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Fig. 1. The relative value of the durometer reading was compared
among groups. The values were 16.2 * 3.83, 29.2 * 4.94, and
7.2 * 2.03, bFGF-treated, non-bFGF-treated and control groups,
respectively (p < 0.0] between non-bFGF-treated vs. bFGF-treated
and control groups).

One patient (case 7) had been reconstructed with artificial
dermis and subsequent split-thickness skin grafting the pre-
vious year in the right extremity, and the other side was
reconstructed with bFGF and artificial dermis as bFGF was
clinically permitted for use from 2001 in Japan.

Skin Hardness by Duromer

Skin hardness measured using a durometer demonstrated
significant differences among groups. The relative value of
the actual durometer reading was lowest in the control group,
which is nonwounded skin. bFGF treatment together with the
artificial dermis was the next lowest and the artificial dermis
alone demonstrated the highest value (7.2 * 2.03, 162 =
3.83, 29.2 + 4.94, control, bFGF, non-bFGF, respectively,
p < 0.01) (Fig. 1).

Skin Moisture Analysis

For moisture meter analyses, the effective contact coeffi-
cient was significantly higher compared with the nonwounded
skin value (control) in both bFGF and non-bFGF-treated artifi-
cial dermis groups, and there was a significant difference
between bFGF- and non-bFGF-treated groups (10.9% =
1.05%, 17.9% = 1.95%, 44% * 0.85%, bFGF, non-bFGF
and nonwounded skin (control) groups, respectively, p <
0.01). TEWL in the bFGF-treated group was significantly
less than that in the non-bFGF group (13.2 + 2.16 g/m%h,
21.2 + 2.93 g/m*/h; bFGF treated, non-bFGF treated, respec-
tively, p < 0.01). The bFGF-treated group demonstrated a
significantly higher TEWL value compared with the control
(132 + 2.16 g/m*h, 63 * 1.10 g/m*h; bFGF treated,
control, respectively, p < 0.01). The correlation between the
effective contact coefficient and TEWL demonstrated signif-
icant correlation between the two (y = 0.81x + 0.053, I* =
0.86, p < 0.01).
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Table 3 Skin Moisture Meter Analysis

bFGF Non-bFGF Non-Wounded
n=12 in=7) {control, n = 20)
Effective contact 109 + 1,05° 179 = 1,95 4.4 * 085
coefficient (36)
Transepidermal 13.2x216" 212+ 2937 63 %1.10
water loss
(TEWL) (g/m™/h)
Water content (uS) 24.7 +5.06 46.0=567"" 235=x4.42
Thickness (um) 121+3.14 172 =187 105 = 1.62

*p < 0.01, compared to control.
'p < 0,01, compared to bFGF.

The water content in the non-bFGF group was signifi-
cantly greater than the bFGF-treated and control groups,
whereas there was no significant difference between the
bFGF-treated and the control groups (24.7 = 5.06 S, 46.0 =
5.67 uS, 23.5 * 4.42 uS; bFGF-treated, non-bFGF-treated,
control groups, respectively, p < 0.01; between control and
non-bFGF-treated groups and between bFGF-treated and
non-bFGF-treated groups). The thickness of the non-bFGF-
treated group was significantly greater than both the control
and bFGF-treated groups (12.1 = 3.14 pm, 17.2 £ 1.87 pm,
10.5 * 1.62 pm; bFGF-treated, non-bFGF-treated, control
groups, respectively, p < 0.01) (Table 3). Anatomic locations
of the moisture meter and the measurement conditions were
similar among three groups.

Case Presentation

An 80-year-old woman was suddenly developed her left
calf cellulitis, which caused her emergency debridement of
the skin and subcutaneous tissues at Nagasaki University
hospital by an orthopedic surgeon on duty. She was then
referred to us for further leg reconstruction. There was 1 X
10° CFU/mL of Methicillin-Resistant Staphylococcus aureus
in wound surface by a swab bacterial culture. Additionally
more meticulous debridement including the partial fascia and
periosteum in her anterior calf was performed 10 days after
initial debridement on her calf and bFGF was sprayed over
the wound bed after hemostasis, about 1000 pg of bFGF was
sprayed over the wound bed, then an artificial dermis was
applied over entire defects. Daily 100 pg of bFGF was needle
inserted beneath outer membrane of the artificial dermis. In 2
weeks, 0.012-inch split-thickness skin grafting was placed. In
3 years, a pretibial durometer reading is as low as 18.3, and
TEWL demonstrated 23.5 g/m®/h and thickness of the stratum
corneum was 11.5 pm (Fig. 2).

DISCUSSION

Staged lower extremity reconstruction with daily bFGF-
treated antificial dermis and subsequently thinner split-thickness
skin grafting was beneficial for the quality of reconstructed skin
in comparison with the antificial dermis and split-thickness skin
grafting alone in terms of hardness and moisture parameters
such as TEWL, water content and thickness. The bFGF-
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Fig. 2. An 80-year-old woman suddenly developed calf cellulitis. (A) When she was first referred to us at 10 days after primary debridement
by an orthopedic surgeon. ( B) After careful hemostasis and 1000 pg of bFGF over the wound bed was sprayed and then an artificial dermis
(Pelnac) was covered. From the arrows by needles, total 100 pg of bFGF was administered daily until secondary split-skin grafting. (C) In
14 days after the artificial dermis and daily bFGF application. (D) At time of 0.012-inch split-skin grafting was performed. (E) In 3 years
after skin grafting. The pretibial durometer reading demonstrated 18.3 at half a year and 18.5 at 3 years where the periosteum has 1o be

removed.

treated reconstruction demonstrated almost equal values in
water content and thickness, consistent with the softer and
thus better nature of the reconstructed lower extremity.
Analysis using a durometer successfully demonstrated a
positive correlation with clinical skin hardness severity scores
when split-skin grafting was performed with or without
bFGF.?* In this study, there was a significantly high value for
non-bFGF artificial dermis reconstruction compared with
control (normal skin) and bFGF-treated artificial dermis re-
construction, The relative ratio of a durometer value in the
previous skin grafting study was 1:2 (bFGF-treated vs. non-
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bFGF-treated skin grafting). In staged artificial dermis with
or without bFGF-treated skin grafting, it preserved almost the
similar ratio, 1:1.8 (bFGF-treated vs. non-bFGF-treated).
This may account for how well the primary content of col-
lagen in the artificial dermis sustained applied bFGF in the
wound bed and further affected skin remodeling through skin
grafting. In fact, there was a report on the possible function of
type I collagen as a reservoir of bFGF in a murine model of
the subcutis, intramuscular injection, and ischemic hind
limb.?® Analysis using a moisture meter enabled the evalua-
tion of comneal layer (stratum corneum) functions by the
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effective contact coefficient, together with TEWL, water con-
tent, and layer thickness. Abnormal functioning of comeal
layers is well demonstrated in atopic dry skin studies by such
as increased TEWL, decreased water content, and increased
thickness as the atopic dry skin thickens. As atopic skin
decreases the amount of intercellular phospholipids or cer-
amides, this may account for the damaged function of the
comeal layers.”” In wounded skin, deeper wounds, hypertro-
phic scars and keloids demonstrated high TEWL and water
content values. These data also suggest that proliferative
changes in the dermis may affect the comeal layers.

In our study, there was a significantly higher value of
TEWL in the non-bFGF-treated group than the bFGF-treated
and control groups, and the bFGF-treated group demonstrated
significantly higher TEWL than the control. The water con-
tent was significantly greater in the non-bFGF-treated group
than the control: the bFGF-treated group was comparable
with the control and this value was significantly lower than
that of the non-bFGF-treated group (p < 0.01). bFGF-treated
reconstruction may offer better skin remodeling as early as
immediately after debridement, which may avoid the devel-
opment of fibro-proliferative disorders.?® As the frequency of
tape-stripping increases, the water-holding defects of the cor-
neal layers (stratum corneum) are associated with a higher
value of TEWL.* Thus, TEWL is an important marker of
hydration for epithelialization or re-epithelialization after
healing. The effective contact coefficient is affected by skin
surface electrolytes such as sweating; however, this value
also reflects the barrier function of the skin. In our study,
there was a correlation between the effective contact coeffi-
cient and TEWL. The strongly positive correlation between
effective contact coefficient and TEWL demonstrates the
higher validity of the moisture measurement, The thickness in
both the bFGF-treated and control groups was significantly
smaller than that in the non-bFGF-treated group.

Overall, bFGF-treated sequential artificial dermis and
skin grafting demonstrated better scarring and well-organized
stratum corneum after healing both by durometer and mois-
ture meter analysis.

The advantage of using an artificial dermis includes
immediate coverage for deeper tissue exposure such as ten-
don and bone, protecting from fluid, protein, and electrolyte
loss, from microorganism invasion and reducing secondary
donor-site morbidity as only thinner skin grafting is
required.w Also, the combination of artificial dermis with
bFGF demonstrated the reconstruction of deep diabetic soft
tissue loss,”' diabetic pressure ulcer healing in a mouse
model,*? and intractable fingertip ulcers caused by burn
injury.”®

Even in larger tissue defects as demonstrated in case 6 of
50 % 35 cm? that are too difficult to cover using the conven-
tional method, or when donor skin is limited, this combina-
tion procedure using artificial dermis and bFGF may be
useful. In addition, when subsequent or additional debride-
ment is required, donor-site morbidity is minimal and a semi-
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transparent membrane may be easier to evaluate. The use of
a porcine-derived artificial dermis in the lower extremities
with daily bFGF administration is easy, safe and useful al-
though secondary split-thickness skin grafting is required and
the reconstructed oulcome is better in quality.
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ABSTRACT

Second-degree burns are sometimes a concern for shortening patient suffering
time as well as the therapeutic choice. Thus, adult second-degree burn patients
(average 57.8 + 13.9 years old), mainly with deep dermal burns, were included.
Patients receiving topical basic fibroblast growth factor (bFGF) or no bFGF
were compared for clinical scar extent, passive scar hardness and elasticity using a
Cutometer, direct scar hardness using a durometer, and moisture analysis of the
stratum corneum at | year after complete wound healing. There was significantly
faster wound healing with bFGF, as early as 2.2 4 0.9 days from the burn injury,
compared with non-bFGF use (12.0£2.2 vs. 15.04 2.7 days, p < 0.01). Clinical
evaluation of Vancouver scale scores showed significant differences between
bFGF-treated and non-bFGF-treated scars (p < 0.01). Both maximal scar ex-
tension and the ratio of scar retraction to maximal scar extension, elasticity, by
Cutometer were significantly greater in bFGF-treated scars than non-bFGF-
treated scars (0.23 £0.10 vs. 0.14 £ 0.06 mm, 0.59 £0.20 vs. 0.49 +0.15 mm: scar
extension, scar elasticity, bBFGF vs. non-bFGF, p < 0.01). The durometer read-
ing was significantly lower in bFGF-treated scars than in non-bFGF-treated
scars (16.2+£3.8 vs, 29.3 £ 5.1, p < 0.01). Transepidermal water loss, water con-
tent, and corneal thickness were significantly less in bFGF-treated than in non-

bFGF-treated scars (p < 0.01).

Second-degree burns are sometimes a concern as to
whether early surgery should be selected or whether it
should be delayed until remnant dermal components are
reepithelialized. Early excision and grafting of < 20% of
the total burn surface area (TBSA) is superior to nonoper-
ative treatment from the viewpoint of hypertrophic scar
(HS) formation and scar quality.! Recently, dermal re-
placement template surgery on postburn day 5, followed
by auto-grafting on postburn day 21 for patients with deep
dermal burns to full-thickness burns were demonstrated as
safe and effective treatment modalities for the TBSA, 43%
burns.” On the other hand, a conservative approach for
deep dermal burn wounds using polarized-light irradiation
resulted in a shorter healing time, almost no HS, and op-
timal esthetic and functional outcomes with a relatively
long-term follow-up.

Another modality for the treatment of burn wounds,
systemic administration of growth hormone, which atten-
uates pro-inflammatory cytokines such as tumor necrosis
factor-o¢ (TNF-u), is beneficial for the metabolism, and
may lead to accelerated wound healing at donor sites in
patients with large cutaneous burns. Second-degree ther-
mal injuries of rat skin showed the complement-indepen-
dent involvement of pro-inflammatory cytokines such as
interleukin-1 (IL-1), TNF-a, and IL-6 as results of reactive
oxygen metabolites generated by neutrophils, which were
accumulated in the dermal burn wounds.® Another hep-
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arin-binding cytokine, midkine, showed enhanced expres-
sion as early as day | after deep dermal burn injury in a rat
model.* Continuous recombinant human erythropoietin
from 3 hours to 14 days after deep burn injury improved
angiogenesis and wound healing in a mouse model by the
expression of CD31 endothelial markers and inducible ni-
tric oxide synthases, and the wound content of nitric oxide
products and I:;’y augmenting vascular endothelial growth
factor content.” Among cytokines, basic fibroblast growth
factor (bFGF) showed endogenous immunolocalization in
the human dermis in partial-thickness burns from day 4 to
day 11. The bFGF participates in cutaneous wound heal-
ing by activating local macrophages up to the remodeling
phase, which occurs several weeks after injury.a The bFGF
in burn wounds may be a presynthesized mediator that is
released locally from injury sites, and thus may play an
important role in early wound healing.” In adult second-
degree burns, the topical application of bFGF within 5
days postinjury showed significantly better regeneration of
granulation tissues and newly formed capillaries in a ran-
domized-controlled clinical trial.'® We therefore sought to
investigate bFGF in second-degree burns with conven-
tional wound care alone. Objective analyses using a mois-
ture meter for healed epithelial layer (stratum corneum)
function, a durometer for scar hardness, and a Cutometer
for scar elasticity as well as clinical assessment were com-
pared in bFGF-treated and non-bFGF-treated groups.
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Table 1. Patient profiles

Akina etal.

bFGF (n=51) non-bFGF (n=51) Control {(non-wounded) [n=51)
Sex (F:M) 24:27 21:30 25:26
Age (years) 60.0+10.8 5444163 589+139
TBSA (%) 8.9+43 9.5+5.0
Burn type Scald=33 Scald=31
Flame=14 Flame=14
Contact=4 Contact=6
Location
Total=119 Total=122
Upper extremity=33 Upper extremity=33
Lower extrernity=234 Lower extremity=33
Torso=27 Torso=27
Face=25 Face=29
Healing time (days) 120+2.2 15.0£2.7%

Upper extremity=arm, hand, finger.
Lower extremity=thigh, leg, foot, tos.
Tarsochest, back, abdomen.

*=p < 0.01.

PATIENTS AND METHODS

Patients

We enrolled 153 subjects (22-90 years old, average
57.8 & 13.9 years of age, 51 with bFGF treatment, 51 with
non-bFGF treatment, and 51 age-matched healthy volun-
teers) in this investigation from November 2001 to March
2006. The bFGF treatment group included 24 female and
27 male patients with an average age of 60.0+ 10.8 years
(40-87 years old), with an average TBSA of 8.9+4.3%.
The non-bFGF treatment group included 21 female and
30 male patients with an average age of 54.4 + 16.3 years
(22-89 years old), with an average TBSA of 9.5+ 5.0% af-
ter approval from the internal review board in Nagasaki
University Hospital. The patients were randomized by the
date of their first visits to our hospital. Patients were
treated with bFGF on odd days, while patients who came
on even days were included in the non-bFGF-treated
group. There was no statistical significance between bFGF
and non-bFGF groups in terms of age or TBSA. Other
than whether using bFGF or not, all therapeutic regimens
were exactly the same between the two groups. For in-
stance, the timing of the dressing changes or use of the
ointment-impregnated gauzes from the initial treatment
until wound healing was identical.'' The age-matched vol-
unteers (25 women and 26 men) were patients who visited
the hospital for complaints other than scar problems with
an average age of 58.9+13.9 years (26-90 years old),
There were no significant differences among volunteers,
bFGF, and non-bFGF groups.

All burns were diagnosed as second-degree burns. The
majority of the burns were deep dermal burns and some
were mixed superficial and deep dermal burns at first ob-
served clinically. The burn types were contact (n=4), flame
(n=14), and scald (n=133) in the bFGF-treated group, with

a similar distribution in the non-bFGF-treated burns as
contact (n=6), lame (n=14), and scald (n=31). The ana-
tomical distributions were the face (n=25 vs. 29), torso
(n=27 vs, 27), upper extremities (7=33 vs, 33), and lower
extremities (m=34 vs. 33) for the bFGF-treated group vs.
the non-bFGF-treated group, respectively. As some pa-
tients suffered burns at more than one anatomical loca-
tion, there were 119 vs. 122 locations in bFGF-treated vs.
non-bFGF-treated groups, respectively (Table 1).

Split-thickness skin grafting was required in some
wounds for wound coverage. However, these locations
were distant from the evaluation locations and excluded
for further clinical and objective analyses. For the bFGF-
treated group, initial use started at 22409 days (1-4
days, mean 2.0 days) and there were no other factor difTer-
ences between the two groups other than the use or nonuse
of a bFGF spray on the burn wounds. The bFGF was ap-
plied on day | as much as possible. However, because of
careful clinical observation for the first 24 hours after the
burn, especially handling of blister formation, the bFGF
was started on day 2 and after. When a blister was formed
after 24 hours, gentle management with removal of the in-
ternal fluid through minimal nicking and bFGF was ap-
plied for the bBFGF-treated group.

bFGF (Trafermin, Fiblast Spray™) and non-bFGF
treatment

Genetically recombinant bFGF (Fiblast Spray™, Kaken
Pharmaceutical Co., Ltd., Tokyo, Japan) was used for
spraying. The beginning of bFGF use varied from 2 to 4
days postburn injury. The concentration of bFGF was
30 g of bBFGF per 30cm? area as 100 pg of freeze-dried
bFGF dissolved in 1 mL of benzalkonium chloride solu-
tion, with 300 uL sprayed over a 30cm? area from a Scm
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distance, and 0.3mL of this concentration solution was
applied by this method. Ointment-impregnated gauze was
applied to wounds treated with bFGF after waiting for 30
seconds. The bFGF administration continued until the
wound had healed.

The non-bFGF treatment groups received only oint-
ment-impregnated gauze without bFGF spraying. Stan-
dard procedures for stabilizing the burn wounds were
applied for all cases.'

Scar scaling

Burns were evaluated by the senior authors (8. A, K. A,
and T. L.), who evaluated others' patients in a blind fash-
ion 1 year after complete wound healing. Scar scaling was
determined using the Vancouver scar scale, which included
pigmentation (0=normal, |=hypo-pigmented, 2=mixed,
3=hyperpigmented), pliability (0=normal, l=supple,
2=yielding, 3=firm, 4=ropes, S=contracture), height
(0=flat, 1= < 2mm, 2=2-5mm, 3 >5mm), and vascu-
larity (0=normal, 1=pink, 2=red, 3=purple)."* Evalua-
tion was confirmed by the other two authors, who are also
burn specialists; therefore, each wound was assessed by
four different evaluators. Parameters for each scar were
obtained by averaging the individual score by four observ-
ers.

Cutometer

A Cutometer®™ MPA 580 (Courage+Khazaka electronic
GmbH, Cologne, Germany) was used to evaluate skin
elasticity parameters at | year after complete wound heal-
ing. The Cutometer is able to measure vertical deforma-
tion of the skin by suctioning into a round probe, 6mm in
diameter. A vacuum load of 500 mbar was used over the
skin (or scar) surface for | second, followed by normal
pressure for |1 second. Each measurement was repeated
three times and the mean value of four adjacent points at
least 6 mm apart and 12mm from the intact skin was as-
sessed at 25 °C room temperature and 50% humidity with
air conditioning. As discussed and reported previously,
two parameters of the Cutometer were used in this inves-
tigation. The Uf (depicted as R0) stands for the maximal
skin (or scar) extension of the deformation at the end of
the vacuum period; Ur/Uf (R7) stands for the ratio of the
retraction (Ur) to the maximal extension (4Ul} and reflects
the elasticity of the measuring subjects.'>!

Durometer

The durometer used in this investigation was a TECLOCK
GS-70IN (Teclock Co. Ltd., Nagano, Japan), which
follows the international standard of SRIS 0101 and is
defined as a spring instrument to measure hardness, with a
5-mm-diameter round noninvasive gauge head, and a
value range from 519 to 8379 mN (55-855 gf) at | year af-
ter complete wound healing. The measurement of each
point was always perpendicular to the scars and was re-
peated five times immediately after touching the scar and
at 30 seconds after touching, and the mean value of three
adjacent points at least 6mm apart and 12mm from the
edge of intact skin was assessed at 25 °C room temperature
and 50% humidity with air conditioning, following the
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manufacturer’s instructions. Informed consent was ob-
tained from all patients and there were no complications
or complaints due to durometer measurements. As a nor-
mal control, the skin hardness of similar-aged volunteers
was investigated at similar anatomical and location points
as a normal standard of measurement.

Moisture meter

A moisture meter (ASA-M2, Asahi Biomed Co. Ltd., Yo-
kohama, Japan) was used to detect transepidermal water
loss (TEWL), water level, and the thickness of the corneal
keratinocyte layer of the skin, as well as the effective con-
tact coefficient, determined by electrolytes in the corneal
layer at 1 year after complete wound healing. The meter
records were used to analyze the susceptibility of conduc-
tance using a low-frequency (160 Hz) alternate current and
to detect conductance using a high-frequency (143 KHz)
alternate current, The proposed formula is as follows:

Skin conductance (pc) = effective contact coefficient (%)
x water level (uS).

To enable the use of all these formulary factors, both low-
and high-frequency electric voltages were applied. The
round probe of the hand-piece is 5mm in diameter and
detection was set 5 seconds after probe contact with the
subject to stabilize electrodes and the skin condition. Each
contact point was always perpendicular to the subject and
was repeated five times, and the mean value of adjacent
points at least 10mm apart and 20mm from the intact
edge was assessed at 25°C and 50% humidity with air
conditioning, following the manufacturer’s instructions.
All data were immediately transferred to a personal com-
puter for further analyses. Informed consent was obtained
from all patients and there were no complications or com-
plaints due to moisture meter measurements. The mea-
surements were performed | year after compete wound
healing. For moisture meter analysis, the same anatomical
and location areas of bFGF-treated and non-bFGF-
treated groups were compared, while skin moisture meter
data of similar age-matched volunteers were investigated
as a normal standard of measurement.

Statistics

The results are expressed as the mean =+ standard devia-
tion. Data between groups were evaluated by one-way
analysis of variance with Bonferroni's multiple compari-
son procedure, and p-values < 0.05 were considered sta-
tistically significant.

RESULTS

Clinical outcome

The average healing time in the bFGF-treated and non-
bFGF-treated groups was 12.0 +2.2 days (8-17 days) and
15.0 £2.7 days (11-21 days), respectively (p < 0.01). The
scar was assessed at | year after complete healing.

There were 119 and 122 locations in the bFGF-treated
and non-bFGF-treated groups, respectively, and postop-
erative HSs were clinically observed in none of 25 vs. 2 of
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Figure 1. Vancouver scar scale. Four independent specialists
evaluated at 1 year after complete wound healing. The results
yielded 0B+ 06vs. 18409, 20+09vs.3.34+09,1.0+06
vs. 2.0+ 0.6, and 0.8+ 0.7 vs. 2.0 £+ 0.8; conventional vs. bFGF-
treated, pigrmentation, pliability, height, vascularity, respec-
tively (p < 0.01), bFGF, basic fibroblast growth factor.

29 on the face, 1 of 27 vs. 3 of 27 on the torso, 1 of 33 vs. 5
of 33 on the upper extremities, and | of 34 vs. 4 of 33 on the
lower extremities in the bFGF-treated vs. non-bFGF-
treated group, respectively. The overall rate of HS forma-
tion was 2.5% for the bFGF-treated group and 11,5% for
the non-bFGF-treated group. In small areas, skin grafting
{ < 1% of TBSA for each wound) was applied to 3 of 27
vs. 4 of 27 wounds of the torso, and 2 of 34 vs. 2 of 33
wounds on the lower extremity in the bFGF-treated and
non-bFGF-treated groups, respectively. However, no HSs
were observed in any location of either group at 1 year af-
ter complete wound healing and no evaluation was at-
tempted over resurfaced scars after skin grafting.

Clinical evaluation of pigmentation, pliability, height,
and vascularity showed significant differences between
bFGF-treated and non-bFGF-treated scars (0.8 +0.6 vs.
18409, 20+0.9 vs. 3.3£09, 1.0£0.6 vs. 2006,
0.8 £0.7 vs. 2.0 £ 0.8; conventional vs. bFGF-treated, pig-
mentation, pliability, height, vascularity, respectively,
p < 0.01) (Figure 1). Detailed analysis of each burn loca-
tion in the two groups did not show significant differences
on the Vancouver scale parameter.

The bFGF was clinically permitted for use in Japan
from 2001.

Skin or scar analysis by Cutometer

The values representing skin extension as R0 were signifi-
cantly greater in control, nonwounded skin, followed by
bFGF-treated scar, and the lowest in the non-bFGF-
treated scar (0.33£0.10, 0.23£0.10, 0.14+0.06 mm;
control, bFGF-treated scar, non-bFGF-treated scar, re-
spectively, p < 0.01). The relative retraction of extension,
elasticity, depicted as R7, was also significantly greater
in the control, followed by the bFGF-treated scar, and
the lowest in the non-bFGF-treated scar (0.69+
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Figure 2. Cutometer analysis. A Cutometer showed passive
skin (scar) hardness and elasticity at 1 year after complete
wound healing. The value of the maximal skin (scar) extension
(denoted by RO) was significantly smaller in non-bFGF-treated
scars than bFGF-treated scars and the contral in the order,
0,33+0.10, 0.23+0.10, 0.14 £ 0.06 mm; control, bFGF-trea-
ted, non-bFGF-treated, respectively, p < 0.01. The skin (scar)
ratio of retraction to maximal extension (denoted by A7), slas-
ticity, was significantly smaller for non-bFGF-treated scars than
bFGF-treated scars (0.69+0.20, 0.59+0.20, 0.49+0.15mm;
control, bFGF-treated scar, non-bFGF-treated scar, respec-
tively, p < 0.01). bFGF, basic fibroblast growth factor.

020, 0.594020, 049+0.15mm; control, bFGF-
treated scar, non-bFGF-treated scar, respectively,
p < 0.01) (Figure 2).

Skin or scar hardness by durometer

Skin hardness measured using a durometer showed signifi-
cant differences among groups. The relative value of
the actual durometer reading was the lowest in the
control group, which is nonwounded skin. The bFGF-
treated scar was the next lowest and the non-bFGF-
treated scar showed the highest value (8.0X1.8,
16,2+ 3.8, 29.3 % 5.1; control, bFGF, non-bFGF, respec-
tively, p < 0.01) (Figure 3).

Skin or scar moisture analysis

For moisture meter analyses, the effective contact coeffi-
cient was significantly higher than the nonwounded skin
value (control) in both bFGF and non-bFGF-treated
groups, and there was a significant difference between
bFGF-treated  and  non-bFGF-treated  groups
(109+1.5%, 18.5+1.8%, 4.8+13%; bFGF, non-
bFGF, and nonwounded skin (control) groups, respec-
tively, p < 0.01). TEWL in the bFGF-treated group was
significantly less than that in the non-bFGF group
(129420, 22.1+3.5g/m?*/hours; bFGF-treated scar,
non-bFGF-treated scar, respectively, p < 0.01). The
bFGF-treated group showed a significantly higher TEWL
value than the control (12.9+2.0, 6.2+ 1.2 g/m*/hours;
bFGF-treated scar, control, respectively, p < 0.01). The
correlation between the effective contact coefficient and
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Figure 3. Durometer analysis. Direct skin (scar) hardness was
obtained using a durometer at 1 year after complete wound
healing. The relative value of the actual duromater reading was
the lowest in the control group, which is nonwounded skin. The
bFGF-treated scar was the next lowest and the non-bFGF-
treated scar demonstrated the highest value (8.041.8,
16.2£3.8, 29.3+5.1; control, bFGF, non-bFGF, respectively,
p < 0.01). bFGF, basic fibroblast growth factor.

TEWL showed a significant correlation between the two
(y=0.75x+1.19, #=0.89, p < 0.01).

The water content in the non-bFGF group was signifi-
cantly greater than in bFGF-treated and control groups,
while there was no significant difference between bFGF-
treated and control groups (24.7+4.5, 44.8+4.9,
23.7+£4.38; bFGF-treated, non-bFGF-treated, control
groups, respectively, p < 0.01; between control and non-
bFGF-treated groups and between bFGF-treated and
non-bFGF-treated groups). The thickness of the non-
bFGF-treated group was significantly greater than both
the control and the bFGF-treated groups (11.9+3.0,
17.9 £ 1.7, 10.2 £ 1.5 pm; bFGF-treated, non-bFGF-trea-
ted, control groups, respectively, p < 0.01; between con-
trol and non-bFGF-treated groups and between bFGF-
treated and non-bFGF-treated groups) (Figure 4).

Anatomical locations of the moisture meter and the
measurement conditions were similar among the three

groups.

DISCUSSION

Fibroblast growth factors (FGFs) play important roles in
tissue repair. Among FGFs, FGF-2 or bFGF contributes
to reepithelialization and collagen deposition in a “‘knock-
out"” mouse model. Further, bFGF is also involved in neu-
ronal protection and repairs ischemic, metabolic, or
traumatic brain injury.

Pretreatment evaluation of second-degree burns or the
depth of dermal injuries is sometimes a clinical concern'®,
however, mostly deep dermal burns in this investigation
were included, as diagnosed by four burn and scar special-
ists, and the clinical course followed; although more pre-
cise, easy, and objective assessment methods may be
further required for generalizing deep dermal “second-de-
gree” burns using a reproducible method.'™'*

Our therapeutic regimens of bFGF treatment for the
second-degree burns in this investigation started as early as
on arrival day of postburn, and burn wound healing was
completed at 12 days for the bFGF-treated group; this
may be compatible with the endogenous bFGF expres-
sions observed during dasy 4 to day 11 as observed in rats
immunohistochemically.
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Figure4. Moisture meter analysis. A moisture meter was
used at 1 year after complete wound healing. The effective
contact coefficient was significantly higher than the nonwound-
ed skin value (control) in both bFGF-treated and non-bFGF-
treated groups, and there was a significant difference between
bFGF-treated and non-bFGF-treated groups (10.9+1.5%,
18.5 4+ 1.8%, 4.8+ 1.3%; bFGF, non-bFGF, and nonwounded
skin [control] groups, respectively, p < 0.01). Transepidermal
water loss (TEWL) in control and bFGF-treated groups was sig-
nificantly less than in the non-bFGF group (6.2 £ 1.2, 1294 2.0,
22.1 + 3.5 g/m*hours; control, bFGF-treated scar, non-bFGF-
treated scar, respectively, p < 0.01). The water content in the
non-bFGF group was significantly greater than in the bFGF-
treated and control groups, while there was no significant
difference between bFGF-treated and control groups
(24.7+45, 448449, 23.7+43uS; bFGF-treated, non-
bFGF-treated, control groups, respectively, p < 0.01; between
contral and non-bFGF-treated groups and between bFGF-
treated and non-bFGF-treated groups). The thickness of the
non-bF GF-treated group was significantly greater than both the
control and the bFGF-treated groups (11.9+3.0, 17.9+1.7,
10.2+1.5pm; bFGF-treated, non-bFGF-treated, control
groups, respectively, p < 0.01; between control and non-
bFGF-treated groups and between bFGF-treated and non-
bFGF-treated groups). bFGF, basic fibroblast growth factor.

Burn-wounded human skin obtained 2-4 weeks after
wounding showed FGF receptor (FGFR)-1 and -3 expres-
sions in basal and supra-basal layers of the epidermis as
well as granulation tissues such as neo-capillaries, fibro-
blasts/myofibroblasts, and inflammatory cells. Thus, the
bFGF and its receptor signaling pathway as well as bFGF
expressed in the dermal extracellular matrix may contrib-
ute to prornmin; reepithelialization during the wound-
healing process.'

The quality of the scar or the quality of wound healing
should be determined after the completion of wound heal-
ing.

Clinical multiple-investigator evaluations of burn scars
in the bFGF-treated group by the Vancouver scar scale
were significantly improved in all parameters compared
with non-bFGF-treated scars. The ratio of each parame-
ter of pigmentation, pliability, height, and vascularity was
1:2.25, 1.165, 1:2, and 1:2.5: bFGF-treated scar:non-
bFGF-treated scar, respectively. These data were compa-
rable to pediatric second-degree burn scars, which were
1:243, 1:2.18, 1.6, and 1:2.38: bFGF-treated : non-
bFGF-treated, respectively.”® Previous use of a durometer
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for scar hardness in post-split-thickness skin grafting
showed mgmﬁcant improvement in association with clini-
cal skin hardness.? In this investigation, another objective
tool of scar quality, a Cutometer, used for passive scar ex-
tension and relative retraction to the extended scar, which
reflects the elasticity of the scar, showed significant im-
provement in bFGF-treated second-degree, most deep
dermal, burns.

Additional studies using a moisture meter enabled
the evaluation of corneal layer (stratum corneum) func-
tions by the effective contact coefficient, together with
TEWL, water content, and layer thickness. Abnormal
functioning of corneal layers is well demonstrated in
atopic dry skin studies by increased TEWL, decreased
water content, and increased thickness as seen in atopic
dry skin, which is thickened. As atopic skin decreases
the amount of intercellular phospholipids or ceramides,
this may account for the damaged function of the cor-
neal layers.

The epidermis regulates the collagen I synthesis by der-
mal fibroblasts and bFGF and insulin-like growth factor
increased collagen production by increasing the fibroblast
cell number both in monoculture and in coculture with
keratinocytes.” In wounded skin, especially deeper
wounds, HSs and keloids showed high TEWL and water
content values. These data also suggest that proliferative
changes in the dermis may afTect the corneal layers. As one
possible mechanism, especially in keloids and HSs, com-
plex epithelial-mesenchymal interactions may modulate
transforming growth factor-f (TGF-§), which may be one
of the core pathogenic factors for keloids, and keloid-de-
rived keratinocytes highly activated TGF-f expression lev-
els in a paracrine fashion.

TGF-pis expressed in the experimental burn model, al-
though the expression pattern fluctuated during the first 15
days after the deep dermal burn as well as other cyiokmcs
such as bFGF, IL-1, and nerve growth factor (NGF).**

In rats, Ilposomal gene transfer of keratinocyte growth
factor improved wound healing and altered local immuno-
histochemical expression by decreasing TGF-p but by
increasing FGF expression at the wound edge and under
the wound bed, although the bum type was exlensive with
TBSA 30% and third degree.”® This suggests that local
bFGF may change the TGF-f§ expression pattern and thus
may not lead to excessive collagen deposition as observed
in HSs or keloids under certain conditions.

The bFGF-treated scars may have a better process of
skin remodeling, which may avoid the subsequent devel-
opment of fibro-proliferative disorders.”" As the frequency
of tape-stripping increases, water-holding defects of the
corneal layers (stratum wmenm) are associated with a
higher value of TEWL.* Thus, TEWL is an important
marker of hydration for epithelialization or re-
epithelialization after healing. The effective contact coeffi-
cient is affected by skin surface electrolytes such as
sweating; however, this value also reflects the barrier func-
tion of the skin. In our study, there was a correlation
between the effective contact coefficient and TEWL.
The thickness of both control nonwounded skin and
bFGF-treated scars was significantly less than non-bFGF
scars

The use of bFGF for second-degree burns accelerates
wound healing and improves the quality of scars by objec-
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tive measurement of scar quality as well as multiple-inves-
tigator subjective evaluations.
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Improvement of color matching in cases of bFGF and split-thickness skin
grafting using a colorimeter

Sadanori Akita

Department of Plastic and Reconstructive Surgery, Nagasaki University,

Graduate School of Biomedical and Sciences, Nagasaki, Japan

Pigmentation is sometimes a major concern for patients undertaking surgery. Color
differences between the normal skin and grafted or flap-transferred skin are not
objectively evaluated. Here, an easy and light colorimeter analysis was performed for flap
surgery and skin grafting with basic fibroblast growth factor (bFGF) over the grafted
wound beds. bFGF produces softer and high quality surface barriers, and also improved
scar clarity, redness, and yellow-color scores. Earlier use of bFGF with skin grafting leads
to better color matching to normal, undamaged skin.
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Human mesenchymal stem cells may be involved in keloid

pathogenesis

Kozo Akino’, MD, PhD, Sadanori Akita*, MD, PhD, Aya Yakabe*, MD, Takao Mineda®, PhD,
Tomayoshi Hayashi*, MD, PhD, and Akiyoshi Hirano®, MD

Introduction

Abstract

Background The pathogenesis of keloid is poorly understood. Although vigorous
Investigations have attempted to elucidate the mechanisms or causalive factors of keloid, there
are little data on why keloids are very intractable and recur easlly in each patient.

Methods In an attemnpt to analyze the possible interaction between human mesenchymal stem
cells and kaloid-derived fibroblasts, the dual-chamber cell-migration assay, cell proliferation,
ultrastructural morphology, and Western biot analysis were used to investigate the production
of the extracellular matrices of the coculture.

Results Cell proliferation was not significantly different between keloid-derived fibroblasts and
normal dermal fibroblasts during a 4-day observation period. There was a significant cell
migration of human mesenchymal stem cells when keloid-derived fibroblasts were placed in the
bottom chamber, compared to when normal dermal fibroblasts were placed in the same way in
B8-um diameter pore membranes (190.6 + 51.45 and 32.0 + 6.20 cells/field, respectively,

P < 0.01). With 3-um diameter pores, the human mesenchymal stem cells migrated in the pores
only when the keloid-derived fibroblasts were placed in the bottom chambers (8.4 + 3.84 cells/
field). Monolayer coculture of human mesenchymal stem cells and keloid-derived fibroblasts
demanstrated further functional differentiation, such as collagen secretion and abundant rough
endoplasmic reticulum. Western blot analysis of the cells in the modified dual-chamber culture
demonstrated most significantly abundant fibronectin expression when the human
mesenchymal stem cells contained keloid fibroblasts.

Conclusion The results of this study may indicate thal human mesenchymal stem cells
participate and recruit in keloid pathogenesis by differentiating themselves toward keloid
recalcitrant formation and progression.

or steroid injection.’ Recent developments in stem cell
biology have led to the potential application of regenerative
medicine by stem cells in the wound-healing process. Among

Despire extensive research focused on keloid mechanisms and
trearment including the possible involvement of fibrogenic
factors, such as transforming growth factor-g (TGF-8),"
insulin-like growth factor-x (IGF-1),* and plarelet-derived
growth factor (PDGF),’ as well as defects in fibrin degradation
represented by plasminogen activator inhibiror-1 (PAI-1),*
little is known on which cell rypes play a crucial role in the
pathogenesis of keloids, While keloid scars recur in individual
patients in the same area, some patients develop keloid scars
in multiple areas after very minor trauma. Keloid scars are
recalcitrant to medical, therapeutic-radiation, or surgical
treatments, and they even voluntarily extend over the
original wound boundary. There is no fundamental
treatment for keloid scars, and the current treatment is by
palliative modalities, such as pressure, anti-allergic medication,

international Journal of Dermatology 2008, 47, 1112-1117

the somatic stem cells, the human bone marrow-derived
mesenchymal stem cells (hMSC) are well characterized by
surface markers, cell proliferation, differentiation, and
regulation.” Lipid mediators, such as cysteinyl leukotrienes,
are involved in human mesenchymal stem cell differentiation.”
Keloid fibroblasts significantly enhance the extracellular
matrix expression, such as coll type 1, fit tin, and
PAl-1, under TGF-f and IGF-1 in a dose-dependent manner."
Thus, excessive extracellular matrix production from keloid
fibroblast is targeted by therapy and pathogenesis. In a
mouse model of systemic sclerosis by daily injection of
bleomycin, sclerotic cutaneous change was reversed through
intravenous administration of antibody against TGF-p%
however, detailed information concerning the regulation of

© 2008 The International Society of Dermalology
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influx suppression of granulocytes such as mast cells and
eosinophils is still unknown. Moreover, systemically adminis-
tered mesenchymal stem cells, which are able to reverse
bleomycin-induced fibrotic effects in the lung tssue,'” are a
possible therapeutic modality. The interaction berween
keloid-derived fibroblasts and mesenchymal stem cells has
therefore been investigated for cell ultrastructure as well as
cell proliferation, cell migration, and extracellular matrix
production.

Materials and Methods

Human mesenchymal stem cells

Human mesenchymal stem cells from a single human bone
marrow donor were isolated by density gradient centrifugation and
strictly sorted as positive for markers such as CD105, CD166,
CD29, and CD44, and negative for cell surface makers such as
CD14, CD24, and CD45. Human mesenchymal stem cells were
purchased from BioWhittaker Inc. (cal. no. PT-2501, Walkersville,
MD) and the cryopreserved cells were thawed immediately
according o the manufacturer's instructions. Two different
donor-derived hMSCs, obtained from two Asian men (23 and
24 years old), were used lor this study.

The cells were cultured in “basic medium® of Dulbecco’s
modified Eagle’s medium (DMEM) containing low glucose
supplemented with 10% fetal bovine serum (FBS,
heat-inactivated, cat. no. 16000-044, Gibco, Invitrogen Life
Technologies, Tokyo, Japan), 200 mwm L-glutamine, and penicillin
(100 W/mL) and streptomycin (100 pg/mL} at 37 °C in 95%
humidified air and 5% CO,. The medium was changed every
3 days until the cells were confluent, and they were then passaged
up to three times. The growth characteristics during the four
passages in FBS wera indistinguishable. The cells were washed
using 10 mL of phosphate-buffered saline (PBS) and then
liberated by exposure to 0.25% trypsin/t mu EDTA (Gibeo, cat. no.
25200-056) for 3 min at 37 “C, followed by tapping of the dishes
and the addition of 5 mL of culture medium. The cells wers
centrifuged at 400 g, and then resuspended in basic medium for
the following in vitro examinations. The other cells were stored at
=70 *C until use in a solution containing 5% human serum albumin
(IS Japan Co., Ltd, Saltama, Japan, cat. no. 9988) and 10%
dimethylsulfoxide (Sigma-Aldrich, Tokyo, Japan, cat. no, 41641)
according to the manufacturer's instructions.

Keloid-derived fibroblasts and normal dermal fibroblasts
Three different human keloid samples were used in this
investigation, taken from three different Japanese male patients
(17, 21 and 23 years old) after surgical excision and subsequent
adjuvant electron radiation therapy. Informed consent was
obtained from each patient. The tissues were divided for tissue
samples and cell culture. Some tissues were fixed in ice-cold 4%
paraformaldehyde solution for 3 days, embedded in paraffin, and
cut into 5-pum thick sections, and some were prepared for
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ultra-structural analysis. Slides were stained with hemataxylin and
eosin, and Toluidine blue. For call culture, tissue excised from a
keloid lesion was minced and placed on 100-mm culture plales,
consisting of the same basic medium as hMSCs at 37 °C in 95%
humidified air and 5% CO, as previously established.® Normally,
keloid-derived fibroblasts can be observed under a phase-contrast
microscope after a 2-week culture with 3-day medium change. The
cells were passaged when 70-80% confluence was reached. Up
to five passages from initial cell dissemination were used in this
experiment.

As a control, normal human dermal fibroblasts (CCS-2511),
which were obtained from two Asian men (19 and 21 years old),
were cultured using an FGM Bullet kit (CCM-3130; Takara Bio Inc.,
Shiga, Japan), containing 500 mL of fibroblast basal medium
supplemented with hFGF-2, insulin, FBS, and gentamicin/
amphotericin-B (manufactured by Cambrex Corp., East Rutherford,
NJ, and distributed by Asahi Technoglass Corp., Tokyo, Japan), on
100-mm culture plates at 37 °C in 95% humidified air and 5% CO,.
After 24-h incubation, the growth medium was changed 1o basic
medium in accordance with hMSCs and keloid-derived fibroblasts.
The growth medium was changed every other day until the cells
were confluent, and they were then passaged up to three times.
The cells were washed using 10 mL of PBS and then liberated by
exposure to 0.25% trypsin/1 mm EDTA (Gibco) for 3 min at 37 °C,
followed by tapping of the dishes and the addition of 5 mL of culture
medium. The cells were centrifuged at 400 g, and then resuspended
In basic medium for the following experiments. The other cells wera
stored at —70 *C until used in a solution containing 5% human
serum albumin (IS Japan, Co., Lid) and 10% dimethylsulfoxide
(Sigma-Aldrich) according to the manufacturer’s instructions.

Cell proliferation

Cell proliferation for keloid-derived fibroblasts and normal dermal
cells was determined as previously established." In short,

1 x 10" cells were counted using a Beckman Coulter® Cell and
Particle Counter (Beckman Coulter, Tokyo, Japan) in 24-well
culture dishes after 24-h incubation in basic medium. All cells were
counted in triplicate and the average value was calculated for each
well. Cell death was minimal and a trypan blue cell viability assay
demonsirated less than 1% nonviable cells throughout the
experimental cbservation period in basic medium.

Dual-modified Boyden chamber cell migration assay and
coculture assay

First, call culture inserts (3.0 um/6-well or 8.0 pm/6-well) (upper
chamber) initially containing 1 x 10° hMSCs or normal dermal
fibroblasts in basic medium overnight were placed on the seeded
top of a 6-well plate dish (lower chamber) In the same basic
medium.'? After overnight incubation, h(MSCs or normal dermal
fibroblasts attached to the upper chambers were transferred onto
each lower chamber, onto which each cell (human keloid-derived
fibroblast cells or normal dermal fibroblasts) or medium alone (no
cell) was already seeded at about 50% confluence of each 6-well

International Journal of Dermalology 2008, 47, 1112-1117
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plate in basic medium. The migration activity was evaluated 16 h
later by counting the number of invaded hMSCs on the reverse sur-
taces of 3-um and 8-um pore membranes, stained with Nuclear
First Red (TA-060-NF) LAB Vision Corp. (Fremant, CA).
The experiments were repaated in five ditterent wells for each
assay after obtaining the average values of five counts

- icall

Some hMSCs were then used for direct coculture in basic
medium for further direct analysis. In the direct coculture analysis,
1% 10* hMSCs and 1 x 10° kelold-derived fibroblasts, or 1 x 10°
hMSCs and 1 x 10° normal dermal fibroblasts were incubated
for 24 h in 6-well plates and subsequently sent for electron
microscopic analyses. For each group, five different cell culture
plates were individually investigated.

Electron microscopy

In order 1o perform transmission electron microscopy, kelold
tissues and basic medium containing hMSCs in 10% FBS were
prefixed in hall-strength Karnovsky's fixative (pH 7.2, osmolarity
1400 mOsm) buffer consisting of 2% paraformaldehyde and
2.5% glutaraldehyde In 0.1 w cacodylate buffer for 2 h, postfixed in
2% osmium tetroxide solution (pH 7.4), dehydrated using a
conventional procedure and embedded In epoxy resin, The
hMSCs were cultured for 4 days in basic medium of low glucose
DMEM supplemented with 10% FBS and 200 mwu L-glutamine,
penicillin (100 WmL) and streptomycin (100 ug/mL). The cells
were first centrifuged, and then washed with PBS, and the pellets
al the bottom of the tube were subsequently dissolved with
fixative after washing with PBS. Embedded specimens were
ultrathin-sectioned and double-stained with uranyl acetate and
lead citrate. These sections were cbserved using a Hitachl H-7100
electron microscope (Hitachi, Tokyo, Japan) at 75 kV accelerating
voltage.

Next, specimens of the cell culture insert, to which the hMSCs
were attached on the reverse side, prepared for scanning electron
microscopy, were dehydrated and dried by critical-point drying
apparatus (HCP-2, Hitachi) for scanning electron microscopy.
Specimens in a 35-mm tissue culture dish (3000-035, Iwaki, Tokyo,
Japan) were dehydrated through an ethanol series and
freeze-dried in t-butyl alcohal in a freeze-dryer. The dried
specimens were scatter-coated with gold using an ion-coater (IB-
2, Eiko Engineering, Tokyo, Japan) and observed with a scanning
electron microscope (S-3500 N, Hitachi)

Western blotting
For Westarn blotting, extracts of 5 x 10* hMSCs and 5 x 10*
keloid-derived fibroblasts, 5 x 10* hMSCs and 5 x 10* normal
dermal fibroblasts, or 5 x 10* normal dermal fibroblasts and

5 x 10° kelold-derived fibroblasts, in the upper and in the lower
chamber, respectively, from 8-um pore-sized dual-chamber
method, were prepared after 24-h incubation cells were lysed
using celLytic-M (cat. no. C2978, Sigma-Aldrich, St. Louis, MO)
with aliquots containing 20 pg as protein as measured by
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spectrophotometer, run on an e-pagel (ATTO Co. Lid, Tokyo,
Japan) sodium dodecyl sulfate (SDS)-polyacrylamide gel
electrophoresis system (25 mw Tris, 0.1% SDS and 192 mum
glycine solution). Cells for Western blotting were obtained only
from each lower chamber. The gels were washed with TBST
solution (20 mm Tris-HCI, pH 7.4, 0.5 w NaCl, 0.05% Tween-20) for
3 min three times in a horizontal shaker. The proteins were then
transferred to Hyband-P PVDF membrane (RPN2020F, Amersham
Pharmacia Biotech Inc., Piscataway, NJ) In a solution of 25 mm
Tris, 20% methanol, and 192 mm glycine.

The nonspecific background was blocked with 0.2% bovine
sarum albumin in PBS for 1 h in a horizontal shaker. The
membranes wera incubated lor 3 hwith primary antibodies against
mouse fibronectin monocional antibody (1 : 200 dilution, Santa
Cruz Biotechnology Inc., Santa Cruz, CA, cat. no. sc-8422) or
mouse monoclonal GAPDH (glyceraldshyde 3-phosphate
dehydrogenase) antibody (1 : 300 dilution, Santa Cruz
Biotechnology, cat. no. sc-47724), and then incubated with
secondary antibodies of mouse anti-rabbit horseradish peroxidase
conjugated antibody (1 : 1000 dilution; Amersham Pharmacia
Biotech). The blotted membranes were washed with TBST solution
after each primary or secondary antibody for 3 min three times in
a horizontal shaker. Aher incubation with ECL Plus (Amersham
Pharmacia Biotech) for 3 min, the membranes were visualized in
a CCD camera-loaded chemiluminescence system for protein
expression (ATTO Light Capture, cat. no, 6962). Five different
samples from different tissues of each group were investigated
using Western blot analyses, and the protein levels ware
densitometrically analyzed using a CS analyzer (ATTQ), For each
band, the mean of five measurements was calculated. The
fibronectin expression levels were normalized against internal
GAPDH expression levels of each tissue.

Statistical analysis

The cell number values are expressed as mean + standard
deviation. The data among the groups were analyzed by ona-way
analysis of variance followed by Scheffe's F-test using add-in
software, Statcel, to Microsoft Excel 2000, P-values less than 0.05
were considered significant.

Results

Cell proliferation
The keloid-derived fibroblasts proliferared ar 2.4 + 2.48 x 10
cellsatday 1, 24 hafter plating the cells, then 5.1 = 2.07 x 10*
cells ar day 2, 13.2 = 1.76 x 10" cells ar day 3, and 11.3 =
1.34 % 10* cells ar day 4 (P < 0.01),

The normal dermal fibroblasts proliferated ar 3.8 = 1.53 x 10
cellsarday 1,then 5.2 = 3.11 % 10 cells arday 2, 7.3 = 3.29 X 10*
cells ar day 3, and 10.7 = 4.58 x 10* cells ar day 4 (P < 0.071),
Both the keloid-derived fibroblasts and normal dermal
fibroblasts demonstrated linear cell proliferation during the
4-day observation.
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Quantitative cell migration

The hMSCs were vital and the cells were healthy throughout
the experiment. When normal dermal fibroblasts were placed
in the lower chambers and with 3-pm pore membranes, the
hMSCs only invaded 0.4 = 0.5 cells/field. The keloid-derived
fibroblasts induced hMSC migration through 3-pum pore
membranes at 6.4 = 3.8 cells/field, while keloid-derived
fibroblasts induced 2.4 = 1.3 cells/field cell migrations of
normal dermal fibroblasts. There was a significant difference
in hMSC migration with 8-pm membranes. The cell migration
among the hMSCs in the upper and normal fibroblasts in the
lower, the hMSCs in the upper and the lower and normal der-
mal fibroblasts in the upper, and the keloid-derived fibroblasts
in the lower were 32.0 = 6.2, 190.6 = §51.4, 65.2 = 9.0 cells/field,
respectively, P <o.o1 (Fig. ra,b). Since the keloid-derived
fibroblasts demonstrated significant cell migration, further
investigation following cell—cell interaction, direct coculture
between the keloid-derived fibroblasts and hMSCs, as well as
keloid-derived fibroblast analysis was performed.

Electron microscopy

In the dual-cell migration assay, cell morphology in the electron
microscope demonstrated the differentiation of cells, such as
conspicuous nucleoli and cytoplasmic subcytomembranous
fibrils with dense bodies indicating myofibroblast-like structure
in some cells, and thick collagen secreted granules as well as
frequent mitoses (Fig. 2). Subsequently, monolayer coculture
of hMSCs and keloid-derived fibroblasts demonstrated
further functional differentiation, such as collagen secretion
and abundant rough endoplasmic reticulum (Fig. 3).

Western blotting and quantification of extracellular matrix

The Western blot analysis of either the hMSCs in the upper
chamber or none and either normal dermal fibroblasts or
keloid-derived fibroblasts in the lower chamber for 24 h
demonstrated significant difference in the fibronectin expres-
sion. Normalized by internal GAPDH expression for each
band, the hMSCs in the upper and normal dermal fibroblasts
depicted 0.8 0.2, the hMSCs in the upper and keloid-
derived fibroblasts depicted 2.2 = 0.4, and normal dermal
fibroblasts in the upper and keloid-derived fibroblasts in the
lower depicted 1.0 = .2 relative value of fibronectin expression
(P < 0.01, between hMSCs in the upper with normal fibrob-
lasts in the lower and hMSCs in the upper with keloid-derived
fibroblasts in the lower, and between hMSCs in the upper with
keloid-derived fibroblasts in the lower and normal fibroblasts
in the upper with keloid-derived fibroblasts in the lower) (Fig. 4).

Discussion

Keloid-derived fibroblasts proliferated in the basic medium of
hMSCs during the 4-day observation. There was little cell
apoptosis during the experimental period. The dual-chamber

© 2008 The International Society of Dermatology
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N/K: normal dermal fibroblasts in the upper and keloid-derived fibroblasts
in tha lower chamber

Figure 1 Cell migration in the reverse side of 3-pm pore
membranes when keloid-derived fibroblasts were placed in the
lower chamber in the dual-chamber assay. There was significant
cell migration when keloid-derived fibroblasts were placed in the
bottom chamber compared to when normal dermal fibroblasts
(P < 0.01) and 8-pum pore membranes were used. hMSCs were
able o pass through even 3-pm pore membranes when keloid-
derived fibroblasts were used, but very few when normal dermal
fibroblasts were used. More than 1o-pm-diameter hMSCs were
able to pass through the 3-pm diameter pores

assay demonstrated that hMSCs significantly induced cell
migration with 8-pm pore membranes when keloid-derived
fibroblasts were placed in the botrom plates compared to
normal dermal fibroblasts in the bottom plates. In addition,
even 3-im pores, which normally do not permit the passage
of hMSCs, were able to migrate. The significant cell migration
suggests that keloid-derived fibroblasts are able to induced
hMSC chemoartraction toward keloid cells. Normal fibroblast
failed to be chemoattracted to keloid-derived fibroblasts.

International Journal of Dermatology 2008, 47, 1112-1117
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Figure 2 The ultrastrucrures of hMSCs when keloid-derived
fibroblasts were placed in the lower chamber in the dual-

chamber cell migration assay. The side of tr

electron microscopy demonstrated ultrastrucrural differences
among the treatments, (a) Conspicuous nucleoli in the elongated
nuclei and microfilaments with dense bodies indicating
contractive ability are found in the cell periphery. The cyroplasm
developed a rough endoplasmic reticulum (x5000), (b) The high-
power view demonstrated evident microfilaments with dense
badies of contractile filaments similar ro those ohserved in
myofibroblasts or smooth muscle cells (x10,000)

In the next step, to clarify either cell-cell or humoral
interaction with keloid-derived fibroblasts, ultrastrucrural
analyses with both a 3-pm pore membrane and direct
monolayer coculrure demonstrated hMSC cellular changes
toward cell differentiation, especially cytoplasmic structural
changes roward myofibroblasts. Collagen fiber bundles were
expressed and secreted in the dual-chamber assay, and the cell
morphology changed even more to myofibroblasts with

International Journal of Dermaltology 2008, 47, 1112-1117
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Figure 3 Monolayer coculrure of hMSCs and keloid-derived
fibroblasts (x10,000).The direct coculture of keloid-derived
fibroblasts and hMSCs demonstrated more progressed
myofibroblastic changes, characrerized by cytoplasmic
differentiation as depicted by abundant rough endoplasmic
reticulum and the secretion of collagen-like fibers as well as
actin-type microfilament bundles

abundant myofibers, rough endoplasmic reticulae and the
secretion of collagen bundles. As a feature of predominant
“myofibroblasts™ in the keloid," our data supported these
characteristics as well as the invasion observed in IGF-I
pathways' observed in the cell migration assay. Taken
together, hMSCs are able to migrare into sites where keloid
fibroblasts exist and may contribute to keloid pathogenesis as
demonstrated by rich collagen production in the cytoplasms
of hMSCs observed in both dual and direct coculture systems.
The hMSCs are able to interact with other cells in vitro
as previously demonstrated in a dual-chamber migration
study,'* and, furthermore, this study confirmed that the
hMSCs are able to induce extracellular matrices when
cocultured with keloid fibroblasts, In addition, this is the first
evidence that keloid fibroblasts or keloid-derived humoral
factors induced the hMSC differentiation although lipid
mediators demonstrated the hMSC differentiation.” Keloid-
derived fibroblasts demonstrated significantly abundant
fibronectin expression with hMSCs in the upper chamber.
This suggests that hMSCs parricipate in keloid formanion by
producing extracellular matrices and, thus, cause the exten-
sion and exaggeration of keloid formation. These phenomena
may be implicated in the recurrence of keloids in the same
area or the exacerbarion of preexisting keloids through the
bloodstream, since good reproducible animal models are
established for the investigation of keloid recurrence and
extension.
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1 hMSCs in the upper and normal dermal fibroblasts in the lower
chamber

2 hMSCs In the upper and keloid-derived fibrobiasts in lower
chamber

3 normal dermal fibroblats in the upper and kelold-derived fibroblasts
In the lower chamber

Densitometry of Western blotting
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NMSC/MN: hMSCs in the upper and normal dermal fibroblasts in the
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hMSG/K: hMSCs in the upper and keloid-derived fibroblasts in the
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Figure 4 Fibronectin Western blot analysis from the dual-
chamber incubation for 24 h. (a) Blotting demonstrated each
combination of the cells (top) and internal GAPDH expression
{battom). The extracts were obtained from the bottom plates.
(b} Densi ic analysis of each cc ion of the cells which
is normalized by internal GAPDH expression. Five-time
calculation of each band densitometry was statistically
compared. When hMSCs were plated in the upper and
keloid-derived fibroblasts in the lower chamber, there were
significant differences compared to the others (P > 0.01)
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