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Background: Dermal substitutes derived from xenograft materials require elab-
orate processing at a considerable cost. Acellularized porcine dermis is a readily
available material associated with minimal immunogenicity. The objective of this
study was to evaluate acellularized pig dermis as a scaffold for human fibroblasts.

P.Eng., Ph.D. ¥ Methods: In vitro methods were used to evaluate fibroblast adherence, prolif-
John L. Semple, M.D., ¥ cration, and migration on pig acellularized dermal matrix. Acellular human
M.Sc. | dermis was used as a control.

Results: Pig acellularized dermal matrix was found to be inferior to human
acellularized dermal matrix as a scaffold for human fibroblasts. Significantly
more samples of human acellularized dermal matrix (83 percent, n = 24; p <
0.05) demonstrated fibroblast infiltration below the cell-seeded surface than pig
acellularized dermal matrix (31 percent, n = 49). Significantly more (p < 0.05)
fibroblasts infiltrated below the surface of human acellularized dermal matrix
(mean, 1072 = 80 cells per section; n = 16 samples) than pig acellularized
dermal matrix (mean, 301 = 48 cells per section; n = 16 samples). Fibroblasts
migrated significantly less (p < 0.05) distance from the cell-seeded pig acellu-
larized dermal matrix surface than in the human acellularized dermal matrix
(78.8 percent versus 38.3 percent cells within 150 wm from the surface, respec-
tively; » = 5). Fibroblasts proliferated more rapidly (p < 0.05) on pig acellu-
larized dermal matrix (» = 9) than on the human acellularized dermal matrix
(7.4fold increase in cell number versus 1.8-fold increase, respectively; n = 9 for
human acellularized dermal matrix). There was no difference between the two
materials with respect to fibroblast adherence (8120 versus 7436 average ad-
herent cells per section, for pig and human acellularized dermal matrix, re-
spectively; n = 20 in each group; p > 0.05).

Conclusion: Preliminary findings suggest that substantial differences may exist
between human fibroblast behavior in cell-matrix interactions of porcine and
human acellularized dermis. (Plast. Reconstr. Surg. 117: 845, 2006.)
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strength and elasticity and provides sup-
port and durability to the overlying epider-
mis. Despite the functional and aesthetic impor-

The dermis is responsible for the skin’s
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tance of the dermis, dermal replacement
presents an ongoing challenge in the treatment
of full-thickness wounds. The ideal dermal re-
placement achieves rapid vascularization and in-
filtration of host cells with minimal scarring. Cel-
lular infiltration of a dermal substitute material
is essential to achieving effective closure of the
wound, thereby minimizing wound contraction
and hypertrophic scarring.! The greatest clinical
success with skin replacement for full-thickness
cutaneous wounds has been achieved with mate-
rials composed of the natural dermal protein
collagen. Cadaveric allograft dermis can be acel-
lularized to remove antigenic cellular compo-
nents, producing an acellular dermal matrix of
collagen and elastin. The clinical effectiveness
but high cost of the commercial product Allo-
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Derm (LifeCell Corporation, Inc., The Wood-
lands, Texas) has driven the development of new
acellularization techniques and the evaluation of
acellularized materials derived from xenogenic
sources.

Porcine dermis has long been used as a tem-
porary wound covering for partial-thickness and
full-thickness burn wounds.*® Its greater avail-
ability, low cost, ability to be harvested in large
quantities, and excellent handling properties are
compelling reasons to now investigate acellular-
ized porcine dermis as a potential xenograft der-
mal substitute. Preliminary testing of acellular-
ized porcine dermis in a xenograft in vivo model
suggests that it may be an effective material for
preventing contraction and hypertrophic scar-
ring in full-thickness burns.®” However, success-
ful infiltration by human dermal fibroblasts and
endothelial cells has never been demonstrated
in porcine dermis. In this study, acellularized
porcine dermis is investigated as a scaffold for
human fibroblast ingrowth in vitro. Acellularized
human dermis is used as a control.

MATERIALS AND METHODS

The use of pigs for this study was conducted
according to protocols approved by the Animal
Research Ethics Board of the University of To-
ronto. Porcine dermis was obtained from freshly
killed York pigs (Riemens Fur Ranch, Guelph,
Ontario, Canada) used for surgical demonstra-
tion. The pigs were either 7 weeks or 3 months of
age. Surgical specimens were obtained from
breast reduction procedures according to a pro-
tocol approved by the Ethics Review Board at the
University of Toronto. All chemicals used for acel-
lularization were purchased from Sigma-Aldrich
Canada (Oakville, Ontario). All cell culture ex-
periments were performed in a biohazard level 2
tissue culture facility approved by the University of
Toronto Biohazard Safety Committee. Cell cul-
ture dishes and media were obtained from Becton
Dickinson (Franklin Lakes, N.].). Passaged human
dermal fibroblasts were isolated by explant
culture® from the dermis of surgical specimens.
Patient age ranged from 18 to 37 years.

Dermal Harvest and Acellularization

After cleaning and depilation, an electroder-
matome (Padgett Instruments, Kansas City, Mo.)
was used to harvest 0.02-inch-thick layers of por-
cine dermis from the paravertebral areas. After
discarding the epidermis-bearing layer, five layers
were serially harvested for acellularization. Hu-
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man dermis was sharply dissected from the sub-
cutaneous fat. The skin was then clamped to a
cutting board and tangentially cut with a der-
matome blade into four layers approximately 0.02
inch thick, after discarding the top 0.02-inch-
thick, epidermis-bearing layer. The level of der-
mis, according to its depth from the epidermal
surface, was recorded. The dermal strips were acel-
lularized through a series of rinses in Tris buffer,
1% Triton-X, DNase and RNase-containing buff-
ers, and 1% sodium dodecyl sulfate.®?

Sample Preparation and Sterilization

Biopunches, 8 mm in diameter, were used to
make disks of human and porcine acellularized
dermis. The acellularized dermal matrix disks
were sterilized by serial rinses in ethanol and then
freeze-dried. Before fibroblast seeding, the acel-
lularized dermal matrix disks were placed in a
96-well culture plate and soaked in cell culture
media overnight.

Acellular Matrix Characterization of Acellularity
and Microstructure

Samples of freshly acellularized pig and hu-
man dermis were formalin-fixed for analysis of
acellularity. Samples from each batch of acellu-
larized dermis were stained with hematoxylin and
eosin, Movats, and antibodies to vimentin. Freeze-
fracture scanning electron microscopy and trans-
mission electron microscopy were performed on
10 samples each of pig and human acellularized
dermal matrix. Each sample was examined at low
(50X and 100X) and high (500X and 1000X)
magnification for collagen bundle size and ar-
rangement and acellularized dermal matrix sur-
face characteristics. Specimens from different lev-
els of dermis were also compared by hematoxylin
and eosin staining and by high-magnification
scanning electron microscopy.

Fibroblast Seeding and Culture

For all experiments, the day of cell seeding was
considered day 0. Primary adult human fibroblasts
at passages 2 through 4 were seeded onto the
surface of the acellularized dermal matrix disks in
the following manner. Fibroblast cultures were
maintained in Dulbecco’s Modified Eagle Me-
dium with 10% fetal bovine serum and penicillin/
streptomycin. Fibroblasts cultured on T75 tissue
culture flasks were trypsinized using 0.25% tryp-
sin/ethylenediaminetetraacetic acid for 5 min-
utes. The concentration of cells in suspension was
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Fig. 1. (Above, left) Pig acellularized dermal matrix (hematoxylin and eosin; original magnification, X 10). (Above, right) Human acel-
lularized dermal matrix (hematoxylin and eosin; original magnification, X 10). (Center, left) Pig acellularized dermal matrix (vimentin;
original magpnification, X 20). (Center, right) Human acellularized dermal matrix (vimentin; original magnification, X 20). (Below, left) Pig
dermis (vimentin; original magnification, X10). (Below, right) Human dermis (hematoxylin and eosin; original magnification, X10).

determined through cell counting with a hemo-
cytometer. Cells were seeded at different densities
for different assays (see below). The desired vol-
ume of cell suspension was slowly added to the

surface of the acellularized dermal matrix not in
contact with the culture dish. After allowing 16 to
24 hours for the cells to attach to the acellularized
dermal matrix surface, the volume in each well was
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gently made up to 150 ul with media. The media
was subsequently changed every 2 to 3 days.

Determination of Fibroblast Adherence, Prolif-
eration, and Infiltration

Fibroblast adherence was determined qualita-
tively through phalloidin staining and confocal
microscopy, and quantitatively through a fluores-
cent cell viability assay (CyQuant, Molecular
Probes, Ore.) 24 hours after cell seeding. Fibro-
blasts were seeded on human acellularized dermal
matrix, pig acellularized dermal matrix, and
empty culture dish wells at a density of 10,000
cells/cm? Four samples of each group were
seeded, and the experiment was repeated five
times for the quantitative assay. One sample of
each group in one experiment was stained with
phalloidin for visualization of fibroblast adher-
ence to the surface.®

The CyQuant assay was used to determine the
number of viable cells present on the pig and
human acellularized dermal matrix samples, and
in the control wells, 24 hours after seeding.® Flu-
orescence was measured by using a spectroflu-
orometer with filters suited for 485-nm excitation
and 538-nm emission maxima. Calibration curves
for the CyQuant assay were generated by seeding
samples of collagenase-digested human acellular-
ized dermal matrix; pig acellularized dermal ma-
trix; and empty wells with human fibroblasts at
densities of 0, 5000, 10,000, and 20,000 cells/cm?.
The appropriate calibration curve was used to de-
termine cell number values. The results were an-
alyzed for statistically significant differences be-
tween groups using the ¢ test.
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Fibroblast proliferation was determined by us-
ing the CyQuant assay as well. Pig acellularized
dermal matrix, human acellularized dermal ma-
trix, and empty wells were seeded with 10,000
cells/cm? and cultured for 1, 2, 3, and 4 weeks.
The experiments were repeated three times, with
triplicate samples at each time point. The fluores-
cence of the nine replicate samples, at each time
point, was expressed as a percentage of the fluo-
rescence obtained for equivalent samples at 24
hours postseeding. The percentage fluorescence
results were analyzed using the analysis of variance
test, looking for a statistically significant associa-
tion between group and fluorescence. Because the
cells measured at each of the four time points
came from different wells and were therefore in-
dependent, the repeated measures analysis of vari-
ance was not used. For graphical representation,
the results at each time point were averaged for
each group.

Fibroblast infiltration into the acellularized
dermal matrix samples was determined histolog-
ically by examining fibroblast-seeded samples of
pig and human acellularized dermal matrix in
cross-section. Fibroblasts were seeded onto one
surface of the acellularized dermal matrix, at a
density of 30,000 cells/cm? and cultured for 4
weeks. At the end of the experiment, the cell-
seeded acellularized dermal matrix samples were
removed from the plate and fixed in formalin for
24 hours. The samples were then carefully sec-
tioned with a no. 10 scalpel blade into three
pieces. The three tissue pieces were embedded, on
edge, in a paraffin block. Two histologic slides
were made of the paraffin blocks, featuring three
cross-sectional views each. The slides were stained

Fig.2. Movatsstaining shows the preserved collagen (orange) and elastin (black) matrix structure of the pig acellularized dermal matrix

(left), with pig dermis (right) as a reference.
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Fig. 3. Pig (above) and human acellularized dermal matrix (below) at day 0 and day 28 after
cell seeding. Cross-sectional scanning electron microscopy of the matrix structure just below
the cell-seeded surface (original magnification, X500). Scale bar = 60 wm.

with either hematoxylin and eosin, or vimentin.
The slides were then reviewed to quantify the ex-
tent of fibroblast infiltration in both pig and hu-
man acellularized dermal matrix. Only slides fea-
turing a monolayer of cells at one side of the
specimen were included, thus ensuring that the
tissue was cut perpendicular to the surface.

Cell infiltration was assessed in three ways.
First, the percentage of samples in each experi-
mental group with atleast 50 cells seen, atleast 100
pm below the monolayer surface on a section,
were compared. The results were statistically an-
alyzed using the chi-square test. Second, the cells
on each section demonstrating cell infiltration (as

849



defined by the first criterion) were counted. Cells
within 50 wm of the monolayer were excluded
from the count. The number of cells per section
was averaged for all sections within each group
and analyzed statistically for significant differ-
ences using the Wilcoxon test for two independent
samples. Third, the distance of each cell from the
surface was recorded using digital photography
and the MCID image analysis software package
(Imaging Research, Inc., St. Catharines, Ontario).
Distance measurements were recorded for three
microscopic fields per section at 10X magnifica-
tion. Again, the cells of the surface monolayer
were not included in the analysis. Migration dis-
tances were compared between the pig acellular-
ized dermal matrix and the human acellularized
dermal matrix using the chi-square test. The effect
of dermal level on fibroblast infiltration was ana-
lyzed using the Fisher’s exact test.

RESULTS

Material Characterization

Our acellularization protocol had not been
used to acellularize human dermis before this
study. Samples of freshly acellularized pig and hu-
man dermis were therefore formalin-fixed for
analysis of acellularity. Each stain demonstrates
the complete removal of dermal cells from both
pig and human acellularized dermal matrix (Fig.
1). Staining with Movats demonstrates the persis-
tence of the normal collagen and elastin dermal
matrix structure following acellularization of pig
dermis (Fig. 2).

A comparison of pig and human acellularized
dermal matrix by scanning electron microscopy
reveals that both have a tightly packed network of
thick collagen bundles (Fig. 3). After cell seeding
and prolonged cell culture, however, the human
acellularized dermal matrix appears to have a
more loosely packed surface than the pig acellu-
larized dermal matrix. This suggests that human
acellularized dermal matrix may have less collagen
per volume than pig acellularized dermal matrix.

The different levels of dermis were compared
histologically and by scanning electron micros-
copy. For both pig and human acellularized der-
mal matrix, the papillary dermis appears to have
been removed with the epidermis, leaving only
reticular dermis for the levels used in the cell-
seeding experiments. The deeper dermis is char-
acterized by larger collagen bundles and the pres-
ence of subcutaneous fatinterspersed between the
collagen bundles (Fig. 4). In the pig dermis, the
more superficial levels show a greater density of
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Fig. 4. Full-thickness pig acellularized dermal matrix (hematox-
ylinand eosin; original magnification, X5). The epidermal surface
isatthelowerright-hand cornerandthefatsurfaceisatthe upper
left-hand corner.

hair follicles than the deeper dermis, although
hair follicles are found at all levels. Scanning elec-
tron microscopic examination revealed similar in-
formation about structural differences between
the layers (data not shown).

Fibroblast—-Matrix Interactions

Adherent fibroblasts can be seen on the sur-
face of both pig and human acellularized dermal
matrix (Fig. 5). The morphologic appearance of
the fibroblasts on the surface of the pig acellular-
ized dermal matrix, and their density, is indicative
of good adherence of human fibroblasts to the
surface of pig acellularized dermal matrix. Quan-
titatively, human fibroblasts adhere equally well to
the pig acellularized dermal matrix as to the hu-
man acellularized dermal matrix (Fig. 6). There
was no difference (p = 0.35, ttest) between the two
materials with respect to fibroblast adherence af-
ter 24 hours in culture (8120 = 4259 versus 7436
* 4941 average adherent cells per section, for pig
and human acellularized dermal matrix, respec-
tively; n = 20 in each group). Fibroblasts prolif-
erated as well on the pig acellularized dermal ma-
trix as on the polystyrene culture dish (7.4-fold
increase in cell number versus 7.3-fold increase,
respectively; n = 9 for each group). However, they
proliferated more slowly on the human acellular-
ized dermal matrix (Fig. 7). Fibroblasts prolifer-
ated much more rapidly (p < 0.05, analysis of
variance) on the pig acellularized dermal matrix
than on the human acellularized dermal matrix
(7.4-fold increase in cell number versus 1.8-fold
increase, respectively; n = 9 for each group).
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Fig. 5. Confocal microscopy of passaged human dermal fibroblasts stained for phalloidin, cultured on pig acellu-
larized dermal matrix (right) and human acellularized dermal matrix (left), at low magnification (original magnifi-

cation, X10).

Fibroblast Adherence
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Fig. 6. Fibroblastadherence to pig and human acellularized dermal matrix as de-
termined by the CyQuant assay. Error bars represent standard error. No difference
was found between fibroblast adherence on the pig acellularized dermal matrix
versus the human acellularized dermal matrix (p = 0.35, t test; n = 20 per group).
PACM, pig acellularized dermal matrix; HACM, human acellularized dermal matrix;

Coll gel, collagen gel.

Minimal fibroblast infiltration was seen in the
pig acellularized dermal matrix samples, as shown
by hematoxylin and eosin or vimentin staining
(Fig. 8). The human acellularized dermal matrix
samples had significantly more fibroblast infiltra-
tion (Fig. 9 and Table 1). Significantly more (p <
0.05, chi-square test) samples of human acellular-
ized dermal matrix (83 percent of samples with
fibroblast infiltration; n = 24) demonstrated fi-
broblast infiltration below the cell-seeded surface
than pig acellularized dermal matrix (31 percent
with fibroblast infiltration; n = 49). A greater
number of cells were seen below the surface of
human acellularized dermal matrix samples than

of pig acellularized dermal matrix (Fig. 10). Sig-
nificantly more (p < 0.05, Wilcoxon test) fibro-
blasts infiltrated below the surface of human acel-
lularized dermal matrix (mean, 1072 = 80 cells
per section; n = 16 samples, three sections per
sample) than pig acellularized dermal matrix
(mean, 301 = 48 cells per section; n = 16 samples,
three sections per sample). The distance of each
cell from the surface was also measured using im-
aging software. As shown in Table 2, fibroblasts in
the pig acellularized dermal matrix migrated a
significantly shorter (p < 0.05, chi-square test)
distance from the cell-seeded surface than in the
human acellularized dermal matrix (average, 78.8
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Fibroblast Proliferation
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Fig. 7. Fibroblast proliferation on different substrates as determined by the
CyQuant assay. See text for significant differences, by analysis of variance (n =
9pergroup).PACM, pigacellularized dermal matrix; HACM, human acellularized
dermal matrix; Coll gel, collagen gel; Cells, cells on culture dish.
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o

Fig. 8. Pig acellularized dermal matrix seeded with human fi-
broblasts, after 4 weeks (hematoxylin and eosin, original mag-
nification, X 10; vimentin, original magnification, X10). There
is considerable proliferation of the fibroblasts at the surface
(arrow), with few cells present within the matrix.
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Fig. 9. Human acellularized dermal matrix seeded with human
fibroblasts, after 4 weeks in culture (vimentin; original magnifi-
cation, X10).

percent versus 38.3 percent of cells within 150 um
from the surface, respectively; five samples per
group). The total number of cells per section
ranged from 300 to 1300, and three sections were
examined per acellularized dermal matrix sample.

The level of dermis used in each experiment
was recorded for the pig and human acellularized
dermal matrix samples; it was therefore possible to
determine its effect on fibroblast infiltration.
There was no statistically significant effect (p >
0.05, Fisher’s exact test) of dermal level on fibro-
blast infiltration for either pig or human acellu-
larized dermal matrix (Table 3).
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Table 1. Comparison of Human Fibroblast
Infiltration in Fresh Pig Acellularized Dermal Matrix,
Freeze-Dried Pig Acellularized Dermal Matrix, and
Freeze-Dried Human Acellularized Dermal Matrix

No. of Samples

with Cell
Total No. Infiltration in at % of Samples
ACM of Samples Least One Section x>
Pig 49 15 31*
Human 24 20 83*

*Significant difference (p < 0.05) between the groups according to
the chi-square test.
ACM, acellularized dermal matrix.

DISCUSSION

The replacement of lost dermis is important to
controlling wound contraction and scar formation
in full-thickness wounds.!” Acellularization technol-
ogy has allowed significant progress toward over-
coming the immunologic challenges of allograft and
xenograft materials. The clinical success of acellu-
larized allograft dermis, however, is hampered by its
limited supply and high cost.! The ongoing goal of
dermal engineering is to design a readily available
dermal substitute, derived from synthetic or xeno-
graft materials, that works as well as acellularized
human dermis. The similarity to human dermis, the
mature collagen bundles, and the porous nature of
porcine acellularized dermal matrix are all favorable
features for a potential dermal substitute. However,
the use of acellularized porcine dermis as a dermal
replacement is currently limited by its inadequate
vascularization in human wounds.’ Even in rat
wounds, the vascularization of acellularized porcine
dermis is controversial.*” The reasons for the inad-
equate vascularization of porcine skin in human
wounds are unknown.

Table 2. Distance of Cells from Monolayer Surface, in
Representative Fields of Vimentin-Stained Sections
of Cell-Seeded Acellularized Dermal Matrix Samples
at 3 Weeks*

Pig ACM Human ACM
(n = 5) (n = 5)
Range of cell
distance from surface 15-434 wm 34-492 pum
Infiltrated cells, %
0-150 pwm 78.8 £ 8.3 38.3 + 6.5
151-300 pm 142 +79 29.1 = 6.2
301-500 pwm 82+12 33.0 = 6.6

ACM, acellularized dermal matrix.
*Distances of over 100 cells per field were recorded.

The focus of this preliminary study is a com-
parison of porcine and human acellularized der-
mal matrix as a scaffold for potential infiltration
by human cells. Our simplistic study of in vitro
cell-matrix interactions raises the possibility of
ultrastructural differences between pig and hu-
man dermis. These differences may explain, at
least in part, the challenge to pig dermis vascu-
larization by human cells. Future work involving
in vitro endothelial cell culture techniques and
in vivo animal models will be necessary to de-
finitively understand this problem.

Several researchers have emphasized the morpho-
logic similarities of porcine and human skin.'? Porcine
and human acellularized dermal matrix have similar
handling properties, as would be expected from their
primarily collagenous composition. Histologically, the
similarities between porcine and human acellularized
dermal matrix include the interlacing network of col-
lagen bundles of varying thickness and the apparent
spaces between the collagen bundles. These spaces
appear to be large enough in both species to accom-
modate the migration of fibroblasts into the matrix."

Fibroblast Infiltration of ACM
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Fig. 10. Fibroblast infiltration of pig and human acellularized dermal matrix at 4
weeks, determined by automated cell counting. The number of cells per section was
normalized for section size and then averaged for 16 samples, with three sections each.
The bars represent SD. Fibroblast infiltration was significantly higher in the pig acellu-
larized dermal matrix samples, as determined by the Wilcoxon signed rank test.
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Table 3. Effect of Dermal Level on Fibroblast
Infiltration

No. of Samples with
Fibroblast Infiltration
on at Least One Section

Level Pig (%) Human
1 3/8 (38) 5/6 (83)
2 4/12 (33) 7/8 (88)
3 3/10 (30) 5/6 (83)
4 3/10 (30) 3/4 (75)
5 2/9 (22) X

Fisher’s exact test NS NS

NS, not significant.

In both surface and cross-sectional scanning
electron microscopy, the porcine acellularized
dermal matrix appears denser than the human
acellularized dermal matrix. Also, the human acel-
lularized dermal matrix surface appears more
rough and uneven than that of the porcine acel-
lularized dermal matrix. An obvious variable in
this comparison of pig and human dermal acel-
lularized dermal matrix could be their discrepant
anatomical locations. Back and breast dermis may
differ in thickness, mechanical properties, and ul-
trastructure.

The objectives of the acellularization were to
completely remove all cells from the dermis and to
preserve the original extracellular matrix struc-
ture. The acellularization protocol developed in
this study proved to be effective in producing cell-
free dermis of both human and pig origin (Fig. 1).

The CyQuant assay was selected to determine
cell viability over time on the acellularized dermal
matrix. The difference in proliferation rates of
fibroblasts on the porcine and human acellular-
ized dermal matrix suggests differences in the
cell-matrix interactions between the two materi-
als. Although the fibroblasts proliferate more on
porcine acellularized dermal matrix, this did not
translate to better scaffold properties. The greater
number of surface fibroblasts is associated with
fewer fibroblasts infiltrating deeper into the por-
cine matrix (Table 4).

Table 4. Comparison of Fibroplasia in Pig
Acellularized Dermal Matrix with That in Human
Acellularized Dermal Matrix*

Fibroblast Behavior Human ACM Pig ACM
Adherence +++ +++
Proliferation + +++
Infiltration +++ +

ACM, acellularized dermal matrix.
*Symbols refer to quantitative results presented in the article.
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By all three measures of fibroblast infiltration
(i.e., number of samples with infiltration, number
of cells per cross-section, and distance of cells from
surface), human acellularized dermal matrix sup-
ported significantly more fibroblast infiltration
than porcine acellularized dermal matrix. Fur-
thermore, it was observed that in the porcine acel-
lularized dermal matrix, fibroblasts appeared on
the surface of the empty hair follicle more fre-
quently than among the extracellular matrix col-
lagen bundles. This was not seen in the human
acellularized dermal matrix, because of the pau-
city of hair follicles. This observation suggests that
the number of cells that actually migrated into the
porcine extracellular matrix from the cell-seeded
surface was less than that measured on cross-sec-
tional histology for porcine acellularized dermal
matrix.

One concern was the level of dermis as a vari-
able influencing cell behavior on the pig and hu-
man acellularized dermal matrix. In this study, no
significant effect of dermal level was seen on fi-
broblast infiltration (Table 3). However, a more
rigorous methodology would be required, with
greater standardization of harvesting and process-
ing techniques, before the importance of dermal
level could be conclusively determined. As it is
known that fibroblasts do not infiltrate the dermal
basement membrane in the absence of
keratinocytes,' all dermis used in this study was
second-cut dermis, with the papillary dermis dis-
carded in the top epithelial layer.

The increased fibroblast infiltration in the hu-
man acellularized dermal matrix suggests that hu-
man and pig dermis must differ in either structure
or their interactions with human fibroblasts. In-
filtration of acellular porcine dermis by human
fibroblasts in vitro has in fact never been reported.
Two previous articles found proliferation of hu-
man fibroblasts at the surface of the pig dermis
only.">! It is therefore promising that any human
fibroblast infiltration was seen at all in a few sam-
ples in this study. This finding suggests that there
is no xenogenic barrier to human fibroblast mi-
gration on porcine collagen but possibly a variable
structural obstacle to widespread infiltration.
Given the manual methods of dermal harvesting,
it is quite possible that the structure of the pig
acellularized dermal matrix may not have been
consistently preserved in every sample. In fact,
slight variability in the degree of cell infiltration
was noted between batches of pig acellularized
dermal matrix.® As demonstrated by the scanning
electron microscopic findings, the structure of hu-
man acellularized dermal matrix becomes less
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Table 5. Comparison of Structural Features of Pig and Human Acellularized Dermal Matrix Developed in This

Study

Pig ACM Human ACM
Source Paravertebral area of back Medial and lateral poles of breast
Processing Electric dermatome Hand-held dermatome blade

Conformable
More rigid than human ACM
Densely packed network

Gross (qualitative)

Histology

of interwoven collagen and elastin bundles, with

frequent hair shaft spaces
Surface SEM

Smooth, cleanly cut surface with residual hairs

Conformable
More elastic than pig ACM
Loosely packed network
of interwoven collagen and elastin bundles

Irregular surface with loose collagen bundles,

no hair
Cross-sectional SEM  Densely packed network of interwoven collagen Loosely packed network of interwoven collagen
bundles bundles
ACM, acellularized dermal matrix; SEM, scanning electron microscopy.
tightly packed after 4 weeks in culture with fibro- ACKNOWLEDGMENTS

blasts. The structure of porcine acellularized der-
mal matrix, however, remained tightly packed un-
der cell culture conditions (Fig. 3). The more
densely packed nature of the pig dermal collagen
matrix may delay its infiltration by surrounding
cells (Table 5).

Our ongoing research in this area will focus on
the modification of the acellular porcine dermal
matrix structure, to improve its scaffold proper-
ties. The in vitro methods developed in this study
will facilitate future evaluations of acellularized der-
mal matrix structure modification. With the devel-
opment of a xenogenic guinea pig model, in vivo
correlation of our in vitro findings will be pursued.
Questions regarding hostimmunologic responses to
acellularized porcine dermis can then also be ad-
dressed.

CONCLUSIONS

Acellularized porcine dermis is compared with
acellularized human dermis in terms of its ability
to support fibroblast infiltration and other aspects
of fibroplasia. Porcine acellularized dermal matrix
is not equivalent to human acellularized dermal
matrix with respect to human fibroblast infiltra-
tion in vitro. Our results suggest that previously
unrecognized differences in cell-matrix interac-
tions between the porcine and human acellular-
ized dermal matrices should be investigated as a
possible obstacle to the success of porcine dermis
as a xenograft dermal substitute in humans.
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