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Hypertrophic scars and keloids are associated with abnormal levels of growth
factors. Silicone gel sheets are effective in treating and preventing hypertrophic scars and
keloids. There has been no report on the change in growth factors in the scar tissue following
the use of silicone gel sheeting for scar prevention. A prospective controlled trial was
performed to evaluate whether growth factors are altered by the application of a silicone gel
sheet on a fresh surgical scar.

Four of seven enrolled patients completed the study. Transforming growth factor
(TGF)-B1, platelet-derived growth factor (PDGF), and basic fibroblast growth factor (bFGF)
were investigated immunohistochemically in biopsies taken from five scars at 4 months
following surgery.
In both the epidermis and the dermis, the expression of TGF-B1 (P=0.042 and P=
0.042) and PDGF (P=0.043 and P=0.042) was significantly lower in the case of silicone gel
sheet-treated scars than in the case of untreated scars. The expression of bFGF in the dermis
was significantly higher in the case of silicone gel sheet-treated scars than in the case of
untreated scars (P=0.042), but in the epidermis, the expression of bFGF showed no significant
difference between the groups (P=0.655).

The levels of TGF-B1, PDGF, and bFGF are altered by the silicone gel sheet

treatment, which might be one of the mechanisms of action in scar prevention.
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extracellular matrix and are associated with abnormal levels of

growth factors. The use of neutralizing antibodies for transform-

Hypertrophic scars and keloids are the result of abnormal tissue

repair, with the overproduction and reduced breakdown of the

ing growth factors (TGF)-B1 and TGF-f2, which stimulate fi-
broblasts to produce collagen, has been shown to inhibit scar
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tissue formation [1].

Silicone gel sheets are used in the therapy of old, established
hypertrophic scars and keloids, as well as to prevent or reduce
scar formation. They have been reported to improve hypertro-
phic scars and keloids in 60% to 100% of cases [2,3] and to pre-
vent their formation in 75% to 85% of cases [2,4,5].

There have been several papers reporting the change in growth
factors after applying a silicone gel sheet on hypertrophic scars
and keloids [6-9]. However, most of them were in vitro models,
which are different from the real scar formation process. Human
scar formation is a complicated process involving several cell
types, extracellular matrices, and cytokines [6,7,9]. In addition,
they have been proven to be affected not by a direct application
of the silicone gel sheets but by the hydration effect, or occlu-
sion, which is considered one of the mechanisms of action of
silicone gel sheets [7,8].

We performed a prospective controlled clinical trial to evaluate
whether growth factors involving the scar formation process are
altered by an application of the silicone gel sheet when it is used
for scar prevention. Ricketts et al. [10] evaluated the level of cy-
tokine mRNA following an application of the silicone gel sheet.
However, their study was different from ours in that they used
the silicone gel sheeting as therapy on old, established hypertro-
phic scars. Further, there is a difference in the actual protein pro-
duct rather than indirect evidence of increased growth factors
obtained by assaying for messenger ribonucleic acid (mRNA)

expression.

Patients

Seven people undergoing debridement and scar revision sur-
gery participated in this study between April 2007 and March
2008. Their scars were soft, supple, and clinically mature. The
study was conducted after obtaining approval from the Institu-
tional Review Board (D-0703-031-004). Exclusion criteria were
patients having severe wound infection, a history of allergy to
silicone gel sheeting, unhealed wounds, systemic diseases such
as diabetic mellitus, blood abnormality, recent administration of
oral steroids, pregnancy, and old age. Four of the seven enrolled
patients completed the study. Of the remaining three, one pa-
tient was excluded after developing severe pruritus around a sili-
cone gel sheet, another was lost to follow-up, and the other was
noncompliant. Of the four patients who completed the study,
one was a man and three were women; their mean age was
32.25 years (range, 21-52 years). One of the patients had two
scars that were evaluated. The scars were located on the upper

arm (four cases) and thigh (one case).
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Each scar was divided into a proximal half and a distal half rela-
tive to the torso. Both halves were randomized into control and
treatment groups. When the silicone gel sheet (Scarclinic, Hans
Biomed Corp, Seoul, Korea) was given to the patient, a detailed
explanation of which sheet to apply to which half of the scar was
reinforced. The study information and instruction sheets were
given to ensure understanding. The sheet included the doctors’
telephone numbers in case the patients needed further assis-
tance. Consent was obtained from the patients in the presence of
a nurse, who acted as a witness. The application extended from
the second week to the fourth month of the postoperative peri-
od. The instructions were to apply the silicone gel sheet continu-
ously for at least 12 hours daily, to be removed and washed gen-
tly in warm, soapy water at least once daily and dried gently on
paper before reapplication in order to prevent irritation and
rashes. If any side effects such as maceration, rashes, pruritus, or
infection developed, the patients were advised to discontinue
the sheet application immediately and not resume the procedure
until complete recovery. Silicone gel sheets must often be se-
cured to the skin with tape or elastic garments, and they usually
have to be replaced every 2 to 3 weeks. None of the patients re-

ceived any treatment concurrent with the silicone gel sheet.

Immunohistochemistry

Four-millimeter punch biopsies were taken from the silicone gel
sheet-treated and untreated scars 4 months postoperatively [10].
The punch biopsies were performed in the case of a linear scar.
The punch biopsy sites were healed completely with secondary
intention after 2 weeks. The tissue blocks were cut into S-pm sec-
tions, deparaffinized, rehydrated, rinsed in phosphate-buffered
saline, and stained by the avidin-biotin-peroxidase complex
method (labeled streptavidin-biotin-peroxidase; LSAB kit; Dako,
Glostrup, Denmark). All the sections were incubated for 20 min-
utes in 0.3% (vol/vol) normal equine serum to block nonspecific
antibody binding. The tissues were then incubated overnight at
room temperature with a rabbit polyclonal antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) for TGF-B1 (1:200),
platelet-derived growth factor (PDGF) (1:25), and basic fibro-
blast growth factor (bFGF) (1:50) diluted in phosphate-buffered
saline or normal mouse control IgG. The color was developed by
incubation with a 3,3"-diaminobenzidine solution for 5 minutes
followed by counterstaining with Mayer’s hematoxylin. The di-
aminobenzidine preparation was composed of 3 mg of diamino-
benzidine per milliliter and Tris-HCI buffer containing 0.03%
hydrogen peroxide. Appropriate external positive and negative
controls were included in each case. All sections were mounted
on Permount (Fisher Scientific, Fair Lawn, NJ, USA).
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Microscopic evaluation

The sections were scored blindly in a random sequence three
times by two investigators independently. A semi-quantitative
estimate of the staining of these growth factors was made in
each epidermal and dermal area by using a three-point scale: 0,
none or single-stained cells; 1, intermediate number of stained
cells; and 2, many stained cells. No attempt was made to quanti-

fy the staining intensity.

Statistical analysis

Data were analyzed using standard statistical software (SPSS
ver. 12.0, SPSS Inc., Chicago, IL, USA). The Wilcoxon signed-
rank test was used to compare the silicone gel sheet-treated and
untreated variables. A P-value of less than 0.05 was considered
statistically significant.

Fig. 1. Epidermal and dermal expression of TGF-31
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RESULTS

The untreated scars showed a diffuse and strong expression of
TGF-B1 in both the epidermis and the dermis (Fig. 1A, B).
TGF-B1 was mainly expressed in the basal and granular layers of
the epidermis, and in the dermal fibroblasts and inflammatory
cells. Silicone gel sheet-treated scars showed a weak and scat-
tered expression of TGF-B1 confined to the basal layer of the
epidermis, and very little expression in the dermis (Fig. 1C, D).
The expression of TGF-B1 in both the epidermis and the der-
mis was significantly lower in the case of the silicone gel sheet-
treated scars than in the case of the untreated scars (P =0.042
and P=0.042) (Fig. 2). The untreated scars showed a diffuse
expression of PDGF throughout all the epidermal layers and a
scattered expression in the dermis (Fig. 3A, B). The silicone gel

(A) TGF-B1 was expressed mainly in the basal and granular layers of the epidermis of the untreated scars. (B) TGF-B1 was strongly expressed in
the dermal fibroblasts and inflammatory cells of the untreated scars. (C) TGF-B1 was weakly and sporadically expressed only in the basal layer of
the epidermis of the silicone gel sheet-treated scars. (D) TGF-B1 was weakly expressed in the dermis of the silicone gel sheet-treated scars (immu-
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Fig. 2. Semi-quantitative estimate of the staining of growth factors

Expression of TGF-B1, PDGF, and bFGF between 25 = Untreated scar
silicone gel sheet-treated scars and untreated u Treated scar
scars ("P<0.05). TGF-B1, transforming growth
factor B1; PDGF, platelet-derived growth factor; 20 | ?
bFGF, basic fibroblast growth factor.
1.5
v
S
A
1.0
a)
a)
0.5 J
a)
0
Epidermis Dermis Epidermis Dermis Epidermis Dermis
TGF-p1 PDGF bFGF

Fig. 3. Epidermal and dermal expression of PDGF

(A) PDGF was diffusely expressed throughout all the epidermal layers of the untreated scars. (B) PDGF was sporadically expressed in the dermis of
the untreated scars. (C) PDGF was weakly expressed in the epidermis of the silicone gel sheet-treated scars. (D) PDGF was weakly expressed in the
dermis of the silicone gel sheet-treated scars (immunohistochemical staining x400 for A, B, C, and D). PDGF, platelet-derived growth factor.
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Fig. 4. Epidermal and dermal expression of bFGF

sheet-treated scars showed hardly any expression of PDGF in
the epidermis and the dermis (Fig. 3C, D). The expression of
PDGF was significantly lower in the epidermis and the dermis
in the case of the silicone gel sheet-treated scars than in the case
of the untreated scars (P=0.043 and 0.042) (Fig. 2). Further,
bFGF showed a high expression throughout all the epidermal
layers in both groups (Fig. 4A, C). Between groups, bFGF
showed no significant difference (P =0.655) (Fig. 2). However,
in the dermis, the untreated scars showed a localized expression
of bEGF only around the blood vessels (Fig. 4B), and the sili-
cone gel sheet-treated scars showed a diffuse and strong expres-
sion of bFGF in the fibroblasts, endothelial cells, and inflamma-
tory cells (Fig. 4D). The dermal expression of bFGF was signifi-
cantly higher in the case of the silicone gel sheet-treated scars
than in the case of the untreated scars (P =0.042) (Fig. 2).
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(A) bFGF was diffusely and strongly expressed throughout all the epidermal layers of the untreated scars. (B) bFGF was expressed only around the
blood vessels in the dermis of the silicone gel sheet-treated scars. (C) bFGF was diffusely and strongly expressed throughout all the epidermal lay-
ers of the silicone gel sheet-treated scars. (D) PDGF was strongly and diffusely expressed in the dermal fibroblasts, endothelial cells, and inflam-
matory cells of the silicone gel sheet-treated scars (immunohistochemical staining x400 for A, B, C, and D). bFGF, basic fibroblast growth factor;
PDGF, platelet-derived growth factor.

DISCUSSION

There have been several papers reporting a change in growth
factors after applying a silicone gel sheet on hypertrophic scars
and keloids. Tandara et al. [7] noted that in an in vitro keratino-
cyte and fibroblast culture model, the hydration of keratinocytes
modified their activity in cytokine secretion and fibroblasts re-
duced their rate of collagen synthesis when co-cultured with ke-
ratinocytes, depending on the hydration state of the keratino-
cytes. Hanaso et al. [6] evaluated the level of bFGF in an in vitro,
serum-free fibroblast culture when it was exposed to silicone
gel. An increase in the bFGF level associated with the silicone
treatment of fibroblasts was also observed. They postulated that
silicone gel treats and prevents hypertrophic scar tissue by mod-
ulating the expression of growth factors such as bFGE. However,
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Tandara et al. [7] proved their results not by a direct application
of the silicone gel sheets, but by the hydration effect, which is
considered one of the mechanisms of action of silicone gel
sheets. Hanaso et al. [6] used a silicone gel, but their study was
limited to the use of an in vitro cell model because human scar
formation is a complicated process involving several cell types,
extracellular matrices, and cytokines [6,7,9]. Kuhn et al. [9]
used a fibroblast-populated collagen lattice with burn hypertro-
phic scar fibroblasts as an in vitro hypertrophic scar model,
which made it possible to apply silicone gel sheets directly onto
the cells. Fibroblast activity and the level of TGF-f2 were evalu-
ated on the basis of the collagen lattice contraction and the su-
pernatant from the collagen lattice. As a result, silicone gel sheet-
ing downregulated fibroblast activity and decreased the level of
TGEF-B2. They attempted to mimic the in vivo environment, not
simply the in vitro cell culture model. However, the evaluation of
fibroblast activity by using the collagen lattice contraction is
limited, and they only evaluated the level of TGF-$2 among the
several cytokines involved in the scar formation process. By us-
ing the rabbit hypertrophic scar model, Gallant-Behm and Mus-
toe [8] observed that a Tegaderm dressing increased epidermal
hydration and decreased keratinocyte activation, which signifi-
cantly decreased the epidermal expression of the profibrotic cy-
tokine interleukin-1b and increased the epidermal expression of
antifibrotic cytokine TNF-a. These alterations in the epidermal
gene expression resulted in concomitant changes in the expres-
sion of the TGF-{ family members by the cells in the dermis, re-
sulting in a decrease in profibrotic signaling within the dermis.
An in vivo animal model was used in this study, but the occlu-
sion effect by the Tegaderm dressing, not the silicone gel sheet,
was proven.

We performed this prospective controlled clinical trial to eval-
uate whether growth factors involving scar formation are altered
by the application of a silicone gel sheet when this sheet is used
for scar prevention. Using a pilot, paired-comparison, nonran-
domized clinical study, Ricketts et al. [10] evaluated the level of
cytokine mRNA following the application of a silicone gel
sheet, but it differed from our study in that they used the sheet
for a therapeutic effect on old, established hypertrophic scars.
Most patients in their study achieved clinical improvement with
a reduction in firmness, pruritus, pain, and tenderness, but
based on the cytokine mRNA levels, a comparison of a hyper-
trophic scar treated with silicone gel sheets with an untreated
scar revealed that none of the changes approached significance.
However, they postulated that more changes in the cytokine
level would be observed when the silicone gel sheet was used
for scar prevention on a fresh surgical scar because in the early

phases of scar development, the growth factors are not only re-
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leased from the extracellular matrix in an active form but are
also secreted in larger amounts by the keratinocytes and fibro-
blasts [10]. Further, there is a difference in the actual protein
product rather than indirect evidence of the increased growth
factors obtained by assaying for mRINA expression.

In our study, TGF-B1, PDGF, and bFGF were investigated im-
munohistochemically in biopsies taken from scars 4 months fol-
lowing surgery. TGF-p is one of the most well-studied growth
factors, and it seems to be the most important factor responsible
for excessive scar tissue formation. TGF-B stimulates collagen,
elastin, and fibronectin synthesis while inhibiting extracellular
matrix degradation [11,12]. TGF-B1 is considered the most fi-
brogenic isoform of TGF-f. In our study, the expression of
TGF-B1 in both the epidermis and the dermis was significantly
lower in the case of the silicone gel sheet-treated scars than in
the case of the untreated scars at 4 months postsurgery. Similar-
ly, triamcinolone acetonide, which has commonly been used for
treating keloids, decreased the TGF-B1 production in an in vitro,
serum-free dermal fibroblast model [13]. Therefore, the sili-
cone gel sheet might mediate its clinical effects on hypertrophic
scars or keloids by reducing the production of TGF-f1. In the
study of Niessen et al. [14], TGF-B1 showed no differences in
dermal staining between hypertrophic and normal scars, at ei-
ther 3 months or 12 months postsurgery. They hypothesized
that TGF-P1 plays a relatively important role during the earlier
phases of the development of a fibrotic reaction in the case of
hypertrophic scars and keloids [ 14]. The hypertrophic scar- and
keloid-derived fibroblasts were more sensitive for TGF-f, and
they responded to a lower concentration of the factor, than nor-
mal fibroblasts [15-17]. Therefore, even if the level of TGF-B1
was not related to the clinical scar states, after a reasonable peri-
od of time, the silicone gel sheet would prolong the decrease in
the level of TGF-P1 from the onset of scar maturation; this
would prevent the abnormal fibroblasts from responding to
TGF-p1.

Another important growth factor associated with tissue fibro-
sis is PDGE. Keloid fibroblasts showed an increased response to
PDGF compared with normal fibroblasts [18]. An increased
presence of PDGF was found in the case of hypertrophic scars
compared with normal scars at both 3 months and 12 months
postsurgery, and strong expressions in both the epidermis and
the dermis were observed [14]. In our study, the expression of
PDGEF in both the epidermis and the dermis was significantly
lower in the case of silicone gel sheet-treated scars than in the
case of untreated scars at 4 months postsurgery.

Tan et al. [19] observed that in a keloid fibroblast culture
model, bFGF caused a dose-dependent inhibition of hydroxy-
proline biosynthesis, an index of collagen production. The ac-
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tions of bEGF opposed the fibrotic signal of TGF-B1 by inhibit-
ing collagen synthesis and stimulating collagen degradation
[19]. However, in the study of Haisa et al. [20], keloid fibro-
blasts did not show a different response after bFGF stimulation.
In our study, the expression of bFGF in the dermis was signifi-
cantly higher in the case of silicone gel sheet-treated scars than
in the case of untreated scars. Hanaso et al. [6] noted an increase
in the bEGF level associated with the silicone treatment of nor-
mal fibroblasts, which are found in normal and hypertrophic
scar tissue. Further, in the in vitro serum-free dermal fibroblast
model, triamcinolone acetonide increased the production of
bFGF by the fibroblasts [13]. However, in the epidermis, the
expression of bFGF showed no significant differences between
the silicone gel sheet-treated scars and the untreated scars.
Hakvoort et al. [21] noted that the expression of bFGF in the
burn scars at 1 month and 4 months postburn was clearly in-
creased in the epidermis, compared with the unburned control
skin of the same patients, but only sporadic dermal cells of the
burn scars showed bFGF expression. Therefore, it was speculat-
ed that the silicone gel sheet caused no significant change in the
bFGEF level in the epidermis because bFGF was continually up-
regulated in the epidermis of the scar tissue irrespective of the
process of scar maturation. In our results, bEGF was highly ex-
pressed in the epidermis of both the silicone gel sheet-treated
scars and the untreated scars.

On the other hand, the limitations of this study are as follows:
1) a small number (four) of patients and 2) non-correlation be-
tween clinical and histopathological data. A study of 4 patients
is hardly sufficient to draw any conclusions. Therefore, a statisti-
cally relevant and justified number of patients is needed. Only
having histopathological examinations does not make the re-
search complete because a correlation of the clinical appearance
is important to better understand how the histopathology con-
nects to the clinical context.

In summary, in both the epidermis and the dermis, the expres-
sion of TGF-B1 and PDGF was significantly lower in the case of
silicone gel sheet-treated scars than in the case of untreated
scars. The expression of bFGF in the dermis was significantly
higher in the case of silicone gel sheet-treated scars than in the
case of untreated scars, but in the epidermis, the expression of
bFGF showed no significant differences between the groups.
Thus, the levels of TGF-f1, PDGF, and bFGF are altered by a
silicone gel sheet treatment, which might be one of the mecha-

nisms of action in scar prevention.
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