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COA-Cl prevented TGF-β1-induced CTGF expression by Akt
dephosphorylation in normal human dermal fibroblasts, and
it attenuated skin fibrosis in mice models of systemic sclerosis
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A B S T R A C T

Background: Systemic sclerosis (SSc) is characterized by fibrosis of the skin and internal organs. Although
transforming growth factor (TGF)-β1-induced connective tissue growth factor (CTGF/CCN2) expression
has been presented in SSc fibrosis, the therapeutic potential of targeting CTGF in SSc has not been fully
explored. COA-Cl is a novel nucleic acid analog, which is reported to have pleiotropic beneficial biologic
effects.
Objective: We examine the effects of COA-Cl on TGF-β1-induced CTGF expression in normal human
dermal fibroblast (NHDF). We also examined the effects of COA-Cl on CTGF expression in a mouse SSc
model of angiotensin II (Ang II)-induced skin fibrosis.
Methods: NHDF was cultured for in vitro experiments. For in vivo experiments, C57BL/6J mice were
treated with Ang II for 14 days by subcutaneous osmotic pump. Quantitative real-time polymerase chain
reaction, western blot analysis, immunohistochemical staining and immunofluorescence staining were
performed to examine the expression levels of CTGF and phosphorylation levels of Smad2/3, ERK1/2 and
Akt.
Results: COA-Cl attenuated the TGF-β1-induced expression of both CTGF mRNA and protein in NHDF.
Although COA-Cl did not alter the TGF-β1-induced phosphorylation of Smad2/3 or ERK1/2, it reduced
the TGF-β1-induced phosphorylation levels of Akt in NHDF. Notably, COA-Cl dephosphorylated the Akt of
lysates of TGF-β1-treated NHDF. COA-Cl reduced the levels of CTGF mRNA, CTGF protein, dermal
thickness, collagen content and Akt phosphorylation in the skin of mice SSc model.
Conclusion: These results imply that the inhibition of TGF-β1-induced CTGF expression by COA-Cl may be
a therapeutic approach for SSc.
© 2019 Japanese Society for Investigative Dermatology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Systemic sclerosis (SSc) is a multisystem connective tissue
disorder that causes fibrosis of the skin and internal organs [1].
Connective tissue growth factor (CTGF, also known as CCN2), a
member of the CCN family of matricellular proteins, is well-known
as a key regulator of fibrosis in multiple tissues, including skin,
heart, lung, liver, and kidney [2]. Both transforming growth factor
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(TGF)-β and CTGF are necessary for the sustained fibrosis [3].
Accumulating reports show that CTGF is highly expressed in SSc
[4], and elevated CTGF protein expression has been observed in
skin fibroblasts of the patient with SSc [5].

COA-Cl (6-amino-2-chloro-9-[trans-trans-2,3- bis(hydroxy-
methyl)cyclobutyl]purine) is a recently synthesized novel nucleic
acid analog, which has adenosine-like structure [6]. There are
some reports showing beneficial effects of COA-Cl in in vitro and
in vivo experiments. COA-Cl exerts neuroprotective effects in both
in vitro and in vivo ischemia models, which is mediated by ERK1/2
and purinergic receptors, and specifically P2X receptors in vitro [7].
Local administration of COA-Cl in rats reduced perihematomal
edema in intracerebral hemorrhage and attenuated neurological
er B.V. All rights reserved.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jdermsci.2019.02.003&domain=pdf
mailto:kozo@kms.ac.jp
https://doi.org/10.1016/j.jdermsci.2019.02.003
https://doi.org/10.1016/j.jdermsci.2019.02.003
http://www.sciencedirect.com/science/journal/09231811/
www.jdsjournal.com


206 K. Nakai et al. / Journal of Dermatological Science 94 (2019) 205–212
motor deficits by ameliorating oxidative stress [8]. In addition to its
neuroprotective effects, COA-Cl also induces angiogenesis and
synaptogenesis via ERK activation in both in vivo and in vitro
models [7,9]. COA-Cl increases vascular endothelial growth factor
(VGEF) expression in normal human dermal fibroblast (NHDF) [10].
More recently, it has been reported that COA-Cl has an inhibitory
effect on TGF-β1-induced epithelial–mesenchymal transition
(EMT) in RLE/Abca3 cells via suppression of ZEB2 mRNA expression
[11].

These reports let us investigate the effects of COA-Cl on TGF-β1-
induced CTGF expression in NHDF and the efficacy of COA-Cl as a
potential therapeutic agent for SSc using a murine model of
angiotensin II (Ang II)-induced skin fibrosis.

2. Materials and methods

2.1. Cell culture and drug treatment

NHDF were obtained from Kurabo (Osaka, Japan). They were
maintained in culture using Dulbecco's modified Eagle's medium
with 10% heat-inactivated fetal calf serum in a humidified
incubator at 37 �C, perfused with 5% CO2. TGF-β1 was purchased
from Cell Signaling Technology (Danvers, MA, USA). LY294002 was
purchased from Calbiochem-Novabiochem (San Diego, CA, USA).
COA-Cl was synthesized as previously described [9]. COA-Cl is now
commercially available as 2-Cl-C.OXT-A from FUJIFILM WAKO Pure
Chemical Corporation (Osaka, Osaka, Japan). After 24h’ treatment
with TGF-β1, cells were harvested for Western blot analysis or
RT-PCR analysis. For in vitro experiments, COA-Cl or LY294002 was
added 30 min before treatment with TGF-β1. For ex vitro experi-
ments, COA-Cl was added to the harvested cell protein mixture,
and the protein mixture was incubated for 1 h at 37 �C.

2.2. Mice and treatments

All animal experiments and methods were approved by the
Kagawa University Institutional Animal Care and Use Committee.
C57BL/6J male mice were handled in compliance with the
guidelines for conducting Animal Experiments at Kagawa Univer-
sity. The mice were housed in a SPF facility at the Health Science
Center of Kagawa University under controlled temperature (23 �C)
and humidity (55%). The mice were given food and water ad libitum
(MF: Oriental Yeast Co., Itabashi, Tokyo, Japan). Alzet osmotic
miniature pumps (Model 1002, DURECT, Cupertino, CA, USA)
delivering Ang II (Sigma-Aldrich, St. Louis, MO, USA) at a rate of
1000 ng/kg/minutes (pressure dose) with/without COA-Cl at a rate
of 8000 ng/kg/minutes or PBS, were implanted subcutaneously
on the back of 4-week-old mice, as described previously [12]. After
2 weeks, the mice were sacrificed by intraperitoneal sodium
pentobarbital (1 g/kg) injection, and the skin surrounding the
pump outlet was collected.

2.3. Western blot analysis

Cells were washed with PBS. Then, RIPA buffer containing 1% v/v
NP40, 20 mM Tris (pH 7.7), 150 mM NaCl,1 mM EDTA and a mixture
of protease inhibitors (Calbiochem, San Diego, CA, USA) was added.
Skin tissue specimens were homogenized with a Polytron
homogenizer in RIPA buffer and a mixture of protease inhibitors.
After incubation at 4 �C for 20 min, the samples were sonicated
on ice and centrifuged at 14,000 rpm for 10 min. The protein
concentration of the supernatants was analyzed using the BCA
protein assay (Pierce, Rockford, IL, USA). An equal amount of
protein was separated on SDS-PAGE gel and transferred to a PVDF
membrane. The membrane was then probed with primary
antibodies. The anti-CTGF antibody was purchased from Gene
Tex (Irvine, CA, USA). Antibodies against phospho-Smad2/3 and
Smad2/3 were purchased from R&D systems (Minneapolis, MN,
USA). Antibodies against phospho-Akt, Akt, phospho-ERK1/2,
ERK1/2, GAPDH and β-actin were purchased from Cell Signaling
Technology (Danvers, MA, USA). Membrane-bound primary anti-
bodies were visualized using the appropriate secondary antibodies
conjugated to horseradish peroxidase and a chemiluminescent
substrate (Pierce, Rockford, IL, USA). The immunoreactive signals
from the chemiluminescent substrate were visualized by exposure
to standard X-ray films. Images were subjected to densitometric
analysis using the Image J software (National Institutes of Health,
Bethesda, MD, USA).

2.4. Quantitative RT-PCR

Total RNA was extracted from the skin tissues using Rneasy mini
column (Qiagen, Vlencia, CA, USA) or TRIzol reagent (Invitrogen,
Carlsbad, CA, USA). Conventional RT-PCR assay were performed as
described [13]. Primers for RT-PCR analysis were follows: human
CTGF sense 50�CCTGCAGGCTAGAGAAGCAG-30, human CTGF
anti-sense 50-TGGAGATTTTGGGAGTACGG-30, human GAPDH sense
50-ACCACAGTCCATGCCATCAC-30and human GAPDH anti-sense
50-TCCACCACCCTGTTGCTGTA-30. The resulting PCR product was
separated on a 2% agarose gel and visualized with ethidium
bromide under ultraviolet light. Gel images were captured with a
CCD camera system and subjected to densitometric analyses using
NIH image software 1.63. We optimized the assay conditions and
verified that increasing amounts of a starting mRNA sample yield
increasing amounts of RT-PCR product under these conditions in
each primer pair.

Quantitative RT-PCR was performed using the Taqman gene
expression assay system (Applied Biosystems, Foster City, CA,
USA). The following probes were used: Hs00170014_m1 (human
CTGF), Mn01192933_g1, Hs99999903_m1 (human β-actin), and
Mm00607939_s1 (mouse β-actin). Probes for β-actin were used as
an endogenous control. Quantitative RT-PCR was carried out using
StepOnePlus (Applied Biosystems, Foster City, CA, USA). Gene
expression values were calculated based on the comparative
threshold cycle method, normalized to β-actin expression, and
displayed as a fold induction relative to the control.

2.5. Fluorescence detection of reactive oxygen species (ROS) by
20,70-dichlorofluorescein (DCF) staining

The ROS formation was assessed by DCF staining following
supplier’s protocol (Thermo Fisher Scientific, Waltham, MA, USA).
After treating NHDF with TGFβ1, the medium was removed, and
cells were washed with PBS. A final concentration of 25 mM DCF
was added and incubated for 20 min. Cells were washed twice with
PBS and maintained in a fresh PBS. Then fluorescence was detected
using a fluorescence microplate reader, Fluoroskan Ascent FL1
(Thermo Fisher Scientific, Waltham, MA, USA), at excitation and
emission wavelengths of 444 and 538 nm. For the observation of
cell images, a fluorescence microscope was operated at excitation
and emission wavelengths of 450 and 520 nm, respectively.

2.6. Immunohistochemical analysis

Skin samples (1–2 cm2) that were removed from the mid-
dorsum of mice were directly fixed in 10% buffered formalin.
Tissues were dehydrated and embedded in paraffin prior to cutting
2-5-mm thick sections. The samples were subsequently deparaffi-
nized in xylene, rehydrated and immunostained with antibody
against CTGF (1:200 dilution) using the Histofine simple stain
reagent (Nichirei, Tokyo, Japan) according to the manufacturer’s
protocol. Briefly, endogenous peroxidase activity was blocked by



K. Nakai et al. / Journal of Dermatological Science 94 (2019) 205–212 207
incubating the sections with 3% hydrogen peroxide for 5 min. After
a wash with PBS, the sections were incubated with the primary
antibodies at room temperature for 1 h, washed in PBS and
subsequently incubated with peroxidase-conjugated secondary
antibodies. After wash, sections were incubated in a 3-30-
diaminobenzidine tetrahydrochloride solution and counterstained
with Mayer’s hematoxylin.

2.7. Immunofluorescence microscopy on frozen tissue sections

Frozen tissue sections (30 mm) were cut and placed onto
Superfrost plus slides. Sections were pre-blocked in a solution
containing 1% BSA, 0.1% Triton X-100, and 1% gelatin in PBS.
Antibody against phspho-Akt (1:200 dilution) were then added to
a fresh solution and incubated with the samples at room
temperature for 1 h. After washing the slides 3 times with PBS
for 10 min each, the sections were incubated with fresh solution
containing secondary Alexa Fluor 555-conjugated antibodies
(1:400 dilution) for 30 min before washing and mounting. Nuclei
were stained with TO-PRO-3. Sections were examined using a
confocal microscope (LSM 700; Carl Zeiss, Jena, Thüringen,
Germany).
Fig. 1. COA-Cl attenuated the TGF-β1-induced CTGF expression in NHDF. (A–C) NHDF wa
TGF-β1 treatment. (A) Representative RT-PCR results of CTGF and GAPDH are shown. (
expression normalized to GAPDH, arbitrary units (n = 5). (C) Real time RT-PCR analysis res
to β actin, arbitrary units (n = 4). (D, E) NHDF was treated with TGF-β1 (5 ng/ml) for 24 h. C
Representative western blot results of CTGF and GAPDH are shown. (E) Densitometric 

normalized to GAPDH, arbitrary units (n = 4). Values represent the mean � S.E. *P < 0.0
2.8. Statistical analysis

Data are expressed as the mean � S.E. Statistical analysis was
performed by an analysis of variance followed by Mann-Whitney’s
U test P-values of < 0.05 were considered significant.

3. Results

3.1. COA-Cl attenuated the TGF-β1-induced CTGF expression in
NHDF

RT-PCR analysis reveals that TGF-β1 (5 ng/ml) increased the
expression levels of CTGF mRNA after 24 h in NHDF (Fig. 1A, B).
Treatment with COA-Cl (100 mM) 30 min prior to TGF-β1 sup-
pressed the increased levels of CTGF mRNA expression. Similarly,
real time RT-PCR analysis also demonstrated that COA-Cl sup-
pressed the TGF-β1-induced CTGF mRNA expression in NHDF
(Fig. 1C). Western blot analysis revealed that COA-Cl suppressed
the TGF-β1-induced CTGF protein expression in NHDF (Fig. 1D, E).
These results suggest that COA-Cl suppressed the TGF-β1-induced
CTGF expression at the level of transcription. Although TGF-β1
increased the expression levels of α-smooth muscle actin (α-SMA),
s treated with TGF-β1 (5 ng/ml) for 24 h. COA-Cl (100 mM) was added 30 min prior to
B) Densitometric analysis results were obtained from pooled data. Relative mRNA
ults of CTGF were obtained from pooled data. Relative mRNA expression normalized
OA-Cl was added 30 min prior to TGF-β1 treatment at indicated concentrations. (D)
analysis results were obtained from pooled data. Relative protein expression was
5.
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a marker of EMT, COA-Cl did not suppress the TGF-β1-induced
α-SMA protein expression in NHDF (Suppl. Fig. 1).

3.2. COA-Cl attenuated the TGF-β1-induced Akt phosphorylation in
NHDF

To elucidate the mechanism of the inhibition of TGF-β1-induced
CTGF transcription by COA-Cl in NHDF, we first examined Smad2/3
phosphorylation, because Smad2/3 signaling pathways are popu-
lar in TGF-β1-regulated various gene expressions [14]. Although
TGF-β1 increased the levels Smad2/3 phosphorylation, COA-Cl did
not prevent the increase in the levels of these phosphorylations
(Fig. 2A, B). Cross-talk between ERK1/2 and Smad signaling
pathways following stimulation from TGF-β occurs in several cells
[15–17]. TGF-β1 up-regulates CTGF expression in human granulosa
Fig. 2. COA-Cl attenuated the TGF-β1-induced Akt phosphorylation in NHDF. NHDF
was treated with TGF-β1 (5 ng/ml) for 24 h. COA-Cl (100 mM) or LY294002 (10 mM)
was added 30 min prior to TGF-β1 treatment. (A, C, E, G) Representative western blot
results of phospho Smad2/3, Smad2/3, phospho ERK1/2, ERK1/2, phospho Akt, Akt,
CTGF and β-actin are shown. (B, D, F, H) Densitometric analysis results were
obtained from pooled data. Relative protein phosphorylation levels were
normalized to each total protein, arbitrary units. Values represent the mean � S.
E. (n = 4). *P < 0.05.
cells through Smad and ERK1/2 signaling pathways [18]. However,
in our experimental conditions, TGF-β1 did not enhance the
phospholylation levels of ERK1/2, and COA-Cl did not alter the
phosphorylation levels of ERK1/2 in NHDF (Fig. 2C, D). We next
focused on Smad-independent signaling pathways to explore other
possible signaling pathways that are involved in the inhibition of
TGF-β1-induced CTGF expression in NHDF. It has been reported
that PI3K signaling pathway is involved in the TGF-β1-induced
CTGF expression in human lung epithelial cells [19]. Therefore, we
examined the phospholylation levels of Akt in NHDF. As shown in
Fig. 2E, F, TGF-β1 enhanced the phospholylation levels of Akt, and
COA-Cl decreased the phosphorylation levels in NHDF. We also
confirmed that LY294002, a PI3K/Akt inhibitor, inhibited TGF-β1-
induced CTGF protein expression in NHDF (Fig. 2G, H). These
results suggest that COA-Cl inhibited the TGF-β1-induced activa-
tion of PI3K signaling pathway in NHDF.

3.3. COA-Cl dephosphorylated Akt of TGF-β1-treated NHDF cell lysates

To clarify that COA-Cl directly attenuated the TGF-β1-induced
Akt phosphorylation in NHDF, we added COA-Cl to TGF-β1-treated
NHDF cell lysates. The phospholyration levels of Smad2/3 and
ERK1/2 were not altered by the addition of COA-Cl to the cell
lysates of TGF-β1-treated NHDF (Fig. 3A–D). However, COA-Cl
dephospholyrated Akt of the cell lysates of TGF-β1-treated NHDF
(Fig. 3E, F). These results were consistent with in vitro experiments,
and suggest that COA-Cl directly attenuated the TGF-β1-induced
Akt phosphorylation in NHDF.

3.4. COA-Cl attenuated the TGF-β1-induced ROS formation in NHDF

TGF-β1 is known to increase ROS formation via several
pathways including PI3K signaling pathway [20–22]. Thus, we
examined the effects of COA-Cl on the TGF-β1-induced ROS
formation in NHDF. As shown in Fig. 4A, TGF-β1 increased the
ROS formation in NHDF, and COA-Cl decreased the TGF-β1-induced
ROS formation dose dependently. By using a fluorescence
microscope, we detected high signal levels of ROS in TGF-β1-
treated NHDF, and the signal levels were reduced by the addition of
COA-Cl (Fig. 4B).

3.5. COA-Cl attenuated the CTGF expression with Akt phosphorylation,
and improved skin fibrosis in the skin of a mouse model of SSc

To evaluate the therapeutic effects of COA-Cl in the in vivo
model of SSc, we used a mouse model of Ang II-induced skin
fibrosis [12]. Ang II has been shown to activate the TGF-β signaling
pathway and increase the CTGF expression levels in the skin. The
useful therapeutic effects of CTGF blockade by using a monoclonal
antibody has been demonstrated in the mouse model of Ang
II-induced skin fibrosis [23]. Similarly, we found that the increased
levels of Ang II-induced CTGF mRNA expression were attenuated
by treating with COA-Cl (Fig. 5A). COA-Cl reduced dermal thickness
and collagen content in the skin of Ang II-treated mice (Fig. 5B, C).
COA-Cl also reduced the CTGF protein expression and phosphory-
lation of Akt in the dermis of Ang II-treated mice (Fig. 5D, E).
Although the expression levels of α-SMA were increased in the skin
of Ang II-treated mice, COA-Cl did not suppress the Ang II-induced
α-SMA protein expression (Suppl. Fig. 2).

4. Discussion

Only limited treatment options are now available for patients
with SSc. COA-Cl is a novel nucleic acid analog. Beneficial effects of
COA-Cl have been reported in various types of cells and some
animal models of diseases [7–11]. In the current study, we



Fig. 3. COA-Cl dephosphorylated Akt of TGF-β1-treated NHDF cell lysates. COA-Cl was added to TGF-β1-treated NHDF cell lysates as indicated concentrations.
(A, C, E) Representative western blot results of phospho Smad2/3, Smad2/3, phospho ERK1/2, ERK1/2, phospho Akt and Akt are shown. (B, D, F) Densitometric analysis results
wereobtained frompooled data. Relative proteinphosphorylation levelswerenormalized toeach total protein,arbitrary units. Values represent the mean � S.E. (n = 4). *P < 0.05.

Fig. 4. COA-Cl attenuated the TGF-β1-induced ROS formation in NHDF. The ROS formation was assessed by DCF staining. (A) Summary of fluorescence data obtained by using a
fluorescence microplate reader. Values represent the mean � S.E. (n = 6). *P < 0.05.
(B) Representative fluorescence microscopic images at �400 were shown.
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Fig. 5. COA-Cl attenuated the CTGF expression with Akt dephosphorylation, and improved skin fibrosis in the skin of a mouse model of SSc. Osmotic miniature pumps
delivering Ang II at a rate of 1000 ng/kg/minutes with/without COA-Cl at a rate of 8000 ng/kg/minutes or PBS were implanted subcutaneously on the back of 4-week-old mice.
After 2 weeks, the skin surrounding the pump outlet was collected. (A) Real time RT-PCR analysis results of CTGF were obtained from pooled data. Relative mRNA expression
normalized to β actin, arbitrary units (n = 4). (B) H & E staining at �20. (C) Masson Trichrome staining at �20. (D) Immunostaining for CTGF at �20. (E) Immunofluorescent
staining for phospho Akt (green) and nuclei stained with TO-PRO-3 (red) at �40.
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examined the effects of COA-Cl on CTGF expression in TGF-β1-
treated NHDF and AngII-induced mouse model of SSc. COA-Cl
attenuated the both TGF-β1-induced CTGF mRNA and protein
expressions by inhibiting Akt activation in NHDF. COA-Cl reduced
the dermal thickness, collagen content, CTGF expression and Akt
phosphorylation levels in the skin of Ang II-treated mice. These
results imply that the inhibition of TGF-β1-induced CTGF expres-
sion by COA-Cl can be a therapeutic approach for the treatment of
SSc.

Expression of the profibrotic protein CTGF correlates well with
the severity of fibrotic phenotype of SSc [24]. CTGF is not normally
expressed in fibroblasts unless induced by some stimuli such as
TGF-β. Smads have been believed to play a crucial role in
mediating the intracellular responses to TGF-β and/or its related
factors [25]. Smads work as transcription factors that constantly
shuttle between the cytoplasm and the nucleus [26]. Among
them, Smad2/3 signaling pathways play a major role in TGF-β1-
regulated various gene expressions [14]. We have confirmed
that TGF-β1 increased the levels of Smad2/3 phosphorylation.
However, COA-Cl did not prevent the increase in the levels of
these phosphorylation. TGF-β1 is known to activate canonical
and non-canonical signaling pathways. The canonical pathway
activates the downstream signaling molecules Smad2/3. The non-
canonical signaling pathway, which is called the non-Smad
signaling pathway, involves the activation of ERK, Akt and Rho
GTPase signaling pathways [27]. In our study, treatment with
TGF-β1 for 24 h did not elevate the phospholylation levels of
ERK1/2, and COA-Cl did not alter the phosphorylation levels of
ERK1/2 in NHDF. This may be explained by the kinetics of ERK
phosphorylation induced by TGF-β1. It varies with cell types and
culture conditions, but the activation of ERK appears to occur
rapidly within 5–10 min of TGF-β1 stimulation in fibroblast [28].
Instead COA-Cl might activate ERK in fibroblast as well as primary
cortical neuron [7]. Several reports suggest a role of PI3K in TGF-β
signaling. TGF-β can activate PI3K, as indicated by the phosphor-
ylation of its downstream effector Akt. This activation appears
to be independent of Smad2/3 activation [29]. Clinically, the
significance of Akt in SSc skin fibroblasts has been indicated, and
Akt of fibroblasts from SSc patients have been highly activated
[30]. Akt is known for its anti-apoptotic ability that interferes
with both death receptor and mitochondrial pathways [31], and
the anti-apototic ability of SSc fibroblasts may contribute to the
activation of fibroblasts in the skin promoting the extracellular
matrix deposition. Recently, it has been reported that COA-Cl
suppressed the TGF-β1 mediated ZEB2 mRNA expression and EMT
in RLE/Abca3 cells [11]. ZEB2 is a transcriptional co-repressor for
TGF-β signaling pathway through binding to Smad proteins. ZEB2
plays an important role in human and mice fibrosis [32]. The
bleomycin-induced skin fibrosis was attenuated in mice with a
mesoderm-specific deletion of the Zeb2 gene. However, COA-Cl
did not suppress the TGF-β1-induced Smad2/3 phosphorylations
in NHDF. In addition, COA-Cl did not suppress the TGF-β1-induced
α-SMA protein expression in NHDF, and COA-Cl did not suppress
the Ang II-induced α-SMA protein expression in the skin of mice.
These results suggest that COA-Cl could not inhibit TGF-β1-
induced ZEB2 expression and EMT. Both Samd2/3 and Akt may be
involved in TGF-β1-induced EMT. Presumably, the inhibition of Akt
phosphorylation alone could not inhibit TGF-β1-induced EMT.

In the current study, we have demonstrated that COA-Cl
dephospholyrated Akt of the cell lysates of TGF-β1-treated NHDF.
The phospholyration levels of Smad2/3 and ERK1/2 were not
altered by the addition of COA-Cl to the cell lysates of TGF-β1-
treated NHDF. These results suggest that the possible effects of
COA-Cl as a potent allosteric Akt inhibitor. However, the real
chemistry still remains unclear at this stage. COA-Cl has been
shown to reduce oxidative stress in acute phase of intracerebral
hemorrhage [8]. We found that COA-Cl suppressed TGF-β1-
induced ROS formation in NHDF. TGF-β1 is known to increase
ROS formation via several pathways. Among them, Akt appears to
be a key mediator of ROS formation [33,34]. Considering the
allosteric Akt inhibiting effects of COA-Cl, COA-Cl suppressed the
TGF-β1-induced ROS formation by inhibiting Akt in NHDF.
Alternatively, it is possible that COA-Cl suppressed ROS formation
by increasing the expression levels of peroxisome proliferator-
activated receptor gamma co-activator (PGC)-1α in NHDF. TGF-β1
induces ROS formation, and decreases the expression of catalase
(CAT) and superoxide dismutase (SOD), antioxidant enzymes
[20,35]. PGC-1α has been reported to increase the expression of
CAT and SOD [36,37]. Igarashi et al. reported that the expression
levels of PGC-1α were increased by the treatment of COA-Cl in
NHDF [10].

We have utilized a mouse model of SSc induced by Ang II
[12,23]. As well as the bleomycin-induced models of skin fibrosis
[38], Ang II induces dermal fibrosis through diverse pathogenic
mechanisms, including stimulation of collagen and CTGF synthesis,
myofibroblast differentiation, and recruitment of fibrocytes [12].
Increased number of infiltrating fibrocytes is considered to
contribute to the development of dermal fibrosis in the skin of
Ang II-infused mice [12]. The interaction between Ang II and TGF-β
in the induction of fibrosis is well characterized in many organs
such as kidney and heart [39,40]. Thus, COA-Cl might prevent the
TGF-β1-mediated dermal fibrosis in the skin of Ang II-treated mice.
Moreover, recent studies suggest the important roles of CTGF in the
development of skin fibrosis [41]. Blocking CTGF by human anti-
CTGF antibody, FG-3019, prevented the development of skin
fibrosis in response to Ang II challenge in mouse [23]. Therapeutic
effects of FG-3019 were also reported in bleomycin-induced lung
fibrosis of mouse [42]. Similarly, we have demonstrated that COA-
Cl inhibited CTGF mRNA expression in the skin and prevented the
development of skin fibrosis in response to Ang II challenge in
mouse.

In summary, we have demonstrated the inhibitory effects of
COA-Cl on TGF-β1-induced CTGF expression and Ang II-induced
dermal fibrosis in mouse. These results suggest the therapeutic
effects of COA-Cl on the fibrotic process of SSc.
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