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Many acute wounds incur successivecomplications and the PODO__ _ POD 48 POD 98 __POD 153 _POD 201

encumbranceon public health is increasingsignificantly. More [ & % coaile Ly e

than $12 billion is spent on patient management of acute Untreated S (e F .  > " ;

wounds refractoryto standardof care therapies. Conventional B [ fa e J

treatments of cutaneouswounds, including skin grafting and - . AN R _

advanced dressings, are limited by graft failure, scarring, By Bk (B 2 ’ ]
l

contraction, and incomplete healing A novel approach using
an autologous homologous skin construct (AHSC) was
evaluated for full-thickness skin regeneration and wound
closurein acuteinjuriesin a pre-clinicalmodel and clinicalcase
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AHSGRegenerated Hair Follicle Native Skin Hair Follicle

Figure 6. 10 confocalimagesof neo-generated skindemonstratethat AHSGgenerated hair
follicles have similar ultrastructure and cellular abundance compared to native skin hair
follicles (Cyan= nuclearstain(nucblue), Red= actin555, Blue= wheatgerm agglutinin)

Methods

1. Fultthicknesswoundson 12 Yorkshireswine dorsawere treated with AHSC e R e - — p—
or conventional dressings Healing was examined with digital and Figure 2: Fullthicknessdefects were created in 12 Yorkshirefemale swine and treated with
stereoscopiamaging for 6mos. AHSCor left untreated Ultrasound elastographywas performed prior to harvest AHSG
. Histologicalanalysiswas evaluatedby brightfield, confocal,and scanning treated woundswere found to contractlessthan untreated controls (P<0.000).
electron-microscopy

. Molecular composition of wounds was measured with Ramanand FTIR
microscopy Native

. Gene expressionbetween AHSC/STSG/nativaskin were analyzed using | | | Skin
stemcelland extracellularpathway PCRarrays — e e

. A 70yearold male with an acute left lateral malleoluswound refractoryto Skin

conventional treatments and an acellular xenogenic skin substitute was - ; . ' | AHSC

treated with AHSC A small abdominal full-thicknessskin harvestwas sent Treated

for AHSCmanufacturing,applied to the wound-bed within 48-hours, and

dressedlike a conventional skin graft. Wound closure was assessedwith

digital photography for 6 months. — Figure 10 Multi-photon image of BABBcleared skin collagen (green) detected by second
g - harmonic resonanceand epidermal/hairfollicle regions (red) intrinsictissuefluorescencein the
i — 460-490 nm range. (a-c) wide-spectrum cytokeratin staining of de-cleared tissue samples

highlighting regenerated(a) epidermisand (b, c) hair folliclesin wound region.
Results - _ Scalebars= 10mm (A),1mm (B) and 50 um (a-c).
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Raman Spectrometry Stereoscope Imaging Multiphoton Imaging

1. Preclinical AHSGtreated wounds demonstrated improved healing, Untreated '. _ STSG
decreased contracture, and development of hair follicles and dermal = . " ) Treated AHSC Therapy for Acute Traumatic Wound

appendageson macroscopicand fluorescentimaging.
AHSGtreated skinwas similarto native skinin collagen. elastinand keratin Figure 3. AHSGgenerated skin has architecture and hair follicles similar to native skin
' eated ski gen, Untreatedwoundsdemonstratescarformation without the presenceof hait

Ramanspectra(R=0.95), and stiffnessand elasticity(p<0.05) in swine AHSC +

: AHSGt_reate_d wounds §howed upregulated gene expressioncompared to (égg?fgledn
nativetissuein humantissue AHSC Ultrastructuré Swine Model

' LT;agrll?zgatigﬂn;ﬁggﬂcléaﬂgc?gzgﬁttfg n;’.\t’ic\)llér;(lj(?n had similarmorphology, Native Swine Skin AHSC-Regenerated Skin Untreated Figure 7: Raman cross section line scan with corresponding stereo-microscopic and
’ PR e = multiphoton imagesof Native skin, AHSCtreated defect, wound only, STSQGreated and AHSC
. The patient treated with one application of AHSC experiencedcomplete B ot i 0 N + collagenscaffoldtreated defectsdemonstratethat AHSCregeneratedtissuemost resembles
wound closure, minimal lower-extremity skin contracture, ambulated Ceoaas SR e WO e P T R N the ultrastructureof native skincomparedto controls 120dayspost treatment
without difficulty,and no donor-site complications i e TR ' |
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Figure 11 Male patient suffered a traumatic crush injury two-months prior to AHSCtherapy
with multiple lower extremity fracturesand an open wound on his left foot with exposedbone.
The patient underwentdebridement and applicationof urinary bladder matrix but wasstill left

: : - - L ith an open, non-healing wound with exposedbone. AHSCregenerated full-thicknessskin
Figure 8: Ultrasound Elastography(bottom panel) paired with gross digital photography with .
(top panel) of native skin, AHSGtreated defect, wound only, and STSGreated defect (200 within the wound bed, coveredthe previouslyexposedbone, and healedthe wound.

I T e e Al g AHSC Multi-photon days post treatment) demonstratesAHSGregenerated tissue most resemblesnative skin
r ingcomparedto native skin(HumanTissue, - . o _ : i
process gco P& .Ed o ( | | ) | Figure 4: AHSGregenerated skin tissue shows similar ultrastructureto native skin tissues compared to controls Green and red indicate soft and hard tissues,respectively Shear
Eg. FZDL 0 involvedin WNT signalingpromoting skinand hair including glands, vasculatureand hair follicles indicating full-thickness cutaneous neo- wave elastographyof native skinand treated wounds showshomogeneousand soft zones -
development and growth (Millar, 2013. FGR & regulates generation Compound microscopyshowedimproved healing and reduced contraction in with mean elastographyvaluesbelow 120kPawhereasuntreated controls appear to yield Conclusion
fibroblast cell migration and activates INK which is crucial in wounds treated with AHSC Histological staining, SEM, and multiphoton imaging hardenedskintissuecomparedto AHSCneo-generatedskin Preclinicalpplicationof an autologoushomologous skinconstruct

wound healing (Dong, 20123. BMP2 & one of the main demonstratedan organizedextracellulamatrix (ECM)indicativeof full thicknessskin : . . : . :
regulators of gki&] ste?n cellaproliferation and differentiation ComanEd of _mm"_na"y pOIa”ZEd funCt_IonaI unl_ts demonstrated
complete healingwith appendageand pigmentation development

(Yoon,2013. NOTCHLO playsa dual role in promoting stem cell . . .
cohesion and differentiation of neighboring epidermal cells Confocal Florescent Imaging Swine Model Mechanical Testing of AHSC vs Contrd$wine Model along with improved functional outcome compared to control

(Estrach 2007). CXCl12 6 essentialfor migration of activated wounds AHSGtherapy was efficacious in regenerating full-
Langerhanscellsfrom epidermisto dermis (Ouwehand 2008). : . . .. . . ..

Inhibits collagenases, and induces collagen expression,

associateawith reduced skin wrinkling (Noordam, 2013. FGFR

d expressedduring wound healing,regeneratesepidermalcells !
and blood vesselsof the epidermis (Takenaka1997. ABC@ & References and Disclosures

protein transportmolecule Deficiencyof this markerassociated References! SenCK,Gordillo GM, Roy S, et al. Humanskin wounds a
with impaired re-epithelialization in wound healing (Chang, major and snowballingthreat to public health and the economy Wound

2016§. BMPL 6 Lossof BMPI-like proteinaseactivity is shown to ’ _

result in markedly thinned and fragile skin with unusually RepaiRegen200917(6):763-71.

densely packed collagen fibrils and delayed wound healing in Figure 5. Second Harmonic Imaging was performed using a Leica SR8 multiphoton Trademarkedltems Autologoushomologousskin construct= Aljvd

mouse model (Muir, 201§. NOTCHL 6 is a marker of human confocal microscope equipped with a Chameleontwo photon laserand a 1< 0.40 NA Figure9: In-vivoballistometryo i n d e nmeasuringthe tepth of the initial probe impact (Polarity TEInc., SaltLakeCity,UT)

epidermal stem cells and high expressionplays a dual role in objective AHSCGgenerated skin has histological architecture, hair follicles, glandular in the skin,whichwasestimatedfrom the damping curve showedno significantdifferences _ ’ e _ _

promoting stem cell cohesionand stimulating differentiation of formation, vasculature,and rete pegs at the epidermaldermal interface similarto native between AHSCand native skin for indentation properties Ex vivo elasticitytesting also DisclosuresThe authors,with the exceptionof Dr. JoannaPartridge,are
.10 neighboring epidermalcellsin culture (Estrach2007). skin,whichappearto be lackingin untreated control specimen showedsimilaritiesbetween AHSCand native skin,unlikethe untreated controls employeesof Polarity TEDr. Partridgehasno conflictsof interest
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