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Figure 7: Raman cross section line scan with corresponding stereo-microscopic and

multiphoton imagesof Native skin,AHSCtreated defect, wound only, STSGtreated and AHSC

+ collagenscaffoldtreated defectsdemonstratethat AHSCregeneratedtissuemost resembles

the ultrastructureof nativeskincomparedto controls120dayspost treatment.
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Microscopic Analysis of Regenerated AHSC - Swine

Many acute wounds incur successivecomplications and the
encumbranceon public health is increasingsignificantly1. More
than $12 billion is spent on patient management of acute
wounds refractory to standardof care therapies1. Conventional
treatments of cutaneouswounds, including skin grafting and
advanced dressings, are limited by graft failure, scarring,
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.

1. Full-thicknesswoundson 12Yorkshireswinedorsa were treated with AHSC
or conventional dressings. Healing was examined with digital and
stereoscopicimaging for 6mos.

2. Histologicalanalysiswas evaluatedby brightfield, confocal,and scanning-
electron-microscopy.

3. Molecular composition of wounds was measured with Raman and FTIR
microscopy.

4. Gene expressionbetween AHSC/STSG/nativeskin were analyzed using
stemcelland extracellular-pathway-PCR-arrays.

5. A 70 year old male with an acute left lateralmalleoluswound refractory to
conventional treatments and an acellular xenogenic skin substitute was
treated with AHSC. A small abdominal full-thicknessskin harvestwassent
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.

1. Preclinical AHSC-treated wounds demonstrated improved healing,
decreased contracture, and development of hair follicles and dermal
appendageson macroscopicand fluorescentimaging.

2. AHSC-treated skin wassimilar to native skin in collagen,elastinand keratin
Ramanspectra(R2=0.95), and stiffnessand elasticity(p<0.05) in swine.

3. AHSC-treated wounds showed upregulated gene expressioncompared to
nativetissuein human tissue.

4. Imaging confirmed AHSC-treated wounds had similar morphology,
organization,and nuclearcontent to nativeskin.

5. The patient treated with one application of AHSCexperiencedcomplete
wound closure, minimal lower-extremity skin contracture, ambulated
without difficulty,and no donor-sitecomplications.

Figure 1: Stem cell markers upregulated during AHSC
processingcomparedto nativeskin(HumanTissue).

E.g. FZD1ðinvolved in WNT signalingpromoting skinand hair
development and growth (Millar, 2013). FGF2 ð regulates
fibroblast cell migration and activatesJNKwhich is crucial in
wound healing (Dong, 2012). BMP2 ð one of the main
regulators of skin stem cell proliferation and differentiation
(Yoon,2013). NOTCH1ðplaysa dual role in promoting stemcell
cohesion and differentiation of neighboring epidermal cells
(Estrach, 2007). CXCL12ðessentialfor migration of activated
Langerhanscells from epidermis to dermis (Ouwehand, 2008).
Accelerated wound healing in mice (Vagesjo, 2018). IFG1 ð
inhibits collagenases, and induces collagen expression,
associatedwith reduced skinwrinkling (Noordam, 2013). FGFR1
ðexpressedduring wound healing,regeneratesepidermalcells
and blood vesselsof the epidermis(Takenaka, 1997). ABCG2 ð
protein transportmolecule. Deficiencyof this markerassociated
with impaired re-epithelialization in wound healing (Chang,
2016). BMP1ðLossof BMP1-like proteinaseactivity is shown to
result in markedly thinned and fragile skin with unusually
denselypacked collagen fibrils and delayed wound healing in
mouse model (Muir, 2016). NOTCH1ðis a marker of human
epidermal stem cells and high expressionplays a dual role in
promoting stem cell cohesionand stimulatingdifferentiationof
neighboring epidermalcellsin culture (Estrach, 2007).

Figure 4: AHSC-regenerated skin tissueshowssimilar ultrastructureto native skin tissues
including glands, vasculatureand hair follicles indicating full-thicknesscutaneous neo-
generation. Compound microscopyshowed improved healing and reduced contraction in
wounds treated with AHSC. Histological staining, SEM, and multiphoton imaging
demonstratedan organizedextracellularmatrix (ECM)indicativeof full thicknessskin.

Figure 3: AHSC-generated skin has architecture and hair follicles similar to native skin.

Untreatedwoundsdemonstratescarformation without the presenceof hair.

Figure 2: Full-thicknessdefects were created in 12 Yorkshirefemale swine and treated with

AHSCor left untreated. Ultrasound elastography was performed prior to harvest. AHSC-

treatedwoundswerefound to contract lessthan untreatedcontrols(P<0.0001).

Figure 5: Second Harmonic Imaging was performed using a Leica SP8 multiphoton
confocal microscopeequipped with a Chameleontwo photon laser and a 10x 0.40 NA
objective. AHSC-generated skin has histological architecture, hair follicles, glandular
formation, vasculature,and rete pegs at the epidermal-dermal interfacesimilar to native
skin,whichappearto be lackingin untreatedcontrol specimen.

Figure6: 100x confocal imagesof neo-generatedskindemonstratethat AHSC-generatedhair
follicles have similar ultrastructure and cellular abundance compared to native skin hair
follicles. (Cyan= nuclearstain(nucblue), Red= actin555, Blue= wheatgerm agglutinin).

Figure9: In-vivoballistometryòindentation"measuringthe depth of the initial probe impact
in the skin,whichwasestimatedfrom the damping curveshowedno significantdifferences
between AHSCand native skin for indentation properties. Ex vivo elasticity testing also
showedsimilaritiesbetweenAHSCand nativeskin,unlikethe untreatedcontrols.

Preclinicalapplicationof an autologoushomologousskinconstruct
comprised of minimally polarized functional units demonstrated
completehealingwith appendageand pigmentation development
along with improved functional outcome compared to control
wounds. AHSC-therapy was efficacious in regenerating full-
thicknessskinin an acuteinjury preclinicalmodel and clinicalcase.

Figure 11: Male patient suffered a traumatic crush injury two-months prior to AHSCtherapy
with multiple lower extremityfracturesand an open wound on his left foot with exposedbone.
Thepatient underwentdebridementand applicationof urinarybladder matrix but wasstill left
with an open, non-healing wound with exposedbone. AHSCregenerated full-thicknessskin
within the wound bed, coveredthe previouslyexposedbone, and healedthe wound.

Figure 10: Multi-photon image of BABB-cleared skin collagen (green) detected by second
harmonic resonanceand epidermal/hair follicle regions (red) intrinsic tissuefluorescencein the
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.
(Scalebars= 10mm (A),1mm (B) and 50 µm (a-c).
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Figure 8: Ultrasound Elastography(bottom panel) paired with gross digital photography
(top panel)of nativeskin,AHSC-treated defect,wound only, and STSG-treated defect (200
days post treatment) demonstratesAHSC-regenerated tissuemost resemblesnative skin
compared to controls. Green and red indicate soft and hard tissues,respectively. Shear
waveelastographyof nativeskinand treated woundsshowshomogeneousand soft zones
with mean elastographyvaluesbelow 120kPawhereasuntreated controls appear to yield
hardenedskintissuecomparedto AHSCneo-generatedskin.


