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Abstract
Background—Dermal scarring and scar contracture result in restriction of movement. There are
no effective drugs to prevent scarring. RhoA and Rho Associated kinase (ROCK) have emerged as
regulators of fibrosis and contracture. Fasudil, a ROCK inhibitor, has been demonstrated to have
anti-fibrotic effects in models of liver, renal and cardiac fibrosis. The role of fasudil in preventing
dermal scarring and contractures has not been studied. We use a rat model of dermal wound
healing to assess the effects of fasudil for preventing scarring.

Methods—Human scar tissue and surrounding normal skin were immunostained for RhoA and
ROCK. Full-thickness wounds were created on Wistar-han rats and fasudil (30mg/kg/d) or saline
were continuously delivered subcutaneously. Wound contraction was measured by gravitational
planimetry. After 21d, tissue was harvested for Masson’s trichrome, H&E, Ki-67 and CD-31
staining. Fibroblast populated collagen lattices were utilized to assess the mechanistic effects of
fasudil on contractility. Myofibroblast formation was assessed in the presence of fasudil.

Results—Human scar tissue in the remodeling phase of repair showed increased expression of
RhoA and ROCK in scar tissue compared to surrounding normal tissue. Fasudil inhibited wound
contraction as compared to controls. H&E and Masson’s were similar between groups. Fasudil did
not alter angiogenesis or proliferation. Fasudil inhibited fibroblast contractility, and myofibroblast
formation in vitro.

Conclusions—There is growing evidence that RhoA/ROCK pathway plays an important role in
wound healing and scar contracture. We present data that inhibition of ROCK hinders fibroblast
contractility and may be beneficial in preventing scar contracture.

INTRODUCTION
Dermal scars are disfiguring and disrupt daily activities. There are no effective drugs to
prevent scarring and revisional surgery is the main treatment. Scar contractures are thought
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to develop from extracellular matrix remodeling by highly contractile myofibroblasts.1, 2

Cell contractility is stimulated by the pro-contractile small GTP-ase RhoA, which
phosphorylates and activates downstream kinase, Rho-associated coiled coil-containing
protein kinase (ROCK).1, 3, 4

ROCK promotes actomyosin mediated contractile force generation through phosphorylation
of LIM kinase -1 and -2, myosin regulatory light chain, and myosin regulatory light chain
phosphatase.5 ROCK also activates the transcription factors, myocardin related
transcriptional factor and serum response factor, which in turn up-regulate expression of
alpha smooth muscle actin.6 ROCK is an important regulator of cytoskeleton function,
mediating stress fiber and focal adhesion formation, cell contractility, adhesion, membrane
ruffling, and motility.4 ROCK is also an important regulator of proliferation, differentiation,
and apoptosis.4, 7 ROCK is inhibited by the FDA approved drug, fasudil (HA-1077).

Fasudil is a selective ROCK inhibitor that targets the ATP dependent kinase domains of
ROCK.8, 9 Fasudil has been demonstrated to have anti-fibrotic effects in cardiac, hepatic,
pulmonary, renal and ocular fibrosis.10–14 Fasudil has attenuated angiotensin II-induced
cardiac hypertrophy and perivascular fibrosis in apolipoprotein E deficient mice.15 Fasudil
has decreased cardiac and renal fibrosis in diabetes mellitus rat models when dosed 100mg/
kg/day (18% reduction in collagen III deposition in left ventricle versus 1.6% in controls and
0.95% incidence of renal cortical fibrosis in fasudil treated group versus 7% in controls).16

Fasudil given in hypertensive rat models with glomerulosclerosis, improved renal function
(30–40% decrease in serum creatinine and blood urea nitrogen, 30% decrease in proteinuria)
and decreased histological injury.17, 18 Liver fibrosis in rats induced by carbon tetrachloride
was significantly reduced by 10mg/kg/day fasudil, as recorded by aspartate transferase
(AST) levels (82±14 IU/L) when compared to controls (593±174 IU/L).12 Fasudil was found
to ameliorate diabetes mellitus induced ocular fibrosis, when injected intravitreally at a
concentration of 30µmol/L in rabbit eyes.19 The role of fasudil in preventing dermal fibrosis
has not been investigated. Here we study the expression of RhoA and ROCK in human
dermal scar, determine the effects of fasudil on rat excisional dermal wound healing, and
determine the effects of ROCK inhibition on primary human dermal fibroblast contractility
in vitro as a mechanism to explain the in vivo findings.

MATERIALS AND METHODS
Cell Culture

Fibroblasts were explanted from human scar tissues excisions (age of scars between 30 –
90d) as approved by the Duke University Medical Center (DUMC) Institutional Review
Board. Three human fibroblast cell lines were established from three different patients. In
brief, tissues were minced with a scalpel and incubated in collagenase type I with 1%
penicillin/streptomycin (Sigma-Aldrich, St. Louis, MO, USA) at 37°C for 4h. The cells were
cultured in DMEM with 10% FBS and 1% penicillin/streptomycin. Experiments with
primary cell cultures were performed when cells became 80–90% confluent between
passages 1–6. Fibroblasts were cultured with 5ng/ml TGF-β for 4d, in the presence of
12.5µM or 25µM fasudil. Following culturing, alpha smooth muscle actin (αSMA)
expression was measured using intracellular flow cytometry.20 Anti-αSMA antibody (mouse
monoclonal clone 1A4, Sigma) was incubated for 1h at 4°C following fixation and
permeabilization of fibroblasts (BD Cytofix/Cytoperm, BD Biosciences San Diego CA.).
Following which fibroblasts were incubated with FITC anti-mouse secondary for 45mins at
4°C. Samples were analyzed on a Guava EasyCyte Plus flow cytometer (Guava
Technologies, Hayward, CA, USA). A total of 10,000 cells were analyzed in each sample,
and data were collected using CytoSoft Data Acquisition and Analysis Software (Guava
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Technologies). Data were analyzed and the geometric mean of the fluorescence intensity for
each cell type was calculated using Flowjo version 7.6 (Tree Star Inc., Ashland, OR, USA).

Fibroblast Populated Collagen Lattice (FPCL) Contraction
Cell behavior in FPCL contraction closely mimics what is observed in vivo as focal
adhesions formation, ECM remodeling and isotonic contraction observed in FPCL
contraction parallels the findings in contracting wounds and scars.2122 The fabrications of
both free-floating FPCLs (FF-FPCL) and stressed FPCLs (S-FPCL) were followed as
previously described.20 A mixture of fibroblasts–collagen–medium containing 1.0×105

cells/mL, 1.28mg/mL purified collagen, (Nutragen, Advanced Biomatrix, Fremont, CA,
USA) and 10% FBS in DMEM (growth media) was added in 400µl volumes to a 24-well
flat bottom tissue culture plate. The plate was placed in a 37°C incubator with 5% CO2 for
60min to allow the collagen to polymerize, before adding 500µL of growth media or growth
media and fasudil (0–100µM). S-FPCL where prepared similar, but with 1.0×106 cells/mL
and cultured for 24h. Following 24h S-FPCL were released and 500µL of growth media or
growth media and fasudil (0 – 50µM) was added. The sizes of lattices were recorded using a
digital scanner 18h and 5h after release for FF-FPCL and S-FPCL, respectively. The areas of
each lattice were determined and measured using ImageJ (NIH, Bethesda, MD, USA). All
conditions were performed in triplicate per experiment, and these experiments were repeated
three times.

Rodent Model of Wound Healing
A rat excisional wound model was approved by the Institutional Animal Care and Use
Committee of DUMC. Ten to 12 week-old (200–225g) Wistar-han female rats (Charles
River. Raleigh, North Carolina) were anesthetized with inhaled 2% isoflurane and their
dorsum shaved followed by application of a depilatory agent. A full-thickness excisional
wound of 4cm2 (2×2cm) was created between the scapular angle of each animal. The
wounds were covered with Tegaderm™ (3M, St. Paul Mn.). The rats were randomly divided
into two groups of ten rodents per group: (i) vehicle control (saline), and (ii) fasudil-treated
rates (30mg/kg/d in saline). Alzet® osmotic mini pumps (model 2ML4, 2.5µl/hr delivery
rate , 2ml reservoir, and 28d delivery duration Durect Corp., Cupertino, CA) were filled with
saline, or fasudil (LC Laboratories, Woburn, MA.) and then implanted subcutaneously into
the flank through a distinct incision, separate from the wound. Fasudil and saline were
delivered by the pumps into the subcutaneous tissue. The incisions were closed with
interrupted 3-0 nylon sutures. The experiment continued for 21d.

Wound Analysis and Assessment
On days 2, 7, 9, 11, 14, and 21 wound size was measured by gravitational planimetry.
Wound area was calculated as a percent of original and remaining wound size:

. Animals were weighed and assessed for signs of toxicity.

Histology
On day 21, the animals were euthanized using pentobarbital (250mg/kg intraperitoneal
injection). The wounds were excised, including a 5mm margin of normal skin around the
edges of the wound, and fixed in 10% formalin. The samples underwent histological
processing and stained with hematoxylin and eosin (H&E), and Goldner`s modification of
Masson`s trichrome stain. The specimens were analyzed for tissue architecture, epithelial
regeneration, inflammation, and collagen deposition. Epithelialization was quantified for
each specimen by measuring 5 different epithelium thicknesses at 10X magnification.
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Immunohistochemistry
CD-31 immunostaining was used to quantify angiogenesis and Ki-67 to quantify
proliferation. Formalin fixed, paraffin-embedded tissue blocks were sectioned at 5–10µm.
Appropriate positive and negative controls were performed for each antigen assayed. Slides
were counterstained with hematoxylin. The sections were incubated with: rabbit anti-Ki-67
(1:50 dilution. monoclonal, RM-9106-S,Thermo scientific, Fremont, CA), or rabbit anti-
mouse CD-31 antibody (1:100 dilution, rabbit anti–CD-31 antibody ab28364, Abcam,
Cambridge, MA) overnight at 4°C. Tissue staining was visualized using the avidin
biotinylated enzyme complex system (Vectastain Elite ABC, Vector. Burlingame. Ca.) and
3,3'-Diaminobenzidine substrate chromogen solution (Dako, Carpinteria, CA). The number
of Ki-67 positive nuclei and CD-31 positive vessels were counted in 5 power fields at 40×
and 20× magnification, respectively.

Western Blotting
Detection of alpha smooth muscle actin (αSMA) in rat tissue was measured by western
analysis. After 21d, tissue was collected and lysed using RIPA buffer (Sigma Alrdich) and
protease inhibitor cocktail (Thermo Scientific. Rockford IL.). 5µg of tissue lysates were
separated on 4–12% Bis-Tris gel (Invitrogen, Carlsbad, CA.) After electrophoresis, the
separated proteins were transferred to a nitrocellulose membrane (Invitrogen). The
membrane was incubated with blocking buffer for 1h and then incubated with the primary
antibody (αSMA, clone 1A4. Sigma Aldrich, and β-tubulin, H-235 Abcam) at 4°C
overnight. The blots were subsequently incubated with the appropriate secondary antibody
in blocking buffer. Proteins were visualized using Odyssey Infrared Imager (Model 9120,
Li-Cor, Inc, Lincoln, NE).

Immunohistology of Human Tissue for RhoA, ROCK I and ROCK II
Formalin fixed and paraffin embedded tissues were obtained from DUMC, Department of
Pathology repository of tissue specimens in accordance with the DUMC Institutional
Review Board. Samples were obtained from re-excisions of previous scars. Selection of
specimens was based on the age of the scar so that the scars were either in the remodeling
phase of repair, which beings on post-operative day fourteen and can continue for up to two
years, or after the remodeling phase of repair. Scar re-excisions ranged from post-operative
14d to 1058d (table 1). A sample section of the tissue was stained by hematoxylin and eosin,
and reviewed a under light microscope for the presence of the scar and normal tissue within
the section. Samples were selected to match for patient’s race, gender, age and scar location.
Specimens were equivalent across groups (p≥ 0.05) except for gender. There were no
clinical reports as to the quality of the scars. Human scar tissue of consecutive sections of
5µm was immunostained for RhoA and ROCK. Sections were incubated for 45min with the
rabbit, anti-RhoA (Cell Signaling Technology Danvers MA), rabbit anti-ROCKI, or rabbit
anti-ROCK II (Santa Cruz Biotechnology, Santa Cruz. CA.), at 1:100 dilution. Staining was
visualized as described above.

Statistical Analysis
Results are expressed as mean ± standard error of mean. Statistical analysis was performed
using ANOVA. A value of p≤0.05 was considered statistically significant.

RESULTS
Expression of RhoA, ROCK I and ROCK II in Human Scar Tissue

Human scar samples with surrounding normal skin were selected for immunohistochemical
staining of RhoA, ROCK I, and II (see table 1 for demographics). These aged scars were in
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the remodeling phase of repair and thus represented scars that could be treated with the
ROCK inhibitor fasudil. Figure 1 illustrates selected representative specimens from 84d
scars (remodeling phase) stained for RhoA, ROCK I and II. RhoA, ROCK I and II were
located in the vessels and muscle of the follicular sebaceous units of normal skin and scar.
RhoA expression was focally expressed in normal skin fibroblasts but markedly increased in
scar fibroblasts. ROCK I and II expression were detected to a greater extent in the scar
compared to surrounding normal tissue.

Fasudil Inhibition of Wound Contraction
To evaluate if fasudil prevents scar contracture, full thickness excisional dermal wounds
were created on the dorsum of rodents and the wounds were allowed to contract closed.
Animals were treated with either fasudil or vehicle only, using subcutaneous implanted
osmotic pumps to ensure reliable continuous systemic delivery. Wound size was measured
by gravitational planimetry, and data is shown in Fig. 2. Fasudil delayed closure as
compared to controls (p ≤ 0.05). The relative wound area in the control group was smaller at
all time points. Fasudil was not toxic; there were no wound infections or signs of systemic
toxicity as determined by parameters of animal behavior. Animal weights were consistently
similar between groups (data not shown).

Histological Evaluation of the Effects of Fasudil
H&E staining was used to evaluate rodent dermal healing. H&E revealed epidermal defect
with reactive hyperplasia at the wound edges. The wound showed fibroblastic proliferation
with lymphohistocytic infiltrates, the fibroblasts were arranged parallel to the epidermis
surface, and rich neo-vascularization was displayed perpendicular to the epidermis. Foreign
giant cell reaction was seen at the lateral and deep aspect of the scar. Follicular sebaceous
units were normal at the edge of the wound. The degree of epidermal reaction between the
untreated and fasudil-treated groups was not significantly different (Fig. 3). Masson’s
trichrome stain demonstrated collagen around newly formed fibroblasts, there was no
difference between the untreated and fasudil-treated groups (Fig. 3).

Wound tissue was stained for Ki-67 to assess cell proliferation (Fig. 3). Nuclear
immunoreactivity to Ki-67 antibody had a dark brown granular appearance and the positive
nuclei were counted (Fig 3). Tissue from the untreated group showed a Ki-67 proliferating
index of 31 ± 5 compared to a proliferating index of 39 ± 5 in the fasudil-treated group. The
increase in proliferation in the fasudil-treated group was not significant (p=0.42).

Immunohistological staining of the endothelial marker CD-31 was used to evaluate neo-
vascularization after 14d. The number of CD-31 positive vessels were counted per high
power field and the endothelial index was calculated (Fig. 3). The CD-31 endothelial index
for the untreated group was 91±8 and for the fasudil-treated group was 106±3. The
difference in neo-vascularization between groups was not significant (p=0.06).

Fasudil Inhibits FPCL Contraction and Prevents Myofibroblast Formation in vitro
To test the mechanism how ROCK inhibition reduces wound contraction, we used the free
floating and stressed FPCL in vitro assays. In the FPCL assay, fibroblasts are enmeshed in
three-dimensional collagen gels which they contract over several hours. Free floating FPCL
(FF-FPCL) contraction occurs by fibroblast contractility and stressed FPCL (S-FPCL)
contraction occurs by myofibroblast contractility. The processes are akin to how fibroblasts
contract scars. Primary human dermal fibroblasts were enmeshed in FF-FPCL and
stimulated to contract with 10% FBS. Fasudil significantly inhibited FPCL contraction (Fig.
4). Concentrations of fasudil above 12.5µM were required to significantly inhibit
contraction (p<0.05). Maximum inhibition of contraction was observed at 50µM of fasudil.
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The data demonstrated that fasudil inhibited fibroblast contractility. To determine how
fasudil affects myofibroblast contractility, primary human dermal fibroblasts were enmeshed
in stressed S-FPCL and stimulated to contract with 10% FBS. Fasudil significantly inhibited
S-FPCL contraction (Fig.4). Fasudil prevented myofibroblast contractility. To investigate
the effect of fasudil on myofibroblast formation in vitro, fibroblasts were stimulated with
TGF-β to differentiate into myofibroblasts (αSMA actin expression) in the presence or
absence of fasudil. Primary dermal fibroblasts incubated with 5ng/ml TGF-β for 4d
differentiated into myofibroblasts (Fig. 5). Fasudil (12.5µM and 25µM) significantly
decreased the TGF-β stimulated αSMA expression in dermal fibroblasts (Fig. 5). We, then
analyzed αSMA expression in untreated and fasudil treated tissue on d21. Fasudil tended to
decreased αSMA actin expression but this was not significant.

DISCUSSION
Dermal scarring affects more than 40 million patients annually, ranging from fine lines to
severely disfiguring scars and pathologic contractures. Pathologic contractures are the most
severe form of scarring. Scars can limit joint motion and there is a need for better
preventative therapies. By providing new insights into the molecular mechanisms into
signaling pathways of fibroblast activity, more focused treatments can be developed It is
possible that the increased expression or activity of signaling kinases could play a role in
contracture. One such signaling kinase is ROCK, which is activated by the upstream
GTPase, RhoA. Immunohistochemical staining of human scar tissue for RhoA, ROCK I and
II showed an increase in expression as compared to normal surrounding tissue. This increase
in staining supports the hypothesis that ROCK is likely active in remodeling scars. The
mechanism for increased ROCK expression is unknown. Following injury RhoA/ROCK
expression could be stimulated due to increased inflammatory response and infection.
RhoA/ROCK expression is increased by prostaglandins. 23 and endotoxin both of which are
expressed in wound healing and contribute to scarring.24–26

The rodent excisional wound model is the most frequently used animal model to study and
test anti-scar contracture therapies.27–30 In this model, a 2×2cm full thickness wound is
created on the dorsum of the animal between the scapula. The animal is treated with the
therapy and the wound is allowed to heal by second intention. The primary endpoint that is
most relevant to scar contracture is the rate of wound contraction, determined by
gravitational planimetry. Secondary healing parameters include: (i) epithelialization, (ii)
granulation tissue formation, (iii) inflammation, (iv) collagen deposition quantity and
pattern, and (v) angiogenesis. In our wound healing studies, fasudil inhibited wound
contraction as measured by gravitational planimetry and was non toxic as demonstrated by
the presence of grossly normal appearing wound healing, normal behaving animals which
consistently gained weight, and similar microscopic appearing wounds. H&E staining,
proliferation (Ki-67) and angiogenesis (CD-31) revealed ROCK inhibition did not alter
epithelialization, angiogenesis or tissue architecture. Despite reports that fasudil decreases
collagen production and deposition, and increases collagenase activity 31, 32, we found that
21d of fasudil treatment did not alter the normal collagen architecture in healing wounds as
determined by Masson’s trichrome staining. Therefore fasudil likely inhibits wound
contraction by different mechanisms.

Our data shows that ROCK inhibition by fasudil prevents FPCL contraction. This suggests
that the mechanism by which fasudil prevented wound healing in our in vivo model is due to
inhibition of fibroblast and myofibroblast contractility. Fibrotic disease is characterized by
the failure to halt normal tissue repair and the persistence of myofibroblasts which are
highly contractile.2 Myofibroblast contractility is promoted by several extracellular agonists,
such as platelet derived growth factor, TGF-β, sphingosine-1-phosphate, lysophosphatidic
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acid, through activation of the small GTPase RhoA and its downstream effector,
ROCK.33–40 Inhibition of ROCK prevents granulation tissue contraction.38–46 ROCK
promotes contractile force generation through sustained phosphorylation of myosin
regulatory light chain, and myosin regulatory light chain phosphatase.47 This prolonged
phosphorylation of myosin regulatory light chain, and myosin regulatory light chain
phosphatase can incremental scar contractures to form at approximately 1cm per month.48

Fasudil blocks ROCK-dependent tension generation, preventing dermal fibroblasts from
responding to extracellular agonists that normally cause contractility. In addition to fasudil
blocking ROCK dependent tension, as an alternative mechanism for the attenuation of
wound contraction by fasudil, we evaluated the effect of fasudil on myofibroblast formation.
In vitro we found that fasudil decreased αSMA expression; however, these finding were not
corroborated with our analysis of the in vivo tissue. Fasudil did not significantly effect
αSMA expression on d21. This discrepancy may reflect limited analyses of time points. We
conclude that fasudil inhibition of wound contraction is by blockade of cell contractility and
may possibly involve altered myofibroblast formation.

Fasudil has been shown to decreases pulmonary 49, cardiac 50, 51, 15 hepatic, 12, ocular 19,
and renal fibrosis.10 In a rat model of renal fibrosis, fasudil decreased the fibrotic area,
histological injury and improved renal function by 30%–50% based on microscopic and
macroscopic parameters.10, 17, 18, 52 Fasudil has not been evaluated for its effect on dermal
fibrosis. Our dermal healing study showed that fasudil did not inhibit collagen deposition,
cell proliferation or angiogenesis. However, fasudil did decrease contraction in vivo and in
vitro. Since scar contracture is a significantly debilitating component of fibrosis, the data
supports the hypothesis that fasudil has anti-fibrotic effects.

The RhoA/Rho-kinase pathway contributes to inflammatory 53 proliferative 7, 54, and
remodeling 48 in wound healing. Because of these multiple roles, RhoA and ROCK have
emerged as critical regulators of the fibrotic response, including scar contracture
formation.55, 56 Our results provide evidence that ROCK inhibition may be a therapeutic
target for preventing scar contractures. It remains to be determined whether ROCK is a
critical target for reducing scar contracture. A greater understanding how ROCK is activated
and regulated during repair is necessary to develop future therapeutics. Future studies will
need to determine dose response curves, dosing routes and the prolonged effects of fasudil
on scarring. Beyond the rodent dermal wound healing model, the red-duroc pig and rabbit
ear animal models will serve as higher-order assays to validate the efficacy of fasudil in
reducing scarring. As drug discovery efforts continue to develop more potent and specific
ROCK inhibitors, these drugs could be the first-in-man therapies to treat scarring.
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Fig.1.
Representative histological sections of scar tissue (84d post injury in remodeling phase) and
normal skin immunostained for RhoA, ROCK I and II. ROCK I and ROCK II are expressed
throughout scar tissue but are minimally expressed in normal skin Expression of RhoA is
increased in scar tissue compared to normal tissue. Black arrows show positive staining.
Postive staining of vessels acting as internal control. 10× magnification, scale bar = 500µm.
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Fig.2.
Contraction of excisional untreated and fasudil-treated wounds. (A) Gross observation of
wounds at 0, 11, 21d. (B) The percentage of the wound remaining open relative to the initial
wound area at each time point after excision of full thickness wound of 2×2cm of untreated
(white) and fasudil-treated (black, 30mg/kg/d) rats. Mean ± SEM; n= 10; **p < 0.05.
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Fig.3.
Histological and Immunohistochemical evaluation of untreated and fasudil-treated wounds.
(A) Hematoxylin and eosin showed both groups had high cellularity, including fibroblasts
lymphocytes, macrophages (e = epidermis and d = dermis, 20× magnification, scale bar =
200µm). The thickness of the newly formed epidermis was not significantly different
between the two groups. Masson`s trichrome stain for collagen revealed a random alignment
of collagen fibers in scar tissue. This pattern was similar in both untreated and fasudil
treated animals (20× magnification, scale bar = 200µm). Ki-67 staining showed no
difference in proliferation between the two groups (black arrows point at Ki-67 positive
nuclei). CD-31 staining showed the same degree of neo-vascularization between untreated
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and fasudil-treated groups (black arrows point at CD-31 positive vessels). (B)
Epithelialization was quantified for each specimen by measuring 5 different epithelium
thicknesses. Data shown are mean ± SEM. The number of Ki-67 positive nuclei and CD-31
positive vessels were counted in five 40× and 20× power fields, respectively. Data shown
are mean number of Ki-67 positive nuclei per 40× power field ± SEM, n= 5 (p >0.05) and
mean number of CD-31 positive vessels per 20× power field ± SEM, n= 5 (p >0.05).
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Fig.4.
The effect of fasudil on fibroblast and myofibroblast function. The effect of fasudil on
contraction of free-floating or stressed fibroblast populated collagen lattices (FF-FPCL and
S-FPCL, respectively). Fibroblast were cultured within 3D collagen lattices, contraction of
FPCL was measured by taking images at 18h for FF-FPCL (white) and 5h for S-FPCL
(grey) and analysis of the area of the FPLC with ImageJ. Fasudil signfcantly inhibited FPCL
contraction at concentrations above 6.25µM (p≤0.05). Data represents 3 cell lines repeated
in triplicate, mean ± SEM, n =9.
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Fig. 5.
The effect of fasudil on alpha smooth muscle actin expression (A) Western blot analysis of
21d tissue for alpha smooth muscle actin expression (αSMA) and beta tubulin (β-tubulin)
(B) Primary dermal fibroblasts were incubated with 5ng/ml TGF-β for 4d to differentiate
into myofibroblasts in the presence of 12.5µM or 25µM fasudil and αSMA expression
measured by intracellular flow cytometry. Data represents mean fluorescence intensity of 3
cell lines, mean ± SEM.

Bond et al. Page 19

Plast Reconstr Surg. Author manuscript; available in PMC 2012 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Bond et al. Page 20

Table 1

Patient Demographic of Selected Scar Samples.

Group N

Race Caucasian 32

Black 1

Gender Male 17

Female 16

Age (years) <50 18

>50 15

Scar Location Head 6

Trunk 12

Upper extremities 8

Lower extremities 7

Scar Age Remodeling:

2wks – 6 mos 24

 Male 12

 Female 12

Post-remodeling

>6mos 9

 Male 5

 Female 4
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