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Effect of SMAD7 gene overexpression on
TGF-B1-induced profibrotic responses in fibroblasts
derived from Peyronie’s plaque

Min Ji Choi', Kang-Moon Song', Jin-Mi Park’, Mi-Hye Kwon', Ki-Dong Kwon', Soo-Hwan Park’,
Dong-Soo Ryu?, Ji-Kan Ryu'?, Jun-Kyu Suh'

Transforming growth factor-B1 (TGF-B1) has been identified as one of the most important fibrogenic cytokines associated with
Peyronie’s disease (PD). The mothers against decapentaplegic homolog 7 (SMAD7) is an inhibitory Smad protein that blocks
TGF-B signaling pathway. The aim of this study was to examine the anti-fibrotic effect of the SMAD7 gene in primary fibroblasts
derived from human PD plaques. PD fibroblasts were pretreated with the SMAD7 gene and then stimulated with TGF-B1.
Treated fibroblasts were used for Western blotting, fluorescent immunocytochemistry, hydroxyproline determination, and terminal
deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick-end labeling assays. Overexpression of the SMAD7 gene
inhibited TGF-B1-induced phosphorylation and nuclear translocation of SMAD2 and SMAD3, transdifferentiation of fibroblasts into
myofibroblasts, and quashed TGF-B1-induced production of extracellular matrix protein and hydroxyproline. Overexpression of the
SMAD7 gene decreased the expression of cyclin D1 (a positive cell cycle regulator) and induced the expression of poly (ADP-ribose)
polymerase 1, which is known to terminate Smad-mediated transcription, in PD fibroblasts. These findings suggest that the blocking

of the TGF-B pathway by use of SMAD7 may be a promising therapeutic strategy for the treatment of PD.
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INTRODUCTION
Peyronie’s disease (PD) is a relatively common condition affecting
up to 9% of the male population.'? The etiology of PD is not fully
understood. Recent studies suggest that repeated trauma to the penis
during sexual intercourse may induce localized inflammatory process
and aberrant wound healing in tunica albuginea, which is responsible
for the plaque development and subsequent penile curvature.>*
Despite intensive research into the pathogenesis of PD, the effective
nonsurgical or medical treatment options for this entity are relatively
lacking.>* Randomized controlled trials revealed that intralesional
injection of collagenase Clostridium histolyticum and interferon-alpha,
or oral administration of pentoxifylline and acetyl-L-carnitine induced
improvement in penile curvature in PD patients.”""! Although an
uncontrolled study of verapamil injection demonstrated efficacy in
reducing penile curvature,'? a recent randomized placebo-controlled
trial failed to show improvement in penile curvature.
Accumulating evidence suggests that the overexpression of
profibrotic cytokines is involved in the pathogenesis of PD.!*
Transforming growth factor-f1 (TGF-f1) is one of the most studied
cytokines associated with PD. The expression and activity of TGF-f31
protein as well as their down-stream intracellular signaling mediators
involved in tissue fibrosis, such as mothers against decapentaplegic
homolog 2 (SMAD2) and SMAD3, were shown to have increased

in human PD plaque tissue or fibroblasts derived from human PD
plaques.'>"” These findings give us the rationale to use TGF-f3 blockade
for the treatment of PD. We previously observed that inhibition of the
TGF-f pathway using small-molecule inhibitor of activin receptor-like
kinase 5, a TGE-f type I receptor, accelerated regression of fibrotic
plaques in a rat model of PD in vivo'® and suppressed production
of extracellular matrix proteins in primary cultured fibroblasts
isolated from human PD plaque in vitro."” Moreover, we observed in
human PD fibroblasts that small interfering RNA-mediated silencing
of histone deacetylase 2 quashed TGF-f1-induced profibrotic
responses by blocking activation of SMAD2 and SMAD3.” It was
also reported in human PD fibroblasts that pentoxifylline attenuated
TGF-P1-induced elastogenesis by enhancing phosphorylation of the
inhibitory SMAD6.2°

Mothers against decapentaplegic homolog 7 (SMAD7) acts as a
negative regulator of TGF-f3 signaling through multiple mechanisms,
such as by blocking phosphorylation and recruitment of SMAD2/3 and
by inducing degradation of the TGF-f3 type I receptor.?’-* SMAD?7 has
been demonstrated to protect TGF-B-induced fibrosis in a variety of
organs, including kidney, lung, and liver.**** We recently reported that
adenovirus-mediated gene transfer of SMAD?7 successfully restored
erectile function in mice with cavernous nerve injury through an
anti-fibrotic effect.”
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In the present study, we determined the effectiveness of the
transient overexpression of the SMAD7 gene on the TGF-f1-induced
profibrotic responses in primary fibroblasts derived from human PD
plaques.

MATERIALS AND METHODS

Primary fibroblast culture

Fibroblasts were isolated from human PD plaques as previously
described.'”” Briefly, the plaque tissue was transferred into sterile
vials containing Hank’s balanced salt solution (GIBCO, Carlsbad, CA,
USA) and was washed 3 times in phosphate-buffered saline (PBS).
Biopsy tissue was minced into 1-mm?* segments and incubated in
a shaker in 12.5 ml Dulbecco’s modified Eagle Medium (DMEM)
supplemented with 0.06% collagenase A (Sigma-Aldrich, St. Louis,
MO, USA) for 1 h. The cells and tissue fragments were collected by
centrifugation (400 g for 5 min), washed in fresh culture medium,
and placed in 100-mm cell culture dishes (Falcon-Becton Dickinson
Labware, Franklin Lakes, NJ, USA) under standard cell culture
conditions with DMEM supplemented with 10% fetal calf serum,
penicillin (100 Uml™), and streptomycin (100 pg ml™). The dishes were
incubated in a humidified 37°C incubator with 5% CO,. The cells were
then characterized as previously described.'”!” Passages five to eight
were used for experimentation. We used four cell lines in this study.

Transient transfection

pCMVS5 inserted full-length human SMAD7 gene (GenBank ID:
NM_005904) was purchased from Addgene (Cambridge, MA, USA).
Transient transfections were performed by using hyperbranched
poly (ethyleneimine) (25 kDa, PEI25k; Sigma-Aldrich, St. Louis, MO,
USA) and a PEI25k/pCMV5-Smad7 polyplex was prepared at a weight
ratio of 1. The fibroblasts were serum-starved for 24 h and transfected
with a 1 ug SMAD?7 expression vector. In parallel, an empty PEI25k/
pCMV5 vector was used as a control. After transfection, cells were
plated and cultured for 48 h in DMEM. The fibroblasts were then
treated with 10 ng ml™! TGF-B1 (RandD Systems Inc., Minneapolis,
MN, USA) for 24 h to detect the protein expression of plasminogen
activator inhibitor-1 (PAI-1), fibronectin, collagen subtypes, smooth
muscle o-actin, and HDAC2, or were treated with TGF-f1 for 1 h to
detect the protein expression of phospho-Smad2 (P-Smad2), P-Smad3,
total Smad2/3, poly (ADP-ribose) polymerase 1 (PARP-1), and cyclin
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Figure 1: SMAD7 overexpression inhibits TGF-B1-induced extracellular matrix
protein production in fibroblasts derived from human Peyronie’s disease
plague. Fibroblasts were transfected with an empty PEI25k/pCMV5 vector
or a PEI25k/pCMV5-Smad7 polyplex (pSmad7) for 48 h and were then
treated with TGF-1 (10 ng mI-!) for 24 h. (a) A representative Western blot
for PAI-1, fibronectin, collagen I, and collagen IV in fibroblasts. (b) Data
are presented as the relative density of each protein compared with that of
B-actin. Each bar depicts the mean values (+ s.e.) from four experiments
per group. *P < 0.05 by Kruskal-Wallis tests. PAI-1: plasminogen activator
inhibitor-1; PEI: poly (ethyleneimine); TGF-B1: transforming growth factor-p1;
SMAD7: decapentaplegic homolog 7; s.e.: standard error.
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D1 and terminal deoxynucleotidyl transferase-mediated deoxyuridine
triphosphate nick-end labeling (TUNEL) assays.

Western blot

Equal amounts of protein from whole-cell extracts (50 pg per lane)
were electrophoresed on 8% sodium dodecyl sulfate-polyacrylamide
gels, transferred to nitrocellulose membranes, and probed with
antibody against PAI-1 (Abcam, Cambridge, UK; 1:400), fibronectin
(Abcam; 1:400), collagen I (Abcam; 1:400), collagen IV (Abcam; 1:400),
smooth muscle o-actin (Sigma-Aldrich; 1:400), P-Smad2 (s465/467,
Cell signaling, Beverly, MA, USA; 1:400), P-Smad3 (s423/425,
Cell signaling; 1:400), Smad2/3 (Cell signaling; 1:400), PARP-1
(Santa Cruz Biotechnology, Santa Cruz, CA, USA; 1:400), cyclin D1
(Santa Cruz Biotechnology; 1:400), or 3-actin (Abcam; 1:6000). Results
were quantified by densitometry.

Hydroxyproline assay

Collagen protein levels were estimated by hydroxyproline
determinations as previously described.”® Briefly, aliquots of standard
hydroxyproline or fibroblasts samples were hydrolyzed in alkali. The
hydrolyzed samples were then mixed with a buffered chloramine-T
reagent, and oxidation was allowed to proceed for 25 min at room
temperature. The chromophore was then developed with the addition
of Ehrlich’s reagent, and the absorbance of the reddish-purple complex
was measured at 550 nm using a spectrophotometer. Absorbance values
were plotted against the concentration of standard hydroxyproline, and
the presence of hydroxyproline in fibroblast lysates was determined
from the standard curve.

Fluorescent immunocytochemistry

The fibroblasts were cultured on sterile cover glasses (Marienfeld
Laboratory, Lauda-Konigshofen, Germany) and grown until nearly
confluent. The cells were washed 3 times with PBS and then fixed in
4% paraformaldehyde for 10 min at 4°C and in 100% methanol for
10 min at 4°C. Individual chambers were incubated with an antibody
to smooth muscle o-actin (Sigma-Aldrich; 1:300) or Smad2/3 (Cell
signaling; 1:200) overnight at 4°C in a moist chamber. After several
washes with PBS, the chambers were incubated with fluorescein
isothiocyanate-conjugated (Zymed Laboratories, South San Francisco, CA,
USA; 1:300) or tetramethylrhodamine isothiocyanate-conjugated (Jackson
ImmunoResearch Laboratories Inc., West Grove, PA, USA; 1:300)
secondary antibodies for 2 h at room temperature. Mounting medium
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Figure 2: SMAD7 overexpression decreases production of hydroxyproline
in fibroblasts derived from human Peyronie’s disease plaque. Fibroblasts
were transfected with an empty PEI25k/pCMV5 vector or a PEI25k/
pCMV5-Smad7 polyplex (pSmad7) for 48 h and were then treated with TGF-1
(10 ng mI!) for 24 h. Each bar depicts the mean values (+ s.d.) from four
experiments per group. ***P < 0.001 by ANOVA. PEI: poly (ethyleneimine);
TGF-B1: transforming growth factor-p1; SMAD7: decapentaplegic homolog 7.
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Figure 3: SMAD7 overexpression inhibits TGF-B1-induced myofibroblastic
differentiation in fibroblasts derived from human Peyronie’s disease plaque.
Fibroblasts were transfected with an empty PEI25k/pCMV5 vector or a PEI25k/
pCMV5-Smad7 polyplex (pSmad7) for 48 h and were then treated with TGF-f1
(10 ng mlI!) for 24 h. (a) A representative Western blot for smooth muscle
a-actin in fibroblasts. Whole-cell extracts were fractionated in a sodium
dodecylsulfate-polyacrylamide gel. (b) Data are presented as the relative
density of smooth muscle a-actin protein compared with that of $-actin. Each
bar depicts the mean values (+ s.e.) from four experiments per group. The
relative ratio measured in the no treatment group was arbitrary presented as
1. *P<0.05 by ANOVA. (c) Representative fluorescent immunocytochemistry
of fibroblasts with antibody against smooth muscle a-actin. Nuclei were
labeled with the DNA dye DAPI. Schale bar = 25 um. Results were similar
from four independent experiments. PEI: poly (ethyleneimine); TGF-f1:
transforming growth factor-f1; SMAD7: decapentaplegic homolog 7; DAPI:
4,6-diamidino-2-phenylindole; s.e.: standard error.
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Figure 4: SMAD7 overexpression induces apoptosis and blocks cell cycle entry
in fibroblasts derived from human Peyronie’s disease plaque. Fibroblasts
were transfected with an empty PEI25k/pCMV5 vector or a PEI25k/
pCMV5-Smad7 (pSmad7) polyplex for 48 h and were then treated with
TGF-B1 (10 ng mI) for 1 h. (a) Terminal deoxynucleotidyl transferase-mediated
deoxyuridine triphosphate nick-end labeling assay. Nuclei were labeled with
the DNA dye DAPI. One bar indicates 25 um. (b) The number of apoptotic
cells is presented as a percentage of total cells per field. (c) A representative
Western blot for cyclin D1. Whole-cell extracts were fractionated in a sodium
dodecylsulfate-polyacrylamide gel. (d) Data are presented as the relative density
of each protein compared with that of B-actin. The relative ratio measured in
the no treatment group was arbitrary presented as 1. Each bar depicts the mean
values (+ s.e.) from four experiments per group. **P < 0.01, ***P < 0.001
by ANOVA. PEI: poly (ethyleneimine); TGF-B1: transforming growth factor-f1;
SMAD7: decapentaplegic homolog 7; DAPI: 4,6-diamidino-2-phenylindole.
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Figure 5: SMAD7 overexpression suppresses TGF-Bl-induced SMAD2 and
SMAD3 phosphorylation and nuclear translocation in fibroblasts derived from
human Peyronie’s disease plaque. Fibroblasts were transfected with an empty
PEI25k/pCMV5 vector or a PEI25k/pCMV5-Smad7 polyplex (pSmad7) for 48 h
and were then treated with TGF-B1 (10 ng mi-!) for 1 h. (a) A representative
Western blot for P-Smad2, P-Smad3, and total SMAD2/3. Whole-cell extracts
were fractionated in a sodium dodecylsulfate-polyacrylamide gel. (b) Data
are presented as the ratio of phosphorylated protein to total protein. The
relative ratio measured in the no treatment group was arbitrary presented as
1. Each bar depicts the mean values (+ s.e.) from four experiments per group.
*P < 0.05 by ANOVA. (c) Representative fluorescent immunocytochemistry
of primary human fibroblasts with antibody against total SMAD2/3. Nuclei
were labeled with the DNA dye DAPI. Schale bar = 25 um. (d) Nuclear
fluorescence intensity was quantified for all cells. Each bar depicts the
mean values (+ s.e.) from four experiments per group. ***P < 0.001 by
Kruskal-Wallis tests. PEI: poly (ethyleneimine); TGF-B1: transforming growth
factor-f1; SMAD7: decapentaplegic homolog 7; P-Smad2: phospho-Smad?2;
DAPI: 4,6-diamidino-2-phenylindole; s.e.: standard error.

containing 4,6-diamidino-2-phenylindole (DAPI, Vector Laboratories
Inc., Burlingame, CA, USA) was applied to the chamber and nuclei
were labeled. Signals were visualized, and digital images were obtained
with a confocal microscope (FV1000, Olympus, Tokyo, Japan) under
identical exposure settings. Average fluorescent intensity was measured
for every nucleus in the field and averaged for the field with an image
analyzer system (National Institutes of Health Image J 1.34; Internet:
http://rsbweb.nih.gov/ij/).

Terminal deoxynucleotidyl transferase-mediated deoxyuridine
triphosphate nick-end labeling assay

The TUNEL assay was performed using an ApopTagR Fluorescein In
Situ Apoptosis Detection Kit (S7160, Chemicon, Temecula, CA, USA).
Nuclei were labeled with DAPI (Vector Laboratories Inc., Burlingame,
CA, USA).

Statistical analysis

Results are expressed as mean + standard error (s.e.) The group
comparisons of parametric data were made by a one-way analysis
of variance followed by Newman-Keuls post hoc tests. We used the
Kruskal-Wallis tests for nonparametric data. We performed statistical
analysis with SigmaStat 3.5 software (Systat Software Inc., Richmond,
CA, USA). We tested data for normality and variance. P < 0.05 were
considered significant.
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RESULTS

SMAD?7 overexpression inhibits extracellular matrix production
induced by transforming growth factor-B1 in fibroblasts derived from
human Peyronie’s disease plaques

Peyronie’s disease fibroblasts were transiently transfected with PEI25k/
pCMV5-Smad7. Western blot analysis revealed that the treatment of
PD fibroblasts with TGF-B1 induced protein expression of extracellular
matrix, including PAI-1, fibronectin, collagen I, and collagen
IV (P < 0.05 by Kruskal-Wallis tests). The SMAD?7 gene profoundly
inhibited TGF-B1-induced production of collagen I and collagen IV
in PD fibroblasts (P < 0.05 by Kruskal-Wallis tests). Although the
SMAD?7 gene also decreased production of PAI-1 and fibronectin, it
did not yield statistical significance (Figure 1).

We also determined total collagen content by measuring the
amount of hydroxyproline. The SMAD?7 gene reduced TGF-P1-induced
collagen production in PD fibroblasts (P < 0.001 by ANOVA), which
was comparable to the level found in the untreated control (Figure 2).

SMAD7 overexpression inhibits transforming growth
factor-B1-induced myofibroblastic differentiation in fibroblasts
derived from human Peyronie’s disease plaques

The expression of smooth muscle oi-actin, a marker for myofibroblasts,
was determined with a Western blot analysis. The treatment of PD
fibroblasts with TGF-B1 resulted in an increase in smooth muscle
a-actin expression (P < 0.05 by ANOVA), which was substantially
reduced after treatment with the SMAD?7 gene (P < 0.05 by ANOVA;
Figure 3a and 3b). Fluorescent immunocytochemistry revealed that
the SMAD7 gene inhibited TGE-B1-stimulated ai-actin fiber formation
(Figure 3c).

SMAD? overexpression induces apoptosis and blocks cell cycle entry
in fibroblasts derived from human Peyronie’s disease plaques

A TUNEL assay showed that the SMAD?7 gene profoundly induced
apoptosis in PD fibroblasts both in basal and TGF-f1-stimulated
conditions (P < 0.01 by ANOVA; Figure 4a and 4b). A Western blot
analysis revealed that the treatment of PD fibroblasts with SMAD7 gene
decreased expression of cyclin D1, a positive cell cycle regulator, both in
basal and TGF-B1-stimulated conditions (P < 0.001 for basal condition
and P < 0.01 for stimulated condition by ANOVA; Figure 4c and 4d).

SMAD?7 overexpression inhibits phosphorylation, and nuclear
translocation of decapentaplegic homolog 2/3 induced by transforming
growth factor-P 1 in fibroblasts derived from human Peyronie’s disease
plaques

The treatment of PD fibroblasts with TGF-f1 resulted in an increase
in phosphorylation of Smad3, which was substantially inhibited
by preincubation with the SMAD7 gene (P < 0.05 by ANOVA;
Figure 5a and 5b). Although the SMAD7 gene also decreased
TGEF-B1-stimulated SMAD2 phosphorylation, it did not yield statistical
significance (Figure 5a and 5b). In order to evaluate whether SMAD7
is involved for TGF-PB1-induced nuclear shuttling of Smad2/3, we
performed fluorescent immunocytochemistry with antibody against
Smad2/3. The SMAD7 gene reduced TGF-B1-induced nuclear
accumulation of the Smad proteins (P < 0.001 by Kruskal-Wallis tests;
Figure 5c¢ and 5d).

SMAD?7 overexpression increases poly (ADP-ribose) polymerase
1 expression in fibroblasts derived from human Peyronie’s disease
plaques

A Western blot analysis showed that the SMAD7 gene increased the
expression of PARP-1, which is known to terminate Smad-mediated
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transcription, in PD fibroblasts both in basal and TGF-f1-stimulated
conditions (P < 0.05 by Kruskal-Wallis tests; Figure 6).

DISCUSSION

We showed here that the overexpression of the SMAD7 gene decreased
the TGF-B1-induced accumulation of extracellular matrix and
production of hydroxyproline in human PD fibroblasts by inhibiting
TGF-B1-induced myofibroblastic differentiation and by accelerating
apoptosis and blocking cell cycle entry. Furthermore, SMAD7 blocked
TGF-P signaling through inhibition of the phosphorylation and nuclear
shuttling of SMAD3 and/or SMAD?2, and up-regulation of PARP-1 that
is known to terminate Smad-mediated transcription.

It was first reported in mice that overexpression of SMAD7
prevented bleomycin-induced lung fibrosis.”® In the present study,
SMAD?7 overexpression inhibited TGF-B1-induced production of
collagen I and collagen IV as well as hydroxyproline in PD fibroblasts
in vitro. This finding is similar to the results from ours showing that
adenovirus-mediated SMAD7 gene transfer into the penis significantly
decreased the production of extracellular matrix proteins in mice with
cavernous nerve injury in vivo.” In a tetrachloride-induced liver fibrosis
model, overexpression of SMAD?7 attenuated a fibrogenic response,*
whereas down-regulation of SMAD7 accelerated liver fibrosis.”
These findings suggest a protective role of SMAD?7 in suppressing
TGF-B-mediated fibrosis in a variety of organs.

Transforming growth factor-B-mediated fibrotic responses
are initiated by activation of SMAD2 and SMAD3 upon ligand
binding, which in turn induces myofibroblastic differentiation and
promotes the synthesis of extracellular matrix proteins.’® In the
present study, overexpression of SMAD7 blocked TGF-f1-induced
SMAD3 phosphorylation and the nuclear accumulation of Smad2/3
proteins. Moreover, both Western blot analysis and fluorescent
immunocytochemistry revealed that SMAD7 overexpression quashed
TGF-P1-induced myofibroblastic differentiation. In the agreement with
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Figure 6: SMAD7 overexpression increases PARP-1 expression in fibroblasts
derived from human Peyronie’s disease plaque. Fibroblasts were transfected
with an empty PEI25k/pCMV5 vector or a PEI25k/pCMV5-Smad7 polyplex
(pSmad7) for 48 h and were then treated with TGF-B1 (10 ng ml-!) for
1 h. (a) A representative Western blot for PARP-1. Whole-cell extracts were
fractionated in a sodium dodecylsulfate-polyacrylamide gel. (b) Data are
presented as the relative density of each protein compared with that of B-actin.
The relative ratio measured in the no treatment group was arbitrary presented
as 1. Each bar depicts the mean values (+ s.e.) from four experiments
per group. *P < 0.05 by Kruskal-Wallis tests. PEI: poly (ethyleneimine);
TGF-B1: transforming growth factor-B1; SMAD7: decapentaplegic homolog
7; PARP-1: poly (ADP-ribose) polymerase 1; s.e.: standard error.



this finding, overexpression of SMAD?7 is known to inhibit SMAD2/3
phosphorylation and protect against activation of hepatic stellate
cells into myofibroblasts,® whereas repression of SMAD7 promotes
SMAD2/3 phosphorylation and activates hepatic stellate cells.”” It
was also reported that SMAD7 gene transfer substantially inhibited
SMAD?2/3 activation and attenuated myofibroblast accumulation
in a rat model of renal fibrosis.”® These findings suggest that the
inhibition of SMAD2/3 activity is the main mechanism responsible
for SMAD7-mediated myofibroblastic differentiation and subsequent
accumulation of extracellular matrix proteins.

Despite the relatively well-known effect of SMAD7 on
transdifferentiation of fibroblasts to myofibroblasts, little data are as
yet available in regard to its effect on apoptosis of fibroblasts. In the
present study, treatment of PD fibroblast with SMAD7 gene induced
apoptosis of fibroblasts in both basal and TGF-B1-stimulated
conditions. Mesangial cell proliferation is a key feature of glomerular
scarring and end-stage renal disease, and overexpression of SMAD7
is known to increase caspase-3 activity and promote mesangial
cell apoptosis.** SMAD? is reported to activate caspase-8 and to
induce apoptosis in human breast cancer cell culture in vitro and
in xenograft model in vivo.*® In the present study, the SMAD7
gene also decreased expression of cyclin DI, a positive cell cycle
regulator, suggesting SMAD7 can regulate fibroblast proliferation
by modulating cell cycle.

Another mechanism by which overexpression of SMAD7
attenuates fibrotic responses in PD fibroblasts may be attributable
to increase in expression of PARP-1. It was reported that PARP-1
mediates poly (ADP-ribosyl) ation (PARylation) and regulates
transcription factors.”® PARP-1 is known to dissociate SMAD
complexes from DNA through PARylation of SMAD3 and SMAD4,
which terminates Smad-mediated transcription.”” Additional studies
are necessary to document the exact functional roles of PARP-1 in
the pathogenesis of PD.

In the present study, we for the first time documented that
inhibition of the TGF-f3 pathway using the SMAD7 gene has an
anti-fibrotic effect in human PD fibroblasts in vitro, which warrants
further studies in PD animal models in vivo.

In summary, overexpression of the SMAD7 gene attenuated
TGF-B1-induced extracellular matrix production and
transdifferentiation of fibroblasts into myofibroblasts by blocking
activation of SMAD2/3 pathway and possibly by inhibiting
Smad-mediated transcription through an up-regulation of PARP-1.
Inhibition of the TGF-f pathway by use of SMAD7 may be a viable
therapeutic strategy for the treatment of PD.
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