not in normal skin and non-

diabetic wounds. Consistently, cutaneous wound healing of the FSP-

1+/-;ROSALSL-N1IC+/+mouse, in which Notch1 signaling is specifically

activated in fibroblasts, was delayed. Increase of Notch1 pathway

activity in murine skin fibroblasts suppressed their growth, migration

and phenotypic plasticity in transdifferentiation into myofibroblasts as

evidenced by decreased expression of α-smooth muscle actin

(α-SMA), type I collagen, and decreased contraction of collagen gel

in vitro. Accordingly, significantly fewer myofibroblasts and less colla-

gen were present in granulation tissues of wounds of the FSP-1+/-;

ROSALSL-N1IC+/+ mice, demonstrating that high intracellular Notch1

pathway activity inhibits the plasticity of fibroblasts. Moreover, high

Notch1 pathway activity in fibroblasts diminished their role in modu-

lating the angiogenic response of endothelial cells. Wound angiogene-

sis was drastically mitigated in the FSP-1+/-;ROSALSL-N1IC+/+mouse.

Activation of the Notch1 signaling pathway in fibroblasts inhibited

vascular network formation of endothelial cells in a 3D model of stro-

mal fibroblasts-modulated angiogenesis. We also identified that IL-6 is

a functional Notch1 target and involved in regulating angiogenesis.

Conclusions: These findings identify the Notch1 signaling pathway as

a molecular determinant that controls the plasticity of fibroblasts and

function of fibroblasts in wound healing and angiogenesis, unveiling

intracellular Notch1 signaling in fibroblasts as targets for therapeutic

intervention in diabetic wound healing.

G5. | Characterizing Host-Microbiome Interactions In Response

To Sharp Debridement In Diabetic Foot Ulcers

Shane Roesemann, Alex Cheong, Anna Tanaglia, Meghan Brennan,

Lindsay Kalan

University of Wisconsin-Madison, Madison, WI, USA

Background: Diabetic Foot Ulcers (DFUs) can become chronic

wounds with impaired healing. DFUs occur in 20-25% of diabetes

patients and are associated with a 55% 5-year mortality. DFU patients

receiving a common intervention called sharp debridement, wherein

necrotic and nonviable tissue is removed with a surgical tool, only pro-

gress to a healed wound status 50% of the time. The DFU microbiome

could explain the variability in response to sharp debridement. Higher

proportions of anaerobes and fungi, in addition to temporal commu-

nity stability, have been associated with worse healing outcomes. The

aim of this study is to determine associations between the host tran-

scriptional response to sharp debridement and microbiome metrics.

The expected outcomes will be to identify associations predictive of

patient outcomes.

Methods: To assess host-microbiome interactions, the host transcrip-

tional profile of 48 patients was characterized by RNAseq in DFU tis-

sue samples before and after debridement. Raw reads were aligned to

the human transcriptome with STAR, quantified with RSEM, and dif-

ferentially expressed genes were identified with DESeq2. In parallel,

amplicon libraries were made to characterize the bacterial (16S) and

fungal (ITS1) communities. Microbial and fungal abundance estimates

were assessed with Qiime2.

Results: Across all samples, the highest expressed transcripts were

related to skin biology, including keratin 14, keratin 6A, keratin

16, and keratin 17. 20,478 differentially expressed (p- adj < 0.1)
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transcripts were identified between the pre- and -post debridement

samples, of which many were related to skin function (keratin-5,

galectin-1) or immune function (TNF receptor, CD180). Top bacterial

taxa include known species previously associated with DFUs such as

Staphylococcus aureus and skin commensal Staphylococcus

epidermidis. Dimensionality reduction by bray-curtis dissimilarity

index yields distinct clusters between sample types.

Conclusions: Transcriptional profiles allow us to identify potential bio-

markers of wound healing that may be associated with successful out-

comes. Associations between transcriptional profiling, specific taxa or

microbiome metrics such as community diversity, and clinical outcome

may further reveal important host-microbiome interactions for further

study. Through these interactions we may gain a better understanding

of the underlying mechanisms leading to impaired wound healing,

facilitating the development of novel therapeutic interventions. In the

future, we will incorporate longitudinal data to identify these interac-

tions in the context of serial debridement.

WEDNESDAY, MAY 12, 2021

2:30 PM - 3:30 PM CTWHS SESSION 5: CONCURRENT ORAL

ABSTRACTS III

Concurrent Oral Abstract Session 3H: Chronic Wounds/

Epithelialization

H1. | Mechanisms Of Chronic Wound Initiation

Proma Basu, Manuela Martins-Green

University of California Riverside, Riverside, CA, USA

Background: Chronic wounds affect nearly 8.2 million people world-

wide and cost between $28 to $31 billion annually to treat. Despite

this significant health problem, nothing is known about how chronic

wounds initiate and develop.

Methods: In this study we use a chronic wound model and big data

analysis through Nanostring technology and Weighted Gene Correla-

tion Network Analysis (WGCNA) with tissues collected at 6, 12,

24 and 48 hours after wounding, to identify metabolic signaling path-

ways involved in initiation of chronicity. The Nanostring nCounter

Mouse Metabolic Panel consists of 748 genes which play pivotal roles

in response to injury, inflammation, oxidative stress, hypoxia and

repair response. The raw data obtained from the Nanostring panel

were analyzed with nSolver (Version 4.0) to obtain counts, normalize

the data to positive and negative controls, and perform fold change

calculations. The normalized counts were then used for the WGCNA

which comprehensively groups genes into co-expression modules to

visualise correlation network. Genes with significant (p<0.05) Module

Membership and Gene Trait Significance were used for identifying

signaling pathways that were important for the development of chro-

nicity. The signaling pathways were identified using the Reactome

database.

Results: The pathway analysis showed stabilization of PTEN

which resulted in the downregulation of PI3K/AKT1, which in

turn downregulates NRF2 thus disabling antioxidant production

resulting in the high oxidative stress that is characteristic of

chronic wounds. We find that several pathways involved in

inflammation are activated including those that generate pro-

inflammatory lipids derived from AA metabolism, and those

involving IFNγ and catecholamines.

Conclusions: Our analysis shows that myeloperoxidase (Mpo), an

enzyme secreted by neutrophils infiltrating the wound tissue to kill

bacteria, is overexpressed in chronic wounds, indicating higher

recruitment of neutrophils in chronic wounds. Moreover, the HIF1α

pathway is blocked by competition with another Hif factor

preventing activation of growth factors and cytokines that promote

granulation tissue formation towards healing. We also find that

FGF, an angiogenic factor, is underexpressed, and Thrombospondin,

an inhibitor of angiogenesis, is overexpressed, resulting in

decreased angiogenesis, a process that is critical to bring nutrients

and oxygen to the wound tissue. Finally, enzymes involved in gly-

colysis are downregulated resulting in decreased production of

pyruvate a molecule that is critical for mitochondrial production of

ATP, the currency of energy for cell function, leading to massive

cell death and wound paralysis.

H2. | Single-cell Rna-sequencing Identifies Novel Molecular

Targets Of Endothelial Microrna-200b In Diabetic Ischemic Wound

Kanhaiya Singh, Priyanka Verma, Manishekhar Kumar, Edward

Hernandez, Yashika Rustagi, Ahmed Abouhashem, Sanskruti Mahajan,

Sujit Mohanty, Savita Khanna, Sashwati Roy, Chandan K. Sen

Indiana University School of Medicine, Indianapolis, IN, USA

Background: In 2011, our laboratory reported that angiostatic miR-

200b helps maintain resting cutaneous vascular homeostasis. Injury

induced transient downregulation of endothelial miR-200b is required

to jump-start wound angiogenesis but the underlying mechanisms

remain unclear. To interrogate the transcriptional changes, single cell

RNA sequencing (scRNA-seq) was performed on ~15000 human der-

mal microvascular endothelial cells at day 3 following treatment with

miR-200b inhibitor or its mimic.

Methods: The 3’ scRNA-seq analysis was conducted using the Chro-

mium single cell system (10x Genomics) and the NovaSeq 6000

sequencer (Illumina, Inc). Unsupervised clustering using CellRanger

v3.0.2 identified five cell clusters, three of which were miR-200b

responsive. To verify the novel potential targets of miR-200b identi-

fied in endothelial cells, we used Stable Isotope Labelling by Amino

acids in Cell culture (SILAC) based proteomic analysis using mass

spectrometry.

Results: A total of 3818 proteins were detected which were then fil-

tered using statistical cut-offs (p value < 0.05; % change > 10%) iden-

tifying 319 proteins targeted by miR-200b. To dissect specific
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mechanisms involved in vascular function post-miR-200b silencing

in vivo, we generated miR-200b-429fl/fl-Tie2 Cre mice where endo-

thelial miR-200b levels was depleted. The therapeutic significance of

miR-200b inhibition was studied using ischemic hind limb in these

mice. The significance of miR-200b depletion under condition of dia-

betes was also studied using streptozotocin induced diabetic miR-

200b-429fl/fl-Tie2 Cre mice. Perfusion imaging was performed using

Laser Speckle Perfusion imaging. Color-coded perfusion maps were

analyzed at different time-points post-surgery (d3, d7, d10, d14)

(Perimed Inc.). Inhibition of endothelial miR-200b rescued hindlimb

ischemia with improved perfusion (n=11). Such effect of miR-200b

inhibition on rescuing HL-ischemia was markedly increased in diabetic

animals (n =8). This rescue was associated with increased abundance

of CD31+/vWF+ and CD31+/SMA1+ vasculogenic cells at the site of

injury (n=6).

Conclusions: This work identified miR-200b regulated endothelial

cell clusters, the functionality of which are explained by SILAC pro-

teomics data. These findings provide insight into novel mechanisms

explaining how transient inhibition of endothelial miR-200b helps

switch vascular homeostasis into an angiogenic fate in response to

injury.

H3. | Oncostatin M Improves Cutaneous Wound Re-

Epithelialization And Is Deficient Under Diabetic Conditions

AMITAVA Das, Nirupam Biswas, Nandini Ghosh, Mahadeo Gorain,

Savita Khanna, Chandan K. Sen, Sashwati Roy

Indiana University, Indianapolis, IN, USA

Background: Impaired re-epithelialization characterized by hyperkera-

totic non-migratory wound epithelium is a hallmark of non-healing

diabetic wounds. In chronic wounds, copious release of oncostatin M

(OSM) from wound macrophages is evident. OSM, a pleiotropic cyto-

kine that belongs to the IL-6-type cytokine family, is a potent

keratinocyte activator. This work sought to understand the signal

transduction pathway responsible for wound-re-epithelialization, the

primary mechanism underlying wound closure. We hypothesized that

topical treatment of OSM will improve wound re-epithelialization and

accelerate wound closure.

Methods: To address the hypothesis, a splinted full-thickness exci-

sional murine wound model was employed to test the significance

of OSM in wound healing in vivo. Human immortalized

keratinocytes (HaCaT) were used to gain insight into the molecular

mechanisms.

Results: Topical treatment of full-thickness excisional wounds of

C57bl/6 mice with recombinant murine OSM improved wound re-

epithelialization and accelerated the wound closure by bolstering

keratinocyte proliferation and migration (p<0.05; n=4-8). OSM acti-

vated the JAK-STAT pathway as manifested by STAT3 phosphoryla-

tion (p<0.05; n=6). Such signal transduction in the human

keratinocyte induced TP63, the master regulator of keratinocyte

function (p<0.05; n=4). Elevated TP63 induced integrin beta

1 (ITGB1), a known effector of keratinocyte migration (p<0.05;

n=4). In diabetic wounds, OSM was more abundant compared to

the level in non-diabetic wounds (p<0.05; n=4). However, in dia-

betic wounds OSM activity was compromised by glycation (p<0.05;

n=6). Aminoguanidine, a deglycation agent, rescued compromised

keratinocyte migration caused by glycated OSM (p<0.05; n=3).

Finally, topical application of exogenous OSM accelerated wound

closure by improving keratinocyte migration in db/db mice

(p<0.05; n=4-8).

Conclusions: This work recognizes that despite its abundance at the

wound-site, OSM is inactivated by glycation and that topical delivery

of exogenous OSM is likely to be productive in accelerating diabetic

wound closure.

H4. | Soft Tissue Versus Bone Infection: Outcomes For Patients

With Moderate To Severe Foot Infections

Amanda L. Killeen1, Kathryn Davis1, Matthew Malone2, Lawrence

A. Lavery1

1University of Texas Southwestern, Dallas, TX, USA, 2South West Sydney

Limb Preservation and Wound Research Academic Unit, Sydney,

Australia

Background: Objective: To evaluate outcomes in patients who had

soft tissue infection alone compared to those with osteomyelitis.

Methods: Two hundred-forty patients with moderate to severe foot

infections as defined by the Infectious Diseases Society of America

admitted to a single hospital were prospectively enrolled. Osteomyeli-

tis was defined as a positive culture and/or histopathology. Recurrent

osteomyelitis was defined as positive culture and/or histopathology at

the site of interest after clean margin was obtained. Dehiscence was

defined as re-opening of a surgically closed incision. Reulceration was

defined as a new full thickness ulcer at the site previously healed dur-

ing the study timeframe.

Outcomes

Soft
Tissue
N=63

Osteomyelitis
N=177

Odds Ratio
(Confidence Interval) p-value

Healed in study
timeframe

31 (49.2) 103 (58.2) 1.44 (0.81, 2.56) 0.02

Surgically closed
or covered

59 (93.7) 160 (90.4) 0.64 (0.206, 1.97) 0.43

Dehisced 20 (46.0) 105 (60.7) 3.14 (1.71, 5.77) <0.001

Days to heal 40.5, 55.8
(36.5)

46, 52.6 (32.8) (-16.15, 10.56) 0.68

Reinfection 15 (23.8) 37 (21.4) 0.85 (0.43, 1.68) 0.63

Recurrent
osteomyelitis

5 (7.9) 25 (14.5) 1.91 (0.70, 5.2212) 0.20

Reulceration
study wound

5 (7.9) 7 (4.0) 0.48 (0.15, 1.56) 0.21

New ulcer study
foot

2 (3.2) 8 (4.6) 1.44 (0.30, 6.99) 0.65

New ulcer other
foot

12 (19) 23 (13.3) 0.63 (0.29, 1.37) 0.24
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Outcomes

Soft
Tissue
N=63

Osteomyelitis
N=177

Odds Ratio
(Confidence Interval) p-value

Readmission foot
related

31 (49.2) 20 (11.6) 0.13 (0.07, 0.26) <0.001

Additional surgery 15 (28.3) 34 (19.2) 0.76 (0.38, 1.52) 0.43

Amputation, foot 3 (4.8) 16 (9) 1.99 (0.60, 7.10) 0.99

Below knee
amputation

1 (1.6) 12 (6.9) 4.5 (0.57, 35.41) 0.12

Dichotomous variables are presented as N (%). Continuous variables

are presented as median, mean (SD).

Results: At baseline, no demographic criteria were significantly differ-

ent between groups. Patients with osteomyelitis were 5.49 times

more likely to have neuropathy (p=<0.001), 1.99 times more likely to

have had a previous amputation (p=0.03), and 1.91 times more likely

to have had previous osteomyelitis (p=0.04).

Conclusions: Significantly more patients with osteomyelitis healed

during the study (p=0.02) but were 3.14 times more likely to experi-

ence wound dehiscence (p=<0.001), compared to those with only soft

tissue infection. Future study into outcomes of fully resected osteo-

myelitis versus residual osteomyelitis is warranted.
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I1. | The Impact Of Electroceutical Therapy On Acidity And

Healing In Chronic Ischemic Wounds

Dhruv Sheshadri1, Bryan Hausman1, Katie Schwartz2, Jason Collins1,

Josie Shiff1, Kath M. Bogie1

1Case Western Reserve University, Cleveland, OH, USA, 2Louis Stokes

Cleveland VA Medical Center, Cleveland, OH, USA

Background: Chronic ischemic wounds don’t heal normally, causing

significant pain and disability. Electrical stimulation (ES) is the only

adjunctive treatment recommended for these severe ischemic

wounds but has variable outcomes. We have developed and sys-

tematically tested a wearable untethered bandage enabling ES

therapy to be delivered safely outside the clinic. The ExciFlex sys-

tem comprises a disposable occlusive bandage incorporating flexi-

ble nonmetallic electrodes and an absorbent, flexible, and

transparent substrate to manage wound exudate, together with a

reusable stimulation/control module. We identified effective ES

therapeutic paradigms to enhance healing and decrease wound

infection. ES is known to increase pro-angiogenic markers which

then increases oxygen perfusion, which in turn leads to a drop in

pH. As wounds heal, the wound pH thus becomes more acidic.

The hypothesis for current study was that wounds receiving ES

would exhibit a decrease in pH due to improved healing and

angiogenesis

Methods: The efficacy of sustained electroceutical therapy was evalu-

ated in a porcine model of large ischemic wounds. Bilateral excision

wounds were created, with each pig serving as its own control. Ische-

mia was created by placing and suturing silicone flanges in the

wounds for 14 days following surgery. The flanges were then

removed and intervention was applied with two wounds receiving

standard of care (control wounds) and two active ES treatment. Elec-

troceutical therapy was applied at a 10% duty cycle, i.e. for 6 minutes

every hour, for the duration of the intervention. Bandage changes and

wound monitoring, including pH and healing status was carried out at

timepoints relevant to the wound healing pathway until the wounds

were healed.

Results: The occlusive ExciFlex substrates increased 15-45% in mass

when placed on the wound for up to 7 days, indicative of absorbent

capabilities. ES treated wounds healed by 60-80% after 10 days of

treatment. Wound healing pH decreased in the ES treated wounds

from 7.5 to 7.01 over a similar time frame but reduced much less in

control wounds

Conclusions: Improvement in tissue oxygenation increases resis-

tance to infection and promotes healing by breaking down the bio-

film layer. The reduction in pH observed is indicative of greater

oxygen release, due to an increase in angiogenesis promoted by

electroceutical therapy. The ExciFlex system delivers reliable elec-

troceutical therapy, minimizing unnecessary dressing changes and

wound bed disruption, improving healing outcomes and increasing

patient safety.

I2. | Developing Antibacterial Adhesives: Quaternary

Ammonium Incorporation Into Cyanoacrylate Polymers

Cassandra Saitow, Rhi Stevens, Richard Gurney

Simmons University, Boston, MA, USA

Background: Any disruption of tissue integrity has the potential for

infection, whether a minor wound or a major surgical incision. These,

and other traumatic wounds, have a significant risk of becoming con-

taminated by microbial pathogens of both endogenous and nosoco-

mial origins - most commonly Staphylococcus aureus, Streptococcus

pyogenes, Enterococci sp. and Pseudomonas aeruginosa. One thera-

peutic approach is to protect wounds from infection by using a rapidly

curing adhesive to seal the wound and prevent further contamination.

Efficacy of these dressing types can be enhanced by incorporating

antimicrobial agents.

Methods: Here, we demonstrate the covalent incorporation of an

antimicrobial, quaternary ammonium chloride monomer into a cyano-

acrylate polymer adhesive. The resulting adhesive rapidly polymerizes
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on contact with an aqueous environment, allowing it to mold to the

wound topography.

Results: Copolymerization was confirmed via nuclear magnetic reso-

nance spectroscopy. Cytotoxicity of the copolymer was assessed

against: S. epidermidis, a representative Gram positive species, E. coli,

a representative Gram negative species, and the mammalian NIH 3T3

mouse fibroblasts. The CA-Quat copolymer was found to exhibit

dose-dependent bacteriostatic and bactericidal effects against both

E. coli and S. epidermidis, importantly without showing any demon-

strable toxicity against mammalian 3T3 fibroblast cells.

Conclusions: The described experiments provide promising data to

suggest successful copolymerization, effective antibacterial proper-

ties, and remarkably low cytotoxic effects of the copolymer on mam-

malian cells. The polymer described here has the potential to

significantly decrease instances of surgical site and traumatic wound

infections globally.

I3. | Enzymatic Debridement Of Burn Wounds Using The

Proteolytic Gel SN514

Angela R. Jockheck-Clark1, Randolph Stone, II1, Michelle Holik1, Lucy

Schaffer1, Shanmugasundaram Natesan1, Aleksa Jovanovic2, Eric

Roche2, Lei Shi2, Christy Robert1

1US Army Institute of Surgical Research, JBSA Fort Sam Houston, TX,

USA, 2Smith & Nephew plc., Fort Worth, TX, USA

Background: Thermal burns account for 5-10% of casualties sustained

in present-day conflicts and are expected to be one of the most com-

mon wounds to occur in future conflicts. In prolonged field care (PFC)

situations, medical evacuation could be delayed for days. During this

time, burn wounds can become infected, detrimentally impact neigh-

boring tissue, and cause systemic immune responses. Therefore, it is

essential to test and evaluate non-surgical debridement agents that

could be implemented prior to reaching a military treatment facility

where definitive burn evaluations and treatments are available. This

work details how the proprietary proteolytic gel SN514 impacts burn

debridement when applied within a PFC-like timeline. SN514 contains

an enzyme formulation that is thermostable, easy to apply, and selec-

tively degrades non-viable tissue in vitro and in vivo.

Methods: Deep-partial thickness contact burns were created using an

established porcine model, and covered with either gauze or an anti-

microbial incise drape. Four days later, the burns were treated with

one of five treatments: 0.2% SN514, 0.8% SN514, a vehicle control,

gauze, or an antimicrobial silver dressing. Treatments were re-applied

every 24 hours for up to 96 hours. The effects of the treatment regi-

mens were compared histologically. Biopsies were also taken to moni-

tor bacterial contamination levels.

Results: Burns treated with SN514 were partially debrided and visu-

ally distinct from those treated with gauze, the silver dressing, or the

vehicle control. The SN514-treated burns that had been covered with

“dry” gauze had a much lower debridement efficiency than those

treated with the incise drape. This suggests that SN514 debridement

efficiency may depend on the presence of a moist eschar. Preliminary

analyses also suggest that there was little difference in burn wound

bacterial counts among the five treatment groups.

Conclusions: SN514 is able to debride burns that experienced delayed

treatment, without any evidence of harm to the surrounding tissue or

evidence of exacerbating the original burn injury. SN514-treated

wounds displayed little to no blood loss and did not increase burn

wound infection levels compared to wounds treated with gauze or an

antimicrobial silver dressing.

I4. | Bioluminescence Imaging And Digital Planimetry In Stage

4 Pelvic Pressure Injuries: Preliminary Case Series

James B. Stiehl

St Mary's Hospital, Centralia, IL, USA

Background: Evolving digital technologies allow for new capabilities

in wound care. Such an innovation is a digital planimetry application

combined with a 405-nanometer violet light that allows superior

imaging by identifying protein porphyrins in bacteria. Early experience

with this technology improved clinical decision making with simple

imaging.

Methods: Recently, we added a new system for imaging which is an

iPhone combined with a device that shines a violet light (405 nanome-

ters) onto the wound giving clear evidence for bacterial bioburden.

From an investigational review board study that was assessing the

effect of wound irrigation on recalcitrant chronic wounds, a case

series of 3 patients was collected from 9 patients treated for stage

4 pelvic pressure injuries.

Results: A 70-year old male had been successfully treated six months

for a large sacral wound. He was placed on Xarelto for the threat of

chronic atrial fibrillation. This caused excessive bleeding leading to

decreased intensity of wound irrigation. The patient became septic

with methicillin resistant staphylococcus while the wound looked

excellent. Bioluminescence imaging revealed large amounts of bacte-

ria on the wound surface. Xarelto was discontinued and the sepsis

quickly resolved with return to standard wound irrigation.A 95-year

old female had sudden onset of pain and erythema of a Stage 3 wound

over the ischium. Imaging revealed gross red imaging of the wound

and a large subdermal pocket that was confirmed as an abscess space.

Immediate debridement of the abscess was successful in removing

the bacterial bioburden. Digital planimetry of the wound tunneling

was possible by sounding the space with a Qtip. We noted the tunnel

space diminished about 25% per week with irrigation.A 70-year old

demented and disabled female had a draining wound over her left hip

following hip arthroplasty seven years before. Imaging revealed con-

tamination of serous fluid coming from the hip leading to irrigation.

Conclusions: Digital imaging using bioluminescence offers clear deci-

sion making as the appearance of red bacteria has been shown to

have 100% sensitivity. Digital planimetry is accurate to the level of

0.1 cm. These new technologies offer exciting advances in chronic

wound care. 1. Rennie MY, Lindvere-Teena L, Tapang K, Linden
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R. Point-of-care fluorescence imaging predicts the presence of patho-

genic bacteria in wound: a clinical study. J Wound Care 2017; 26:

452-460. 2. Raizman R. Use of bacterial fluorescence imaging device:

wound measurement, bacterial detection and targeted debridement. J

Wound Care 2019; 28: 824-834.

I5. | Trade-offs Between Antiseptic Efficacy And Cytotoxicity In

A Human Ex Vivo Wound Contamination Model

Alex Cheong, Clayton Rust, Aiping Liu, Lindsay Kalan, Angela Gibson

University of Wisconsin-Madison, Madison, WI, USA

Background: Wound cleansing agents require balancing trade-offs

between efficacy and cytotoxicity. We evaluated the utility of an

ex vivo human skin excisional wound model to characterize both anti-

septic efficacy and cytotoxicity.

Methods: Five clinically-used wound cleansing agents (phosphate-

buffered saline [PBS], Dove® soap, Dial® soap, povidone iodine, and

chlorhexidine gluconate [CHG]) were applied for 30m. To evaluate

cytotoxicity, the MTT assay and lactose dehydrogenase (LDH) staining

of histological sections was used. For antimicrobial efficacy studies, a

wound contamination model was established by inoculating each

wound with ~102 of Pseudomonas aeruginosa.

Results: Our contamination model demonstrated that inoculums

of ~102 CFU/wound resulted in 8.4±0.5 (SD) log10 CFU/wound

after 24h in wounds left untreated. Treatment with CHG

resulted in significantly lower viable counts at 24h post-

treatment compared to all other treatments (Tukey’s HSD,

p < 0.05). Using the MTT assay, we found that Dial® and CHG

significantly reduced overall metabolic activity of the biopsies as

compared to PBS (Tukey’s HSD, p < 0.05), while LDH staining

revealed that Dove® and CHG resulted in localized cytotoxicity

at the wound edge and bed. We further characterized CHG

cytotoxicity and efficacy over time. The localized cytotoxicity of

a single CHG treatment evolves over 14 days to deplete cellular

viability across the entire 12mm biopsy. CHG achieved efficacy

at early time points by reducing viable counts to below the

limit-of-detection immediately post-application (≤1.7 vs. 2.4±0.3

log10 CFU/wound in PBS-treated wounds), with effects lasting

up to 24h post-treatment (5.2±1.2 vs. 8.6±0.3 log10 CFU/wound

in PBS-treated wounds). However, the antiseptic effects of CHG

are not long lasting. At 48h post-treatment, viable counts were

consistent with PBS-treated wounds (8.8±0.2 vs. 9.0±0.2 log10

CFU/wound respectively). A second application of CHG at 24h

post-treatment, mimicking a once-daily clinical wound cleansing

schedule, resulted in viable counts that were not significantly

different than a single CHG treatment (8.5±0.3 vs. 8.8±0.2 log10

CFU/wound in singly-treated wounds). Scanning electron micros-

copy and confocal imaging show single cells within the wound

bed at 24h post-treatment with CHG, progressing to extensive

bacterial aggregate formation and surface colonization similar to

PBS-treated wounds at 48h post-treatment.

Conclusions: We present a clinically relevant ex vivo skin model mim-

icking wound contamination to evaluate antiseptic cytotoxicity and

efficacy, with the ability to resolve spatial localization and temporal

dynamics of tissue viability and microbial growth.
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J1. | Immunomodulation Of Acellular Dermal Matrix Through

Interleukin-4 Enhances Wound Healing And Biointegration

Hannah Kang1, Victoria Nash2, Greg Risser2, Meng Zhang1, Lisa

Salopek1, Cassandra L. Fraser1, Christopher A. Campbell1, Kara

L. Spiller2, Patrick S. Cottler1

1University of Virginia, Charlottesville, VA, USA, 2Drexel University,

Philadelphia, PA, USA

Background: The use of acellular dermal matrices (ADM) in breast

reconstruction has grown significantly since first used 2005. Success

relies on rapid ADM biointegration. Macrophages regulate tissue vas-

cularization and undergo transition from the pro-inflammatory M1 phe-

notype, to the tissue repair M2 phenotype during healing. Tissue

vascularization requires M1 and M2 macrophages in the proper

sequence. We investigated incorporating immunomodulatory cytokines

into ADMs to promote M1-to-M2 transition to improve biointegration.

We hypothesized that sustained release of the M2-promoting

cytokine interleukin-4 (IL4) would control inflammation dynamics,

accelerating vascularization in the ADM, improving outcomes.

Methods: IL4 was adsorbed onto ADM samples, and release studies

determined the elution profile. Next, a mouse dorsal skinfold chamber

model was used to determine the effects of IL4-treated ADM on bio-

integration (n=8 IL4, n=8 control). Real-time measurements of vascu-

lar integration and oxygen saturation were made over 21 days.

Macrophage function (M2:M1 ratio), and vascular ingrowth (CD31)

were also evaluated histologically.

Results: ADM samples sustained release of cytokine concentrations

to 14 days in vitro. Repeated in vivo oxygen sensing imaging demon-

strated that IL4-treatment of ADM drove a 34% increase in vascular

coverage and a 56% increase in oxygen saturation levels within the

ADM at day 21, compared to control ADM. Supporting analysis of

CD31 staining revealed a significant 3-fold increase in vessels within

IL4-treated ADM compared to control. IL-4 did not increase the level

of fibroblast incorporation, but did lead to a significant increase in

smooth muscle actin.

Conclusions: The use of ADM as an immunomodulatory drug delivery

vehicle has great clinical potential. Our in vivo model provides the

ability to serially assess ADM integration. IL-4 increased the rate of
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vascularization and subsequent oxygen saturation, leading to

improved cellular infiltration and remodeling. This novel approach can

improve the clinical outcomes of ADM use in implant-based breast

reconstruction through modulating the immune response to facilitate

rapid and efficient biointegration. Future work includes increasing the

complexity of a designed pharmacologic strategy of improved ADM

integration through spatial and temporal control of a multifactorial sig-

naling cytokine profile.

J2. | Cysteine-rich Domain Of Type III Collagen N-propeptide

Inhibits Fibroblast Activation By Attenuating Tgfβ Signaling

Becky K. Brisson, Daniel C. Stewart, Chelsea Burgwin, Susan W. Volk

University of Pennsylvania School of Veterinary Medicine, Philadelphia,

PA, USA

Background: TGFβ is a major signaling protein involved in regulating the

dynamic reciprocity between cells and the ECM, which has multi-faceted

implications in wound healing, fibrosis, and cancer. Our studies define

type III Collagen (Col3) as a suppressor of scar formation and

desmoplasia through its effects, in part, on myofibroblasts. This study

tests the hypothesis that a cysteine-rich (CR) domain in the N-propeptide

of Col3 can attenuate TGFβ signaling and fibroblast activation.

Methods: TGFβ activity was examined in Col3+/+ and Col3-/- murine

embryonic fibroblasts by immunoblot analysis for downstream signal-

ing targets. To determine whether the CR-domain could bind and

attenuate cellular TGFβ signaling, we designed a synthetic peptide

containing a conserved Col3 CR-domain and a control peptide in

which serines replaced all cysteines. The CR-peptide effects on TGFβ

signaling in fibroblasts and 4T1 breast cancer cells were assessed by

immunoblot analysis and its effects on biologic activity of fibroblasts

were examined by traction-force microscopy and stressed-fibroblast

populated collagen lattice (FPCL) contraction assays. To assess CR

effects in vivo, 4T1 cells in Matrigel containing CR- or control peptides

were orthotopically injected into mice and resulting tumors and lungs

were collected for morphometric, histologic and protein analysis.

Results: Col3-/- fibroblasts exhibit increased SMAD2/3 phosphoryla-

tion and CCN2 expression relative to Col3+/+ fibroblasts. Biacore

results support kinetic binding of the CR-peptide, but not control, to

TGF-β1. Fibroblasts treated with CR-peptide had reduced SMAD2/3

phosphorylation after TGF-β1 stimulation compared to cells without

CR treatment (p<0.01), while the control peptide had no effect. The

CR-peptide also decreased fibroblast wrinkling of soft silicone com-

pared to no (p<0.001) or control (p<0.01) peptide and slowed the rate

of contraction in FPCL gels compared to control (p<0.05). CR-peptide

treated 4T1 cells had significantly less SMAD2/3 phosphorylation

after TGF-β1 stimulation than cells treated with control peptide

(p<0.01). Notably, 4T1 tumors generated in the presence of the CR-

peptide were smaller (p<0.01) and expressed less CCN2 (p<0.05) than

control peptide tumors (n=5 per treatment), suggesting incorporation

of this CR peptide into therapeutic strategies can be used to effec-

tively control pathologic responses in vivo.

Conclusions: These results suggest that the Col3 N-propeptide CR-

domain binds TGF-β1 and attenuates (but importantly does not elimi-

nate) TGFβ signaling in fibroblasts and cancer cells. Expanding our

previous work, this study elucidates an additional mechanism by

which Col3 regulates cell behaviors in post-injury and tumor microen-

vironments and suggests a novel strategy to control biologic

responses in anti-scarring/fibrosis and oncologic therapies.

J3. | ELU42, A Small Molecule WNT Signaling Inhibitor,

Promotes Regenerative Repair Following Cutaneous And Cartilage

Injury In Diabetic Mice

Dina Hassan1, Daniel Holsworth2, John Delgado2, Sarika Saraswati3

1Vanderbilt University Medical Center, Nashville, TN, USA, 2Eluciderm

Inc, San Diego, CA, USA, 3Tennessee State University, Nashville, TN, USA

Background: Canonical Wnt signaling pathway is quiescent in many

mammalian organs and gets activated in response to injury. Wnt sig-

naling promotes fibrotic wound healing following acute cutaneous

injury and topical application of Wnt signaling inhibitor promoted

regenerative cutaneous repair. Significant activation of Wnt signaling

is observed in chronic human wounds with no apparent studies

reporting the role of Wnt signaling inhibition, specifically using aque-

ous bioavailable small molecule, in modulating chronic wound repair.

Methods: In this study, we utilized STZ-induced type I diabetes

C57Bl/6J mouse model to analyze wound repair. Three different

injury models were used: ear punch biopsy injury, 1X1 cm2 full thick-

ness excisional wounds, and 1cm longitudinal incision with sutures.

ELU42, a potent and water soluble Wnt signaling small molecule

inhibitor, was applied topically every other day up to day 12. Mice

were sacrificed at day 14 and histopathological and molecular ana-

lyses was performed on excised tissues.

Results: Full thickness excisional wounds activated Wnt signaling in

both dermal and epidermal layers identified by beta catenin immune-

staining and axin2 transcript levels. Topical application of a re-

purposed water-soluble small molecule Wnt signaling inhibitor ELU42

significantly promoted wound closure, restored skin architecture with

adnexal structures and dermal-epidermal junction with rete pegs, and

well-organized granulation tissue in three different injury models: ear

punch biopsy injury, 1X1 cm2 full thickness excisional wounds, and

1cm longitudinal incision with sutures. Remarkably, in ear punch injury

topical treatment with ELU42 enabled regeneration of auricular carti-

lage. Additionally, resolution of tissue edema and stimulation of neo-

vascularization was also observed with ELU42 application.

Conclusions: Until now, the studies using small molecule Wnt signal-

ing inhibitor are limited for their therapeutic usage due to their poor

aqueous solubility. We have repurposed a small molecule Wnt signal-

ing inhibitor to make a composition that is readily soluble in saline
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hence bioavailable, non-toxic, and easy to use. Our study presents a

potent, bioavailable, small molecule Wnt signaling inhibitor that has a

strong pharmacological potential for therapeutic utilization for regen-

erative repair of chronic cutaneous wounds.

J4. | Bioprinting Of Growth Factor Eluting Scaffold Improves

Wound Healing

Kristo Nuutila1, Mohamadhamahdi Samandari2, Yori Endo1, Yuteng

Zhang1, Jacob Quint2, Ali Tamayol2, Indranil Sinha1

1Brigham and Women's Hospital/Harvard Medical School, Boston, MA,

USA, 2University of Connecticut Health Center, Farmington, CT, USA

Background: Acute and chronic wounds affect millions of people

around the world. Despite the application of current wound man-

agement strategies, the physiological healing process is disrupted in

many cases, resulting in impaired wound healing. Therefore, more

efficient and easy-to-use treatment modalities are needed.The pur-

pose of this study was to demonstrate the benefit of bioprinted

growth factor eluting adhesive scaffold for the treatment of full-

thickness wounds.

Methods: A custom-made handheld printerwas developed to

printgelatin-methacryloyl (GelMA) scaffoldcontaining vascular endo-

thelial growth factor (VEGF). The scaffold properties for wound care

were optimized by evaluating its mechanical properties and release

kinetics. Subsequently, the effect of this bioprinted scaffold on the

healing of porcine wounds were studied. Full-thickness wounds were

excised in 3 Yorkshire pigs. After wound creation, the pigs were ran-

domly divided into 4 treatment groups (n=6): 1)

BioprintedGelMAwith VEGF; 2) Bioprinted GelMA; 3) VEGF in PBS

and 4) Semipermeable film dressing. Wound healing was followed for

14 days.

Results: Based on the scaffold optimization and characterization,

9% GelMA solution was selected to be used in the animal study

due to its better printability and lower stiffness. The results from

the animal study demonstrated that the GelMA containing VEGF

scaffold increased quality of wound healing in many parameters. It

was shown that by day 14, the wounds treated with the bio-

printed GelMA with VEGF had contracted statistically significantly

less (10.32 ±1.14 %) than the other groups whereas the blank

GelMA, VEGF in PBS and non-treated wounds had contracted

26.10 ±2.40 %, 33.50 ±6.53 % and 47.28 ±1.73 % respectively. In

addition, degree of hypertrophy was significantly reduced in the

GelMA + VEGF treated wounds. Scar elevation index in the

GelMA with VEGF, blank GelMA, VEGF in PBS and non-treated

wounds was 1.09 ±0.01, 1.21 ±0.05, 1.24 ±0.02 and 1.31±0.06

respectively. The difference between the GelMA and VEGF in

comparison to the other groups was statistically significant. The

GelMA+VEGF treated wounds also demonstrated more mature

neoepidermis development in terms of epidermal thickness and

number of rete ridges.

Conclusions: The introduced bioprinting strategy for wound healing

applications is translational, easy, and convenient to use in any place,

and does not require expensive bioprinters or imaging modalities. Fur-

thermore, the bioprinted VEGF containing GelMA scaffold increased

the quality of wound healing in pigs.

J5. | Intradermal Delivery Of Vascular Endothelial Growth

Factor With Fabricated Microneedle Arrays Accelerates Wound

Healing

Mohamadmahdi Samandari1, Fariba Aghabaglou1, Kristo Nuutila2,

Hossein Derakhshandeh1, Yuteng Zhang2, Yori Endo2, Seth Harris3,

Craig Kreikemeier-Bower3, Elmira Arab-Tehrany4, Nicholas Peppas5,

Ali Tamayol1, Indranil Sinha2

1University of Connecticut, Farmington, CT, USA, 2Brigham and Women's

Hospital, Boston, MA, USA, 3University of Nebraska-Lincoln, Lincoln, NE,

USA, 4Université de Lorraine, Nancy, France, 5University of Texas, Austin,

TX, USA

Background: Insufficient vascularization in acute wounds result in

hypoxia, poor metabolic support for tissue repair, and a dysregulated

immune response within the wound microenvironment. Topical

growth factor delivery may be subject to degradation and not be bio-

available to regenerating skin. To counter this problem, we developed

a microneedle array system (MNA) for the intradermal delivery of vas-

cular endothelial growth factor (VEGF), which may facilitate vasculari-

zation and improve wound healing.

Methods: A computer-aided design (CAD) model of MNAs was

designed, and then a 3D printer (Objet 500 Connex3) was used for

fabricating. The needles were made of biocompatible VeroClear resin.

After fabrication, the support material was removed. The injection sys-

tem has an array of 4 microneedles and can be attached to a leur lock

syringe. 6 week old, obese Leprdb/J mice were subjected to a 1 cm x

1 cm dorsal wound and underwent the following interventions on day

5: (1) negative control (n=7); (2) 100 μL of VEGF solution (500 ng/mL)

topically (n=6), (3) 100 μL delivered through MNAs (n=5), or (4) deliv-

ered through a liquid jet injector (LJI) (n=6). Animals were sacrificed at

19 days post wound and assessed for wound closure and angiogenesis

by histology and immunohistochemistry. To confirm in a large animal

model, a parallel experiment was done in Yorkshire Pigs (70kg, n=3)

and the previously mentioned 4 experimental groups were similarly

assessed for wound healing (n=4 per wound).

Results: Imaging for rhodamine following injection into an agarose gel

block for rhodamine distribution confirmed improved penetration and

delivery kinetics following MNA versus either topical or LJI delivery.

MNA delivery of VEGF improved wound closure in obese Leprdb/J

mice (90+4%) versus treatment with control vector, VEGF delivered

topically (63+10%), or by LJI (50+19%) by post-wound days

19 (p<0.05 for each comparison). CD31+ vessels were also higher in

wounds following MNA VEGF delivery compared to the other groups.

Porcine studies revealed significantly decreased wound contraction
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and improved re-epithelialization (p<0.05 for all comparisons) follow-

ing MNA VEGF delivery versus the other groups, although with no

overall difference in wound closure. vWF positive vessels were also

increased in the MNA VEGF group.

Conclusions: MNA delivery of VEGF, in a murine and swine model of

full thickness skin injury, improved wound healing and vascularization.

These findings suggest that MNA may allow for improved healing by

optimizing intradermal drug delivery.
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K1. | Effect Of Senescent Cells Clearance On Wound Healing

Upasana Niyogi, Michel J. Ouellette, Mark A. Carlson

University of Nebraska Medical Center, Omaha, NE, USA

Background: Impaired or delayed skin wound healing with age repre-

sents a major clinical problem. One likely factor associated with poor

wound healing is the presence of senescent cells in the wound. Data

from the stress-induced senescent fibroblast populated collagen

matrix (FPCM) showed an increase in senescent cells with replicative,

oxidative or DNA damage-induced stress.

Methods: The objective of the present study was to test interven-

tional strategies to mitigate the negative effect of senescent cells.

Such cells are resistant to apoptosis secondary to increased expres-

sion of anti-apoptotic BCL-2 proteins. We hypothesized that BCL-2

inhibition, along with mitogen stimulation (FGF2) or nicotinamide

supplementation (NAM), would improve wound healing endpoints

in the in vitro senescent FPCM model. To further validate the

in vitro data, we also tested the efficacy of our treatment approach

in ex vivo human skin biopsy models. Skin explants were obtained

from middle aged patients undergoing elective surgery. Partial

thickness wounds (3 mm) were created using punch biopsy tool,

and the wounded skin explants were maintained in culture under

sterile conditions. Viability of the explants in culture was tested

with MTT assay, and presence of senescent cells was tested with

Beta-Galactosidase assay.Efficacy of NAM supplementation or com-

bined ABT-737/FGF2 on skin wound healing was determined over

two months.

Results: We observed a delay in the wound healing response associ-

ated with an increase in Beta-Galactosidase activity, expression of

senescence and DNA damage markers, and a decrease in proliferation

markers in the senescent FPCM compared to young FPCM. Treat-

ment of the senescent FPCM with BCL-2 inhibitor, ABT-737, reduced

the fraction of senescent cells from the matrices, and accelerated the

healing of punch wounds within the FPCM (*p<0.01). A combined

ABT-737 and FGF2 treatment further improved the wound healing

efficacy in the senescent models (*p<0.007). Also, we observed a

decline in NAD+ level with senescence (*p<0.02). Supplementation

with NAD+ precursor, NAM increased the cellular NAD+ level

(*p<0.001) and rescued the delayed healing response (*p<0.004). In

ex vivo explants, percentage of wound closure with NAM treatment

was 75%, and 85% with combined ABT-737/FGF2 treatment, com-

pared to 27% with media treatment alone. These treatments also

increased re-epithelialization and recruitment of fibroblast and

keratinocytes to wound area.

Conclusions: Overall, we showed the reduction of these senescent

cells with soluble factors improved the healing outcome in our in vitro

and ex vivo healing models. We intend next to test our therapeutic

approach on rodent models with compromised healing.

K2. | Injury To Fibroblast Monolayers Induces Expression Of

Neutrophil Chemoattractants

Vlad Strumkovsky, Brian Kuhn, William J. Lindblad

Husson University, Bangor, ME, USA

Background: The active participation of fibroblasts in promoting the

inflammatory phase of wound healing is under appreciated. We have

shown that fibroblasts challenged with lipopolysaccharide or in vitro

injury are able to induce a rapid expression of proinflammatory media-

tor mRNA including, but not limited to, interleukin (IL)s 1, 6, 8, and

13 and tumor necrosis factor-α. The studies have now been extended

to determine if the the mRNA for IL-8, which increased 7.01 fold +

1.5 - 24 hours after monolayer injury, is translated and secreted; and

if so, is it biologically active as a neutrophil chemoattractant.

Methods: Non-transformed human dermal fibroblasts (GM23971 &

GM23973) were obtained from the NIGMS cell bank at the Coriell

Institute. The cells were grown to confluence in 100 mm2 dishes in

DMEM medium containing 10% FBS and penicillin/streptomycin. The

cell monolayers were scraped in a grid profile using a micropipette tip,

the medium changed to serum-free DMEM, and monolayers returned

to the incubator for 48 hrs. Medium from 8 dishes was pooled, con-

centrated and IL-8 protein was measured by ELISA (RayBiotech). Bio-

activity was assessed in the agarose, under gel neutrophil chemotaxis

assay using HL-60 cells differentiated with DMSO to express CD11b

surface protein indicative of a neutrophil phenotype.

Results: IL-8 protein was detected in both concentrated and non-

concentrated medium - 36,631 + 1964 and 5139 + 211 pg/mL

respectively. HL-60 differentiated cells were challenged to migrate

under agarose toward concentrated media. Chemoattractant directed

movement was quite variable with the HL-60 cells, showing migration

to concentrated medium equivalent to 100 nM fMLP at 3 hrs. Due to

variability with these cells, freshly isolated human neutrophils are

being used to confirm the HL-60 results.

Conclusions: We have now shown that the rapid induction of IL-8 fol-

lowing injury to a fibroblast monolayer does lead to the secretion of

active IL-8 protein. The neutrophil chemotaxis data obtained to date

are suggestive of functional chemotactic activity, but this must be

confirmed using human neutrophils.
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K3. | Aged And Apoptotic Neutrophil Derived Microparticles

For Wound Healing

Gayathri Ganesh, Norifumi Urao

SUNY Upstate Medical University, Syracuse, NY, USA

Background: We previously showed that NOX2 NADPH oxidase in

neutrophils, which generates reactive oxygen species (ROS), is essen-

tial for regenerative myeloid responses. Given that NOX2 and ROS

also contribute to tissue damage and poor wound healing, there may

be fine-tuned mechanisms by which neutrophils promote wound

healing through NOX2 and ROS-induced signaling. Short lived neutro-

phils become aged and apoptotic, and cleared by macrophages, as key

events for wound healing, however, mechanistic link between neutro-

phil aging/apoptosis/clearance and healing response is unclear.

Methods: :

Results: We found that apoptotic neutrophils in culture release micro-

particles contain Annexin 1, Annexin V and NOX2. These microparticles

isolated by ultracentrifugation exhibit anti-inflammatory effect on cul-

tured macrophages, as measured by suppression of TNF gene at 1 hour

of LPS stimulation. In a mouse model, we found increased

NOX2-dependent oxidant particles in the bone marrow plasma peaking

at day 2 of tissue wounding. This corresponds to increased returning of

aged-type neutrophils to the bone marrow from the blood, based on

in vivo labeling of blood cells and higher ROS content in the returned

neutrophils, suggesting that aged neutrophils release microparticles in

the process of neutrophil clearance, at least in the bone marrow, and

play a critical role in NOX2-induced healing response. Indeed, we found

that aging/clearance of neutrophils in vivo from healing-impaired mice

fed a high-fat diet (HFD) is inhibited in a cell-intrinsic manner, as adop-

tively transferred neutrophils from HFD mice circulate more in the

blood in a normal recipient than those from mice fed a normal diet (ND).

However, the progression of apoptosis in an unstimulated culture is sim-

ilar between HFD and ND neutrophils, suggesting that specific environ-

ment is required for HFD-inhibited neutrophil aging/clearance. Finally,

we found that adoptive transfer of neutrophils aged in culture promote

skin wound healing in healing-impaired HFD mice.

Conclusions: Neutrophil aging and following clearance is crucial for

regenerative myeloid responses during wound healing through

NOX2-containing microparticle release and its effect on macrophages.

Also, this pathway may be dysregulated in HFD mice through a

neutrophil-intrinsic mechanism.

K4. | Wound Reepithelialization And Inflammation Are Impaired

In Perforin-2 Deficient Young And Aged Mice

Katelyn E. Rivas, Laura Padula, Eva Fisher, Cheyanne Head, Tongyu

Wikramanayake, Irena Pastar, Marjana Tomic-Canic, Natasa Strbo

University of Miami, Miami, FL, USA

Background: Wound repair declines with age and contributes to a

variety of health complications leading to decreased lifespan.

However, the cellular and molecular mechanisms governing this

decline are not well understood. Perforin-2 (P-2) is a novel pore-

forming antimicrobial protein expressed by numerous skin cell types

including keratinocytes, fibroblasts, macrophages, and gamma delta

(GD) T cells. We observed that P-2 expression is suppressed in the

epidermis of diabetic foot ulcers (DFUs), a major diabetes complica-

tion that affects the elderly. Therefore, we sought to investigate the

role of P-2 in inducing inflammation and reepithelialization in

wounded skin, particularly focusing on contributions of aging.

Methods: We induced wounds on the dorsal skin of 2 or 10-month-

old C57/BL6 WT and P-2 deficient (-/-) mice using an 8 mm biopsy

punch and assessed healing at day 3 and 6 post wounding. We ana-

lyzed reepithelialization using H & E stained wound tissues and identi-

fied activated and resting keratinocytes by performing immunostaining

using Keratin-6 and Caveolin-1 antibodies.

Results: We found that wound reepithelialization was delayed in

2-month old P-2 -/- mice on day 3 after wounding in comparison to

WT. However, there was no difference in reepithelialization by day

6. Interestingly, in 10-month old mice, wound reepithelialization was sig-

nificantly delayed at day 6 in P-2 KO -/- mice compared to WT. This

delayed wound healing was accompanied by significantly decreased K6

expression at the wound edge. Next, we assessed GD T cell presence

by immunostaining and flow cytometry. We found that GD T cell num-

bers in the wound bed were significantly reduced in P-2 -/- mice,

suggesting a role for P-2 in GD T cell recruitment to the wound site.

Conclusions: In summary, our data demonstrate impaired keratinocyte

activation and immune cell infiltration in the absence of P-2 that is

more pronounced in aged mice, indicating a potential role for this pro-

tein in inducing the inflammatory response upon wounding.

K5. | Induction Of Catalase And Estrogen Receptor Levels In

Aged Adipose Derived Stem Cells Repletes Anti-oxidant Capacity To

Restore A Young Pro-healing Phenotype

Rivka C. Stone1, Irena Pastar1, Paola Catanuto1, Simone Pereira-

Simon1, Xiaomei Xia1, Cheyenne R. Head1, Sharon J. Elliot1, Marilyn

K. Glassberg2, Marjana Tomic-Canic1

1University of Miami Miller School of Medicine, Miami, FL, USA,
2University of Arizona College of Medicine, Phoenix, AZ, USA

Background: The aging phenotype is characterized by losses of anti-

geronic factors and gains of pro-geronic factors that collectively

increase oxidative stress and impair cellular functioning. Though mes-

enchymal stem cells (MSC) have demonstrated promising therapeutic

potential in alleviating wound healing disorders, the effects of the

age-related oxidant stress on functional decline of autologous MSC

are not elucidated.

Methods: Female human adipose derived-mesenchymal stem cell

(haMSCs) were isolated from young donors (young-haMSC, <40 yo,

n=3) or older donors (aged-haMSC, >60 yo, n=5) and constitutive

levels of anti-oxidant enzymes catalase and superoxide dismutase

(SOD) as well as expression of associated estrogen receptor (ER) were
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measured. Catalase expression in both young and aged haMSC was

modulated by CRISPR. Regenerative potential of haMSC post-catalase

modulation was assessed using a human ex vivo wound healing model.

Results: We found decreased levels of catalase and SOD and

increased oxidant stress in aged-haMSC compared to young-haMSCs.

This correlated with reduced ER expression, decreased ER activation,

and reduced sensitivity to E2 of aged-haMSCs. The knockdown of

catalase using CRISPR derived plasmids in three unique young-

haMSCs resulted in ~50% reduction of ERα and an increase of ~130%

of ERβ compared to control haMSCs. Conversely, >200% increase of

catalase expression and ERα was achieved in aged-haMSC transfected

with a CRISPR catalase activation plasmid. Utilizing a human ex vivo

wounding model, young-haMSCs showed a greater potency to accel-

erate wound closure when compared to aged-haMSCs at baseline.

Inhibition of catalase and decreased ERα expression in young-haMSCs

reduced wound healing 60% compared to transfected control and

naïve aMSCs. On the other hand, transfection of aged-haMSCs with

catalase activator resulted in increased ERα and ERβ expression and

restored healing ability.

Conclusions: Modifying aged-haMSCs to increase catalase and/or ER

restored age-induced functional decline and capacity to accelerate

wound healing to the levels of young-haMSCs. Our data provide a

novel approach to improve therapeutic potential of aged haMSC by

restoring a healthy oxidant status, expanding the utilization of autolo-

gous MSCs for tissue repair, which may have profound clinical

implications.

WEDNESDAY, MAY 12, 2021

4:50 PM - 5:50 PM CTWHS SESSION 7: CONCURRENT ORAL

ABSTRACTS IV

Concurrent Oral Abstract Session 4L: Adipose Tissue/Chronic

Wounds

L1. | Plasmacytoid Dendritic Cells Regulate Th17 Activation In

Diabetic Wound Cd4+ T-cells

Christopher O. Audu, Sonya Wolf, W. James Melvin, Frank Davis,

Aaron denDekker, Sriganesh Sharma, Kevin Mangum, Emily Barrett,

Amrita Joshi, Andrea Obi, Beth Moore, Katherine Gallagher

University of Michigan, Ann Arbor, MI, USA

Background: CD4+T-cell activation is vital for normal wound repair

but the factors that control T-cell activation in wounds in vivo are not

clear. Our group and others have found increased Th17 activation in

diabetic wounds resulting in increased IL-17a and pathologic inflam-

mation that prevents tissue repair. Plasmacytoid dendritic cells (pDC)

are antigen presenting cells that are present in early diabetic wound

tissue and may play a key role in modulating CD4+T-cell phenotype.

Hence, we hypothesized that diabetic pDCs may influence wound

CD4+ T-cells towards Th17 T-cell expansion.

Methods: Wild type C57BL/6 mice were fed normal chow diet (13.5%

kcal fat; LabDiet) or high fat diet chow (60% kcal fat; Research Diets)

for 12-14 weeks to generate the diet-induced obesity (DIO) model of

glucose intolerance/insulin resistance. These mice were subsequently

wounded, and wound plasmacytoid dendritic cells harvested on day

1 and day 3. These cells were co-cultured with naïve CD4+ T-cells for

3 days, after which T-cell phenotype was determined by flow cyto-

metry. Additionally, pDC in wounds 1-day post wounding were exam-

ined by quantitative PCR for cytokine production.

Results: Following exposure to DIO pDCs, wild type activated CD4+

T-cells were activated towards a Th17 phenotype via significant

increases in TGF-beta production, demonstrating increased IL-17a

production. Further, DIO pDC recruited to wounds resulted in

decreased Th2/IL-4 producing T-cells, important for normal wound

repair.

Conclusions: Diabetic pDCs play an important role in Th17/CD4+ T-

cell activation and may act to increase inflammation in diabetic

wounds.

L2. | Subcutaneous Adipose PPAR Gamma Is Related With

Promoted Healing In Obesity Wound

Ji LIN1, Xiao-ning GAO2

1Department of Basic Medicine, Graduate School, Chinese PLA General

Hospital, Beijing, China, 2Department of Hematology, Chinese PLA

General Hospital, Beijing, China

Background: Wound healing in obesity is impeded mainly for its

unresolved mechanism. Epidermal stem cells (EpiSCs) and adipocytes

are critical components in the structure, metabolism and healing of

skin, and adipocyte differentiation has been verified beneficial for

wound healing. As PPAR gamma is a vital transcriptional factor func-

tioning in adipogenesis and differentiation, we hypothesize that

EpiSCs may interact with adipocytes through PPAR gamma in obe-

sity wound.

Methods: A high fat diet-induced obesity model of Sprague-Dawley

rats was established, setting groups of sham-injury (Sham), injury

without cell transplantation (Injury), and injury plus EpiSCs transplan-

tation, then a 6-mm diameter full-thickness excision was developed

on the dorsal skin. 1�10 5̂ epidermal basal stem cells isolated from

neonatal mice skin and suspended in 30 μl 1�PBS were injected sub-

cutaneously into each wound in EpiSCs group, as equivalent 1�PBS

was injected similarly in Sham and Injury groups. Skin wounds were

harvested and subjected to histological investigations.

Results: At 1, 3, 7 and 14 days after injury, improved histological

healing and repopulated Perilipin A(+) adipocytes were demonstrated.

Subcutaneous adipose PPAR gamma expression determined by immu-

nohistochemistry was increased at 1 and 3 days in Injury and EpiSCs

groups (P<0.05, vs Sham), while its level was still higher at 7 day in

EpiSCs group (P<0.05, vs Sham or Injury).

Conclusions: EpiSCs may coordinate with PPAR gamma-enhanced

subcutaneous adipocyte differentiation to promote healing in obesity.
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L3. | Cxcr2 Links Senescence To Healing Pathology In Both

Murine And Human Diabetic Wounds.

Holly Wilkinson, Paolo Matteucci, Matthew Hardman

Hull York Medical School, Hull, United Kingdom

Background: Cellular senescence is generally described as a negative

outcome of advanced cellular age, however, transient induction of an

injury-induced senescent phenotype has been reported to promote

tissue regeneration.

Methods: Here we combine murine and human studies to compre-

hensively address the contribution of senescence to aged and diabetic

healing. Histological and biochemical wound tissue evaluation is

coupled with functional in vitro, in vivo and ex vivo human wound

studies.

Results: Senescence was increased in both aged and diabetic murine

wounds linked to cell-type specific activation of senescence-

associated secretory phenotype (SASP) factors, including ligands for

CXCR2. Increased CXCR2 was confirmed in human chronic wounds,

correlating with elevated local senescence. Targeted modulation of

CXCR2 in both mouse and human led to promotion of healing and a

reduction in local tissue senescence.

Conclusions: These data provide important new insight into the regu-

lation of wound senescence and effects on both murine and human

pathological wound repair.

L4. | Adipose-derived Regenerative Cells And Lipotransfer In

Alleviating Breast Cancer-related Lymphedema: An Open-labeled

Phase I Trial With 4 Years Follow Up

Mads Gustaf Jørgensen

Odense University Hospital, Odense C, Denmark

Background: Patients with lymphedema following breast cancer treat-

ment (BCRL) have reduced quality of life and arm function. Current

treatments are palliative, and treatments improving lymphedema are

lacking. Preclinical studies have suggested that adipose-derived regen-

erative cells (ADRCs) can alleviate lymphedema. We, therefore, aimed

to assess whether ADRCs can alleviate lymphedema in clinical reality

with long-term follow-up.

Methods: We treated ten BCRL patients with ADRCs and a scar-

releasing lipotransfer to the axillary region, and all patients were

followed 1, 3, 6, 12, and 48 months after treatment. The primary end-

point was changes in arm volume. Secondary endpoints were safety,

change in lymphedema symptoms, quality of life, lymphedema-

associated cellulitis, and conservative treatment use.

Results: There was no significant decrease in BCRL volume after

treatment. However, self-reported upper extremity disability and arm

heaviness and tension improved. Six patients reduced their use of

conservative BCRL treatment. Five patients felt that their BCRL had

improved substantially, and four of these would redo the treatment.

We did not observe any cases of locoregional breast cancer

recurrence.

Conclusions: In this phase 1 study with four years of follow-up,

axillary delivered ADRCs and lipotransfer were safe, feasible and

improved BCRL symptoms and upper extremity function. Random-

ized controlled trials are needed to confirm the results of this

study.

L5. | Cryopreserved Adipose For Hypodermal Augmentation

After Full-thickness Burns

Patricia A. Leftwich, Shawn J. Loder, Somaiah Chinnapaka, Wayne

V. Nerone, Phoebe L. Lee, Kacey G. Marra, Asim Ejaz, Lauren E. Kokai,

J. Peter Rubin

University of Pittsburgh, Pittsburgh, PA, USA

Background: Burn and blast injuries to the face and extremities are

highly morbid injuries affecting quality of life, ability to work, and psy-

chosocial well-being. Reconstruction is limited in extensive burns or in

highly visible areas by lack of donor site and soft tissue deficits

resulting in significant disfigurement. Hypodermal restoration via

autologous adipose transplantation provides padding for the overlying

skin, helps restore native features, and enhance contour and texture.

This technique is limited by graft retention and often requires multiple

rounds of grafting and consequently multiple surgeries to achieve

adequate results. Here we demonstrate the therapeutic validity of

cryopreserved adipose as a strategy of serial skin and fat grafting for

burn reconstruction

Methods: Adipose was collected from female Yorkshire swine and

processed day-of-collection for immediate cryopreservation. After

three-months, new female Yorkshire swine received 16 4x4 cm full-

thickness burns using an electric brand. After 48 hours eschar was

removed down to fascia. The following treatment groups of 4 wounds

each were generated: A) No Treatment; B) Fat Grafting Only; C: Skin

Grafting Only; D) Serial Skin then Fat Grafting. The pigs were

maintained for 8 weeks from time of engraftment and interval serum,

photography, ultrasound, and biopsies were collected. At 8 weeks ani-

mals were sacrificed and all wounds were collected for histologic

evaluation.

Results: Split thickness skin graft take was greater than 95% in all inju-

ries. Adipose grafts from Group B, were noted to remain present and

incorporate into the granulation tissue in absence of skin graft with

viability confirmed on biopsy. Initial increase in thickness of granula-

tion layer was noted in presence of fat graft with Group B vs. Group

A. On serial ultrasound assessment, penetrating adipose grafts from

Group D were noted to be present without gross resorption at all time

points. Cryopreserved adipose remains viable throughout the duration

of the experiment with histologic evidence of incorporation at

sacrifice.
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Conclusions: Burn and blast injuries predominantly affect military per-

sonnel and first responders for whom improvement in protective

equipment has improved mortality without resolving the risk of mor-

bidity. Hypodermal augmentation with lipografting as part of a strat-

egy of autologous skin grafting addresses contour deficits and skin

quality, however is limited by the need for multiple liposuction and

grafting requiring multiple trips to the operating room with increased

surgical and anesthetic risk and high economic burden. Here we dem-

onstrate cryopreservation of adipose as an avenue to alleviate that

burden.

THURSDAY, MAY 13, 2021

2:45 PM - 5:00 PM CTWHS SESSION: YOUNG INVESTIGATORS

SYMPOSIUM

YIA1. | Wnt-active Engrailed-1 Lineage-negative Fibroblasts

Mediate Postnatal Skin Regeneration

Shamik Mascharak, Heather E. desJardins-Park, Michael Januszyk,

Kellen Chen, Michael F. Davitt, Janos Demeter, Dominic Henn,

Michelle Griffin, Clark A. Bonham, Nancie Mooney, Ran Cheng, Peter

K. Jackson, Derrick C. Wan, Geoffrey C. Gurtner, Michael T. Longaker.

Stanford University School of Medicine, Stanford, CA, USA

Background: We previously reported that embryonically derived

Engrailed-1 (En-1) lineage-positive fibroblasts (EPF) drive dorsal skin

scarring. More recently, we showed that En-1-lineage negative fibro-

blasts (ENFs) activate En-1 expression within the postnatal wound envi-

ronment, and that blocking this conversion with verteporfin (YAP

inhibitor) yields ENF-mediated wound regeneration with full recovery of

normal adnexa (hair follicles, glands), matrix ultrastructure, and mechani-

cal strength. This observation presented a unique opportunity to study

the molecular events differentiating skin regeneration from scarring.

Methods: We compared regenerating (YAP inhibition) and scarring

(PBS) excisional wounds in mice at post-operative days (POD)

0 (unwounded), 2, 7, 14, and 30 (n = 10 wounds per timepoint).

Wounds were compared in a multi-“omic” fashion using single-cell

RNA sequencing (scRNA-seq), timsTOF bulk proteomics (a novel mass

spectrometry-based technique for quantifying thousands of peptide

targets), and a novel image processing algorithm for quantifying

294 extracellular matrix parameters. Using a cell-barcoding and data

imputation approach, we correlated these data modalities on a per-

mouse basis to infer functional gene-protein-matrix relationships.

Results: Pseudotime analysis (Monocle3) of scRNA-seq data revealed

that fibroblasts followed two distinct transcriptional trajectories, one

characterized by mechanical activation (En-1 lineage-positive,

“fibrotic” trajectory) and the other characterized by developmental

and regenerative pathways (En-1 lineage-negative; Rspo1, Dkk2/3,

Trps1). Similar analyses did not reveal diverging behavior in other cell

types (e.g., myeloid or lymphoid cells). Cross-platform data integration

confirmed that fibroblasts in the fibrotic trajectory correlated with

myofibroblast proteomic signatures (Col1a1/2, Fn1, etc.) and scar ECM.

In contrast, fibroblasts in the regenerative trajectory negatively corre-

lated with myofibroblast markers and were instead associated with

basket-weave ECM quantitatively indistinguishable from unwounded

skin. Our integrated dataset suggested an important role for Wnt path-

way proteins in ENF-mediated skin regeneration, so we compared POD

14 scars and regenerated wounds by multiplexed in situ hybridization

(RNAScope) for Rspo1 (Wnt agonist), Trps1 (master hair follicle regula-

tor), Ank1 (YAP target gene), and Dpp4 (EPF marker). Quantification of

RNA granules across thousands of cells using a custom image analysis

pipeline revealed that ENF-mediated healing (low Dpp4) in YAP-

inhibited (low Ank1) wounds yielded regeneration of functional hair folli-

cles through Wnt-mediated pathway activation (high Rpos1, Trps1).

Conclusions: These data suggest that YAP inhibition unlocks wound

regeneration through Wnt-active, En-1 lineage-negative fibroblasts.

Furthermore, transcriptional divergence between the default, pro-

fibrotic transcriptional trajectory (En-1 lineage-positive fibroblasts) and

this regenerative trajectory occurs as early as POD 2, with proteomic

and matrix signatures of skin regeneration following on POD 7 and 14.

YIA2. | MiR-193b-3p In Diabetic Foot Ulcers: A Master

Regulator Of Impaired Wound Healing And A Tumor Protector

Jelena Marjanovic, Horacio A. Ramirez, Ivan Jozic, Rivka Stone,

Tongyu C. Wikramanayake, Cheyanne R. Head, Beatriz Abdo

Abujamra, Nkemcho Ojeh, Robert S. Kirsner, Hadar Lev-Tov, Irena

Pastar, Marjana Tomic-Canic

Wound Healing and Regenerative Medicine Research Program, Dr Phillip

Frost Department of Dermatology and Cutaneous Surgery, University of

Miami Miller School of Medicine, Miami, FL, USA

Background: Diabetic foot ulcers (DFUs) are marked by characteristic

non-migratory, hyperproliferative epidermis resulting from the activation

of β-catenin (Wnt) pathway and overexpression of oncogene c-myc.

Despite this hyperproliferative ‘cancer-like’ cellular microenvironment,

malignant transformation is a rare event in DFUs. To understand molecu-

lar mechanisms that contribute to such unique cellular phenotype, we

focused on the role of master-regulators, microRNAs (miRs) in DFUs.

Methods: We collected tissue samples from DFUs (n=15), venous leg

ulcers (VLUs, n=9), control skin samples (n=15), cutaneous squamous cell

carcinomas (cSCC, n=6) and acute wounds (n=3), and performed geno-

mic and qPCR analyses. Network analysis was performed using Ingenuity

Pathway analysis. To decipher the role of miR-193-3p in DFUs, we per-

formed gain- and loss-of function experiments. Cell migration was ana-

lyzed using scratch assay, re-epithelialization was evaluated using 3D skin

organotypic culture and a murine in vivo wound model. Formation of lam-

ellipodia, filopodia and stress fibers were studied using immunocytochem-

istry. RhoA activity was analyzed using RhoA pull-down assay.

Results: We found tumor suppressor miR-193b-3p upregulated spe-

cifically in the epidermis of non-healing DFUs, but not in acute

wounds, VLUs or cSCC suggesting its unique, dual role. Ectopic
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overexpression of miR-193b-3p selectively inhibits migration of

human keratinocytes and fibroblasts, without affecting proliferation.

Moreover, miR-193b-3p showed a dominant negative effect on

keratinocyte migration by suppressing wound closure in vitro even in

the presence of pro-migratory miR31-5p and miR-15b-5p. We con-

firmed miR-193b-3p healing-inhibitory effect by overexpressing it in

human 3D skin organotypic culture and in a murine in vivo wound

model. Further in-depth molecular and cellular analyses revealed that

anti-migratory of the miR-193b-3p activity occurs through a disrup-

tion of stress fiber formation and suppression of RhoA activity, with

no effect on lamellipodia or filopodia formation. To further examine

miR-193b-3p mediated suppression of wound epithelialization, we

evaluated expression of its target genes in DFUs. We confirmed sup-

pression of downstream targets of miR-193b-3p in DFUs: MAP3K1,

TNS1, SOS2, JAK2, LRP6 ARHGEF6 and proto-oncogene, KRAS. We

confirmed that KRAS is suppressed upon ectopic expression of miR-

193b-3p even in the presence of pro-migratory miRs. Moreover, miR-

193b-3p targets involved in malignant transformation were found dif-

ferentially regulated between DFUs and cSCC, providing a new

molecular insight regarding low incidence of tumor in DFUs.

Conclusions: We identified miR-193b-3p as important regulator that rep-

resents a target for promotion of wound healing and cancer therapeutic.

YIA3. | Adipocytes In Dermal Wounds Undergo Conversion To

Pro-fibrotic Fibroblasts That Contribute To Scar Formation

Nicholas Guardino, Heather E. desJardins-Park, Michelle Griffin,

Khristian E. Bauer-Rowe, Megan E. King, Megan E. King, Shamik

Mascharak, Michael T. Longaker

Stanford Medical School, Stanford, CA, USA

Background: Adipocytes have previously been implicated in skin

wound healing in both metabolic and non-metabolic roles. Recent

studies have suggested that adipocytes and fibroblasts (cellular media-

tors of scarring) interconvert in the wound environment. However,

the lineage dynamics and molecular properties of wound-resident adi-

pocytes remain undefined. We hypothesized that mature adipocytes

directly participate in wound repair via conversion into fibroblasts,

and that adipocyte-derived fibroblasts contribute to scarring.

Methods: AdipoqCre transgenic driver mice were crossed to

R26mTmG reporter mice to generate AdipoqCre;ROSA26mTmG

mice, wherein mature adipocytes (Adipoq+) and their progeny express

GFP, and other cells express RFP. AdipoqCre;ROSA26mTmG mice

underwent splinted dorsal excisional wounding and wounds were

harvested at POD7 (mid-healing) and 14 (wounds re-epithelialized) for

analysis. Wound sections underwent immunofluorescent staining

for fibroblast (e.g., collagen type I/col-I, alpha smooth muscle actin/a-

SMA) and adipocyte (e.g., perilipin) cell markers and confocal imaging.

For fibroblast subtype analysis, wound cells were stained for fibro-

blast subtype markers (Sca1, Dlk1, CD26 and analyzed via FACS. To

achieve local adipocyte ablation, AdipoqCre;ROSA26mTmG;R26tm1

(HBEGF)Awai mice were generated and wounded, and diphtheria

toxin (DT; 400 ng/mouse) was injected into the wound base on

POD0, 1, and 2. DT- and vehicle control-treated wounds underwent

histologic analysis with hematoxylin and eosin (H&E) staining.

Results: Using our AdipoqCre;ROSA26mTmG adipocyte lineage-tracing

model, we identified significantly greater number of adiponectin

lineage-positive cells (GFP+) within wounds at POD 7 and 14 compared

to unwounded skin (*P<0.05, n=5). Compared to typical subcutaneous

adipocytes, the GFP+ cells that infiltrated the injury site exhibited

upregulation of fibrotic/fibroblast markers including col-I, col-III, and a-

SMA, and downregulation of adipocyte markers including perilipin, at

POD7 and POD 14, indicating conversion of mature (Adipoq-

expressing) adipocytes into pro-fibrotic wound fibroblasts. Upon both

FACS and immunohistochemical analysis, these adipocyte-derived fibro-

blasts demonstrated positive expression of fibroblast subpopulation

markers including Sca1 and Dlk1, consistent with a hypodermal/lipo-

fibroblast identity. DT-induced ablation of Adipoq lineage-positive cells

was confirmed by the absence of GFP+ cells in wounds; these wounds

exhibited reduced dermal scarring, with decreased scar thickness and

collagen deposition at POD 14 compared to control wounds.

Conclusions: Our findings strongly suggest that mature adipocytes in

the skin undergo conversion to pro-fibrotic fibroblasts in response to the

wound environment. Local adipocyte ablation resulted in reduced scar-

ring, suggesting that adipocyte-derived fibroblasts are important contrib-

utors to wound fibrosis. Identification of the specific lineage dynamics

and molecular cues driving adipocyte-to-fibroblast transdifferentiation

may reveal novel strategies to target skin scarring and fibrosis.

YIA4. | CRISPR/Cas9 Editing Of Autologous Dendritic Cells To

Enhance Angiogenesis And Wound Healing

Dominic Henn1, Dehua Zhao2, Clark A. Bonham1, Kellen Chen1,

Autumn H. Greco1, Jagannath Padmanabhan1, Dharshan Sivaraj1,

Artem Trotsyuk1, Janos A. Barrera1, Michael Januszyk1, Lei Stanley

Qi2, Geoffrey C. Gurtner1

1Hagey Laboratory for Pediatric Regenerative Medicine, Stanford

University, Stanford, CA, USA, 2Dept. of Bioengineering,

Stanford University, Stanford, CA, USA

Background: Dendritic cells (DCs) are a heterogeneous cell population

which critically regulates the adaptive immune response. Depending on

their activation status, DCs can also promote peripheral immune toler-

ance, thus limiting the activation of the immune system and tissue dam-

age. The N-myc downregulated gene 2 (Ndrg2) is highly expressed in

DCs and limits the secretion of vascular endothelial growth factor (VEGF),

which is critical for wound healing. Cell based therapy approaches using

DCs have been approved by the FDA and clinical trials using DC immuno-

therapy are being performed against a variety of cancer types. However,

the role of DC therapy for wound healing has not yet been investigated.

Methods: Hematopoietic progenitor cells were isolated from the bone

marrow of mice and differentiated into DCs over a 7-day in vitro culture

period. Pharmacologic down-regulation of Ndrg2 was performed by
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treatment of cultures with 1,25-dihydroxyvitamin D3 (VD3) and the

angiogenic potential of the treated cells was evaluated by endothelial cell

(EC) tube formation assays. Cytokine secretion of DCs was measured in

the conditioned media using Luminex multiplex assays. To permanently

knock out Ndrg2 in DCs, a CRISPR/Cas9 gene editing approach was

developed, using Cas9/sgRNA-ribonucleoproteins and electroporation.

The determine the impact of genetically edited DCs on wound healing,

splinted excisional wounds in C57BL6/J (wild-type) mice were treated

weekly with pullulan-collagen hydrogels seeded with Ndrg2-knockout

(KO) DCs, control DCs which had undergone electroporation only, or

blank hydrogels. The transcriptomic impact of Ndrg2 downregulation on

DC fate was evaluated by microfluidic single-cell RNA sequencing

(scRNA seq) of Ndrg2-KO DCs, VD3-treated DCs and control DCs.

Results: Ndrg2 down-regulation lead to a significantly stronger EC tube

formation in co-cultures with VD3-treated DCs, and strongly enhanced

VEGF secretion compared to untreated DCs in vitro. A CRISPR/Cas9

editing pipeline was developed for KO of Ndrg2 in DCs with a transfec-

tion rate and editing efficiency of > 90% shown by Sanger Sequencing.

Excisional wounds treated with Ndrg2-KO DCs demonstrated signifi-

cantly accelerated healing compared to control DCs and blank hydro-

gels. scRNA seq revealed that Ndrg2 downregulation strongly induced

Vegfa expression and anti-oxidative transcriptomic signatures.

Conclusions: Our data indicate that KO of Ndrg2 in DCs strongly

enhances their secretion of VEGF, thus promoting angiogenesis and

accelerating wound healing. Given the ready availability of DCs from

the human blood through established leukapheresis protocols and

easy multiplication in vitro, CRISPR/Cas9 editing of DCs is a promising

new approach to induce wound healing and soft-tissue regeneration.

YIA5. | Energy Metabolism Governs The Degree Of Fibrosis In

Dermal Wound Healing

Umang M. Parikh1, Hima V. Vangapandu1, Harrison Strang1, Aditya

Kaul1, Hui Li1, Cristian Coarfa1, Swathi Balaji2

1Baylor College of Medicine, Houston, TX, USA, 2Surgery, Baylor College

of Medicine, Houston, TX, USA

Background: Similar dermal injuries in different patients can result in

varying degrees of fibrosis during wound healing. While the reasons

for this skin fibrosis/scarring heterogeneity are unknown, responses

to injury-induced oxidative stress involve energy metabolism through

both oxidative phosphorylation (OXPHOS) and glycolysis to generate

ATP and fuel tissue repair. Aerobic glycolysis is emerging as a mecha-

nism that underlie stressed cells during fibrosis. Since energy-

intensive proliferation and ECM production by fibroblasts relies on

increased lactate production, indicating a shift to aerobic glycolysis,

we hypothesize differences in intrinsic fibroblast bioenergetic metab-

olism underlie differential scarring.

Methods: We created a biorepository of paired normal-skin and c-

section scar tissue and fibroblasts from abdominoplasty samples

derived from patients with clinically stratified low(LS) and high

scar(HS) phenotypes using Vancouver Scar Scale <3 vs. >6 respec-

tively. Oxidative phosphorylation(OCR), glycolysis(ECAR), ATP-

production at resting and stress/hypoxia(seahorse-assays), mitochon-

drial membrane potential(ΔΨm;JC-1) and mitoROS(MitoSOX) were

measured. LS/HS fibroblasts(10 6̂ cells/wound) were transferred to

6mm full thickness-stented wounds on SCID mice(female,8-10wk).

Wounds were harvested at d7,28, and wound closure(H&E), a-SMA

and UPC2-3(RT-PCR), inflammatory profile(Luminex;IHC), collagen

expression(trichrome) were analyzed. n=3-4 independent cells/group;

p-values were calculated by ANOVA.

Results: Both normal-skin and scar fibroblasts from high-scarrers had

higher basal OCR and ECAR than low-scarrers(p<0.01), suggesting more

bioenergetic metabolism in high-scarrers. We observed no difference in

the %ATP production between high-scarrer and low-scarrer normal-skin

fibroblasts. High-scarrer fibroblasts responded to stress(FCCP/

Oligomycin treatments) with a significant increase in spare respiratory

and glycolytic reserve capacity than low-scarrers(p<0.01). Under hyp-

oxia, OCR decreased in both high-scarrer and low-scarrer fibroblasts,

but only high-scarrers showed a significant increase in glycolysis. High-

scarrer normal-skin fibroblasts had more depolarized mitochondria and

mitochondrial-ROS than low-scarrers(p<0.01). Proteome-profiler assay

showed Hsp-27 phosphorylation(p-Hsp-27Ser82) was significantly

lower(p<0.001) in high-scarrer fibroblasts and correlated with the scar-

ring in skin tissue. HSP27/p38 inhibitor(SB203580) significantly reduced

low-scarrer fibroblast migration to match high-scarrer fibroblast pheno-

type. In vivo, murine wounds with high-scarrer fibroblasts showed expe-

dited wound closure at d7 with increase in a-SMA(25-fold) and UCP2

(18-fold), and pronounced collagen staining at d28. D7 wounds demon-

strated reduced IL-10, IL-17, MIP-1a/b, and G-CSF in high-scarrer

fibroblast-injected wounds.

Conclusions: Fibroblasts of different scarring phenotypes display char-

acteristic bioenergetic metabolism profiles and produces distinct scar-

ring in murine wounds. Our data suggests that a shift to aerobic

glycolysis (Warburg effect) is associated with increased fibrosis (high

scar). Testing the role of Hsp-27 as a key regulator that responds to

metabolic alterations to drive the heterogeneity of human scarring is

significant because regulators of p-Hsp-27 are readily available.

YIA6. | Exosome Topical Therapy Delivered In Bioinspired

Synthetic Protein Hydrogel Enhances Cutaneous Healing Of

Diabetic Wounds

Juan F. Cortes Troncoso1, Joseph F. Kuhn1, Priya Katyal2, Bibi

Subhan1, Iraines De La Cruz1, Michael Meleties2, Jin K. Montclare2,

Piul S. Rabbani1

1New York University School of Medicine, New York, NY, USA, 2NYU

Tandon School of Engineering, New York, NY, USA

Background: We have used human bone marrow multipotent stromal

cells (MSCs) and their secreted nanoscale exosomes (Exo) to success-

fully promote wound closure in diabetic animal models of delayed
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healing. However, safe and easy delivery platforms that maintain

exosome efficacy are necessary to translate these therapies to the

bedside. Here, we describe the development of Exo-Q, a thermo-

responsive soft protein matrix loaded with MSC-derived exosomes

that accelerates wound closure in a model of Type II diabetes.

Methods: We isolated exosome preps by differential ultracentrifugation

of conditioned media from human bone marrow-derived MSCs, prior to

detailed characterization. We synthesized Q, an engineered variant of the

coiled-coil domain of cartilage oligomeric matrix protein, and incorporated

3x109 exosomes during gelation to yield Exo-Q hydrogels. We analyzed

Exo-Q using transmission electron microscopy (TEM) and performed rhe-

ology. We used excisional stented wounds on 12-16 weeks old LepRdb/

db mice and either topically pipetted on exosome preps or applied Exo-Q

hydrogels. We observed the wounds for closure and collected intermedi-

ate time point tissues for biomolecular analysis and histology.

Results: Q self-assembles into a fibrous matrix at low temperatures

and exhibits an upper critical solution temperature phase behavior.

Exo-Q shows entanglement of protein fibers uniformly interspersed

with exosomes in TEM and increased the storage modulus of Q, indi-

cating increased elasticity of a pliable hydrogel. Exo-Q solubilizes at

skin wound temperature (~31�C) for sustained delivery of exosomes

into wounds, without invasive or painful routes. Pipetted single doses

1x109 or 3x109 exosomes at post-operative day 1 (POD1) demon-

strated non-significant changes in closure time (30.25±1.5 and 27

±2 days, respectively, n=4) vs PBS/sham-treated diabetic wounds.

Exo-Q application at POD1 decreased time to closure of diabetic

wounds to 17±1.4 days compared to 28 ± 1.5 days for Q vehicle alone

(p&lt;0.01, n=3), and correspondingly also reduced the wound burden

relative to that with Q alone. Exo-Q administration also generated

extensive CD31+ neovascularization in large areas of granulation tissue

in the Leprdb/db diabetic wound bed by POD10. Exo-Q does not inter-

fere with wound healing progression. The single Exo-Q dose also

resulted in upregulated gene expression of angiogenic and wound

healing associated factors VEGF, SDF1 and PDGF in diabetic wound

beds, compared to Q vehicle-only treated wounds (all p&lt;0.05, n&gt;3).

Conclusions: Exosome delivery in our novel protein construct is an

efficacious and translatable therapy that may reverse pathologic

healing of diabetic wounds. Future iterations could incorporate drugs

into Q, with exosomes, for a compound therapeutic hydrogel.

YIA7. | Interleukin-10 Producing T-Lymphocytes Mitigate

Dermal Fibrosis

Walker D. Short, Xinyi Wang, Hui Li, Ling Yu, Aditya Kaul, Swathi

Balaji, Sundeep G. Keswani.

Baylor College of Medicine, Houston, TX, USA

Background: CD4+ T-lymphocytes are important regulators of the

immune system, which we have shown to be essential in regulating der-

mal fibrosis. Specific subsets of CD4+ cells, Regulatory T-lymphocyte

(Treg) and Type-1 regulatory T-lymphocyte(Tr1), produce IL-10, an anti-

inflammatory cytokine that we have previously shown to reduce dermal

fibrosis. However, the role of Treg and Tr1 in scarring is unclear. We

therefore hypothesize that IL-10 producing CD4+ T-lymphocyte sub-

sets attenuate dermal wound fibrosis via mediation of inflammation and

altering dermal fibroblast extracellular matrix (ECM) production.

Methods: C57BL/6J murine(male&female;6-10wk) splenocytes were

enriched for CD4+ cells and sorted into IL-10 producing subsets(Treg;

Tr1). In vitro, dermal fibroblasts were co-cultured with Treg or Tr1, and

fibrotic(Col-1A, a-SMA), ECM remodeling(Hyaluronan synthases(HAS)

1-3) and inflammatory(IL-13Ra2) markers were analyzed at 24h(qRT-

PCR). In vivo, we performed 6mm bilateral dorsal full-thickness

wounds on SCID mice(female,8-10wk), followed by adoptive transfer

of 106 CD4+, Treg, or Tr1 cells. Wounds and spleens were harvested

at days 7,28. Graft uptake, wound closure(H&E), myofibroblasts(a-

SMA), inflammatory profile(Luminex;IHC), fibrosis(trichrome), and cel-

lular interactions with imaging mass cytometry(IMC) were analyzed.

Results: Treg(1,918-pg/ml) and Tr1(1,164-pg/ml) showed elevated IL-

10 production by ELISA. In the co-culture experiments, Col-1A level

of Tr1 and Treg treated fibroblasts was reduced by 52.4% and 43.5%,

and a-SMA was reduced by 25.2% and 44.7%, respectively as com-

pared to untreated fibroblasts. HAS2, a producer of high molecular

weight hyaluronan implicated in regeneration, increased 3.11-fold and

2.95-fold; and IL-13Ra2 increased 3.66-fold and 1.94-fold with Tr1

and Treg respectively by qPCR. In vivo, amongst all, Tr1 treated mice

showed expedited wound closure at d7 and significantly greater

aSMA(IHC), though both CD4+ and Tr1 treatments resulted in signifi-

cantly reduced collagen content at d28(trichrome). Wounds of mice

treated with CD4+, Tr1, and Treg showed reduced F4/80 compared

to untreated wounds(IHC). D7 wounds demonstrated decreased IL-6,

MCP-1, and GM-CSF in the mice treated with Tr1 and Treg(Luminex).

IMC performed on d7 wounds allowed simultaneous visualization of

IL-10, CD4+ cells, F4/80 and CD206 positive macrophages providing

preliminary insight into their juxtacrine signaling mechanisms.

Conclusions: IL-10 producing CD4+ subsets regulate fibroblast ECM

deposition and inflammatory cytokine balance to attenuate fibrosis.

Promoting Tr1 recruitment and IL-10 production in wounds may be a

therapeutic target to promote regenerative wound healing. Our use of

IMC demonstrates the novel utility of this advanced technology, with

the capacity to measure up to 40 targets in a single histological sec-

tion, for uncovering the spatiotemporal interactions of immune cells

and fibroblasts in dermal wounds.

YIA8. | Novel Antibiotic-Free Synthetic Wound Matrix Prevents

Wound Infection And Promotes Healing

Ana Tellechea, Kushee-Nidhi Kumar, Ravi K. Mekala, Yewoo Lee,

Seyedeh Zahra M. Madani, Hung-Yi Liu, Manav Mehta

Gel4Med Inc, Lowell, MA, USA

Background: Chronic wounds affect 6-8 million patients in the US,

resulting in >$25 billion annual healthcare expenses, mostly due to
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antimicrobial resistance and infection recurrence. We developed a

novel antibiotic-free Synthetic Wound Matrix (SWM) and evaluated

its antimicrobial activity and wound healing potential.

Methods: SWM was manufactured as sterile self-assembly peptide

hydrogels (0.75 and 1.5 w/v%). Antimicrobial effectiveness was tested

in vitro using standard assays. Antibiofilm activity was evaluated

in vitro and ex vivo (porcine skin model). Antibacterial activity was con-

firmed in CD-1 mice. Briefly, 5 mm diameter full-thickness wounds

were inoculated with MRSA (104-106 CFU/wound), treated with

SWM, collagen, silver gel, or left untreated, and tissue was processed

to quantify bioburden at 6, 24, and 72 hours. A swine model was used

to evaluate healing potential. 2 cm full-thickness wounds were cre-

ated in the dorsal skin, treated with (i) PBS, (ii) SWM 0.75%, (iii) SWM

1.5%, (iv) collagen, or (v) silver gel, and monitored up to 14 days.

Wound closure and re-epithelialization were analyzed using Tissue

Analytics platform and histopathology.

Results: In vitro, SWM eliminated >5 log10 CFU of several clinically rel-

evant Gram-positive (Enterococcus faecium, Staphylococcus epidermidis,

Staphylococcus haemolyticus, MRSA) and Gram-negative (Pseudomonas

aeruginosa (PaO1), ESBL Escherichia coli, ESBL Klebsiella pneumoniae,

Acinetobacter baumannii) bacteria by 24 hours. In a timekill study,

SWM eradicated 6 log10 CFU of MRSA and PaO1 within 20 minutes.

Moreover, SWM cleared 6 log10 CFU of two model fungal pathogens,

Candida albicans and Aspergillus fumigatus. Notably, when tested

against established PaO1 and/or MRSA biofilms, SWM’s effectiveness
was comparable to bleach and superior to multiple silvercontaining

gels. Activity against PaO1 biofilm was confirmed in ex vivo pig skin

after 3 days of treatment. In CD-1 mouse wounds inoculated with

MRSA (104 CFU/wound), SWM reduced wound bioburden compared

to all groups (n≥8, p<0.0001 vs. untreated, p<0.0001 vs. collagen,

p<0.01 vs. silver gel) at 24 hours. SWM’s wound bioburden reduction

was sustained after 72 hours, as well as at higher doses of bacterial

inoculum (106 CFU/wound). From all treatment groups, SWM-treated

swine wounds showed the greatest extent of closure (92% and 94%

average wound closure for 0.75% and 1.5%, respectively, n=5), and

resulted in healthy granulation tissue with no signs of necrotic or

sloughy tissue. Importantly, SWM was the only treatment achieving

complete wound re-epithelialization within 14 days.

Conclusions: SWM shows broad-spectrum antibacterial and antifun-

gal activity including against multidrug-resistant organisms, as well as

biocompatibility and wound healing potential.

YIA9. | No-GC in Pericytes as Modulator of Angiogenesis in Skin

Fibrosis and How to Generate a Human IPSC Derived 3D in Vitro

Test system

Amelie Reigl, Florian Groeber-Becker2, Andreas Friebe1, Dieter

Groneberg1

1Institute of Physiology, Julius-Maximilians University Würzburg,

Germany 2Institute of Tissue Engineering and Regenerative Medicine,

Würzburg, Germany

Background: Angiogenesis is a crucial phase in skin fibrosis and

wound healing. There is evidence that nitric oxide (NO) plays an

important role in angiogenesis during skin fibrosis. NO-sensitive gua-

nylyl cyclase (NO-GC) is the main target for NO. In skin, the exact cell

type expressing NO-GC as well its role in angiogenesis has yet to be

identified. For this reason, a suitable murine model as well as a human

in vitro test system are necessary.

Methods: To investigate the function of NO-GC in skin, we used the

bleomycin model of skin fibrosis combined with reporter mice. These

were used to lineage trace NO-GC+ cells within the course of the

fibrotic reaction. In addition, we used human in vitro 3D full-thickness

skin equivalents (FTSE) and iPSC-derived skin organoids to optimize

the in vitro test system.

Results: We found NO-GC expression in skin pericytes indicated

by colocalisation with the pericyte marker PDGFRß and closely

associated to CD31+ endothelial cells in the skin. Tamoxifen-

induced expression of the reporter dye tdTomato under the con-

trol of SMMHC (smooth muscle myosin heavy chain) promotor

was found to colocalize with NO-GC+ pericytes. They were mainly

located within a collagen IV structure. Collagen (col III and IV) was

increased and a higher density of fibroblasts could be shown.

Interestingly, the tdTomato labeled pericytes remain in the colla-

gen IV matrix. On the other side, we pharmacological modulate

NO-GC+ cells in the human 3D FTSE during in vitro wound

healing and optimized FTSE by adding iPSC derived cells to study

angiogenesis.

Conclusion: We assume that NOGC+ pericytes constitute an interesting

therapeutic target to treat skin fibrosis. In the next step, we want to iden-

tify the role of NO-GC using additional promotor-specific lineage tracing

of NOGC+ cells and knockdown of NO-GC in the mouse model. The lack

of in vitro vascularization is crucial for further research; therefore, we add

a vascular network using iPSC to optimize the 3D in vitro test systems.
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P. AW01 | New Tools To Evaluate Estrogen's Effect On Vaginal

Wound Healing

Julie CE Hakim1, Gisele Calderon2, Jennifer M. McCracken2, Swathi

Balaji2, Sundeep Keswani1

1Texas Children's Hospital, Houston, TX, USA, 2Baylor College of

Medicine, Houston, TX, USA

Background: Up to 73% of the 250,000 women and adolescent girls

undergoing vaginal surgery or radiation each year develop post-op

vaginal fibrosis resulting in lifelong complications with little treatment

options. Physicians often prescribe estrogen to combat fibrosis,

although there is limited understanding of the mechanism of action

and effectiveness. Our goal is to develop tools, both in vitro and in vivo,

to better understand the effects of estrogen on vaginal wound healing.
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Methods: Vaginal tissue was harvested from 7-10-week-old CD1

mice, manually minced, and placed in digestion buffer (DMEM +

400 U/mL collagenase III) for 4-5 hours at 37�C, followed by dounce-

homogenizing, spinning at 400G for 4 min, and resuspending in

DMEM + 20% FBS + 1% Pen/Strep. Vimentin and pan-cytokeratin

staining confirmed phenotype. To evaluate the effect of estrogen on

fibroblast phenotype, a dose response (2ng/mL-20μg/mL) was evalu-

ated using both gene expression analysis and wound migration assay.

In vivo, 9-week-old CD1 mice underwent sham surgery or bi-lateral

oophorectomy (OVX) and allowed to heal for 1 month. Vaginal and

uterine tissue was harvested for analysis.

Results: We were able to successfully isolate murine vaginal fibro-

blasts, confirmed by vimentin+, pan-cytokeratin- staining. Estrogen

induced Arg1 expression in primary vaginal fibroblasts and promoted

cell migration analyzed by wound migration assay. To evaluate estro-

gen’s role in vivo, mice underwent sham surgery or OVX, and both

vaginal and uterine tissue were harvested after one month. The uter-

ine:body weight ratio was calculated, which was 75% lower (p<0.001)

in OVX mice compared to naïve and sham groups, thus confirming the

decrease in circulating estrogen.

Conclusions: We have developed a simple protocol for isolating and

expanding murine vaginal cells to explore estrogen’s effect on gene

expression and migration, and our OVX model provides insight into

whole body responses to hormone changes and injury. Together, we

show that in vitro and in vivo studies are valuable tools to understand

impacts of estrogen on vaginal wound healing.

P. AW02 | Differential Effect Of Short-term And Long-term

Intake Of Olive Oil On Healing Of Acute Wounds

Bruna Romana-Souza, Regina V. C. Faria, Bianca Ribeiro, Aline

Donato-Trancoso

State University of Rio de Janeiro, Rio de Janeiro, Brazil

Background: Olive oil improves wound healing of chronic wounds due to

antioxidant and anti-inflammatory proprieties. However, no studies evalu-

ated that diet rich in olive oil may improve healing of acute wounds. The

current study investigated whether olive oil improves the closure and scar

qualifyofacutewoundsandwhetherNF-κBandNrf2pathwaysare involved.

Methods: Mice were fed with a diet based on AIN-93M (14% of protein

energy, 76% of carbohydrate energy, and 10% of lipid energy) for 1 week,

1 month, or 3 months. Lipid content of the control group diet was soybean

oil only, while in the olive oil group, it was 7.5% of olive oil and 2.5% of soy-

bean oil. After 1 week, 1 month, or 3 months of diet administration, two

excisional wounds were created in the mouse’s dorsal area and they were

harvested 6 days after. Experiments were approved by the Ethical Commit-

tee for Animal Use of the State University of Rio de Janeiro (010/2020).

Results: No significant differences in body weight gain, epididimal fat

weight, and alanine transferase serum levels were observed between

olive oil and control groups after 1 week, 1 month, or 3 months.

Wound closure and re-epithelialization were reduced after 1 week of

diet rich in olive oil, but they were increased after 1 month compared

to control group. Olive oil group showed higher levels of

malondialdehyde, which is an index of lipid peroxidation, when com-

pared to control group after 1 week. However, after 3 months, these

levels were reduced in olive oil group when compared to control one.

The qRT-PCR analysis demonstrated that mRNA levels of NF-κB after

1 week were increased in olive oil group, while after 3 months mRNA

levels of Nrf2 were increased in olive oil group when compared to

control group.

Conclusions: Those findings suggest that short-term (1 week) and

long-term (1 or 3 months) administration of olive oil has different

effects on cutaneous wound healing. The short-term intake of olive

oil may promote the activation of stress response pathways (such as

NF-κB), which in the long-term they may promote anti-stress pathway

activation (such as Nrf2) leading to acceleration of wound closure.

P. AW03 | Sling-training With Positive Reinforcement To

Promote Porcine Wound Studies

Hsin-ya Yang1, Kristopher G. Galang2, Anthony Gallegos1, Betty

W. Ma2, Rivkah Isseroff1

1University of California, Davis, Sacramento, CA, USA, 2University of

California, Davis, Davis, CA, USA

Background: Domestic swine, possessing similar skin architecture to

human skin, have become important, large animal models rec-

ommended by FDA for dermatologic and skin wound studies. To

improve on current porcine wound protocols and accomplish non-

sedated post-operational daily wound treatment, we developed a

unique sling-training program to help the animals to adopt to the

Panepinto-type sling restraint during the acclimation period.

Methods: Daily training initiated 7-10 days prior to the initial surgical

manipulation, lasted 30-60 minutes per day per animal, and continued

throughout project-specific treatments for the duration of the study.

Positive reinforcement (food treats) was given during the daily training

to encourage desire behaviors for sling use.

Results: This low-stress handling program successfully facilitates the

post-operational treatments that can be administered without the use

of potentially confounding anesthesia or sedation. We have reached

a 95.6 % success rate for recovering wound tissue of 15-day post-

operational treatments among the 68 excisional wounds (circular

wounds, 2 cm2 each) created on 5 animals, where daily treatments

were applied while the animal was resting in the sling, without seda-

tion. Systemic levels of stress catecholamines were lower in these

animals’ post-procedure than reported in the literature for other sling

trained animals. This modified training program has the advantages of

minimizing the stress of the animals, reducing the need for anesthe-

sia, improving wound outcomes, and increasing the safety and effi-

ciency of animal handling.

Conclusions: With the increasing need for large animal models for

translational therapeutics, this porcine training protocol can provide a

cost-effective, reliable technology for the investigators to carry out

wounding experiments with limited stress in domestic swine.
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P. AW04 | Combined Metallomics And Transcriptomics Profiling

Reveals A Major Role For Metals In Wound Repair

Matthew Hardman1, Barbara Guinn2, Holly Wilkinson1

1Hull York Medical School, Hull, United Kingdom, 2University of Hull,

Hull, United Kingdom.

Background: Endogenous metals are required for all life, orchestrating

the action of diverse cellular processes that are crucial for normal tis-

sue functions. However, the importance of endogenous metals for

cutaneous repair remains largely unexplored.

Methods: ICPMS and tissue-level RNA sequencing were applied to

acute murine wound repair, followed by bioinformatic analysis and

functional validation.

Results: We reveal novel and profound changes in a range of metals,

and corresponding metal-regulated genes, across the healing contin-

uum. In fact, wound-induced transcriptional pathways are indepen-

dently highly enriched for metal-regulated genes, with specific metals

linked to distinct wound-relevant biological processes.

Conclusions: These data highlight important new and diverse roles for

metals in cutaneous wound repair.

P. AW05 | Modeling Peristomal Skin Complications In Vitro

With Reconstructed Human Skin & Ileostomy Dejecta

Sander Spiekstra1, Tirza Blom, MSc2, Thomas Rustemeyer, MD2,

Abram Janis, MS3, Susan Gibbs, PhD4

1Department of Molecular Cell Biology & Immunology, Amsterdam UMC,

Vrije Universiteit Amsterdam, Amsterdam, Netherlands, 2Department of

Dermatology, Amsterdam UMC, Amsterdam, Netherlands, 3Hollister

Incorporated, Libertyville, IL, USA, 4Department of Molecular Cell Biology

and Immunology, Amsterdam UMC, Vrije Universiteit Amsterdam /

Department of Oral Cell Biology, Academic Centre for Dentistry

Amsterdam (ACTA), University of Amsterdam and Vrije Universiteit

Amsterdam, Amsterdam, Netherlands.

Background: Peristomal skin complications (PSC) in ileostomy occur

following contact of enzymatically active dejecta with the skin sur-

rounding the stoma, which can lead to erythema, inflammation, irri-

tant contact dermatitis, and/or erosion. In vitro models on the

pathophysiology of PSC are lacking. Reconstructed human skin

(RhS) has been utilized for in vitro studies of dermal toxicity, irrita-

tion, inflammation, & allergy. This pilot study assessed the inflam-

matory & histopathological effects of exposure of RhS constructs

to ileostomy dejecta.

Methods: RhS, consisting of a differentiated, stratified epidermis on a

fibroblast populated collagen hydrogel, were constructed with cells from

a single adult donor. Ileostomy dejecta was collected from 3 donors with

Crohn’s disease, diverticulitis, or rectal cancer and applied to RhS in

duplicate within 4 hours after collection. Dejecta was applied onto RhS,

which were then cultured at 37�C, 7.5% CO2. Culture supernatant and

tissue biopsies were harvested at 2, 16 and 40h for ELISA (IL-1α,

CCL20, IL-6) and MTT assay, respectively. Tissue biopsies at each time

point were fixed in formalin and processed for histology (H&E).

Results: Topical application of dejecta resulted in a time dependent

decrease in RhS viability as measured with MTT, which was slightly

decreased at 2h, and histological evidence of tissue damage appeared

to be minimal. However, when compared to unexposed RhS, dejecta

exposure at 16h resulted in vacuoles forming within the epidermis

and separation of the epidermis from the underlying collagen hydro-

gel. By 40h of exposure, the epidermis had been destroyed. Correlat-

ing with the histological observations, metabolic activity also

decreased dramatically after 16 and 40h exposure. Dejecta exposure

resulted in a time dependent increase in inflammatory cytokine secre-

tion from RhS, in particular IL-1α.

Conclusions: Given the increase in cytokine secretion with the

absence of cytotoxicity following 2h exposure, these data indicate

that early exposure conditions may reflect an irritation response

rather than cell death. Consistent demonstration of a time-dependent

inflammatory response supports future studies of RhS and dejecta as

a novel and useful model to study the biology of peristomal skin

injury.

P. AW06 | Photoactivated Rose Bengal Dye Induces

Proliferation And Mitigates Fibrotic Phenotype In Dermal

Fibroblasts

Jayson W. Jay, Anesh Prasai, Ye Wang, Michael G. Wilkerson, Amina

El Ayadi, Steven E. Wolf

University of Texas Medical Branch, Houston, TX, USA

Background: Rose Bengal (RB) is an FDA-approved vital dye that

has been used clinically for over 30 years in ophthalmology proce-

dures to macroscopically detect corneal/epithelial disruptions and

tears. In addition to its diagnostic applications, recent studies have

indicated that RB may improve cutaneous wound healing by acting

as a collagen crosslinking agent. Monochromatic green light (MGL,

~530nm) photoactivates RB (paRB) to generate ROS that serve to

crosslink individual collagen fibrils in an oxygen-dependent manner,

thereby increasing the speed of wound closure. However, molecular

mechanisms underlying improved cutaneous healing with paRB have

not been explored.

Methods: In the current study, we examined the wound healing and

fibrogenic effects of paRB in dermal fibroblasts treated with 10%

FBS-supplemented DMEM (control), recombinant human trans-

forming growth factor-beta 1 (rhTGF-β1, 10ng/mL) or RB (10μM) in

the presence or absence of MGL. Experiments were repeated

in triplicate.

Results: RT-qPCR shows that paRB significantly upregulates

Collagen-1a and MMP-1 gene expression following 30-minute MGL

exposure compared to both control and TGF-β1-treated fibroblasts

(p<0.05). Immunoblots show both Col1a and α-smooth muscle actin

protein expression was significantly reduced with paRB treatment

after MGL exposure (p<0.05). In scratch assays, paRB significantly
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increased scratch gap closure after 24 hours (29.1 ± 4.8%) compared

to dark RB control (51.5 ± 5.8%), p<0.05. Interestingly, 30-minute

MGL exposure significantly inhibited rhTGF-β1-treated scratch clo-

sure (95.2 ± 7.5%) from dark-treated controls after 24 hours (18.8

± 8.6%), p<0.01. In collagen contraction assays, paRB significantly

reduced contraction after 24 hours (45.0 ± 8.3%) compared with

TGF-β1 controls (28.6 ±2.2%). paRB significantly increased the prolif-

eration index (69.6 ± 5.9% Ki67+) following 30-minute MGL, but sig-

nificantly reduced expression in TGF-β1 treated fibroblasts (33.1

± 8.6% Ki67+), p<0.05.

Conclusions: Together, these results indicate that paRB improves

cutaneous wound healing in vitro by significantly increasing the pro-

liferative and migratory capacity of dermal fibroblasts while concom-

itantly downregulating a fibrogenic phenotype, and, further shows

that post-translational or proteolytic mechanisms may be responsi-

ble for the discrepancy between Col1a gene and protein expression.

These data suggest that RB, in combination with MGL, may offer a

viable wound closure treatment and a potential anti-fibrotic adju-

vant therapy in clinical scar mitigation applications. Future investiga-

tions will explore mechanisms underlying the MGL inhibition of

TGF-β1-induced fibroblast proliferation.

P. AW07 | Dermal Matrices Versatility

Debora C. Sanches-Pinto, David Souza Gomez, Rolf Gemperli

HC FMUSP, Sao Paulo, Brazil.

Background: Different dermal matrices can be successfully used for

different wounds. The use of 3-dimensional collagen structures with

or without glycosaminoglycans or a silicon layer, have been used for

wound closure for the past decades. These materials promote tissue

substitution and allow a quick repair, when used with vacuum therapy.

We choose the best material for each case due to the wound needs

and the cost-benefit relation.

Methods: This study shows different dermal matrices uses. We

selected 13 patients operated from 2015 till 2020, divided into

3 groups: A (bilayer matrix with glycosaminoglycans): 1) lower limb

trauma from a Severe car accident, 2) Truck accident where 1.7 years

old child had his lower limb smashed against a bucket, 3) 60% third

degree burn with a lower limb amputation, 4) 65% third degree burn

with a 40 cm tibial exposure. 5) Diabetic foot after partial amputation,

6) Hallux trauma with tendon exposure in a elderly male patient, 7)

Severe diabetic foot in a young male patient with multiple com-

orbidities related do the DM. B (bilayer without glycosaminoglycans)

8)- Severe right hand third degree burn (work accident) with loss of

distal phalanges, 9) Run over with tendons exposure in an elderly

woman, 10)- Meningococcal meningitis in an adult female patient with

cartilage tendon and bone exposure, 11) Meningococcal meningitis in

a child with cartilage, tendon and bone exposure. C) Single layer plus

elastin 12) recurrent venous ulcer in an elderly patient, 13) Bus acci-

dent with upper limb trauma in a seropositive patient with tendon

exposure.

Results: All the wounds were successfully closed and the follow up

was from 6 months to 5 years. No patients had to undergo a second

procedure despite the differences of the chosen matrices.

Conclusions: 1) We must consider all kinds of matrices in order to

decide what to choose. 2) Different matrices lead to successful results

3) Due to high costs we must choose wisely. 4) Small children and

elderly patients may require less invasive methods. 5) Burn patients

and systemic infections may need dermal matrix to allow heal and

rehabilitation.

P. AW08 | Epithelialization Of Porcine Partial Thickness

Wounds Following Application Of Collagen Dressings

Amy K. McNulty, Jason Bjork

3M, St. Paul, MN, USA

Background: The current study assessed differences in epithelializa-

tion following the application of three different collagen dressings to

porcine partial thickness wounds.

Methods: Paraspinal partial-thickness wounds were created using a

dermatome (5 cm x 5 cm, 500 μm deep) in Yorkshire swine (n = 3).

Three different collagen based dressings with porcine collagen (colla-

gen 1#), ovine collagen (collagen 2*) or oxidized regenerated cellulose

and collagen (collagen 3+) were used to treat these wounds. Wounds

were then covered with a secondary foam dressing to manage exu-

date. After 72 hours, tissue samples were collected, and re-epithelial

coverage was estimated from H&E stained sections.

Results: Neoepithelial coverage was 40% for Collagen 1, 38% for Col-

lagen 2, and 59% for Collagen 3. Epithelial coverage for collagen

3 was significantly improved at this time point (p < 0.05).

Conclusion: Collagen 3 demonstrated improved re-epithelialization in

a skin graft donor site pre-clinical model, suggesting that it can

improve closure rates for this wound type and potentially in other

wounds requiring epithelialization. The data presented are consistent

with Chowdhry1 who showed in a retrospective study that graft

donor sites were re-epithelialized more quickly when collagen 3 dress-

ings were used.

*Endoform® Natural Dermal Template (Aroa Biosurgery Ltd,

New Zealand) #BIOSTEP◊ Collagen Matrix Dressing (Smith and

Nephew, Hull, UK)+Promogran™ Matrix Wound Dressing (3M,

Maplewood, MN)

1. Chowdhry, S.A. 2019. JPRAS, 22: 33-40.

P. AW09 | A New Technical Approaches In Patients With

Mediastinitis

Omer F. Dogan, Sr.1, Omer F. Dogan2

1Adiyaman University School of Medicine, Adiyaman, Turkey, 2Adiyaman

University School of Medicine, Adıyaman, Turkey.
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Background: The standard techniques of treatment methods in

patiens with mediastinitis have several disadvantages. Osteomyelitis,

chondritis, cutting into the sternum by steel wire, and recurrent of

sternal dehiscence, prolonged hospitalization, are increased mortality

and morbidity, We described various techniques including hybrid

approaches using with vacuum-assited closure of a wound after open

cardiac surgery patients.

Methods: We performed emergent 3360 open heart surgery via

median sternotomy incision over 10 year period.A total of 146 patients

(1.8 %) were diagnosed to have mediastinitis.All patients were high

BMI.The patients were divided into 2 groups. The first group (n=75;

51.3 %) were treated surgically with vacuum-assited closure (VAC)

using with titanium plate or suture anchore (Dogans' Technique) with-

out the use of sternal wire. We treated the remaining 71 patients (50.7

%) with the use of sternal wire with or without another surgical tech-

niques or VAC. Procedure-related complications,mortality and morbid-

ity were analysed. Blood leukocyte counts,TNF-alpha,interleukine-6

and IL-8 were measured on admission and after surgery. We compared

length of total cure, recurrent sternal dehiscence, ICU and hospital stay

time, and mortality rate in both groups.

Results: The patients' charecteristics including BMI,age,non-cardiac

disease,and gender were similar in both groups. Mortality rate in the

VAC group was 9.4 % compared to 23.9 % in non-VAC group

(p=0.002). ICU and hospital stay were significantly low in VAC

group (11.3 ± 9.1 d vs 21.9 ± 17.5 d) (p=0.006). Recurrent of sternal

dehiscence in VAC group was significantly low (p=0.001). Preopera-

tive kidney impairement, the levels of IL-6 and 8 and C-reactive pro-

tein were independent mortality factors in both groups.

Conclusions: Our study findings shows that the surgeon should keep

in mind that VAC therapy is seems to be superior to another tech-

niques. VAC is shortened ICU and hospital stay time, reduced mortal-

ity significantly, and improved quality of life.

P. AW10 | A Debriding Dressing Decreased Pain And Sped

Healing In A Frail Elderly Woman With A Tibial Pressure Ulcer/injury

June Stamps

US Veterans Administration, Springdale, AR, USA

Background: A 78 year old woman with diabetes, hypertension,

chronic obstructive lung disease requiring home oxygen, peripheral

vascular disease, and a history of stroke with continued transient

ischemic attacks requiring anticoagulants broke her leg. The break

was managed with surgery and a brace. When the brace was

removed, an extremely painful 3cm x 2.5cm eschar-covered pres-

sure ulcer/injury was revealed. She was not a candidate for sharp

debridement. Three weeks after the brace was removed, the wound

had not improved and the woman’s wound pain was 10 on the 0 -

10 scale.

Polymeric membrane dressings (PolyMem, PMDs) contain a surfac-

tant, glycerin, and a superabsorbent, which work together and with

the body to continuously cleans and debride wounds. PMDs donate

moisture to dry wound areas (such as eschar or exposed bone) while

simultaneously absorbing excess moisture from overly wet areas (such

as cavities). PMDs also dramatically decrease pain and control inflam-

mation. They are extremely easy to use, which was critical because

the patient’s daughter had to be able to do most of the dressing

changes due to Covid-19 isolation recommendations.

Methods: The wound was moistened with saline and a polymeric

membrane dressing was applied. Within three days, the eschar had

separated from the wound edges. As more of the 1.0 cm deep cavity

was gradually exposed, PMD cavity filler was used to fill dead space.

When the wound became shallow, standard PMDs were used until

complete wound closure. The wound was rinsed with saline at dress-

ing changes, every 3 - 5 days. No other wound treatments or supplies

were used.

Results: The woman’s pain was quickly reduced from 10 to 2 on the

0 - 10 scale. The eschar was steadily and completely atraumatically

removed by the PMDs, with no bleeding. The ulcer remained clean

without signs of infection and gradually filled in, closing completely in

four and a half months.

Conclusions: The gentle but effective debriding system of the

PMDs promoted complete closure for this very challenging patient’s
wound, despite multiple comorbidities that often lead to poor

wound outcomes. In addition, the patient experienced dramatic pain

relief. The dressings were so easy to use that the patient’s daugh-

ter, who has no healthcare training, was able to perform most of

the dressing changes.

Aging & Senescence

P. AGP01 | In Vitro Aging Affects Dupuytren’s Diseased

Fibroblast Migratory And Contractile Phenotype

Austin Segrest, Kim H. Lee, Samuel H. K. Ting, Juyoung Cho, Cade

Huston, Gang Xu, Melville Vaughan

University of Central Oklahoma, Edmond, OK, USA

Background: Dupuytren's Contracture (DC) is the buildup of scar

tissue in the hand that causes one or more digits to flex, reducing

utility. Common treatments are surgical removal or an enzyme

treatment. After treatment, this contracture has a high recurrence

rate. There is evidence that recurrent nodule cells proliferate

slower than primary nodule cells; additionally, fibrotic conditions

appear to have telomere dysfunction; therefore, short telomeres

may affect the pathology of recurrent DC. Telomeres shorten

when primary cells are grown in culture. We used this rationale

to study migratory and contractile phenotypic differences of DC

cells aged in vitro.

Methods: Cells of different population doublings (PD) from a single

DC patient (early and late PD) were thawed and cultured using stan-

dard culture conditions. Serum-starved cells were cultured in varying

concentrations of PDGF in a scratch wound assay. We asked whether

TGF-beta affected in vitro aging cells’ response to focal adhesion
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structure, α-smooth muscle actin (α-SMA) expression, proliferation,

and matrix compaction and contraction. Coverslip culture was used

for staining procedures, and collagen matrix culture was used for

tension-generation studies. Western blot was used to determine

α-SMA expression changes.

Results: Both Early and Late PD cell cultures had a PDGF dose-

dependent increase in migration. Late PD cells showed lower migra-

tory ability overall. Early PD cells had more super mature focal adhe-

sions in control conditions than TGF-β conditions; conversely, late PD

cells had more super mature focal adhesions in TGF-β conditions than

control conditions. TGF-β-induced α-SMA expression was greater in

aged cells measured by Western blot.

Conclusions: The effect of in vitro aging on this cell type indicated a

change from migratory to stationary, correlated with increased TGF-β

contractile response. These studies may provide insights into effects

telomere shortening may have in the recurring DC condition.

P. AGP02 | P12, A Cryptic Peptide In Fibronectin, Stimulates

Elderly Human Dermal Fibroblasts To Expand 6

To 10-fold More Than Matched Controls: Potential Therapy For

Slow Healing Wounds In The Elderly.

Richard A. Clark, Miriam Rafailovich, Fubao Lin.

Stony Brook University, Stony Brook, NY, USA

Background: Over 90% of skin fibroblasts in the elderly (EHDF) and in

chronic wounds are not senescent, but rather pre-senescent as

defined by slow proliferation and migration. Rectifying this problem is

an unmet need. Previously, we described a cryptic fibronectin

(FN) peptide, P12, that has the ability to enhance PDGF-BB growth

and survival activity on adult human dermal fibroblasts (AHDF) cul-

tured under nutrient deprivation or other stressful culture conditions

(JID134:1119-1127,2014). In contrast, P12 shows minimal enhance-

ment of PDGF-BB activity on AHDF under normal culture conditions.

Methods: P12 has the extraordinary ability to promote EHDF growth

6-10-fold in nutrient-rich conditions (DMEM+10% serum containing

PDGF) and to delay their senescence.

Results: Since we and others have found that EHDF produce as much

FN as AHDF, we asked why exogeneous, FN-derived P12 promotes

EHDF proliferation under nutrient-rich conditions? P12 is cryptic

within the first type III repeat of FN (FNIII1), an immunoglobulin-sand-

wich-β-pleated sheet, as judged by molecular modeling (JID

134:882-884,2014). Furthermore, P12 is not released by enzymatic

digestion (JID 138:2480-2483,2018). In addition, P12 antibodies failed

to detect P12 in intact FN whether soluble or surface bound. How-

ever, P12 antibodies detected P12 in FNIII1 fragments, in which the

β-pleated sheet was disrupted. Others have shown that AHDF can

generate sufficient traction forces on the FNIII β-pleated-sheets to

expose cryptic sites in FNIII1 and FNIII10 that are required for FN fibri-

llogenesis. However, we found that EHDF in nutrient-rich conditions

deposited little FN matrix despite secreting normal amounts of FN

into the culture medium. In addition, AHDF in nutrient-rich condi-

tions, but not EHDF, exerted sufficient tension on pericellular FN

fibrils to open FNIII1 immunoglobulin-sandwich β-pleated sheets and

expose P12 as judged by immunofluorescence Quantum-dot assays.

Furthermore, AHDF generated 5-fold more strain energy on a

hyaluronan displacement field than EHDF in nutrient-rich conditions.

However, P12 promoted EHDF to produce tension equal to or greater

than AHDF and restored the ability of EHDF to deposit normal FN

matrix. Finally, P12 promoted the ability of EHDF to create tissue-like

fibroplasia in nutrient-rich conditions.

Conclusions: P12 may enhance wound healing in elderly individuals

by a PDGF-BB dependent mechanism.

P. AGP03 | Crosstalk Between Human Macrophages And

Tissue-engineered Blood Vessels

Beatriz Hernaez-Estrada1, Edorta Santos-Vizcaino2, Rosa Maria

Hernandez2, Kara Spiller1

1Drexel University, Philadelphia, PA, USA, 2University of the Basque

Country, Vitoria-Gasteiz, Spain

Background: Macrophages influence the growth and repair of blood

vessels, with their functions depending on their phenotype, but it is

not well understood how crosstalk with blood vessels affects macro-

phage phenotype.

Methods To address this gap in knowledge, this study investigated

the impact of tissue-engineered blood vessels, formed by the co-

culture of endothelial cells (ECs) and mesenchymal stromal cells

(MSCs) in a 3D collagen scaffold, on the phenotype of primary

human macrophages. Macrophages were cultured alone or with

ECs, MSCs, or engineered blood vessels in the 3D scaffolds. The

scaffolds were digested and single cells were stained with a

10-marker flow cytometry panel composed of various M1 (CD80,

HLA-DR, CD38, PD-L1, CCR7) and M2 (CD209, CD206, CD163,

CXCR4) markers, indicating pro-inflammatory or pro-healing behav-

ior, respectively. Dimensionality reduction and clustering analysis

were conducted.

Results: While macrophages at baseline were relatively homoge-

nous, after the 3D culture they became a more heterogeneous

population of 5 main clusters expressing different levels of each

marker depending on the co-culture conditions. When cocultured

with blood vessels or MSCs, macrophages became enriched in a

cluster characterized by high level of M2 markers (CD163 and

CD206). When macrophages were seeded alone in the 3D scaffold

or cocultured with ECs, they upregulated CD209, a different M2

marker. These effects differed depending on the prior polarization

statement of the macrophages, with M1 macrophages showing less

plasticity in their ability to change expression of phenotypic

markers.

Conclusion: These results contribute to understanding how biomate-

rials and other cell types influence macrophage phenotype, which is

important for the design of strategies to modulate this crosstalk.
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Bioengineering/Biomaterials

P. BIO01 | A 3D Cell Printed Muscle Tissue For Functional

Muscle Recovery In VML Injuries

Young-Joon M. Jun

The Catholic Universitu of Korea Seoul St Mary Hospital, Seoul, Korea,

Republic of

Background: Reported tissue engineered skeletal muscle repair con-

structs remodeled into a fibrotic tissue and showed limited functional

improvement in volumetric muscle loss(VML) model. Therefore

hydrogel-based 3D engineered muscles and the decellularized extra-

cellular matrix (dECM) have been considered for VML treatment, but

they also have shown limited efficacy. The authors established the

skeletal muscle construct composed of cell-laden dECM bioink gener-

ated with a granule-based printing reservoir.

Methods: To mimic the hierarchical architecture of vascularized mus-

cles, coaxial nozzle printing method was used. Human umbilical vein

endothelial cell(HUVEC) and human skeletal muscle(hSKM) were

printed with the muscle and vascular dECM bioink. In vitro studies

revealed well aligned and striated muscle fibers with high cell viability

without hypoxia of the 3D cell printed muscle constructs. About

15x6x4mm sized vascularized skeletal muscle constructs were

implanted to 40% defect of tibialis anterior(TA) muscle of Sprague-

Dawley rats.

Results: After 4 weeks, the coaxial printing group showed a signifi-

cantly improved TA muscle weight than other control groups and

achieved recovery at 78.6 ± 3.2% of the contralateral native TA mus-

cle. Masson’s trichrome staining demonstrated very few fibrotic tis-

sues with well-organized de novo muscle fibers in the coaxial printing

group. In situ force production showed that the coaxial printing group

yielded an isometric torque of 87.2 ± 3.44 N mm/kg, which corre-

sponds to 85% of the uninjured muscle, superior than other groups.

Conslusions: Our present results suggest that a 3D cell printing and

tissue-derived bioink-based approach could effectively generate bio-

mimetic engineered muscles to improve the treatment of VML

injuries.

P. BIO02 | Solution Blow Spun Based Electrochemical Detection

Of Pseudomonas Aeruginosa Virulent Factor For Chronic Wound

Applications.

Craig Miller, Jordon Gilmore

Clemson University, Clemson, SC, USA

Background: Pseudomonas aeruginosa (P. aeruginosa) is a pathogen

found in chronic wounds that has the ability to produce pyocyanin.

Pyocyanin has the ability to penetrate cell membranes and produce

high levels of reactive oxygen species. Electrochemical detection has

been shown to provide an avenue to detect pyocyanin from

P. aeruginosa cultures. This work shows that solution blow spun

technique could be used to fabricate electrochemical electrodes for

pyocyanin detection from Pseudomonas aeruginosa. Additionally, this

work examines whether pyocyanin would be a good biomarker for

antimicrobial susceptibility testing.

Methods: Poly(lactide acid) was solution blow spun (SBS) on poly-

ester film to provide a textile base layer. Silver ink was screen

printed on the surface of nonwoven PLA mesh. PLA/multiwalled

carbon nanotube (MWCNT) composite was used to solution blow

spin a carbon layer over the silver pattern through a laser printed

acrylic mask. Electrochemical performance of electrodes were char-

acterized in a 100mM solution of potassium ferricyanide in phos-

phate buffer saline (PBS). Electrodes were used to calibrate

pyocyanin in PBS. Additional efforts were made to detect

pyocyanin from P. aeruginosa cultures in the presence and absence

of silver nitrate.

Results: The use of SBS electrodes were capable of detecting

pyocyanin in PBS solution (pH = 7.0) between 0 - 300 uM. The limit

of detection was found to be 5 uM of pyocyanin in PBS solution. The

electrodes displayed good reproducibility amongst three electrodes

with a concentration of 10, 25 and 50 uM. 48-hour monitoring of

pyocyanin production from P. aeruginosa PAO1 cultures was done in

the presence of silver nitrate to show the feasibility of electrochemical

detection of pyocyanin for the use in future antimicrobial susceptibil-

ity testing of P. aeruginosa PAO1.

Conclusions: Solution blow spinning has been shown to provide a

way to develop textile-based sensors to detect pyocyanin. These sen-

sors can be used in follow on studies to provide a scaffold for wear-

able technology for wound care applications. Additionally, pyocyanin

has been shown to provide a way to examine antimicrobial suscepti-

bility of P. aeruginosa (PAO1) cultures to silver nitrate.

Burn Wounds

P. BURN01 | Evaluation Of Topical Off-The-Shelf Therapies To

Improve Burn Wound Healing During Prolonged Field Care

Laura Cooper, Javier Chapa, Sean Christy, Robert Christy, Rodney

Chan, Anders Carlsson

US Army Institute of Surgical Research, San Antonio, TX, USA

Background:Surgical debridementof injured servicemembers is only permit-

ted once the combat casualty arrives at a Role 4 level of care.While awaiting

definitive treatment, wounds are at risk of infection and delayed healing. In

this study, FDA-approved topical off-the-shelf (OTS) dressings that have far

forward, field-deployable potential have been identified and tested.

Methods: Thirty-six deep-partial thickness burns were created on the dor-

sum of anesthetized swine (Sus scrofa domestica) using a thermocoupled

burn device at 100�C. One hour following burn, non-surgical debridement

was performed and either the OTS dressing or standard of care Silver sul-

fadiazine placed on the wound in order to simulate a prolonged field care

(PFC) environment. Wounds were assessed on post-burn days (PBD) 3, 7,

14, 21, and 28. Assessments consisted of digital photographs, 3-D
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photographs, and biopsies for histology and colony-forming unit (CFU)

count. Primary outcomewas percent re-epithelialization on PBD28.

Results: Thus far, one experiment has been completed and two others are

ongoing. The first completed experiment onGammaGraft showedno signif-

icant difference in re-epithelialization, contraction, or CFU count between

GammaGraft and the standard of care. Preliminary results comparing Biode-

gradable Temporising Matrix (BTM) to the standard of care found that

wounds treated with standard of care Silver sulfadiazine were significantly

more re-epithelialized at day 14 as compared to wounds treated with BTM

(p=0.02). Suprathel-treated wounds showed no significant difference in re-

epithelialization at day 14 as compared to standard of care. Notably, many

of these dressings are still intact on day 14, and re-epithelialization is deter-

mined based on non-invasive measurements only. Thus, superficially, these

wounds appear to not be re-epithelialized; however, we are awaiting histol-

ogy on all 3 dressings to definitely confirm these results.

Conclusions: Three OTS dressings have either undergone or are undergo-

ing comparison to standard of care for use in the PFC setting.

GammaGraft and Suprathel have shown no significant difference as com-

pared to standard of care. BTM-treated wounds were significantly less re-

epithelialized as compared to standard of care by day 14, although we are

awaiting experiment completion and histology to draw definitive conclu-

sions. In the future, we hope to continue to discover and test various OTS

dressings to determine their appropriateness for use in the PFC setting.

P. BURN02 | Comparison Between Blow-Spun Polymer And

Non-Adherent Dressings For The Treatment Of Porcine Wounds

With Autologous Skin Cell Suspensions

Bonnie C. Carney1, Mary Oliver2, Metecan Erdi3, Liam Kirkpatrick2,

Stephan Tranchina2, Selim Rozyyev2, John Keyloun2, Adam Reese2,

John Daristotle3, Lauren Moffatt2, Peter Kofinas3, Anthony Sandler4,

Jeffrey Shupp2

1Burn Research, MedStar Health Research, Washington, DC, USA,
2MedStar Health Research, Washington, DC, USA, 3University of

Maryland, Maryland, MD, USA, 4Sheikh Zayed Institute for Pediatric

Surgical Innovation, Washington, DC, USA

Background: Autologous skin cell suspensions (ASCS) are used to

treat deep partial and full thickness injuries with meshed split thick-

ness skin grafting. The utilization of ASCS allows for reduced donor

site area and contributes positively to healing. To date, the standard

of care primary dressing following application of ASCS is a non-adher-

ent, non-absorbent, small pore dressing (SOC), however, it is not an

optimal dressing due to cell leakage. A novel solution-blow-spun,

“spray-on” polymer formulation with a primary wet tissue adhesive

layer and a secondary non-adhesive layer would effectively seal the

ASCS onto a wound bed. It was hypothesized that the composite, dual

layer polymer dressing would perform as well as SOC dressing when

evaluating wound healing, but may be preferred due to its ease of use

and ability to conform to any wound shape or size.

Methods: Duroc pigs were utilized (n=2), with 4, 110cm2 wounds per

treatment. After grafting and ASCS application, four wounds received

polymer dressing through post-operative day 3, and 4 wounds

received SOC. Graft-adherence, % re-epithelialization, erythema, pig-

mentation, elasticity, and trans-epidermal water loss (TEWL) were

assessed every other day through Day 14, and weekly through Day

50. Biopsies were collected, stained with H&E, and were used to

quantify epidermal and dermal thickness and % dermal cellularity

using Image J.

Results: There were no significant differences between polymer and

SOC-treated wounds in % re-epithelialization in either injury model.

Graft adherence was the same between groups. Pigmentation, ery-

thema, elasticity, and TEWL were not significantly altered between

groups. There were no differences in epidermal or dermal thickness or

dermal cellularity.

Conclusions: The rapid application of a composite polymer dressing

appropriately sealed the wound bed after ASCS application and con-

formed easily to the heterogeneous wounds. There were no differ-

ences in healing rates between the groups. These data suggest that

the novel polymer formulation is not cytotoxic, and is a viable option

as a primary dressing that may be more reliable than SOC and poten-

tially more efficacious in patient compliance metrics.

P. BURN03 | Full Thickness Burn Injuries From Radiofrequency

Assisted Liposuction: Implications Of Surgical Tourism Abroad -

An Ongoing Evolution Of Burn Treatment Center Management. -

A Single Burn Center Experience And Review Of The Literature

Marcus Yarbrough

Drexel/Crozer Chester Medical Center, Chester, PA, USA

Background: Surgical tourism, has evolved into a global health care

phenomenon, resulting in upwards of 60,000 patients annually seeking

elective surgery procedures internationally. Patients face potential

risks and complications that require aggressive surgical treatment at

initial presentation. Initial treatment in our burn treatment center con-

sisted of collogenase dressings, split thickness skin grafts using a but-

tress technique. Review of the literature revealed that Radiofrequency

Assisted Liposuction (RFAL) is a common procedure performed in

medical tourism countries however complications are prevalent due to

few safety guidelines and uniform training among practitioners. We

present a review of the literature and a patient presenting to our major

regional burn center after with full thickness skin burns after undergo-

ing the RFAL procedure in the Dominican Republic.

Methods: Systematic retrospective review utilizing PubMed, OVID

and Burn data repository between 2015 and 2019 presenting to burn

centers was reviewed. Burns surface area, burn depth and interven-

tion was analyzed. Only RFAL procedures performed outside of the

United States were included.

Results: 35 patients were identified. The average BMI was 30 +/- 10.

No patients were had significant medical comorbidities. Ten patients

sustained burns to the back, 15 to the back, 3 to the thigh and 7 to the

bilateral buttocks. The average total burn surface area ranged from

10 to 28 percent. Those requiring split thickness skin grafting was 27%
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9 cases were full thickness burns that required split thickness skin

grafting (STSG) in a 1:2 meshed ratio. Average time to presentation

was 14 days after injury and 17 days STSG (range 17-26 days). Our

patient cohort was successfully treated within 2 days of presentation

with excision and STSG with buttress technique.

Conclusions: Burn treatment centers have become first line treatment

in the management and reconstruction of postoperative complications

resulting from elective surgical tourism. Radiofrequency assisted lipo-

suction with prolonged skin contact is a cause of full thickness burn

injury in these patients. Our unique patient despite extensive deep

wound injury was successfully managed in our burn center. Most

often, use of RFAL medical tourism has afforded burn centers a sub-

stantial role in the care and management of such complications.

Review of the literature has shown good safety outcomes with the

RFAL procedure however there is a higher incidence of burn compli-

cations in the surgical tourism population.

Chronic Wounds

P. CW01 | Anti-microbial, Self-assembling Peptide Hydrogels

With Activity Against Methicillin-resistant Staphylococcus Aureus

(MRSA) And Pseudomonas Aeruginosa (PA01) Are Biocompatible

With Mesenchymal Stem Cells (MSCs)

Yewoo Lee, Kushee-Nidhi Kumar, Ravi Mekala, Gino Liu, Minoo

Madani, Eldridge Isabelle, Eliza Hoobler, Evangeline Cornwell, Ana

Tellechea, Manav Mehta

Gel4Med, Lowell, MA, USA

Background: About one-fifth of diabetes-related hospitalizations are the

result of complications from delayed wound healing and pathogen colo-

nization, leading to ~100,000 non-trauma-induced lower-limb amputa-

tions per year. An increasing number of infected wounds cannot be

treated with traditional antibiotics due to the rise of antibiotic-resistant

strains of bacteria, leading to ~35,000 deaths in the US each year.

Methods: We tested the anti-microbial activity of two shear-thinning,

self-assembling peptide hydrogels on two antibiotic-resistant strains

of bacteria, methicillin-resistant Staphylococcus aureus (MRSA) and

Pseudomonas aeruginosa (Pa01) using Clinical and Laboratory Stan-

dards Institute (CLSI) protocols modified for testing the bactericidal

activity of a hydrogel. We also investigated the biocompatibility of

our hydrogels with mesenchymal stem cells (MSCs) to explore the

potential for the acceleration of wound healing.

Results: We found full clearance of 106 colony forming units (CFU) of

both the Gram-negative and the Gram-positive pathogen after expo-

sure to our hydrogels. Our biomatrices exhibit potent anti-microbial

activity, yet allow survival of mesenchymal stem cells even after

7 days of exposure.

Conclusions: Our biomatrices offer a solution to the rise of chronic

wounds colonized with antibiotic-resistant strains, as well as potential

to act as a scaffold for MSC delivery to promote healing, and hence

could serve as a therapeutic approach for chronic wounds.

P. CW02 | IPSC Reprogramming Of Diabetic Foot Ulcer

Fibroblasts Promotes Cell Migration And Organization Of

Extracellular Matrix Formation Through MicroRNA-mediated

Mechanisms

Jelena Marjanovic1, Irena Pastar1, Lisa Liang1, Ivan Jozic1, Cheyanne

Head1, Rivka Stone1, Jonathan A. Garlick2, Marjana Tomic-Canic1

1Wound Healing and Regenerative Medicine Research Program, Dr Phillip

Frost Department of Dermatology and Cutaneous Surgery, University of

Miami Miller School of Medicine, Miami, FL, USA, 2Department of

Developmental, Molecular, and Chemical Biology; Department of

Biomedical Engineering, Sackler Graduate School Tufts School of

Medicine, Boston, MA, USA

Background: Induced pluripotent stem cells (iPSCs) offer an unlimited

source of cells for therapeutic purposes, however their application for

chronic wound disorders has not been fully explored.

Methods: In this collaborative study we used the Yamanaka approach to

reprogram primary human dermal fibroblasts derived from the wound

edge of diabetic foot ulcer patients (DFUFs), location-matched samples

from the skin of diabetic patients (DFFs) and normal healthy donors

(NFFs), 3 biological replicates each. Once derived, iPSCs were re-

differentiated into fibroblasts under a controlled protocol with BMP4

treatment. Next, we performed in depth characterization of iPSC-derived

fibroblasts with the focus on epigenetic changes triggered by repro-

gramming. To assess the epigenetic reprogramming, we performed miRs

profiling. miRs expression was analyzed by qPCR. To confirm miRs tar-

gets, we used 3’ UTR luciferase assay, qPCR and Western blot. Network

analysis was performed using Ingenuity Pathway analysis.

Results: We found that post-reprogrammed cells exhibited pro-healing

phenotype, regardless of their origins, through the suppression of let-7c,

miR-29c-3p, -148a-3p, -196a-5p, -199b-5p, -374a-5p and up-regulation

of their corresponding targets involved in cellular migration and organiza-

tion of extracellular matrix in vitro and in 3D self-assembly tissue. PLAT

gene, the crucial fibrinolysis factor, was found up-regulated in post-

reprogrammed cells and was confirmed as a direct miR-196a-5p target.

We showed a significant induction of miR-197-3p and miR-331-3p unique

for post-reprogrammed diabetic fibroblasts and down-regulation of their

target genes important for wound healing (CAV1 and CDKN3). Induction

of miR-197-3p and suppression of its direct target CAV1 correlated with

accelerated migration of post-reprogrammed diabetic fibroblasts.

Conclusions: Together, our findings demonstrate that iPSC repro-

gramming is an effective approach for erasing the diabetic non-healing

epigenetic signature and promoting a pro-healing cellular phenotype.

P. CW03 | Dehydrated Umbilical Cord Sheets Possess

Advantageous Physical And Biologic Properties For Wound Healing

And Tissue Regeneration

Victoria Stefanelli, Bryan Vayda, Andrew Mesaris, Sunil Saini, Ankur

Gandhi

Integra LifeSciences, Princeton, NJ, USA
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Background: Purpose: The purpose of this study was to evaluate the

physical and biologic properties of dehydrated umbilical cord sheets

(DUCS) relevant to clinical uses in wound healing and tissue regeneration.

Methods: DUCS were created from blunt dissection of human umbili-

cal cords to create flat sheets and remove blood vessels, followed by

rinsing, and then lyophilization. DUCS tensile strength and suture

retention capabilities were evaluated using an Instron testing system.

Degradation kinetics were analyzed via digestion assay using

supraphysiological enzyme concentrations. DUCS extracts for use in

biologic analyses were obtained via mechanical homogenization of

the tissue followed by enzymatic digestion with collagenase/hyaluron-

idase. Growth factor, glycosaminoglycan, and enzyme presence,

including that of VEGF, PDGF, FGF, EGF, TGF-beta, and TIMP were

measured using multiplex ELISAs. BrDU assays were performed to

evaluate the impact of DUCS on fibroblast proliferation.

Results: Average DUCS tensile and suture retention strengths were

6 and 3 newtons, respectively (N = 3 each), which compares to <0.5N

tensile strength for single-layer amniotic membranes. Time to com-

plete enzymatic degradation using high collagenase concentrations

was > 24 hours (N = 6), in comparison to complete degradation in

< 3 hours of single-layer amniotic membranes in identical conditions.

DUCS possessed similar growth factor and enzyme varieties com-

pared to single-layer amniotic constructs, but generally at equal or

higher levels, sometimes over ten times that found in single-layer

amniotics, including for that of TGF-beta, FGF, and VEGF. Additionally,

DUCS contained at least 9 micrograms of glycosaminoglycans per

square centimeter (N = 6). DUCS extracts demonstrated an ability to

significantly enhance fibroblast proliferation in a dose-dependent man-

ner above that of non-stimulated controls (N = 4 per dose, p < 0.05).

Conclusions: DUCS are relatively thick placental tissue constructs

possessing ample glycosaminoglycan, growth factor, and enzyme con-

tent that is roughly similar or better to that found in typical amniotic

membrane products translating to robust promotion of fibroblast prolif-

eration, and likely many other cellular responses important to tissue

healing. The thick constitution of DUCS also allows for suture retention,

tear-resistant mechanical manipulation, and longer residence times at

the site of implantation in comparison to thinner amniotic constructs.

DUCS thus represent an attractive option for a variety of topical wound

healing as well as internal tissue regenerative applications.

P. CW04 | Matrix Metallopeptidases And Tissue Inhibitor Matrix

Metalloproteinase 1

Dysregulation In Pressure Ulcer Wound Fluids Of Smokers

Kaiti Duan, Biraja Dash, Henry Hsia

Yale School of Medicine, New Haven, CT, USA

Background: Pressure ulcers are considered one of the most preva-

lent health conditions and cost the US healthcare system more than

9 billion dollars per year. Despite numerous studies on pressure ulcers,

there is still much to gain in understanding the process of wound

healing and how varies pre-existing conditions may affect pressure

ulcer prognosis. In this study, our objectives were to evaluate the con-

tents of pressure ulcer wound fluids, and how they may correlate with

the patients’ health attributes.

Methods: Twenty-one patients with chronic pressure ulcers were rec-

ruited during the Summer of 2019 at Yale New Haven Hospital,

CT. Wound fluids from their sacral or ischial pressure ulcer sites were

collected, the wound fluid protein concentrations were equilibrated to

1mg/ml, and subsequently tested for 15 different growth factors and

inflammatory markers. Qualitative ELISA were done to evaluate bFGF,

MMP2, MMP9, ANG-1, IL-8, sRAGE, VEGF, IL-6, TNF-1alpha,

TIMP-1, PDGF, SDF-1, TGF, IL-1, and IL-10. The wound fluids were

also used to test their influences on cellular viability of iPSC- vascular

smooth muscle cells(iPSC-VSMC). Patients’ medical history were

reviewed for comorbidities, such as smoking history and diabetes.

Results: No statistically significant difference in iPSC-VSMC viability

when treated with pressure ulcer wound fluids, decreasing cell viabil-

ity trends were observed in diabetic patients compared to nondiabetic

patients and smokers compared to nonsmokers. In smokers, none of

the 15 ELISA factors exhibited statistically significant differences from

their nonsmoker counterparts. However, increasing trends of VEGF,

IL-6, TNF-1alpha, and were observed in non-smokers compared to

both former and current smokers. MMP9/TIMP1 ratio was elevated

in smokers(0.716) as compared to former smoker(0.579) and to non-

smokers(0.405). Interestingly, MMP2/TIMP1 ratio was highest in non-

smokers(0.093) compared to former smokers(0.083) and current

smokers(0.068). There were dramatic differences in MMP9/MMP2

ratios amount different smoking status: current smokers(10.529), for-

mer smokers(6.976), and non-smokers(4.355).

Conclusions: Individual evaluations of 15 different wound fluid

markers failed to demonstrate significant differences amount pressure

ulcer patients. However, the stark differences in MMP9/TIMP1,

MMP2/TIMP1, and MMP9/MMP2 ratios suggested the dysregulation

in the balance of extracellular enzymes and their inhibitor was corre-

lated to smoking status differences in the patients affiliated with

chronic pressure ulcers. This preliminary study may shed some light in

a novel way of approaching complex issues such as chronic pressure

ulcers by looking at the cooperative balance of complementary

enzymes and their inhibitors rather than focusing on individual quan-

tity of extracellular wound fluid components.

P. CW05 | The Multidimensional Pain Report From Older Adults

With Chronic Venous Leg Ulcers

Junglyun Kim1, Diana J. Wilkie2, Michal T. Weaver2, Debra Lyon2,

Debra L. Kelly2, Joyce Stechmiller2

1Chungnam National University College of Nursing, Deajeon, Korea,

Republic of, 2University of Florida College of Nursing, Gainesville, FL, USA

Background: Pain affects wound healing, treatment, and quality of life

because it has significant impacts on physical, psychological, and social

dimensions. Despite the fact that more than half of the chronic
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venous leg ulcers (CVLU) population experiences mild to moderate

pain, the multidimensional characteristics of CVLU pain are not well

documented. The purpose of this study was to describe the multi-

dimensional pain characteristics including the sensory, affective, eval-

uative, and behavioral dimensions of CVLU prior to debridement.

Methods: Participants (N=40) were recruited from a wound

clinic. We conducted a descriptive analysis of clinical data

including pain, wound, and demographic characteristics collected

at the first visit.

Results: The mean age of participants was 70.8± 9.1 years, 22 (55%)

participants were female, and 35 (87.5%) were white. Participants

reported mean current pain intensity (2.9 ± 2.7), least (1.2 ± 2.2) and

worst (4.8 ±3.4) pain intensity in 24 hours, and tolerable pain level

(4.9 ± 2.64) on a 0-10 scale. They described pain as periodic (66.7%,

n=26) with multiple pain quality descriptors (5.4 ± 2.9), relieved some

pain with pain treatment (65%, n=25), and had a tendency not to tell

others about their pain (95%, n=38).

Conclusions: Patients with CVLU have a relatively high tolerance for

pain, but experience more pain than they anticipate. Patients tend to

accept pain from wounds and experience pain treatment as partially

helpful to control pain. Therefore, clinicians should assess their pain

thoroughly with regard to not only pain intensity, but pain location,

quality, and pattern, and they should assess cognitive, behavioral, and

affective dimensions of pain to provide effective pain management.

Multidimensional pain assessment will assist clinicians to select indi-

vidualized therapies to manage pain and improve quality of life for

these patients.

P. CW06 | Pilot Study To Characterize The Influence Of Channel

Diameter In A Dermal Substitute On Autograft Survival In

Single Stage

Brandon Johnson, Angana Kharge, Ankita Khadpekar, Paul Bonvallet,

Ankur Gandhi, Sunil Saini

Integra LifeSciences, Plainsboro, NJ, USA

Background: Soft tissue defects treated with dermal substitutes often

require a two-stage procedure to achieve epidermal closure. A single-stage

procedure, in contrast, may reduce patient morbidity, minimize hospital

stay and reduce overall cost of care. However, single-stage procedures

could result in loss of split thickness skin graft (STSG) due to insufficient

vascularization and/or seroma formation. We have previously demon-

strated that 2mm diameter channels in a collagen-chondroitin-6-sulfate

(CC6S) matrix facilitate vascular growth which enhances STSG survival in a

porcine wound healing model. Here, we characterized the impact of matrix

channel diameter on re-epithelialization, vascularization, STSG-viability, and

granulation bed at an early stage of wound healing in the same model.

Methods: Anesthetized pigs (n=4) had eight 4x4cm2 full-thickness

wounds implanted with collagen-chondroitin-6-sulfate (CC6S) matrix and

STSG. The treatment groups were STSG only (SO), solid matrix + STSG

(TS), matrix with 1mm channels + STSG (T1) or 3mm channels + STSG

(T3). Dressing changes and wound measurements were performed every

3 to 4 days. Animals were sacrificed at day 8 for histological analysis.

Results: Based on gross wound measurements, T1 and T3 tended to

have faster average wound closure T1 (17%), T3 (10%) vs. TS (3%).

Histologically, T1 and T3 had a greater average percent epithelializa-

tion length T1 (53%), T3 (43%) vs. TS (6%). The channels in T1, T3

facilitated vascular ingrowth toward the overlying STSG allowing the

STSG to remain intact and viable with more consistent performance in

T1. All channels had granulation tissue containing numerous small

blood vessels. The number of larger vessels within the channels varied

slightly with a greater average score for T1. The thickness of the gran-

ulation tissue was comparable across T1, T3 but less than in

TS. Minimal contraction was noted within the channels in T1.

Conclusions: The data shows that both 1 and 3mm channels in a der-

mal matrix are effective at maintaining STSG viability in a single stage

procedure when compared to solid matrix. Interestingly, smaller chan-

nels tend to be more effective at increasing STSG survival and improv-

ing healing outcomes (low scarring). This is likely due to a more even

and consistent distribution of matrix material and vascular tissue.

P. CW07 | Chlorate And Antibiotic Treatment Dismantle

Pseudomonas Aeruginosa Biofilm And Lead To Healing Of Chronic

Wounds

Jane H. Kim1, Melanie Spero2, Dianne K. Newman2, Manuela Martins-

Green3

1Molecular, Cell and Systems Biology, University of California, Riverside,

Fullerton, CA, USA, 2Caltech, Pasadena, CA, USA, 3University of

California, Riverside, Fullerton, CA, USA

Background: Pseudomonas aeruginosa (PA) is an opportunistic patho-

gen commonly found in human chronic wound. When within biofilm,

PA is tolerant or resistant to conventional antibiotic therapy by using

metabolites/enzymes that significantly increase pathogenicity during

chronic infections. To survive in hypoxic wound microenvironments

and the interior of biofilm, PA uses nitrate reductase (nar), an enzyme

that facilitates anaerobic respiration after oxygen is depleted from the

microenvironment. In addition to reducing nitrates, nar can reduce

internalized chlorate to hypochlorite. This reaction not only converts a

non-toxic chemical into a toxic one, but also provides a targeted mech-

anism that kills anaerobically respiring bacteria which are difficult to

eradicate with antibiotics. We hypothesize that treating PA-infected

chronic wounds with chlorate and the antibiotic ciprofloxacin, will

remove aerobic and anaerobic respiring bacterial populations, respec-

tively, to facilitate wound healing. To test the efficacy of ciprofloxacin

+chlorate treatment, we used a murine chronic wound model infected

by with a nar activity-containing PA strain isolated from these mice

chronic wounds. Briefly, wounds are treated with inhibitors of antioxi-

dant enzymes at wounding to induce high oxidative stress and 24hr

after injury, PA is inoculated into the wounds resulting in development

of chronic wounds that contain strong biofilm and do not heal. We
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found that wounds treated daily with low doses of ciprofloxacin+chlo-

rate increased survival of the mice with biofilm-containing chronic

wounds compared to chlorate or ciprofloxacin alone. Treatment with

ciprofloxacin+chlorate greatly reduced PA bioburden. The biofilm is

dismantled, and the wounds go on to heal and close within 40 days.

Wound swab samples taken 20 days after treatment began, show very

few viable bacteria after treatment with ciprofloxacin+chlorate com-

pared to ciprofloxacin or chlorate alone. Using MiPACT, a method to

detect fluorescently label bacteria in wounds tissues, that have healed,

show that PA infection is resolved and cleared from the tissue. These

results indicate that in chronic wounds, chlorate kills PA in anaerobic

areas of the wound, dismantling the biofilm and making the bacteria in

aerobic regions planktonic and susceptible to ciprofloxacin. In conclu-

sion, because our chronic wound model mimics biofilm-containing

human chronic wounds, our results point to proof-of-concept studies

in humans using chlorate and antibiotic to improve healing.

Epithelialization

P. EP01 | Priming Adipose-derived Mesenchymal Stem Cells To

Improve The Reepithelialization Of Wounds

Jacob G. Hodge

University of Kansas Medical Center, Kansas City, KS, USA

Introduction: Inadequate reepithelialization often results in incom-

plete wound closure and progression towards chronic, non-healing

wounds, which currently affects over 8.5 million people in the US

every year. Chronic non-healing wounds cost the healthcare system

billions of dollars annually, highlighting both the physical and financial

burdens for our patients and healthcare system.

Problem: Chronic wounds have an improper balance and composition

of bioactive compounds within the tissue, resulting in inappropriate

cellular signaling and inadequate neotissue formation. Therefore, there

remains a critical need for a therapy that restores the appropriate

reepithelialization capacity of wounds and reestablishes proper wound

healing signaling to prevent further progression of chronic wounds.

Methods: Adipose-derived mesenchymal stem cells (ASCs) contain

inherent regenerative capabilities via their secretory nature. Human

ASCs were expanded in either a traditional 2D plastic culture environ-

ment or our 3D hydrogel system for up to 10 passages (or time-

equivalence in 3D). Throughout expansion, conditioned medium

(CM) was collected, saved, and analyzed. ASCs were tested for viabil-

ity and phenotype over time. Keratinocytes (KCs) were treated with

CM from ASCs and assessed for key changes in reepithelialization

markers at a genomic, proteomic, and functional level.

Results: Expansion of ASCs in 2D resulted in a loss in viability, pheno-

type, and metabolic activity whereas, 3D expansion resulted in a

greater retainment of ASC viability, phenotype, and metabolism. Pro-

teomic analysis of ASC-CM indicated that 3D expansion significantly

increased the composition of key bioactive factors known to promote

reepithelialization, including the EGF, IGF, and FGF protein families.

Additionally, a KC wound scratch assay demonstrated enhanced

migratory and proliferative activity of KCs when treated with ASC-

CM from 3D culture.

Conclusion: Together, this data demonstrates a viable 3D expansion

system that can be utilized to generate tailored proteinaceous thera-

peutics and evaluate the effect of current clinical wound therapies on

native progenitor populations in vitro.

P. EP02 | A Comparison Of Hyaluronic Acid (ha) Matrix Derived

From The American Alligator And Streptococcus For Wound Healing

Properties In A Full-thickness Porcine (sus Scrofa) Dermal

Wound Model

Da Wei1, Lindsay Plaand1, Ted Bundrick2, Mitchell C. Sanders1

1Alira Health, Framingham, MA, USA, 2Lacerta Life Sciences, Abbeville,

LA, USA

In this good lab practices (GLP) preclinical study, we have compared

the healing properties of hyaluronic acid (HA) matrix derived from the

American alligator versus that of a commercially available HA matrix

derived from Streptococcus in a porcine full-thickness wound healing

model. Visual assessments of erythema, edema, and granulation dem-

onstrated a similar response among the test and control groups. For

histopathology we evaluated forty wound sites from a total of two

(2) pigs at Days 8 and 35. Each animal received twenty (20) full-

thickness wounds, measuring approximately 2.5 cm x 2.5 cm, with ten

(10) wounds on each side of the spine. The alligator HA matrix

showed improved re-epithelialization as compared to Streptococcal

derived predicate via morphometric analysis at both Day 8 and Day

35. Additionally, at the latter time point (Day 35) more alligator

derived HA-treated wounds were completely re-epithelialized as com-

pared to streptococcal HA treated wounds. The alligator-derived HA

also persisted in the wound longer than the Streptococcal predicate

suggesting that it had a slower resorption rate and thus a longer time

to interact with the wound bed. Our preclinical GLP findings indicate

that the source and purity in the HA may play an important role

wound healing. It is apparent that alligator-derived HA has an

enhanced effect on the proliferative phase of wound healing com-

pared to the commercially available source.

Extracellular Matrix

P.EX01 | Circular Rna Cmatrix Modulates Dermal Fibroblast

Activation And Ecm Production During Skin Wound Healing

Maria A. Toma

Karolinska Institutet, Stockholm, Sweden.

Background: Skin wound repair is a complex process that requires intri-

cate coordination of different cell types to bring about healing. Delayed

wound healing or excessive scarring are consequences of an impaired
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healing process and represent a major health and economic burden world-

wide. Circular RNAs (circRNAs) are a family of transcripts with unique

structures - the 3’ and 5’ ends are joined together through a process

called back-splicing. CircRNAs were shown to be more stable and have

tissue specific expression patterns and diverse modes of action. Yet there

are hardly any studies that address their functional roles in skin repair.

Methods: Here we perform expression profiling of circRNAs in skin

and wound biopsies as well as in fibroblasts and keratinocytes isolated

from skin and acute wounds

Results: We identify the circular RNA cMATRIX that is upregulated

and has a dynamic expression pattern in the dermis of acute wounds

compared to intact skin. We show that cMATRIX mainly resides in the

cytoplasm and its expression is induced by IL-1α in dermal fibroblasts.

By depleting or overexpressing cMATRIX in dermal fibroblasts, we

show that it directly targets TGF-β signaling, leading to fibroblast acti-

vation and ECM production.

Conclusions: Further investigations on the biological mechanism of

cMATRIX will enhance our understanding on skin wound healing and,

potentially, enable the development of innovative and more effective

therapies for nonhealing wounds.

Fibrosis/Scarring

P. FIB01 | Ethnic Differences In Patient Perception Of The

Quality-of-life Impact Of Scars

Stuti Garg, Abbas Hassan, Anooj Patel, Deima Koko, Jeffrey Varghese,

Marco Ellis, Gregory Dumanian, John Kim, Robert Galiano

Northwestern University, Chicago, IL, USA

Background: Patient-reported outcome measurements are used to

understand the negative impact of scarring from the patient’s per-

spective. However, there remains a need to study scarring impact on

the patient’s career and sexual well-being as well as how perception

varies with ethnicity. The purpose of this study is to evaluate the scar-

ing impact on symptoms, appearances, psychosocial health, career,

and sexual well-being in patients of different ethnicities.

Methods: A total of 854 abdominoplasty and breast surgery patients

from four providers completed the SCAR-Q and Career/Sexual Well-

Being (CS) scales via phone or email. The SCAR-Q is a validated

29-question scale that assesses appearances, symptoms, and psycho-

social impact of scars. A previously established framework of scar

themes generated from patient interview discussions informed the

creation of the 4-question CS scale. Higher scores on both scales indi-

cates a better outcome.

Results: Seventy-four percent of the patients were White, 19% were

African American, 4.8% were Hispanic/Latino, and 2.1% were Asian.

White patients had a mean SCAR-Q score of 221±53 and CS score of

14.4±2.1, which were significantly higher than in African American

patients who had a mean SCAR-Q score of 195±67 and CS score of

13.6±2.6 (p &lt; 0.001, p &lt; 0.05 respectively). White patients also

had a significantly higher mean appearance scale score of 66±21 than

African American and Asian patients who had mean appearance scale

scores of 54±24 and 56±21 respectively (p &lt; 0.001, p &lt; 0.05

respectively). There was no significant correlation between age and

SCAR-Q scores or between time after surgery and psychosocial scale

scores.

Conclusions: Our study is the first to show that Asian and African

American patients are more likely to have poorer perceptions of their

scarring appearances, symptoms, psychosocial impact, career impact,

and sexual well-being impact than White and Hispanic/Latino

patients. This may be due to the varying severity of scar formation

according to genetic and racial differences. The data also suggests

that the psychosocial impact of scarring does not change as time after

surgery increases. This study highlights the need to address patient

ethnicity when considering further follow-up, counseling, or other

measures to enhance scar perception.

P. FIB02 | Differences In Patient Perception Of The Quality-of-

life Impact Of Scarring After Breast Surgery And Abdominoplasty

Stuti P. Garg, Abbas Hassan, Anooj Patel, Jeffrey Varghese, Deima

Koko, Marco Ellis, Gregory Dumanian, John Kim, Robert Galiano

Northwestern University, Chicago, IL, USA

Background: Scarring negatively impacts patient mental health

causing worsened self-confidence, body image, social interactions,

anxiety, and depression. Patient-reported outcome measurements

are used to understand scarring from their perspective. However,

the impact of scarring from different procedure types and on a

patient’s career and sexual well-being has not been studied yet.

The purpose of this study is to evaluate the scarring impact after

breast surgery and abdominoplasty in symptoms, appearance, psy-

chosocial health, career, and sexual well-being using validated mea-

suring tools.

Methods: A total of 1021 patients from four providers completed the

SCAR-Q and Career/Sexual Well-Being (CS) assessments via phone or

email. The SCAR-Q is a validated 29-question scale that assesses

appearances, symptoms, and psychosocial impact of scars with a max-

imum score of 300. The CS scale was constructed based on a previ-

ously established framework of scar themes created from patient

interview discussions, with a maximum score of 16. Higher scores on

both scales indicates a better outcome.

Results: Of the 1021 patients, 34% had abdominoplasty surgery, and

66% had breast surgery. Of the 678 breast surgery patients, 69% had

breast reduction, 17% mastectomy, 6.2% breast lift, 4.7% breast aug-

mentation, and 2.9% breast reconstruction. Abdominoplasty patients

reported a lower mean SCAR-Q score of 210 ± 60 compared to breast

augmentation patients, who reported a mean SCAR-Q score of

247 ± 54 (p < 0.01). Breast augmentation patients had a significantly

higher mean symptoms scale score (93 ± 12) than breast lift (84 ± 16),

breast reconstruction (81 ± 19), breast reduction (80 ± 16), and mas-

tectomy patients (75 ± 15) (p < 0.05, p < 0.05, p < 0.0001, p < 0.0001

respectively). However, there was no significant difference between
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mastectomy and breast reconstruction patients’ SCAR-Q scores.

Overall, CS scores did not vary significantly by procedure type.

Conclusions: This study is the first to show that breast augmentation

patients have a more positive perception of their scars in terms of

appearance, symptoms, and psychosocial impact, while

abdominoplasty patients tend to have a more negative perception.

Furthermore, our data suggests that there may not be a significant

benefit from breast reconstruction surgery after mastectomy, in terms

of scarring symptoms, appearance, and psychosocial impact. In addi-

tion, the impact of scarring on a patient’s career or sexual well-being

does not seem to vary according to procedure type. This study high-

lights the need for further follow-up, counseling, or other improve-

ments to post-operative scar care.

P. FIB03 | Dermal Microvascular Endothelial Cells Exhibit A

Differential Transcriptomic Response In Post-burn Hypertrophic

Scar Compared To Normal Skin

Bonnie C. Carney1, Liam D. Kirkpatrick1, John W. Keyloun1, Mary

A. Oliver1, Lauren T. Moffatt1, Jeffrey W. Shupp2

1MedStar Health Research Institute, Washington, DC, USA, 2MedStar

Washington Hospital Center, Washington, DC, USA

Background: Post-burn hypertrophic scar (HTS) is a potential outcome

of wound healing. Some aspects of its etiology are known, while

others are unclear resulting in limited prevention and treatment strat-

egies. Fibroblasts are considered to be the cellular player that contrib-

utes to excess extracellular matrix and altered dermal

cytoarchitecture. A less well-studied cell type is dermal microvascular

endothelial cells (DMVECs). However, they may have effects on local

scar environments due to their connection to the systemic inflamma-

tory response in burn patients. It is known that HTS are hypervascular

compared to normal skin (NS) with blood vessels that can be partially

or totally occluded. The autocrine or paracrine signaling of these cells

is unknown and was investigated.

Methods: Full-thickness burns which formed hypertrophic scars

(HTSs) were created in Duroc pigs (n=2). At day 79, HTSs and NS

were excised and digested in collagenase. Fibroblast-DMVEC co-

cultures were established and grown to confluence. Ulex europaeus

agglutinin 1 (UEA-1) lectin was used to sort for DMVECs by mag-

netic activated cell sorting. DMVECs were grown in 6-well plates,

lysed with Trizol reagent, and RNA was isolated. RNA was used to

create cDNA which was analyzed via an 84-gene angiogenesis PCR

array. Ct values below 35 were excluded. NS DMVECs were used

as the control. RPL13A and GAPDH were used as housekeeping

genes, and fold regulation was calculated for each of the 2 scars

with duplicate wells. Cut-offs for fold regulation>or<2 were

established.

Results: Of the 84 genes involved in angiogenesis, 31% were not

expressed in these cells and 32% were not differentially expressed

between NS and HTS DMVECs. Finally, 37% were differentially

expressed. Ten genes were up-regulated in HTS DMVECs including

transforming growth factor beta 3(25.9±4.7), endothelin 1(21.4±4.2),

interleukin 6(19.7±2.1), angiopoietin -1(5.4±0.9), -2(9.5±4.3), and

others. Twenty-one genes were down-regulated in HTS DMVECs

including vascular endothelial growth factor D(-62.6±25.4), adhesion

G protein-coupled receptor B1(-18.0±6.8), angiogenin(-12.4±2.7), pla-

cental growth factor(-8.1±1.8), and others.

Conclusions: Scar-derived DMVECs exhibit a differential trans-

criptomic profile compared to NS DMVECs. By elucidating their role

in skin fibrosis, pharmacotherapies may be developed which can alter

their cellular functions and scar phenotype to improve symptoms for

patients.

Infections & Biofilms

P. INF01 | Aurine Tricarboxylic Acid (ATA) Disrupts DNase-

resistant Wound Biofilm Formed By Persister Clinical Isolate

Bacteria

Mohamed S. El Masry, MD,Ph.D, Nandini Ghosh, Ph.D, Jessica smith,

B.S, Subhadip Ghatak, Ph.D, Sashwati Roy, Ph.D, Chandan

K. Sen, Ph.D

Indiana Center for Regenerative Medicine & Engineering, Indiana

University School of Medicine, IU Health Comprehensive Wound Center,

Indianapolis, IN, USA

Background: Biofilms represent a major threat to health care, and it is

a clinical challenge to manage infected wounds resistant to antibiotic.

Persistent bacterial phenotypes such as small colony variants (SCV)

are a subpopulation of antibiotic-tolerant bacterial cells that are often

slow-growing or growth-arrested and can resume growth after a lethal

stress. The key to managing biofilms of persistent bacteria is complete

eradication and one approach is to dismantle the structural framework

of these biofilms. Extracellular DNA (eDNA) is a major component of

the biofilm. DNase treatments are known to eradicate standard bio-

films but are ineffective against persister biofilms. Unlike PAO1,

PAO1ΔwspF released fragmented eDNA from live cells. Fragmented

eDNA, thus released, was responsible for resistance of PAO1ΔwspF

biofilm to disruption by DNase. We report that DNase resistant bio-

film made up of rugose SCV can be disrupted by a chemical inhibitor

(ATA) of covalent binding between eDNA and protein.

Methods: With industry partnership, a novel wound care dressing

(GelATA) was developed to test its efficacy in treatment of persister

biofilm model. GelATA is conventional Elastogel (polymer-based gel

dressing) containing ATA. To develop the preclinical persister burn

wound biofilm model, eight 2”x2” full thickness burn wounds were

made on the dorsum of (70-80lbs) female domestic white pigs (n=4).

Polymicrobial SCV biofilm infection was established with P.aeruginosa

(PAO1 ΔwspF) and Staphylococcus Aureus (S. aureus rexB) both which

are clinical isolates. Wounds were treated with either placebo dress-

ing (Acticoat) or GelATA once weekly.

Results: ATA was effective in disrupting biofilm made up of hyper-

biofilm SCV P.aeruginosa (PAO1ΔwspF) in vitro. Biofilm infection with
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standard non-SCV PA01 and USA3000 (S. aureus) allows wounds to

re-epithelialize on d56 post wounding. However, such response was

further delayed in case of SCV biofilm infection demonstrating the

additional pathogenic significance of these persister bacteria. Progres-

sion of burn wound healing is currently followed for functional wound

closure.

Conclusions: This is the first work involving biofilm infection of per-

sister bacteria (P. aerugionsa and S. aureus) testing ATA for its efficacy

in disrupting DNAse resistant biofilm in a pre-clinical porcine burn

wound model.

P. INF02 | Remotely Delivered Cold Atmospheric Plasma

Effluent Promotes Repair And Is Potently Antimicrobial

Alex Kidd1, Sammi Iveson1, Holly Wilkinson1, Gavin Sandison2,

Thomas Wantock2, Thomas Harle2, Matthew Hardman1

1Hull York Medical School, Hull, United Kingdom, 2Fourth State Medicine,

Haslemere, United Kingdom.

Background: Cold Atmospheric Plasma (CAP) has been reported to

deliver clinical wound benefit. However, as CAP produces an array of

potential actives (reactive oxygen, nitrogen, charged and excited spe-

cies, photons, electric fields, and others) is has been difficult to iden-

tify those important for wound treatment.

Methods: Here we report an enclosed device that delivers CAP efflu-

ent, primarily composed of reactive oxygen and nitrogen species. By

combining human cell, bacteria and biofilm assays we determine the

effects of CAP effluent on multiple aspects of healing.

Results: We were able to measure specific CAP chemical components

with long half-lives in air, which could be reproducibly altered by

changing device parameters. Under optimum conditions CAP effluent

was potently antimicrobial, with demonstrable anti-biofilm activity,

while also delivering beneficial effects on wound cells.

Conclusions: Overall, these findings identify a novel remote delivery

modality for CAP which confers antimicrobial and healing effects.

P. INF03 | Effects Of Hand Hygiene Using 4% Chlorhexidine

Gluconate Or Natural Soap During Hand Rubbing Followed By

Alcohol-based 1% Chlorhexidine Sanitizer Lotion In The

Operating Room

Sadanori Akita1, Masaki Fujioka2, Tomoyuki Akita3, Junko Tanaka3,

Akihiro Masunaga4, Takayoshi Kawahara5

1Fukuoka University, Fukuoka, Japan, 2National Hospital Organization,

Nagasaki Medical Center, Omura, Nagasaki, Japan, 3Hiroshima

University, Hiroshima, Japan, 4Shabondama Soap Co., Ltd., KItakyushu,

Fukuoka, Japan, 5Shabondama Soap Co., Ltd, Kitakyushu, Fukuoka,

Japan.

Background: Hand hygiene using either 4% chlorhexidine gluconate

or natural soap during hand rubbing, followed by alcohol-based 1%

chlorhexidine gluconate sanitizer lotion in the operating room was

compared to assess bacterial reduction, skin moisture, skin texture

and hand hygiene using qualitative questionnaires.

Methods: A cross-over study with 36 professional scrub nurses at two

medical centers was performed to compare 4% chlorhexidine gluco-

nate followed by alcohol-based 1% chlorhexidine gluconate sanitizer

lotion, the Two-stage method, with handwashing using natural soap

followed by alcohol-based 1% chlorhexidine gluconate sanitizer lotion,

the Waterless method, after a period of 10 days of use. The study

completely followed CONSORT, http://www.consort-statement.org/.

Results: There was no significant difference in bacterial reduction based

on the bacterial colony forming units between the two methods. The skin

moisture and skin roughness scores were not significantly different

between the two methods. The Waterless method was significantly bet-

ter than the Two-stage method regarding “foaming”, “quality”, “longev-
ity” (P<0.0001, P<0001 and P<0.0001, respectively), but “disappearance”
was significantly better by the Two-stage method (P=0.0095) during

washing and rubbing. Immediately after washing and rubbing, the Water-

less method was significantly better regarding “tightness” and “moisture”,
whereas the Two-stage method was significantly better regarding “sticki-
ness” (P=0.0114, <0.0001 and 0.0059, respectively)

Conclusions: The Waterless method using natural soap during han-

dwashing followed by alcohol-based 1% chlorhexidine gluconate san-

itizer lotion was as effective as the Two-stage method of 4%

chlorhexidine gluconate followed by alcohol-based 1% chlorhexidine

gluconate sanitizer lotion.

P. INF04 | Radiographic Regeneration Of 5th Metatarsal Head

After Osteolysis: Biopsy-confirmed Osteomyelitis Treated With

Implantation Of Antibiotic Cement.

Sejal Patel, DPM, DABPM, Austin Brown, MPH, DPM, Mark Bivins,

DPM,FACFAS

Rocky Mountain Regional VA Medical Center, DENVER, CO, USA

BACKGROUND: To demonstrate the use of local antibiotic cement

implantation into a metatarsal bone after confirmed osteomyelitis

through bone biopsy and MRI with radiographic osteolysis, and to

highlight possible halting or reversal of destruction due to osteomyeli-

tis in the metatarsal head.

METHODS: This case study is a 76yo Diabetic male with peripheral neu-

ropathy and CKD-3 with right 5th metatarsal head osteomyelitis, con-

firmed viaMRI and bone biopsy. Radiographic studies revealed full cortical

disruption of the fifth metatarsal head and associated plantar-lateral ulcer-

ation. The patient declined surgical amputation and with limited OR avail-

ability due to COVID, a semi-sterile clinical procedure was performed to

implant vancomycin and tobramycin cement (calcium sulfate) to the fifth

metatarsal head and shaft. Serial radiographs were obtained as well as

bimonthly clinic visits with application of advanced tissue products for

local wound care and oral antibiotics as needed. The patient was followed

for 13months from time of initial wound until closure.

Results: After implantation of antibiotic cement and local wound care,

the patient’s wound fully healed and serial radiographs demonstrated
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recortication of the fifth metatarsal head 13 months after initial treat-

ment. The patient had a good outcome as his wound and bone infec-

tion fully healed without an operating room procedure 1 year after

development of a potentially limb threatening infection.

Conclusion: Local antibiotic cement implantation in a clinical setting

provides an alternative option for limb salvage and this case report

demonstrates the first known regeneration of cortical bone after con-

firmed osteomyelitic destruction.

P. INF05 | Antifungal Activity Of The Spray On Advanced Shield

Wound Dressing

Prabhat Basnet1, Lindsay Poland1, Mitchell C. Sanders2, Kerriann

Greenhalgh3

1Alira Health, Framingham, MA, USA, 2Alira Health, Southborough, MA,

USA, 3Kericure, Wesley Chapel, FL, USA

In this study, the antifungal activity of an advanced spray on wound

dressing (Wound Dressing) that contains silver hydrosol and lidocaine

was assessed against four Candida albicans (Onderdonk lab 577-5-2,

509-8-2, 539-0-1,521-9-2) clinical strains and one Candida auris (Z 485)

strain. The study evaluated the antifungal activity of the dressing for five

different timepoints (10 minutes, 1 hour, 4 hours, 12 hours, and

24 hours), in comparison with a commercially available silver-coated fab-

ric dressing (Positive Control). Briefly for the method, each fungal strain

was grown overnight at 30oC and diluted to 1x 106 CFU final concentra-

tion in a microcentrifuge tube. A specified amount of the liquid Wound

Dressing was added to the tube, vortexed and incubated at ambient tem-

perature for the designated time. After incubation, neutralizer was added,

vortexed and further incubated for 5 min. After the final incubation, the

mixture was plated in an appropriate growth media. The process was

repeated for Positive Control and for water (negative control). The

results demonstrated that the Wound Dressing was highly effective at

killing all fungal strains at each timepoint with 100% efficacy. In contrast,

the Positive Control was 0% effective at 10 minutes for all strains. Fur-

thermore, the efficacy of the Positive Control on all other strains ranged

from 99% -100% at all timepoints except for C. auris and C. albicans

577-5-2 at 1 hour, which was 0%, and 90.82% respectively. In conclu-

sion, the Advanced Shield Wound Dressing spray was superior to the

commercially available silver-coated fabric dressing in killing fungal clini-

cal strains. The spray on wound dressing was effective within 10 minutes

of treatment and maintained the efficacy for at least 24 hours.

P. INF06 | Effects Of Chlorhexidine Gluconate On The Skin

Microbiome With An Ex-vivo Skin Model

Elizabeth C. Townsend1, Alex Cheong1, Angela Gibson2, Lindsay

Kalan1

1University of Wisconsin-Madison, Madison, WI, USA, 2University of

Wisconsin School of Medicine and Public Health, Madison, WI, USA

Background: Approximately 110,800 surgical site infections (SSI)

occur each year in the United States. These pose significant morbidity,

mortality and additional $10 billion healthcare costs annually. Stan-

dard surgical preparation involves full body treatment with chlorhexi-

dine gluconate (CHG) plus local surgical site CHG scrub. However,

CHG may not reduce risk for SSI in all surgical situations. Further, the

impact of CHG on the long-term recovery of both microbial abun-

dance and community diversity of the healthy skin microbiome is

unclear. Our objective is to characterize the immediate and long-term

effects of CHG on skin microbial abundance and microbial diversity

using an ex-vivo skin model. We hypothesize that CHG depletes

healthy skin microbial communities leading to increased risk of patho-

gen colonization.

Methods: To evaluate the effects of CHG on the skin microbiome in a

controlled environment, 4x9 inch sections of ex-vivo porcine skin

were bathed twice with 4%CHG soap 12hrs apart, followed by appli-

cation of local 2%CHG/70%Isopropanol scrub. Control sections were

treated only with sterile water. Surface skin swabs were collected at

baseline, immediately following intervention, and multiple timepoints

for 72hrs. Bacterial abundance was assessed through quantitative

bacterial culture and qPCR. Skin microbial communities were assessed

by high-throughput sequencing of the bacterial 16S rRNA gene and

fungal ITS.

Results: At baseline all skin sections showed similar bacterial burden

(6.2±4.9 log10 colony-forming units (CFU)). CHG significantly reduces

total microbial abundance immediately following application (0

±0 CFU per inch2 skin vs. 7.8±6.4 log10 CFU in controls, p<0.001).

This reduction is sustained for 24hrs. 72hrs post-application, microbial

burden increases to 4.3±4.2 log10 vs.9.1±8.6 log10 CFU in CHG

treated and controls respectively (p<0.0001). qPCR results mirror

these findings, with CHG treated skin showing fewer number of bac-

teria per inch2 at all timepoints, and 5.3±3.8 log10 vs. 8.4±6.5 log10

bacteria in CHG treated and controls respectively at the final time-

point (p<0.0001). Repopulated microbial communities differ from

baseline and control skin both phenotypically in culture and by

culture-independent sequencing.

Conclusions: CHG application produces immediate and sustained

reduction in bacterial burden. Following CHG application, repopulated

microbial communities differ from baseline and control skin. Future

experiments will evaluate whether reintroduction of select microbial

communities after CHG application can influence the composition of

the repopulating microbiome.

P. INF07 | Hyaluronic Acid Chloramide - The Efficacy And

Safety Of A Novel Antiseptic

Vojtěch Pavlík1, Monika Štěp�anov�a1, Kristina Nešporov�a1, Petr Šulc1,

Luk�aš Kubala2, Anna Kocurkov�a2, Knotkov�a Kateřina1, Štěp�an

Vondrovic1, Lucie Hor�ačkov�a1, Vladimír Velebný1

1Contipro a.s., Dolni Dobrouc, Czech Republic, 2Institute of Biophysics,

Academy of Sciences of the Czech Republic, Brno, Czech Republic
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Background: Hyaluronan chloramide (HA-Cl) is a novel antiseptic

compound with a potential to exert antimicrobial as well as regenera-

tive effects. Its synthesis and stability were published recently (Buffa

et al. 2020).

Methods: Antimicrobial effects were evaluated in Staphylococcus

aureus; antiseptic effects in planktonic cells were assessed with diffu-

sion method and growth inhibition in liquid media (MHB) or biofilm

inhibition (Calgary device). The biocompatibility of HA-Cl was investi-

gated in vivo in mouse 6 mm wounds (C57Bl/6J, n=10 per an

experimental group) for 14 days. Hemolysis of human blood induced

by HA-Cl was assessed in vitro. HA-Cl degradation products were

investigated using LC-MS.

Results: HA-Cl was tested primarily as powder. We also prepared

sheets of nanofibres and threads of microfibres containing HA-Cl.

HA-Cl in all three forms exerted antimicrobial properties. HA-Cl elimi-

nated biofilm. HA-Cl (as well as NaOCl) eradicated S. aureus grown in

liquid culture for 24 h. When 106 CFU/ml S. aureus was inoculated

again after the previous 24-hour incubation with the antiseptics into

the same liquid media, bacteria grew only in NaOCl samples and not

in HA-Cl samples.The sheets of nanofibers were applied into mouse

excisional full-thickness wounds. HA-Cl did not exhibit any signs of

cytotoxicity or wound healing retardation compared to untreated con-

trols. Safety of HA-Cl in vitro was assessed in human blood and

showed minimal hemolysis compared to NaOCl (p<0.05). To further

extend our understanding of the biocompatibility of HA-Cl, we ana-

lyzed the reaction products of HA-Cl using LC-MS. After HA-Cl oxi-

dized target product (peptide), it transformed into pure

hyaluronic acid.

Conclusions: HA-Cl is a safe and efficient antiseptic, from which

sheets of nanofibers or threads of microfibers can be prepared. After

the reduction of HA-Cl with bacterial and wound proteins, the

resulting hyaluronic acid may further promote wound healing.

Inflammation & Immunity

P. IMUN01 | Secretome-loaded Plasma-alginate Composite Gels

Modulate The Inflammatory Response In Vitro

Marc Thompson, Shanmugasundaram Natesan, Robert Christy

US Army Institute of Surgical Research, San Antonio, TX, USA

Background: Inflammatory chemokines are essential for proper

wound healing; the control over which, may be possible using the top-

ical delivery of anti-inflammatory molecules, such as extracellular vesi-

cles (EVs) or secretomes. Our overall objective is to develop a small

molecule-releasing wound dressing capable of modulating the inflam-

matory processes, to improve healing. We hypothesize that a wound

dressing capable of controlling the severity of inflammation immedi-

ately after injury will improve subsequent wound healing outcomes.

Methods: Immortalized macrophages were purchased from a com-

mercial vendor. Primary neutrophils and peripheral blood mononu-

clear cells (PBMCs) were isolated from whole anti-coagulated blood

from normal healthy individuals from the Institute of Surgical

Research (ISR) Research Blood Bank, under an approved Statement

of Work. Secretome release from hydrated dressings was evaluated

by loading comparable fluorescently labeled liposomes and sampling

the supernatant media over 96 hours. A modified mixed lymphocyte

reaction (MLR) assay quantified dressing suppression of PBMC

activation/proliferation after excitation using the mitogen phy-

tohaemagglutinin-L (PHA-L). Macrophages stimulated to a pro-

inflammatory state with lipopolysaccharide (LPS) were evaluated

over 96 hours for inflammatory cytokine secretion. Similarly, the

capacity for dressings to limit reactive oxygen species (ROS) produc-

tion in neutrophils activated with phorbol 12-myristate 13-acetate

(PMA) was observed via flow cytometry. Neutrophils were also eval-

uated on matrix metalloproteinase-9 (MMP-9) production under the

same procedures.

Results: Secretome release occurred in a classical “burst release” pat-
tern, upon hydration. Dressings display a marked effect in suppressing

PBMC excitement after activation, decreasing ATP production from

240±34.9 μg/mL in untreated activated PBMCs to as little as 80±11.9

μg/ml (n=3). Estimates of neutrophil ROS production were similarly

depressed in the presence of dressings. Results show slight compe-

tencies at potentially deterring activated macrophages from a pro-

inflammatory state.

Conclusions: The ability to mitigate the often-disproportionate pro-

inflammatory response found in severe injuries is critical to successful

wound repair. A dressing such as the one proposed herein, a plasma-

alginate composite dressing loaded with bioactive extracellular vesi-

cles, may prove to be an invaluable tool to aid in wound recovery. The

views expressed in this abstract are those of the author(s) and do not

reflect the official policy or position of the U.S. Army Medical Depart-

ment, Department of the Army, DoD, or the U.S. Government.

Novel Therapies

P. NOV01 | Topical Hydrogel Formulations For Disruption Of

Cholesterol Accelerate Cutaneous Wound Closure

Juan P. Musi1, Beatriz Abdo Abujamra2, Fotios Andreopoulos1,

Marjana Tomic-Canic2, Ivan Jozic2

1University of Miami School of Biomedical Engineering, Miami, FL, USA,
2University of Miami Miller School of Medicine, Miami, FL, USA

Background: Chronic wounds represent a major healthcare burden,

affecting more than 6 million people annually and hindering the health

care system with ~$60 billion in costs. Deregulated cell migration is a

major contributor to lack of closure in chronic wounds. We have

recently demonstrated that migrating epithelial tongue in ex vivo

human wounds exhibits downregulation of cholesterol synthesis as a

function of distance away from the wound edge. Furthermore, topical

administration of cholesterol disrupting agents, either statins or cyclo-

dextrins, can accelerate wound closure in various wound models

(splinted db/db mouse, full thickness porcine and human ex vivo).
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Thus, the purpose of this project was to develop topical hydrogel for-

mulations that target cholesterol synthesis (optimized concentrations

of statins and cyclodextrins) and test if they stimulate wound closure

when compared to Regranex (FDA-approved biologic for treatment

of DFUs).

Methods: We first synthesized collagen and hyaluronic acid hydrogel

formulation containing either lovastatin, mevastatin, simvastatin,

methyl-beta-cyclodextrin, or combinations of each. Their efficacy to

extract cholesterol from cells (primary human keratinocytes) and tis-

sues (3D skin equivalents and ex vivo human skin) was tested using

total cholesterol quantification kits and filipin staining assays. Next,

we tested effectiveness of our hydrogel formulations to stimulate

wound closure in multiple models of wound healing including in vitro

organotypic skin equivalents, ex vivo human skin and splinted db/db

mouse models. Our measures included wound re-epithelialization and

epidermal thickness by H&E staining, angiogenesis and skin irritation

by immunohistochemistry, as well as penetration of our cyclodextrin

and statin formulations by time of flight secondary ion mass spec-

trometry (TOF-SIMS).

Results: First, we validated that formulations disrupted cholesterol

synthesis using in vitro 3D human skin equivalent cultures and ex vivo

human skin, followed by promotion of cell proliferation and migration.

Using TOF-SIMS, we were also able to delineate penetration and

localization of released from the topical hydrogels. Lastly, we

observed that cholesterol depleting hydrogel formulations accelerated

wound closure in each wound model tested.

Conclusions: Together, these data demonstrate successful pre-clinical

testing and provide a new therapeutic strategy for treatment of hard

to heal chronic wounds.

P. NOV02 | Dactyl Debrider, A Novel Device For Wound

Debridement

Elvis Castillo Garcia, MD CWSP, Sifat Sheikh, MPH-MHA, Sharon

Henrich

AdventHealth Tampa, Wesley Chapel, FL, USA

Background: There is a growing need for wound treatment in the

United States. This study describes a new tool in the wound debride-

ment arsenal. The Dactyl Debrider is a finger mounted class one tool

in the wound debridement arsenal. This device has several economic,

process, and patient care related advantages. This pilot study reviews

data from both providers using the device and patients receiving

debridement treatment with it. Debridement is considered a key

treatment in successful wound healing. This study aims to determine

the effectiveness of the Dactyl Debrider in wound debridement, in

comparison to traditional debridement procedures.

Methods: Data was collected from use of the Dactyl Debrider on

10 patients with slow-healing or acute wounds requiring surface

debridement. Photos of treated wound were taken before and after

treatment. Patients were surveyed concerning their experiences while

being treated with this tool. The survey included questions about

anxiety, pain level, and perceived ease of use. Providers using the tool

were also surveyed concerning ease of use, wound accessibility, and

timing.

Results: The Dactyl Debrider was found to be acceptable to patients

in terms of anxiety and pain. Patients saw the debridement process

with this tool as faster and easier for the providers. There was consid-

erable improvement in the wounds treated during this study and diffi-

cult to reach areas were allowed better access. Providers noted ease

of use, speed of the procedure and improved ability to access the

wound for treatment.

Conclusions: This pilot study showed that use of the Dactyl Debrider

is a safe and effective method of optimizing the wound healing pro-

cess. It has acceptability to both patients and providers. Larger and

more rigorous studies of this method will need to follow.

P. NOV03 | A Prospective Clinical Trial Evaluating Potential

Changes In The Wound Microenvironment In Patients With Chronic

Venous Leg With A Hypothermically Stored Amniotic Membrane

John P. McQuilling1, Marissa Carter2, Judy Fulton3, Keyur Patel4,

Bryan Doner5, Thomas Serena5, Katie Mowry1

1Organogenesis Inc, Birmingham, AL, USA, 2Strategic Solutions Inc,

Bozeman, MT, USA, 3Serenagroup Inc, Cambridge, MA, USA, 4Armstrong

CM Hospital, Kittaning, PA, USA, 5SerenaGroup Inc., Cambridge,

MA, USA

Background: Venous leg ulcers represent a challenging and difficult to

treat wound which often fails to heal using conventional therapies.

Amniotic tissues have a long history in treating both acute and chronic

wounds, however there have been few studies which have evaluated

the wound microenvironment as these therapies are utilized. The goal

of this study was to evaluate the changes in wound milieu following

treatment with a hypothermically stored amniotic mem-

brane (HSAM�).

Methods: In this prospective, single arm study, 15 female patients

with venous leg ulcers which had been present for 8 months to

8 years were treated with both HSAM from male donors and multi-

layer compression therapy for 12 weeks. Over the course of the

study, wound exudate was collected and evaluated via proteomic

microarray and biopsies were collected in the bed of the wound.

Results: By 4 weeks, 60% (9/15) of subjects achieved a 50% or

greater reduction in wound size. At the completion of this study at

12 weeks 53% (8/15) of subjects achieved 100% re-epithelialization.

Of the biopsies collected, 30.3% (10/33) contained DNA suitable

for PCR. Of these biopsies, 20% were positive for HSAM DNA as

determined by the detection of the Y chromosome specific genes

SRY and TSPY4, suggesting that the grafts may remain in the tissue

for up to 1-2 weeks following application. Proteomic analysis of

wound exudate reveled that wounds on a healing trajectory had sig-

nificantly higher levels of MMP-10 and significantly lower levels of

IL-1ra, IL-1a, IL-9, IL-2, MCP-1, and TNF-b compared to stalled

wounds. Lastly, we observed that TIMP2, MMP10, EGF, IL-1ra, IL-7
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and IL-8 all significantly correlated with the percent reduction in

wound size.

Conclusions: In summary, this study provides a novel approach to

investigating VLUs treated with advanced therapies such as HSAM.

Oxygen/Hypoxia

P. OX01 | Novel Case Of Covid-induced Coagulopathy And

Subsequent Dry Gangrene: Plastic And Reconstructive Options

Garrick Gu, Jan Sjoquist, Jorge Lujan-Hernandez

University of Massachusetts Medical School, Worcester, MA, USA

Background: The current COVID-19 pandemic is a global health crisis.

While severe infection with COVID-19 predominantly causes acute

respiratory distress, hypercoagulability has emerged as an important

complication of the virus, leading to life-threatening and fatal throm-

boembolic events. We report a case of acute lower extremity dry gan-

grene in a 60-year-old male, thought to be due to a COVID-19

associated coagulopathy. After becoming infected with COVID-19,

our patient suffered from significant hypercoagulability, leading to dry

gangrene and below-the-knee amputations due to delay in diagnosis

and the associated reconstructive challenge. His course provides fur-

ther evidence for the severe hypercoagulability associated with this

virus and represents a unique challenge in this patient population that

all plastic and reconstructive surgeons should be aware of.

Methods: Our patient is a 60-year-old male who presented to an out-

side hospital with acute respiratory distress diagnosed as positive

COVID-19 by RT-PCR, requiring ICU admission and intubation. His

hospital course was complicated by parapneumonic effusion and

pneumothorax. On day 9 of admission, the patient’s toes and heels

were noted to be black and ischemic, with no sign of infection or

erythema.

Results: Superficial ulcerations were noted on the dorsal aspects of

both feet. Dorsalis pedis (DP) and posterior tibial (PT) pulses were

palpable and triphasic bilaterally. An ankle-brachial index (ABI) mea-

surement showed no evidence of ischemic change at rest. However,

toe-brachial index revealed a complete absence of flow to the toes

bilaterally. Coagulation parameters included prolonged PT and aPTT

(14.3 and 39.9 sec), elevated D-Dimer (>10,000 ng/mL FEU), elevated

fibrinogen (1,112 mg/dL), and thrombocytosis (428,000/uL). Given

this data and the appearance of the patient’s toes, a diagnosis of

acute, non-ischemic dry gangrene was made.

Conclusions: Coagulopathy has emerged as a potential complication

of the SARS-CoV-2 infection. Our alternative theory characterizes

COVID-19-associated coagulopathy as a distinct process, with key

differences in laboratory parameters. Included in these differences are

acro-ischemia, absence of thrombocytopenia, minimally prolonged

aPTT, and most importantly hyperfibrinogenemia. The complete

absence of soft tissue coverage on the soles of both feet combined

with innate hypercoagulability resistant to anticoagulation represen-

ted a complex reconstructive challenge, one that ultimately led to

bilateral amputation. A pedicled flap may have provided enough cov-

erage but was accompanied with the risk of hypercoagulation and

subsequent flap necrosis. In this case report, we present the finding of

acute dry gangrene as an important outcome of the SARS-CoV-2 virus

that represents an additional challenge for plastic reconstructive

surgeons.

Stem Cells | P. STEM01 Non-Structural Fat: Efficiency Of

Mechanical Dissociation Techniques For Clinical Practice

Shawn J. Loder, Patricia A. Leftwich, Phoebe L. Lee, Wayne

V. Nerone, Kacey G. Marra, Lauren E. Kokai, J. Peter Rubin

University of Pittsburgh, Pittsburgh, PA, USA

Background: Micro-fragmented fat grafts have recently been devel-

oped as novel treatments for highly visible or unfavorable scars.

Micro-fragmentation allows the clinician to non-enzymatically gener-

ate a stem cell rich, non-structural emulsion useful for intra-dermal

or intra-lesional injection. Several fragmentation techniques exist;

however, it is unknown how current methodologies compare in

operative efficiency. Here we examine three of the most common

currently in practice and assess the relative efficacy of each

paradigm.

Methods: Lipoaspirate from elective body contouring procedures was

obtained as discarded tissue under IRB exemption. Tissue was either

maintained as a lipoaspirate control or mechanically dissociated by

one of the following: A) Inter-syringe Dissociation (1.0 mm aperture);

B) Graded Meshing (coarse, moderate, fine steel mesh), C) Percussive

Dissociation (bead milling) prior to a final filtration step through a

mesh nanotransfer chamber to achieve a consistent non-structural

adipose product.

Results: Independent of volume, a per-pass loss of 0.64+/-0.11 g of

lipoaspirate occurred secondary to dead space when utilizing nan-

otransfer kit filtration. With serial meshing this loss was cumulative

across each filtration step (2.26+/-0.15 g) with no significant differ-

ences between other techniques. Stromal entrapment during filtration

was significantly lower after inter-syringe dissociation vs. other tech-

niques per cc of starting lipoaspirate. Stromal capture was volume

dependent and we noted a per clog capture of 0.655+/-0.08 g stro-

mal elements with 2.72*105+/-8.2*104 cell/clog. Fractional oil release

was utilized as a proxy for lysis of lipid-laden mature adipocytes. Oil

release increased significantly with inter-syringe and percussive disso-

ciation but not meshing. Samples of control and non-structural fat

from each group were digested in collagenase to assess cellular yield

and viability. At day zero no significant differences were noted. These

groups were plated for MTT metabolic assay. At post-processing day

one, significant decrease in cell survival noted in the inter-syringe dis-

sociation group. Over 12 days proliferation in the inter-syringe and

percussive dissociation groups outpaced the control and meshing

groups.

Conclusions: Given the increasing popularity of non-structural fat

products in the operative sphere for scar care and reconstructive
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procedures a critical review of current processing techniques is neces-

sary to ensure therapeutic efficacy moving forward. Our data suggests

that while effective fractionation may be generated by each of the

available techniques to generate non-structural fat there are

significant difference in per volume efficiency, yield, and stromal puri-

fication between each. This is critical for the surgeon who must

choose which of these characteristics is most desired for their given

clinical need.
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