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ADSiraci T i s s u e engineered skin substitutes may be the future 
remedy for acute burn wounds and chronic wounds. The aim of 
this study was to identify readily available sources for isolating 
and culturing of autologous fibroblasts that are suitable for the 
preparation of a fibroblast-seeded dermal substitute. Three dif
ferent tissues were considered: healthy dermis, healthy subcu
taneous fat tissue and burn eschar obtained through debride
ment of burn wounds. We determined the cellular profile and 
the cell numbers immediately after isolation and after two and 
fourteen days of fibroblast culture, using flow cytometry and 
cell counting with a cytometer. In addition, part of the isolated 
cell suspensions was seeded directly into a porous collagen der
mal substitute to investigate contraction and the presence of 
contractile cells in time. Various cell types were isolated from 
the three different tissues but after fourteen days of culturing 
predominantly fibroblasts (>go%) were detected. Keratinocytes, 
granulocytes and macrophages, if present, disappeared within 
fourteen days. In the cell populations derived from dermal tis
sue the percentage of myofibroblasts had decreased significant
ly at day 14 (from 8% to 3%, p=o.028). In contrast, this percentage 
had increased in the cell populations derived from fat and burn 
eschar (from 23% to 40% and from 20% to 38%, respectively). The 
fibroblast yield from dermal tissue after two weeks of culturing 
(50 x 106 cells/gram of tissue) was significantly higher than the 
yield from fat and burn eschar (2 x 106 cells/gram of each tissue, 
p=o.02g). Immunohistochemistry of seeded and cultured colla
gen matrices revealed high prevalence of myofibroblasts in the 
matrices seeded with fat and burn eschar derived cells and 
hardly any myofibroblasts in the matrices seeded with dermal 
cells. The contraction of the burn eschar matrices was highest 
(74±6% remaining surface area), whereas dermal matrices con
tracted significantly less (9217% remaining surface area, 
p=o.029) with intermediate contraction for fat matrices. We 
concluded that fibroblast cultures can be established from der
mal tissue, fat tissue, and burn eschar. Dermis is considered the 
best fibroblast source as it yields the highest numbers of fibrob
lasts with the lowest number of myofibroblasts. 
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Introduction 
Autologous split skin grafting is still the most frequently used treat
ment for extensive and deep skin defects, such as full thickness 
burn wounds. The functional and cosmetic outcome of the conven
tional treatment modalities is often poor. Dermal substitutes (and 
complete skin substitites) seeded with dermal fiboblasts have been 
shown to function as a supplementary dermal template that im
proves the quality of the neodermis and reduces wound contraction'"3. 
Dermal substitutes that are seeded with allogeneic fibroblasts are 
yet available for clinical applications. Nevertheless, allogeneic cells 
may induce inflammatory responses and interfere with dermal tis
sue regeneration4. The suitability of autologous fibroblasts, on the 
other hand, is limited as consequence of the delay in treatment due 
to the time that is required for culturing fibroblasts. Moreover, 
healthy unwounded skin is required for the isolation of cells. In 
extensively burned patients, it may be undesirable, or even impossi
ble, to harvest unwounded dermis for the isolation and culturing of 
fibroblasts. Then, it would be advantageous if other fibroblast con
taining tissues would be suitable as cell source for autologous fibro
blasts. Ideally, such sources should be easy accessible and yield a 
high number of fibroblasts. 

Therefore, two types of tissue were evaluated as source for fibro
blasts besides dermis: subcutaneous (unwounded) fat tissue, and 
burn eschar5. Subcutaneous fat tissue is sufficiently present in the 
majority of people and easily accessible. Nowadays it is possible to 
harvest this tissue via liposuction techniques that allow the isola
tion of high cell numbers with good viability6. Burn eschar is the 
necrotic tissue that remains after a thermal injury. It is excised at 
surgery to obtain a vital wound bed, and it is normally discarded 
after the operation. During a pilot-study we noticed that burn eschar 
contained viable fibroblasts which can be isolated and cultured5. 
These viable cells may have infiltrated the necrotic tissue itself or 
they may be present in the remnant vital tissue that was excised 
together with the burn eschar. 

Functional and morphological heterogeneity exists in fibroblast 
populations originating from different tissues7'2. Besides fibroblasts, 
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other cell types are present in the isolated population that may 
interfere with wound healing once transplanted onto the wound, 
such as keratinocytes, macrophages, or myofibroblasts. 
Especially the myofibroblast forming potency of the different fibro
blast populations is relevant, because high numbers of myofibro
blasts correlate with increased wound contraction1,13"'8. Since alpha 
smooth muscle actin (a-SMA) is a marker for myofibroblasts, we 
studied the expression of this marker in the cell populations derived 
from dermis, fat and burn eschar in relation to the contraction of 
porous collagen matrices. 

Materials and methods 
Isolation of cells from tissue 

Unwounded dermis and subcutaneous fat was harvested from tis
sue, which was obtained during plastic surgery for a mamma reduc
tion or an abdominal dermo-lipectomy. 
The dermis was obtained as a split skin graft (0.2 mm thick), which 
was harvested with the Zimmer dermatome (Zimmer Inc., Dover, 
Ohio, USA). The tissue was washed in phosphate buffered saline 
(PBS) and incubated in a PBS solution containing 0.25% (w/v) dis-
pase II (Boehringer, Mannheim, Germany) for 25 min at 370 C. The 
epidermis was separated from the dermis using two forceps. The 
remaining dermis was weighed, cut with sterile scissors and incu
bated with a collagenase A/dispase II (Boehringer) solution (both 
0.25% (w/v) in PBS) during two hours at 370 C under agitation (1/2.5 
for the tissue/enzyme ratio). The cells were separated from tissue 
debris in a filter chamber (NPBI, Emmer-Compascuum, The Nether
lands), washed in PBS containing 1% foetal calf serum (FCS) and cen-
trifuged (400 g, 10 min) and finally dispersed in fibroblast culture 
medium (DMEM supplemented with 10% FCS (v/v), imM L-glu-
tamine, 100 pg/ml streptomycin, and penicillin (100 IU/ml)) and 
seeded at a density of 20,000 cells/cm2. 

Subcutaneous fat tissue was harvested from the same specimen as 
the split skin graft. Large blood vessels, glandular tissue, or fascia 
were removed. The fat was washed, weighed, cut and incubated in a 
collagenase A/dispase solution during 1.5 hours under agitation (1/1 
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tissue/enzyme ratio). The cells were separated, washed and seeded 
with the same protocol as for the split skin graft. 
Burn eschar was excised during surgery, 5 to 35 days post-burn 
(average 16 days). The tissue was cleared from blood vessels and tis
sue that appeared to be completely avital. Hereafter, the protocol 
was the same as for isolating dermal cells. 

Cell culturing 

One day after isolation, the flasks were washed with PBS to remove 
all dead cells and tissue debris. Then, new culture medium was 
added. The medium was changed twice weekly. When cells reached 
confluence, culture medium was removed and cells were dispersed 
in a PBS solution containing 0.1% trypsin (w/v) and 0.05% EDTA 
(w/v) (GibcoBRL, Life Technologies BV, Breda, The Netherlands), 
washed and seeded in new flasks. Cells were passaged one or two 
times, just before reaching confluence, during the two weeks of cell 
expansion. 

Flow cytometry 

Dermal and fat derived cell populations were obtained from the 
same patient (n=6) after surgery (mamma reduction procedure or 
abdominal dermo-lipectomy), in addition burn eschar from 7 pa
tients was used for this analysis. 
Freshly isolated cells were filtered over a 70 um cell strainer (Falcon, 
Becton-Dickinson, Franklin Lake, NJ, USA) to remove any tissue 
debris still present. 
Cultured cells were harvested with trypsin on day two or day four
teen. The freshly isolated or cultured cells were counted and 500,000 
cells were fixed in 0.5% paraformaldehyde in PBS (10 min at +4°C), 
washed two times in PBS with 1% human serum (PHS), washed once 
in PHS with 0.1% saponin (SAP) and divided in portions of 100,000 
cells. 
Another 500,000 cells were not fixed; these cells were washed once 
in PHS and divided in portions of 100,000 cells. The cell portions were 
centrifuged (5 min, 400 g, 4°C) and dispersed in 100 ml PHS (unfixed 
cells) or SAP (formalin fixed cells). The monoclonal antibodies that 
were used were all raised in mouse and are listed in table 1. 
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Cells were labelled for 45 min, and washed and centrifuged two 
times with 3 ml of PHS or SAP. Cells were then incubated with the 
second antibody (FITC conjugated goat-anti-mouse Fab fragments, 
1:100 in 100 ml of PHS or SAP for 45 min, and washed and centri
fuged 3 times with 3 ml of PHS or SAP. After the last wash all cell por
tions were dispersed in 200 ml of PHS with 2 mg/ml of propidium 
iodide and analysed in a FACS (fluorescence activated cell sorting) 
calibur flowcytometer (Becton-Dickinson, Mountain View, Ca). For
ward scattering, sideward scattering, FITC fluorescence (channel 1) 
and propidium fluorescence (channel 3) were recorded of 10,000 to 
50,000 cells per labelling. The data were analysed with WinMDI 
software (by Joseph Trotter, La Jolla CA, USA, version 2.7). 

Cell proliferation 

Four separate cell isolations procedures were carried per tissue out 
to determine proliferation characteristics. At isolation and after 
each passage cells were counted with a haemocytometer (Bürker, 
Omnilabo, The Netherlands) and seeded in the following passage at 

Cell type 

Mesenchymal cell 

Fibroblast 

Myofibroblast 

Keratinocyte 

Monocyte/macrophage 

Granulocyte 

Negative control 

Cell marker 

Vimentin 

CD-90 

a-SMA 

Cytokeratin 

CD-14 

CD-16 

non- immune 

Monoclonal 

V9 (Dako) 

AS02 (Dianova) 

iA4(Dako) 

MNFn6(Dako) 

TUK4 (Dako) 

DJ130C (Dako) 

lgC2a (Dako) 

Dilution 

1:100 

1:50 

1:50 

1:100 

1:lOO 

1:100 

1:100 

Cells fixed 

yes 

no 

yes 

yes 

no 

no 

yes/no 

Table 1 The cell types and antibodies against their markers 

The AS02 antibody recognises a cell marker that is homologous to CD90. 
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a known seeding density. By recording the weight of the tissue, the 
cell yields per gram of tissue could be calculated at isolation and 
after fourteen days in culture. 

Cell culture in collagen matrices 

To investigate the contractile properties of the various cell popula
tions in a three-dimensional extracellular matrix environment, cells 
were seeded two days after isolation in a non-crosslinked native col
lagen matrix (type I collagen, from bovine skin) coated with 3% w/w 
a-elastin hydrolysate (80% MW 60 kDa and 20% MW 2ookDa, from 
bovine ligamentum nuchae). This matrix was provided by Dr. 
Suwelack Skin and Health Care AG (Billerbeck, Germany). The seed
ing density was 100,000 cells/cm2. Contraction of the seeded matri
ces was measured during 12 days by planimetry. The initial area was 
compared to the remaining area at day 4, 7 and 12. At the endpoint 
matrices were fixed in a 4% formalin solution in PBS, embedded in 
paraffin and sectioned. The sections of dermal substitutes were 
evaluated for the presence of a-SMA positive cells according to stan
dard immunohistochemical methods'9. 

Statistics 

The data were analysed using SPSS for Windows 10.0 (SPSS Inc., 
Chicago, II, USA). The Wilcoxon signed rank test was used for paired 
data whereas the Mann-Whitney test was used for unpaired data. 
The significance criterion was set at 0.05. 

Results 
Cellular composition of isolated cell populations 

Isolated and cultured cells were labelled with antibodies to various 
cell markers identifying mesenchymal cells, fibroblasts, myofibrob
lasts, keratinocytes, monocytes/macrophages and granulocytes. The 
results are displayed in figure 1 and table 2. 
Directly after isolation, 95±4% of the cells isolated from dermal tis
sue were from mesenchymal origin (vimentin positive). However, 
37±i4% of the isolated cells where labelled by the fibroblast marker 
whereas 813% of these cells was positive for u-SMA. Furthermore, in 
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Figure i Detection 
of various cell types 
at day o, day 2 and 
day 14 in the different 
cell populations as 
determined by FACS 
analysis. 
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cells; FB = fibroblasts; 
MF = myofibroblasts; 
KC= keratinocytes; 
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macrophages; 
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Cell types [Mean (SD) % positive] 

Cell source (days) Fibroblast Myofibroblast 

Split skin graft 

Dermal tissue (n = 6) 

Subcutaneous 

Fat tissue (n=6) 

Burn eschar 

Tissue (n=7) 

Table 2 Fibroblast and 

') Wilcoxon signed rar 

0 

2 

14 

0 

2 

H 

0 

2 

14 

37 (14) 

42 (21) 

90(6 ) 

50 (17) 

74(8) 

92(1 ) 

20(13) 

79 ('9) 

95(3) 

myofibroblast percentages 

k test;"") Mann-Whitney test 

8(3)« 
6(2) 

3 ( * ) • • * 

23(17 ) " 

14(8) 

4 0 (26) • • 

10 (11) + 

19(9) 

38 (18) • + 

• p=o.028* 

• p=o .oo i " ' 

A p=o.028" 

• p=o.n6* 

+ p=o.oi8* 

this freshly isolated cell population, keratinocytes (cytokeratin) and 
granulocytes were almost absent (< 1%), and macrophages were 
sparsely present (514%). After a fourteen day culture period, 9613% 
of the dermal cell population was positive for the mesenchymal cell 
marker vimentin and the percentage of cells that labelled positive 
for the fibroblast marker had increased to 90±6%. The percentage of 
cells positive for a-SMA decreased significantly (p=o.028, Wilcoxon 
signed ranks test) to 312%. In addition, a few macrophages could 
still be detected (2±i%), whereas keratinocytes and granulocytes 
remained nearly absent (< 1%). 
In cell populations isolated from subcutaneous fat, 50117% of the 
cells were positive for the fibroblast marker directly after isolation, 
which increased to 9211% after fourteen days. Also, the fraction of a-
SMA positive cells increased from 23117% at isolation to 40126% 
after fourteen days, this increase however was not significant 
(p=o.ii6). Other cell types were present at low levels (< 3%) after iso-
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lation and after two weeks in culture. The fat tissue derived popula
tions showed similar labelling characteristics compared to the der
mal tissue derived populations. However, the a-SMA percentages 
immediately after isolation (23% versus 8%) and at day 14 (40% ver
sus 3%) were significantly higher in fat derived cell populations 
compared to cells from healthy dermis (p=o.046 and p=o.028, respec
tively). 
Of the cells isolated from burn eschar, 80119% were positive for 
vimentin, whereas the percentage of cells that were labelled by the 
fibroblast marker was low (20113%). Of these cells, 74±9% labelled 
positive for CD16, the granulocyte marker, and 10111% was positive 
for a-SMA. The percentage of cells positive for the macrophage mar
ker was also higher in comparison to the other isolations (1012%). 
There were varying percentages of cytokeratin positive cells (4+5%)-
After two weeks of culturing, the percentages of cells that labelled 
positive for vimentin and the fibroblast marker were 97±3% and 
9513% respectively, whereas the percentage of cells positive for 
CD16 (granulocyte marker) had decreased to 0.510.4%. The percent
age of cells that labelled positive for a-SMA increased significantly 
to 38118% (p=o.oi8). At this timepoint the percentage u-SMA was 
also significantly higher than the percentage a-SMA in the cell pop
ulations derived from the dermis (p=o.ooi). The percentages of cells 
positive for cytokeratin and CD14 decreased in time but did not com
pletely disappear after fourteen days in culture. 
Analysis of cell types at day two after isolation shows what types of 
cells were able to attach in culture. After two days, higher percent
ages of cells positive for the fibroblast marker were present in fat 
and burn eschar derived populations (7418% and 79±i9%. respec
tively) whereas the percentage of cells positive for the fibroblast 
marker in dermis derived populations did not increase (42121%). 
Also some macrophages and keratinocytes were able to attach, 
whereas the high percentage of granulocytes present in the burn 
eschar derived populations disappeared completely showing that 
granulocytes did not attach in culture. The percentages of myofi
broblasts at day two were increased for the burn eschar derived 
populations and decreased for the fat and dermal tissue derived 
populations compared to day o (table 2). 
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Cell proliferation 

Table 3 shows that after two weeks of culturing the number of cells 
per gram of tissue was significantly higher for the dermis than for 
the other tissues (in both cases p=o.029, Mann-Whitney test). This 
yield of 50.4 (±10.8) x 106 cells per gram of tissue is the result of both 
a high isolation yield (5.3 (±1.7) x 106 cells per gram of tissue) and a 
high proliferation rate; 10.2 (±4.5). The morphology of the majority 
of the cells remained spindle shape in culture (see figure 2a). 
The subcutaneous fat had a low isolation yield, 0.7 (±0.1) x 106 cells 
per gram of tissue and also proliferated slowly. After the first pas
sage the cells adopted a stellate shape morphology (see figure 2b) 
and no longer proliferated in log phase, as is shown by the low pro
liferation rate: 2.7 (±0.7). The yield after fourteen days in culture 
therefore resulted in 2.0 (±0.7) x 106 cells per gram of tissue. 
Although the isolation yield per gram of burn eschar was compara
ble to the yield from dermal tissue (4.9 (±1.4) x 106 cells per gram of 
tissue), the yield of per gram of tissue after fourteen days of culture 
was low (2.2 (±1.7) x 106 cells per gram of tissue). The low proliferation 

Cell source 

Split skin graft - dermal tissue" 

Subcutaneous fat t issue" 

Burn eschar tissue" 

Cell yield 

at isolation 

Mean 

[xw6/gram tissue] 

5-3 (17) 

0.7 (0.1) 

4 9 (1-4) 

Proliferation 

rate ' 

Mean 

10.2 (4.2) 

2.7 (0.7) 

0.4(0.3)' 

Cell yield 

after culture 

Mean 

[xio'/gram tissue] 

50.4 (10.8) • • 

2.0 (0.7) • 

2.2 (1.7) • 

Tables Cell proliferation 

a The proliferation rate of the various cell populations is calculated 
by dividing the cell yield at day 14 by the cell yield at isolation, 

b n=4 
c When taking into account that approximately 20% of the cell 

yield was able to attach, the proliferation rate theoretically is 2.0. 
Calculated by Mann-Whitney test. 

>p=o.o2g 
p=0.02Q* 
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rate of 0.4 (±0.3) was predominantly due to the fact that only 20% of 
the cell yield was able to attach. Morphology of fibroblasts derived 
from burn eschar resembled that of fat fibroblasts after the first pas
sage (see figure 2c). 

Contraction of cultured collagen matrices 

The contraction of collagen matrices seeded with different cell pop
ulations is depicted in figure 3. This figure shows that matrices seed
ed with burn eschar derived cell populations contracted significant
ly more than matrices seeded with populations derived from 
dermal tissue (p=o.029 at day 12, Mann-Whitney test). The contrac
tion of the matrices seeded with fat derived cells was intermediate. 
Almost no a-SMA positive cells were present in the matrices seeded 
with the dermal cells (figure 4a). In the matrices seeded with the fat 
and burn eschar derived cells there was a high prevalence of «-SMA 
positive cells indicating that in these populations more myofibrob
lasts had developed and remained present during culture of the 
matrices (figure 4b and 4c). 

Discussion 
Modern tissue engineering techniques such as the use of cell seeded 
dermal substitutes may provide the ultimate possibility to prevent 
scarring and other problems associated with the healing of compli
cated wounds like chronic wounds and burns. To avoid immunolog
ical problems, the use of autologous cells is advocated4. Therefore, 
we studied three different tissues that could serve as a source for 
autologous fibroblasts, to be used in dermal substitutes. The suit
ability of a cell population for use in a cell-seeded dermal substitute 
depends largely on the phenotype of the isolated fibroblasts, the 
presence of contaminating other cell types, and the expansion rate 
of the fibroblasts. 

Normal dermis is a logical choice as a source of fibroblasts when 
these cells will be used to construct a dermal (or skin) substitute. 
However, the availability of dermal tissue is limited and relatively 
large areas of donor site may be needed, depending on the wound 
area to be treated and the time available for culturing. For one gram 
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(wet weight) of dermis a split skin graft (0.2 mm thickness) with an 
area of about 25 cm2 is needed (data not shown). Therefore, we con
sidered other tissues as sources for autologous fibroblasts. The two 
other types of tissue in this study were chosen because they are 
commonly sufficiently available and easily accessible (fat tissue) or 
to be discarded after surgical debridement (burn eschar)5. 
It is important to note that viable fibroblasts could be isolated from 
all three tissues. Depending on the source of the tissue, different 
fractions of the cells were able to attach in culture conditions. From 
the subcutaneous fat and from the dermis about 50-60% of the cells 
attached. Apart from the presence of non-adherent cell types, non
viable cells are probably the remaining fraction of non-adherent 
cells. From burn eschar only 20-25% attached to the culture flasks 
(data not shown). The latter is mainly caused by the fact that in 
burn eschar a substantial number (approximately 75%) of the cells 
were granulocytes, which will not attach in culture. 
The FACS results showed that 74% of the fat derived cells, 42% of 
dermal cells and 80% of burn eschar derived cells labelled positive 
by the fibroblast (AS02) antibody after two days of culturing. At this 
time point, all cells had been attached for two days in culture and 
should ideally be fibroblasts. This indicates that our analysis did not 
account for all attaching cells, especially in the case of dermal cells. 
One possibility could be that contaminating cells were present 
among the attached cells, which were labelled by the vimentin anti
body, but not by the AS02 antibody. These may have been melano
cytes, pericytes, smooth muscle cells and precursors of adipocytes as 
well as glandular cells. It is however unlikely that large fractions of 
these cells would be present. Another explanation might be that 
some fibroblasts, especially from the dermis, bore the fibroblast 
marker at very low levels during these first few days after isolation. 
As a consequence, the fluorescence level may have been very low 
and these fibroblasts were analysed as negative for this marker. 
This results in a negative and positive peak in the FACS histogram of 
dermal cells labelled with the AS02 antibody at day 2 (see figure 5a). 
The cells isolated from fat and burn eschar showed a small negative 
peak at day 2, indicating that the majority of cells in these popula
tions were positive for the fibroblast marker at day 2 (see figure 5b 



The suitability of cells from different tissues 
*c be used in tissue engineered skin substitutes 10 

Figure 2 
Morphology of the 
three different cell 
populations grown 
on tissue culture 
plastic. 

(a) dermal cells, 
(b) subcutaneous 
fat cells, (c) burn 
eschar cells. 
Bar = 200 um. 
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Remaining matrix area 
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Figure 3 
Contraction 
of matrices 
seeded with 
cells from the 
three different 
cell populations. 
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Figure 4 a-SAAA expression in the 
matrices seeded with cells from the 
three different cell populations. 

(a) dermal cells, (b) subcutaneous fat 
cells, (c) burn eschar cells. Bar = 100 ^im. 
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and c). The fibroblast marker, which is recognised by the AS02 anti
body, is homologous to CD90 and has a functional role in attach
ment20'2'. During culture this marker could be upregulated, thereby 
increasing fluorescence levels. 
After two weeks of culturing almost all cells were recognised by the 
AS02 antibody which indicated that mostly fibroblasts were left in 
culture. However, different a-SMA expression levels were detected 
in cells originating from different tissues. This expression relates to 
the presence of myofibroblasts in the cell cultures. Because myofi
broblasts have high contractile properties and are involved in 
wound contraction7'2, these cells should preferably not be intro
duced into a wound via a cell-seeded skin substitute. Our FACS anal
ysis shows increasing percentages of u-SMA containing cells for fat 
and burn eschar derived populations indicating prolonged presence 
as well as development of myofibroblasts in these cultures. The per
centage of a-SMA in dermal cells decreased showing that myofi
broblasts disappeared in these cultures. Similar results were ob
tained when fibroblasts were cultured on plastic for two days after 
isolation, then seeded into collagen matrices and cultured for 12 
days. Burn eschar and fat derived populations showed high expres
sion of a-SMA at day 12 (figure 4b and 4c), whereas dermal popula
tions showed almost no presence of u-SMA positive cells in the 
matrices (figure 4a). This difference in expression coincides with a 
higher contraction of the matrices seeded with burn eschar and fat 
cells and a significantly lower contraction of the matrices seeded 
with dermal cells (figure 3). 

Fibroblasts derived from dermal tissue also showed the best growth 
characteristics, resulting in the highest number of fibroblasts 
acquired per gram of tissue after two weeks of culturing. Dermal 
fibroblasts adopted the spindle shape morphology (figure 2a) and 
were able to grow to confluence in culture, whereas fat and burn 
eschar fibroblasts adopted a more stellate shape morphology (figure 
2b and c) and remained subconfluent. The low proliferation rate (<i) 
for the burn eschar fibroblasts was most likely caused by the fact 
that a high number of granulocytes was present at isolation and 
only about 20% of the isolated cells was able to attach. Theoretical 
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Figure 5 Fluorescence and percentage of 
cells labelled positive by the AS02 antibody 
in FACS analysis of the three different cell 
populations at day 2. 

Mi = marked region for the fluorescence 
level of positive cells, the percentage of 
positive cells is indicated in the header. 
Gm = mean fluorescence level of the 
marked region (Mi), (a) dermal cells, (b) 
subcutaneous fat cells, (c) burn eschar cells. 

recalculation of fibroblast numbers revealed a proliferation rate com
parable to that of the fat derived fibroblast populations (2.0 versus 2.7, 
respectively). 
Despite excellent growth and phenotype characteristics of dermal 
fibroblasts the use of dermis as tissue source limits its practical use
fulness in clinical applications. In case of severe wounds with in
volvement of large surface areas it is possible that dermal tissue can 
not be harvested for the purpose of isolating cells. In such a case an 
appropriate alternative could be to use fibroblasts derived from sub-
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cutaneous fat. Despite a higher expression of cx-SMA positive cells 
the benefits of using a seeded dermal substitute may still be higher 
than using a non-seeded dermal substitute'. In severe third degree 
burns, burn eschar may be chosen as a source for fibroblasts. In such 
a case this tissue is available in relatively large quantities and other 
tissues such as fat or dermis are difficult to harvest due to the burn 
injury. It should be taken into account that, because of the burn 
injury, the tissue may be rather heterogeneous with varying quality 
and is therefore poorly defined. It would be worth while to investi
gate whether granulocytes and other contaminating cells could be 
removed from the freshly isolated cell populations. Furthermore, 
pre-treatment of the cells with e.g. cytokines before using them in 
the dermal substitute could be another way to obtain more favour
able fibroblast characteristics. The fact that stable fibroblast cultures 
were established from fat and burn eschar allows speculation on 
their future usefulness. 

It is hypothesised that wound healing of deep dermal defects in
volves the migration of fibroblasts derived from subcutaneous fat 
tissue. It is interesting to note that the phenotypic characteristics of 
subcutaneous fat fibroblasts may contribute to scar formation and 
sub-optimal healing. In this respect, cells isolated from burn eschar 
could originate from the subcutaneous fat layers under the wound 
area. By inhibiting migration of fibroblasts from these subcuta
neous fat layers into the wound area during the initial healing pro
cess, in combination with the use of dermal fibroblasts in skin sub
stitutes, scar formation and contraction could be reduced. 
In conclusion, our study shows that fibroblasts from dermal origin 
have a different phenotype than those derived from subcutaneous 
fat or burn eschar. We have shown that fibroblast populations iso
lated from the subcutaneous fat and burn eschar exhibit a more 
contractile phenotype in vitro with elevated myofibroblast numbers 
and higher contraction of collagenous matrices. Dermal fibroblasts 
have the best characteristics, in terms of phenotype and cell prolif
eration, for application in a dermal substitute. However, selective 
treatment of fat or burn eschar derived cell populations could pro
vide fibroblasts with phenotypic characteristics that are specifically 
suitable for tissue engineered products. 
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