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A Novel Reticular Dermal Graft Leverages Architectural
and Biological Properties to Support Wound Repair
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Background: Acellular dermal matrices (ADMs) are frequently used in reconstruc-
tive surgery and as scaffolds to treat chronic wounds. The 3-dimensional archi-
tecture and extracellular matrix provide structural and signaling cues for repair
and remodeling. However, most ADMs are not uniformly porous, which can lead
to heterogeneous host engraftment. In this study, we hypothesized that a novel
human reticular ADM (HR-ADM; AlloPatch Pliable, Musculoskeletal Transplant
Foundation, Edison, N.J.) when aseptically processed would have a more open uni-
form structure with retention of biological components known to facilitate wound
healing.

Methods: The reticular and papillary layers were compared through histology and
scanning electron microscopy. Biomechanical properties were assessed through
tensile testing. The impact of aseptic processing was evaluated by comparing un-
processed with processed reticular grafts. In vitro cell culture on fibroblasts and en-
dothelial cells were performed to showcase functional cell activities on HR-ADMs.
Results: Aseptically processed HR-ADMs have an open, interconnected uniform scaf-
fold with preserved collagens, elastin, glycosaminoglycans, and hyaluronic acid. HR-
ADMs had significantly lower ultimate tensile strength and Young’s modulus versus
the papillary layer, with a higher percentage elongation at break, providing graft flex-
ibility. These preserved biological components facilitated fibroblast and endothelial
cell attachment, cell infiltration, and new matrix synthesis (collagen IV, fibronectin,
von Willebrand factor), which support granulation and angiogenic activities.
Conclusions: The novel HR-ADMs provide an open, interconnected scaffold
with native dermal mechanical and biological properties. Furthermore, asep-
tic processing retains key extracellular matrix elements in an organized frame-
work and supports functional activities of fibroblasts and endothelial cells. (Plast
Reconstr Surg Glob Open 2016;4:¢1065; doi: 10.1097/GOX.0000000000001065;
Published online 4 October 2016.)

used in wound healing and tissue repair to facilitate
wound closure and regenerative remodeling.’” The
extracellular matrix (ECM), a major component of ADMs,

Acellular dermal matrices (ADMs) are commonly
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provides structure, cellsignaling cues, and mechanical
support to facilitate the healing process.*® Key dermal
ECM components include collagens, elastin, glycosamino-
glycans (GAGs), and hyaluronic acid (HA).**!" The ECM
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can sequester and control the bioavailability of growth fac-
tors that modulate cellular responses by serving as a growth
factor reservoir.*>'? Apart from providing biological cues,
the ECM imparts mechanical properties in the form of
structural, tensile, and compressive support.”!* Its archi-
tecture influences material stiffness, which regulates cell
behavior by affecting cytoskeletal reorganization and cell
signaling,'®'® whereas an open microstructure can facilitate
host cell infiltration.!” These native dermal properties can
guide cell behavior and tissue remodeling in a wound care
setting.

Exogenous scaffolds replace or replicate native ECM
by restoring structural and functional requirements."'*'
They also provide a barrier to protect wounds from infec-
tion and desiccation. Scaffold origins can be cellular or
acellular and originate from biological, synthetic, or com-
posite materials."'? Although synthetic scaffolds are repro-
ducible and uniform, they lack the biological advantages of
native dermal matrices.>' ADMs can be processed to pre-
serve the dermal structure and leverage the dermal biology
to reduce scarring and improve tissue regeneration.??"-*?

The structure of human dermis can be divided into 2
layers: papillary or superficial and reticular.! The fibrils
present in the papillary dermis are smaller compared with
the reticular dermis. When the papillary dermis is injured
(superficial cut or burn), it can often regenerate withouta
scar. The reticular dermis is the deeper and thicker region
composed of dense collagen fibers, elastin, and woven
reticular fibers. These characteristics provide this region
with strength, extensibility, and elasticity.” In a deep
wound, this framework is missing, which can lead to scar-
ring. By using an organized structure, this can coordinate
new tissue repair and potentially address scarring.

ADM processing aims to remove cellular material to re-
duce immunogenicity and decontaminates or sterilizes the
graft to limit disease transmission.*** If not designed appro-
priately, however, the processing can negatively impact the
endogenous matrix proteins and natural architecture that
can hamper host cell integration and result in encapsula-
tion and foreign body response.** Aseptic tissue process-
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ing utilizes gentle decontamination steps to ensure tissue
safety, while preserving the matrix configuration.

In this study, we investigate the hypothesis that asepti-
cally processed reticular dermal grafts provide a scaffold
possessing biological and mechanical properties that can
support wound healing. This unique deeper cut reticular
dermis retains architectural elements (open structure),
mechanical properties (elasticity, organized collagen and
elastin), and key matrix proteins to support physiological
cellular responses during regenerative remodeling.

MATERIALS AND METHODS

Tissue Procurement

Human dermal tissue was screened and recovered
following industry standard guidelines. Human reticu-
lar ADMs (HR-ADMs; AlloPatch Pliable, Musculoskeletal
Transplant Foundation, Edison, N.]J.) was processed asep-
tically (Fig. 1) without terminal sterilization at Musculo-
skeletal Transplant Foundation (Edison, N.J.). The tissue
was decellularized and disinfected with peracetic acid—
based solution and every lot was assessed as per (USP-71)
Sterility Tests. The papillary dermis was prepared in a simi-
lar method as a comparison. Both reticular and papillary
layers were cut to final tissue specifications of 0.4—1.0mm
thick.

ADM Structure

Prehydrated papillary and reticular dermis samples
(n = 3 donors) were fixed in 10% formalin, embedded
in paraffin, sectioned into 5 pm thick cross-sections, and
stained for hematoxylin and eosin (H&E) by Premier Lab-
oratory, LLC (Boulder, Colo.).

Scanning electron microscopy (SEM) imaging was
performed to visualize the microstructure of HR-ADM in
comparison to papillary dermis (n = 3 donors). Samples
were fixed in 10% formalin for 24 hours, rinsed with wa-
ter twice for 15 minutes, and dehydrated in 50%, 70%,
80%, 95%, and 100% ethanol successively for 15 minutes
each. These dry samples were coated under vacuum using

HR-ADM (novel deeper
reticular cut layer)

Fig. 1. HR-ADM, a novel deeper cut reticular dermis layer, present below the papillary dermis layer.
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a Balzer MED 010 evaporator (Technotrade Internation-
al, Manchester, NH) with platinum alloy to a thickness of
25nm and immediately flash carbon coated under vacu-
um. Samples were examined in a JSM-5910 SEM (JEOL
USA, Inc., Peabody, Mass.) at an accelerating voltage of 25
kV. Imaging was conducted at 250x.

The material porosity (n = 3 donors) was determined
through gravimetric method assuming the material is
close to density of collagen (1.34g/cm?), as collagen is
the largest component of dermal tissue. The density of
the tissue (using a ratio of dry and wet tissue densities)
was calculated as per Loh and Choong.?” The pore size
range was evaluated by mercury intrusion porosimeter
(Quantachrome, Fla.) using standard techniques. Mer-
cury is forced into the dermal sample under high pressure
through the porosimeter. The pressure needed to force
mercury into the sample is inversely proportional to the
pore size.

Biomechanical Characterization

Biomechanical properties of dermal tissue were evalu-
ated using a MTS 858 Mini-Bionix tensile testing system
(MTS, Eden Prairie, Minn.) with a calibrated 1kN load
cell. Dermal grafts (n = 3 donors) were cut into multiple
specimens (4-12) using a custom punch shaped and sized
to match the type V (microtensile testing) specimen speci-
fied by the American Society for Testing and Materials
(ASTM) D638 guidelines for evaluating material proper-
ties (3.18 mm width; 0.4-1.0mm thick). Sample thickness
was measured and then loaded into tensile grips. Speci-
mens were pulled under tensile load at a rate of 50.8 mm/
min until failure. Ultimate tensile stress (UTS), Young’s
modulus, and the percentage elongation at break were ex-
amined and normalized to cross-sectional area.

Matrix Protein Characterization

Immunohistochemistry staining was performed at His-
toTox Labs, Inc. (Boulder, Colo.). Operators were blinded
to HR-ADMs (sample 1) and unprocessed reticular dermis
(sample 2) for collagens I, III, IV, and VI and elastin. The
levels of GAG and HA in HR-ADMs were compared with
unprocessed reticular dermis (n = 3 donors). GAGs were
quantified using the Blyscan GAG assay (Biocolor Life Sci-
ence Assays; Carrickfergus, UK/Fisher Science, Houston,
Tex.). Samples were extracted in papain (125 pg/mL in
0.1M phosphate buffer) for 2 hours at 65°C and centri-
fuged (10,000rpm; 10 minutes). The dye-binding assay
was performed and absorbances were read at 656nm.
HA was quantified using an enzyme-linked immunosor-
bent assay (Corgenix, Broomfield, Colo.). Samples were
extracted (24 hours, 4°C in 1M sodium chloride and so-
dium bicarbonate solution), homogenized for 5 minutes
in a bullet blender (Next Advance, N.Y.), and centrifuged
(10,000rpm; 10 minutes). Absorbances were read at
450 nm.

Enzymatic Degradation

HR-ADM samples were air dried overnight, weighed
(21-25mg), and rinsed in 0.9% saline solution. Samples
(n = 3 donors) were then enzymatically digested (6 hours,

37°C water bath) in a collagenase type 1A (6.65U/mL fi-
nal enzyme solution; Sigma, St. Louis, Mo.) and thermo-
lysin (15U/mL final enzyme solution; Sigma, St. Louis,
Mo.) solution in tricine buffer (pH 7.5). The filtered ex-
tract was mixed with ninhydrin (0.016g/1 mL solution)—
hydrindantin (0.0024g/1mL solution) (Sigma, St. Louis,
Mo.) in ethylene glycol monoethyl solution and 4N so-
dium acetate buffer (pH 5.5) that reacts with the released
amino acids, producing a deep purple color proportional
to the amount of peptides released. The standard curve
was established with r-leucine (stock solution 2.0mg/
mL; Sigma, St. Louis, Mo.) and sample absorbances were
read at 570nm. The controls were crosslinked®® and de-
natured dermis samples. Unprocessed dermal tissue was
crosslinked (16 hours, room temperature) with 0.025%
glutaraldehyde (Sigma, St. Louis, Mo.) solution, followed
by a 2-hour rinse step to remove residual glutaraldehyde.
The denatured condition (representing harsh chemical
processing) was prepared by crosslinking as above and
then boiling (at 100°C) the rinsed samples for 5 minutes.
These samples were digested as stated above, reacted, and
read at 570 nm.

Cell Behavior Characterization

Normal human dermal fibroblasts (NHDFs; Lonza,
Walkersville, Md.) were cultured (0.2 million cells/7 mm
disk) on HR-ADMs in fibroblast growth medium (FGM-2)
(Lonza) at 37°C and 5% CO, in a humidified atmosphere.
Cell attachment and matrix production were assessed over
time (0, 7, 14 days). H&E, collagen IV, and fibronectin
staining were performed by IHC World, LLC (Ellicott City,
Md.), with standard histology techniques. Human umbili-
cal vascular endothelial cells (HUVECs) were cultured
(0.2 million cells/7mm disk) on HR-ADMs to examine
angiogenic capacity through tubular formation (CD31,
AbCam, Cambridge, Mass.) and secretion of functional
angiogenic factor, von Willebrand Factor (vWF; AbCam,
Cambridge, Mass) on adhered cells through 4', 6-diamid-
ino-2-phenylinadole (Life Technologies, Carlsbad, Calif)
staining. Confocal imaging (Rutgers University, Piscat-
away, N.J.) was performed to visualize tubular network for-
mation and vWF secretion.

Statistical Analysis

All values are reported as average and SD. A student
t-test (unpaired) was used to compare mechanical evalu-
ation of dermal tissue (HR-ADM versus papillary), and
enzymatic degradation analysis (unprocessed dermis to
HR-ADM, crosslinked and denatured), with P<0.05 being
considered significant.

RESULTS

Unique Feature of HR-ADM

H&E staining of HR-ADM revealed an open, uniform
architecture (no orientation or polarity; Fig. 2). In con-
trast, the papillary graft was asymmetrical (epidermal-fac-
ing side was dense versus the open dermal-facing side),
resulting in directionality (distinct orientation or polar-

3



A
! V v
L
L
[ 1mm
B
i A
[ » 4
= '-\ - = »
)
"
o .
i P >
I imm |

Fig. 2. A, Papillary Dermis is asymmetrical. B, HR-ADM is symmetrical.
H&E revealed that the papillary dermis has an asymmetrical matrix
structure, whereas the HR-ADM is symmetrical with a more uniform
and open structure (magnification 2x). The papillary dermis is dense
collagen on one side and loose collagen on the other side (distinct
orientation present). The HR-ADM is uniform throughout and similar
on both sides of the graft (no sidedness or orientation).

ity). Higher magnification (20x) images clearly demon-
strated the consistent open, interconnected network of
HR-ADM compared with the asymmetrical papillary der-
mis (See PDF, Supplemental Digital Content 1, which re-
veals distinct structural differences between papillary and
reticular dermal structures, hitp://links.lww.com/PRSGO/
A274). Additionally, SEM imaging (Fig. 3) confirmed the
open architecture present in HR-ADMs compared with
papillary dermis. The porosity of HR-ADM was 88% + 4%
and of papillary dermis was 82% + 6%. The pore size range
as determined by mercury intrusion for HR-ADMs was
2.7-500 pm, whereas that determined for papillary dermis
was 0.8-500 um (Table 1). This open, interconnected net-
work in HR-ADMs was seen in Figure 2, and this pore size
range supports cell infiltration as evidenced in Figure 7.

Biomechanical Characterization

The HR-ADM thickness was 0.8+0.2mm (n = 4
donors; 4-8 samples/donor), whereas the papillary
dermis thickness was 0.7+0.1mm (n = 3 donors; 8-12
samples/donor). HR-ADMs exhibited lower UTS values
(7+2MPa) and Young’s modulus (6+1MPa) compared
with the papillary dermis UTS (14+3 MPa) and Young’s
modulus (15+3MPa). HR-ADMs had significantly lower
UTS (P=0.03) and Young’s modulus (P = 0.019) values
compared with papillary dermis (Table 1). These lower
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Fig. 3. A, Papillary Dermis. B, HR-ADM. SEM imaging displays
the microstructure of HR-ADM and papillary dermis. The papil-
lary dermal graft has a dense appearance at the epidermal fac-
ing side, whereas HR-ADM has open, porous appearance on the
papillary facing side (magnification at 250x).

biomechanical properties of HR-ADMs were similar to
those reported for fetal porcine dermis as an elastic
biomaterial comparison. The percentage elongation at
break was significantly greater (P = 0.03) for HR-ADM
(131% + 15%) compared with papillary dermis (104% =
2%), and is expected in an elastic scaffold. Generally,

Table 1. Biomechanical Properties of HR-ADM and
Papillary Dermal Grafts

Fetal Porcine

Material Properties Papillary Dermis HR-ADM Dermis*

Porosity, % 82+6 88+4  Not reported

Pore size, pm 0.8-500 2.7-500 Not reported

Measured thickness, 0.7+0.1 0.8+0.2 Not reported
mm

Ultimate tensile 14+3 7+2 2.1+0.3
strength, MPa

Young’s modulus 15+3 6+1 59+1.5
(stiffness), MPa

% elongation at 104+2 13115 Not reported

break, mm,/mm

The ultimate tensile strength and Young’s modulus (stiffness) of HR-ADM
and papillary dermis were compared to fetal porcine dermis.”” HR-ADM dem-
onstrates significantly lower tensile strength (P = 0.03) and Young’s modulus
(P =0.019) and higher percentage elongation at break (P = 0.03) compared
to papillary dermis.
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Fig. 4. Inmunohistochemistry staining of unprocessed reticular dermis (A) Collagen I, (B) Collagen 1V, (C) Elastin and HR-ADM (D) Colla-
gen |, (E) Collagen IV, (F) Elastin. Aseptically processed HR-ADM revealed retention of collagen types | and VI and elastin as compared to
unprocessed reticular dermis (magnification, 10x). All images were taken from the papillary facing side. Similar observations were found

on the deep dermal facing side.

open porous scaffolds under tension align first, stretch,
and break, whereas dense scaffolds, which have some
orientation, load first and then break resulting in lower
percentage elongation at break. Therefore, the biome-
chanical testing confirmed that the HR-ADMs are flex-
ible structures, exhibiting low stiffness and increased
elasticity.

Native ECM Components Preserved

Immunohistochemistry staining qualitatively revealed
the retention of organized collagen types Iand VI and elastin
(Fig. 4) in unprocessed reticular dermis and HR-ADMs after
aseptic processing (See PDF, Supplemental Digital Content
2, which demonstrates collagen III and IV retention, http://
links.lww.com/PRSGO/A275). Although there was some re-
duction in staining intensity for collagen III, the majority
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of the ECM components in HR-ADMs are similar to unpro-
cessed tissue. Additionally, GAGs and HA were present and
quantified in unprocessed reticular dermis (2.5+0.1mg/g;
1000+88 pg/g) and retained in HR-ADMs (2.7+0.6 mg/g;
272451 pg/g), respectively (Fig. 5). Although lower HA
levels were present in the processed HR-ADM as compared
with the unprocessed sample, a considerable amount of HA
is retained. These critical ECM components provide an or-
ganized architecture to support cellular activities.

Enzymatic Degradation

To verify that aseptic processing preserves the native
dermal components, enzymatic degradation studies exam-
ined the release of peptides in unprocessed and processed
tissue samples along with controls (crosslinked, denatured
dermis) representing process-altered tissue. Peptide release
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Fig. 5. A, Glycosaminoglycans (mg/g) and hyaluronic acid (j1g/g; B) are present in aseptically processed HR-ADM compared to unprocessed

reticular dermis.
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Fig. 6. Peptide release varied according to dermal processing meth-
ods. Aseptically processed HR-ADMs demonstrated similar peptide re-
lease profile compared to native, unprocessed reticular dermis. Cross-
linked dermis with 0.025% glutaraldehyde? renders the matrix more
resistant to degradation, with significantly (P = 0.004) lower peptide
release, whereas denatured dermis yielded greater degradation of der-
mal components, with significantly (P=0.013) greater peptide release.

for aseptically processed HR-ADMs (4.5+0.4mg/g of tis-
sue) was similar (no significant difference) to that for un-
processed reticular tissue (4.0+0.5mg/g of tissue; Fig. 6).
Crosslinking dermis resulted in significantly (P = 0.004)
lower peptide (0.6+0.1mg/g of tissue) release (resistance
to degradation) due to the crosslinked collagen structure,
whereas denatured dermis yielded significantly (P = 0.013)
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higher peptide (6.6+0.6mg/g of tissue) release (degraded
collagen); both reflecting altered tissue components. There-
fore, aseptic processing preserves the native dermal compo-
nents, whereas other processing methods may alter it.

In Vitro Cell Studies

Histological and confocal imaging demonstrated that
both NHDFs and HUVECs readily attached to HR-ADMs.
Histology analysis of NHDFs revealed cell attachment and
infiltration into the graft (Fig. 7). Inmunohistochemistry
analysis confirmed fibroblasts secreted an abundance of
collagen IV in a multilayered network on top and within
the open HR-ADM network as early as day 7 (See PDF,
Supplemental Digital Content 3, which displays fibro-
nectin secretion and day 14 images, http://links.lww.com/
PRSGO/A276). HUVECGs also readily attached (4', 6-di-
amidino-2-phenylinadole staining) with endothelial mark-
er CD31, highlighting distinct, sustained tubular, network
formation, and vWF, which is secreted by functional endo-
thelial cells and confirming angiogenic capacity (Fig. 8).
Similar observations were found on both sides of the HR-
ADM. Both fibroblasts and endothelial cells are functional
on HR-ADMs by attaching and secreting matrix proteins,
which support granulation and angiogenic activities.

DISCUSSION
ADMs are used to protect the wound surface, maintain
hydration, and provide a conducive microenvironment
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Fig. 7. H&E Histology demonstrated (A) HR-ADM alone and (B) NHDFs cultured on HR-ADMs at day 7
where cells readily attached and infiltrated within the graft (magnification 40x). Immunohistochemis-
try imaging revealed that (C) HR-ADM only and (D) NHDFs secreted an abundance of collagen IV on top

and within the open, interconnected graft as early as day 7. Results were similar on both sides of the
HR-ADM. These secreted ECM components support granulation activities.
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Fig. 8. Confocal imaging of HUVECs cultured for 10 days on HR-ADMs at 10x magnification. A, Endothe-
lial cell marker, CD31 (green), revealed distinct, sustained tubular network formation. B, Adhered HU-
VECs shown by 4, 6-diamidino-2-phenylinadole staining (blue nuclei) have secreted vVWF (red) which
also verifies angiogenic capacity of functional endothelial cells. Similar observations were found on

both sides of the HR-ADM.

for dermal repair and regeneration.?*'%2'? Traditionally,
these matrices are obtained from the papillary dermal lay-
er and are processed by methods that can alter the native
dermal architecture and tissue quality, thereby impacting
host engraftment and tissue remodeling. The novel der-
mal graft (HR-ADM) obtained from the deep reticular
dermis layer used in this study was aseptically processed,
and this preserved the native architecture and key ECM
components that facilitate graft integration.

Histological analysis of the papillary dermis revealed
an asymmetrical network (dense on one side, open on
the other); this architectural polarity within the papillary
region has been reported previously.! The heterogeneous
nature can impact cell infiltration and native tissue remod-
eling. The novel HR-ADM provided a uniform, open net-
work, ensuring a homogeneous framework. The absence
of any graft asymmetry or orientation can be beneficial in
the clinical setting, facilitating the ease of use.

It is well known that open scaffold architectures mod-
ulate cell-matrix interactions and augment cellular ac-
tivities and newly formed tissue.’””' Increasing porosity
can significantly improve cellular infiltration and tissue
integration,” whereas the intrinsic mechanical proper-
ties (stiffness, elongation) can regulate cellular behavior
(proliferation, cell-matrix integration).”* This study
demonstrated that HR-ADMs had an open, intercon-
nected network with elastic biomechanical properties that
are similar to fetal skin and significantly lower than pap-
illary dermis. From literature, papillary dermis exhibited
biomechanical properties which are in alignment with
our study; similar Young’s modulus (18.4MPa) for an
ADM,* obtained from papillary dermis, and UTS values
(22+8MPa®* and 13-30 MPa'®) were also observed. In con-
trast, HR-ADMs behaved similarly to fetal porcine tissue
having low biomechanical properties: UTS (2.1+0.3 MPa)
and Young’s modulus (5.9+1.5MPa).” Exhibiting similar
biomechanical properties to fetal porcine tissue may cul-

minate in reduced scar formation.”* As human wounds
heal, the stiffness has shown to increase from 18 to 40
kPa," indicating wound bed fibrosis and scarring.*** Now,
depending on clinical applications, different biomechani-
cal properties are necessary. In the wound setting, graft
strength is not critical, whereas the elasticity, flexibility,
and conformability to the wound topography and irregu-
lar wound sizes are advantageous. Hence, HR-ADMs pro-
vide a promising elastic scaffold for wound repair.

This study also demonstrated that aseptic process-
ing preserved ECM components important for wound
healing, including collagens and elastin. They provide a
stable, organized structure along with signaling cues that
facilitate wound healing.*'? Collagens are instrumental in
supporting the wound healing phases®**; homing inflam-
matory cells®7; supporting fibroblast attachment/granu-
lation'"*; and facilitating keratinocyte migration.* Fetal
fibroblasts have been shown to express more collagen III
than collagen I and promote a more reticular deposition
of fibers in a basket-weave orientation, which can assist in
minimizing scar formation.** This type of reticular colla-
gen network can help promote regeneration versus repair
and minimize scarring; that is distinctly different from
disorganized, parallel bundles of collagen that cause scar-
ring.”® Elastin provides scaffold elasticity and also mediates
cellular activities by regulating the activity of TGFfs and
its presence/organization minimizes scar formation.*
Therefore, the preserved organized, basket-weave colla-
gen and elastin structure present in HR-ADMs may pro-
mote regenerative healing.

GAGs and HA, which are important biological compo-
nents for both adult and fetal wound healing,”* are also
retained in HR-ADMs. Exogenous addition of HA has re-
duced scar formation in adults by harnessing local growth
factors and modulating cell behavior.”’** GAGs also have
an effect on chronic inflammatory response and fibrotic
encapsulation, which otherwise may progress to implant
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failure or scarring.”® GAGs and HA can influence the
ECM structure, assembly, and hydration®®; impact inflam-
mation®**'; and foster granulation and protect cells from
free-radical damage.® The retention of both GAGs and
HA in HR-ADMs is predictive of clinical utility in facilitat-
ing wound healing.

These key biological ADM properties are beneficial
to be retained through the processing steps to remove
bioburden and minimize immunogenicity. Terminal ster-
ilization and harsh chemical treatments can modify the
scaffold structure and degradation characteristics by resi-
dent enzymes found in wounds.”* Furthermore, these
treatments can damage the collagen structure and other
bioactive components, hampering cell adhesion and cell-
ECM interactions.”*® Crosslinking agents (such as glutar-
aldehyde®) strengthen scaffold biomechanical properties;
however, they reduce the ability of cell-matrix interactions
by impairing the collagen structure and cell-binding sites,
yielding poor clinical properties.®® Consequently, tissue
processing strategies must balance bioburden reduction
and cell removal with maintenance of scaffold integrity.
This study verified aseptic processing retained the native
dermal components. Furthermore, enzymatic degrada-
tion of HR-ADM yielded similar peptide release compared
with unprocessed tissue, whereas crosslinking or denatur-
ing dermis significantly altered peptide release.

Further evidence that aseptic tissue processing preserved
the native architecture and biological components comes
from in vitro fibroblast and endothelial cell studies in HR-
ADMs. The open architecture of HR-ADMs (2.7-500 pm
pore size range) and retained ECM components supported
cell attachment and infiltration. Both cell types readily at-
tached and were functional on the HR-ADMs by secreting an
abundance of new matrix proteins (collagen IV, fibronectin,
vWF) on top and within the graft. The secreted matrix pro-
teins are critical in supporting granulation and angiogene-
sis**®7% and stimulate and guide other cellular responses.!**

In summary, aseptically processed HR-ADMs provide a
unique, biologically and mechanically advantageous scaf-
fold for wound repair. The in vitro findings are supported
by the clinical findings where HR-ADMs combined with
standard of care performed significantly better than stan-
dard of care alone in the treatment of chronic diabetic
foot ulcers.” Further in vitro studies are needed to charac-
terize the cell behavior and functionality of these biologi-
cally and mechanically stable novel reticular dermal grafts
in a chronic setting.

Anouska Dasgupta, PhD
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Edison, NJ 08837

E-mail: Anouska_Dasgupta@mtf.org
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