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Abstract

Objective: The aim of the present study was to evaluate
the potential protective effects of epigallocatechin-3-
gallate (EGCG) on fibrosis in bleomycin induced sclero-
derma model.

Materials and methods: Thirty-two healthy female Balb-c
mice with the average body weight of 22+ 5 g were used in
this study. The mice were randomly divided into four groups
as control (n=8), Bleomycin (n=8), Bleomycin+EGCG
(n=8) and EGCG (n=8). Skin tissue samples were col-
lected to quantify matrix metalloproteinases (MMP-1,
MMP-8, MMP-13), p-SMAD 2/3 and SMAD 2/3 in protein
homogenates by western blotting. TGF-B1 expression was
determined by real-time PCR. Immunohistopathological
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and histopathological examinations of skin tissues were
also done.

Results: When measured with Masson Trichrome, EGCG
treatment was found to decrease fibrosis in connective
tissue compared to the BLM injected control. EGCG was
decreased dermal fibrosis. Bleomycin+EGCG group
showed a significant reduction in fibrosis at the dermal
surface area using hematoxylin measurements compared
with the BLM group. MMP-1, MMP-8 protein levels were
increased and p-SMAD 2/3 protein level was decreased.
TGF-B mRNA expression was decreased in the EGCG + BLM
group compared with the BLM group.

Conclusion: These results suggest an antifibrotic role for
EGCG.

Keywords: BLM induced Scleroderma; EGCG; Fibrosis;
TGF-f; MMPs.

Ozet

Amag: Bu calismanin amaci, bleomisinle (BLM) olustu-
rulmus skleroderma modelinde epigallokatesin-3-gal-
lat'in (EGCG) fibrozis iizerine olasi koruyucu etkilerini
degerlendirmektir.

Gere¢ ve Yontem: Bu calismada ortalama viicut agirlhi§i
2245 g olan 32 adet saglikli disi Balb-c fare kullanildi.
Fareler rastgele olarak; kontrol (n=38), Bleomisin (n==8),
Bleomisin + EGCG (n=8) ve EGCG (n=8) olmak iizere
dort gruba ayrildi. p-SMAD 2/3, SMAD 2/3 ve matriks
metalloproteinaz (MMP-1, MMP-8, MMP-13) proteinlerinin
western blotting tayini icin dermal doku 6rnekleri top-
landi. TGF-B1 mRNA ekspresyonu qPCR ile belirlendi. Deri
dokularinda immiinohistopatolojik ve histopatolojik ince-
lemeler yapildi.

Sonuglar: Masson Trikrom boyama sonuclarina gére, EGCG
uygulanan grupta fibrozisin azaldig1 gézlendi. Hematok-
silen-eozin boyama sonuclarina gore, Bleomisin+EGCG
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grubu ile BLM grubu karsilastirildiginda EGCG uygula-
nan grupta fibrozis anlamli 6l¢iide azaldi. EGCG uygula-
nan grupta MMP-1, MMP-8 protein diizeylerinin arttig1 ve
p-SMAD 2/3 protein diizeyinin azaldig1 belirlendi. BLM ve
BLM + EGCG gruplari karsilastirildiginda TGF-B mRNA eks-
presyonunun EGCG uygulanan grupta azaldig gdzlendi.
Sonug: Sklerodermada, EGCG antifibrotik bir rol
oynamaktadir.

Anahtar sozciikler: BLM ile olusturulmus scleroderma;
EGCG; Fibrozis; TGF-; MMP’ler.

Introduction

Systemic scleroderma (SSc) is a complex disease with
three main clinical features: excessive chronic matrix
(ECM) accumulation, vascular damage and inflamma-
tion autoimmunity [1]. Although the pathogenesis is
unclear, SSc is characterized by abnormal reshaping of
connective tissues in the skin and internal organs, due to
the overproduction of ECM, in particular that of collagen,
by fibroblasts [2]. SSc is a very rare disease all around the
world having a prevalence ranging from 50 to 300 cases
per million. As with other autoimmune diseases, women
are at higher risk than men [3-5]. Concerning the in vivo
research, the bleomycin-induced experimental sclero-
derma mouse is the most widely used model for study-
ing scleroderma, and it is the best model for studying
the prevention or treatment of fibrosis [6]. Nevertheless,
there is no therapy or cure for SSc or for reversing the
fibrosis of the skin and internal organs. TGF-B/Smad 2-3
is one of the most important pathways in scleroderma.
TGF- promotes ECM synthesis, such as collagen type
I or fibronectin, thereby altering the proteins of the
cell matrix, and modulating the production of related
proteins by its proteolytic activity [7]. In this disease,
increased TGF-B signaling may span fibroproliferative
and inflammatory subsets and lead to the progressive
deposition of ECM, resulting in fibrosis [8]. The expres-
sion of o-smooth muscle actin (a-SMA) in fibroblasts
are also very important for differentiation into myofibro-
blasts and it coincides with an increase in the process of
cell proliferation [9].

Matrix metalloproteinases (MMPs) are important
enzymes of breakdown for various ECM components.
MMPs can be divided into subgroups such as collagenases,
stromelysins, stromelysin-like =~ MMPs, gelatinases,
membrane-type MMPs, and other Matrix metalloprotein-
ases. MMP-1 (interstitial collagenase-1) is effective in ini-
tiating degradation of interstitial collagen types I, II, and
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I1I [10]. MMP-8 (collagenase-2 or neutrophil collagenase)
belongs to the collagenase family, which degrades various
ECM proteins such as collagen type I [11]. MMP-13 (colla-
genase-3) is the interstitial collagenase which is elevated
and positively correlated with pulmonary fibrosis [12].

Epigallocatechin-3-gallate (EGCG), the most abundant
catechin, is the major effective component of green tea
and has been shown to have beneficial health effects on
skin [13, 14]. In liver fibrosis, EGCG was shown to inhibit
proliferation of fibroblasts, to reduce collagen deposition
and to upregulate the mitochondrial respiratory chain
[15]. It has also been promising for being a source of new
molecular therapies.

Animal models are used to provide clues and thera-
peutic interventions for human diseases. Bleomycin is
often used as an anti-tumor agent for a lot of cancers,
which is originally isolated from the fungus Streptomy-
ces verticillus [16]. Recent studies showed that bleomycin
upregulates collagen mRNA expression in human lung or
dermal fibroblasts in in vivo models [17, 18]. Yamamato
et al. established a mice model for scleroderma by local
treatment of bleomycin via subcutaneous (sc) injections
for 21 days [19-24].

In this study, we investigated the possible antifibrotic
effects of EGCG in vivo in bleomycin-induced sclerotic
mice. This study contributes to the knowledge of the
potential use of EGCG as a treatment for fibrosis in SSc
patients.

Materials and methods

The study protocol was reviewed and approved by Dokuz
Eyliil University Ethics Committee for Animal Research
(Protocol No: 79/2012).

Animals

Skin fibrosis was induced in 6-8-week-old, weighing
about 20-22 g, pathogen-free female Balb/c mice (DEU,
Department of Experimental Animals) by local injection
of bleomycin for 21 days [19, 23, 25]. The animals were
kept under standard animal laboratory conditions: tem-
perature of 20-22°C, humidity of 55-60%, photoperiod
of 12:12 h light: dark cycle. They had free access to stand-
ard laboratory feed and water. All methods including the
euthanasia procedure were conducted in accordance with
Guide for Care and Use of Laboratory Animals, Institute
for Laboratory Animal Research, National Institute of
Health.
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Experimental design

The experimental design was performed according to

Yamamato et al. [19, 23, 25]. Bleomycin was used for scle-

roderma model (Onko Kocgsel, Turkey). EGCG (Sigma-

Aldrich, USA) and bleomycin solutions were prepared at

1 ug/1 uL concentration before the experiment. A total of

32 female Balb/c mice were used and randomly divided

into 4 groups of 8 animals each, as follows:

1. Control group (n:8) was given subcutaneous (sc)
saline (SF) once a day, intraperitoneal (ip) SF twice
a week,

2. BLM group (n:8) was given 100 uL of BLM sc once a
day, 100 uL of SF ip twice a week,

3. BLM+EGCG group (n:8) was given 100 uL of BLM sc
once a day, 100 pL of EGCG ip twice a week,

4. EGCG group (n:8) was given 100 uL of SF sc once a
day, 100 uL of ECCG ip twice a week.

After 21 days, the animals were sacrificed under ether
anesthesia in sterile condition. The injected skin was
removed and processed for analysis. Skin tissue samples
were separated for immunohistochemistry, histochemis-
try, western blotting analyses and qPCR analysis.

Immunohistochemical and histological
analyses

The injected sections of skin were fixed in 10% formalin
and embedded in paraffin. Four micrometer (um) sections
were stained with hematoxylin and eosin for the determi-
nation of dermal thickness. For the analysis of connec-
tive tissue, Masson’s trichrome staining was performed.
Dermal thicknesses of the injected sections were analyzed
with an Nikon Eclipse C1 microscope (Nikon, Japan) at
200-fold magnification and digitalized by Nikon DS-Fi2
camera. Dermal sections were measured (as wm) on 10
areas. In each series of experiments, the dermal thick-
nesses were evaluated statistically.

o-Smooth muscle actin (a-SMA) (Thermo, USA) was
used for immunohistochemical analyses. Four microm-
eter sections were cut, baked at 60°C for 30 min, and
cooled. Sections were deparaffinized and rehydrated
through graded alcohols to water. Antigen retrieval was
required and it was done as follows: Slides were placed in
Tris-buffered saline with 0.1% Tween-20 and loaded onto
a Ventana Autostainer (Roche, USA). Blocking was done
and the primary antibody (Thermo Fisher Scientific, USA)
was applied for 30 min at room temperature. A horserad-
ish peroxidase (HRP) derived secondary antibody (Thermo
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Fisher Scientific, USA) was applied. Slides were washed
with wash bulffer, incubated with liquid diaminobenzi-
dine tetrahydrochloride (DAB) substrate (Agilent Technol-
ogies, Dako, USA) for 7 min, and rinsed with water. They
were counterstained for 2 min with hematoxylin (Agilent
Technologies, Dako, USA), blued with wash buffer, rinsed
with water, dehydrated, cleared, and coverslipped. o-SMA
positive cells were counted on five areas. Images were vis-
ualized with a Nikon Eclipse C1 microscope (Nikon, Japan)
at 200-fold magnification and digitalized by Nikon DS-Fi2
camera. In each series of experiments, a-SMA positive
cells were counted and evaluated statistically.

Preparation of tissue extracts for western
blotting and quantitative reverse
transcriptase—polymerase chain reaction
(RT-PCR) analysis

Skin tissues were prepared for the western blotting and gPCR
analysis. Each sample was homogenated with the trizol
reagent (Roche, USA) using TissueLyser II (Qiagene, USA).
The homogenate was incubated for 5min at room tempera-
ture. A 1:5 volume of chloroform was added, and the tube
was vortexed and subjected to centrifugation at 12,000 g for
15min. The aqueous phase was isolated, and the total RNA
was precipitated by cold absolute ethanol. After centrifuga-
tion and washing, the total RNA was finally eluted in 20 uL
of RNase, DNase free water. The quantity was characterized
using a UV spectrophotometer (NanoDrop 8000, Thermo
Scientific, USA). RNA was isolated from the homogenates.
The isolated RNA had a 260/280 ratio of 1.9-2.1.

For the isolation of total protein the organic phase
was obtained at the bottom of the tube as described above
(12,000 g centrifigation/15 min) Isopropanol in 1% glycerol
(Sigma Aldrich, USA) was added to bottom of the tube.
This protein precipitate was washed three times with
0.3 M guanidine hydrochloride in 95% ethanol. In addi-
tion, the protein precipitate was dried and solubilized in
1% sodium dodecyl sulfate (SDS). To ensure maximum
dissolution, the protein precipitate was incubated at 50°C
with intermittent vortexing in 1% SDS. This produced a
fairly good amount of protein. Total protein extracts were
transferred to fresh tubes and stored at —80°C.

Detection of MMP-1, MMP-8, MMP-13
and pSMAD 2/3 by western blotting

The protein concentration was quantified using a bicin-
choninic acid (BCA) protein assay kit (Thermo Pierce,
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USA). A total 25 ug of protein was separated by SDS—
polyacrylamide gel electrophoresis and transferred to
a 0.45 um pore size, Polyvinylidene difluoride (PVDF)
membrane (Millipore, USA) which was then blocked for
1 h at room temperature using 5% skim milk/Tris buff-
ered saline-Tween (TBST). The blots (For each MMP type,
four blots-representing four experimental groups) were
incubated overnight with a 1:1000 dilution of appropri-
ate primary antibody in 5% skim milk/TBST. The follow-
ing antibodies were used: Rabbit MMP-1, MMP-8, MMP-13
(ThermoFisher Scientific, USA) and total Smad 2/3,
P-Smad 2/3 (Santa Cruz Biotechnology, USA). After the
primary incubation, membranes were washed with TBST,
the blots were incubated with the appropriate horserad-
ish peroxidase—conjugated mouse anti-rabbit secondary
antibody (Santa Cruz Biotechnology, USA).

The following steps involved the processing of beta
actin in a similar way, to be further used for comparison
with the intensity of the MMP bands:

After visualizing the bands, MMP-1, MMP-8 and
MMP-13 membranes were stripped, [using a solution
(Thermo, USA) to dissociate the appropriate antibody]
and the remaining protein band was re-incubated for B-
actin using a monoclonal antibody (Santa Cruz Biotech-
nology, USA).

For the analysis of Smad and p-Smad: p-Smad mem-
brane (following visualation for p-Smad) was stripped
[using a solution (Thermo, USA) to dissociate the appro-
priate antibody] and re-incubated for Smad 2/3 with the
Smad 2/3 antibody.

All protein bands were visualized using enhanced
chemiluminescence (ECL) (Millipore, USA) and were
quantitated using Image-J, NIH Image densitometry
software. Relative expressions of proteins were calcu-
lated using the ratios: MMP-1/B-actin, MMP-8/B-actin,
MMP-13/B-actin and P-Smad 2-3/Smad 2-3 (Figure 6). All
experiments were performed in triplicate and the western
blotting images were presented as the representative of
three images.

Detection of TGF-B1 mRNA levels by
quantitative reverse transcriptase—
polymerase chain reaction (RT-PCR)

First-strand cDNA was synthesized from 1ug total RNA in
20 uL by reverse transcription using high capacity cDNA
kit (Applied Biosystems, CA, USA) according to the man-
ufacturer’s instructions. Reverse transcription reaction
consisted of 2uL Oligo-dT (50 uM), 2uL of 10x reverse
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transcriptase buffer, 0.8 uL of deoxynucleoside triphos-
phate (25 mM), 1 uL of RNase inhibitor (40 U/uL), 1 uL of
MultiScribe Reverse Transcriptase (50 U/uL), and RNase
free dH,O, up to a final volume of 20 uL. The cDNA was
then stored at —20°C for the gene expression study.

Real time quantitative PCR was performed to detect
the gene expression of TGF-B1 in skin tissue using SYBR
master mix (ThermoFisher Scientific, USA) at 95°C for
10 min, followed by 40 cycles of 95°C for 15 s and 60°C
for 30 s and the reaction was performed on Roche
Lightcycler (Roche, USA). GAPDH, mouse sequence
5-AGGTCGGTGTGAACGGATTTG-3* and reverse 5-TGTA-
GACCATGTAGTTGAGGTCA-3, was used as an internal
control. The primers that were used are TGF-B1 mouse
sequence Forward 5-GCCTGAGTGGCTGTCTTTTGA-3" and
Reverse 5’-CTGTATTCCGTCTCCTTGGTTCA-3".

A relative quantification was performed using the 224¢
method [26, 27]. The experiments were performed in tripli-
cate and were repeated twice.

Statistical analysis

Data were presented as means+SD and for compari-
sons between the groups, ANOVA Sidak analysis of vari-
ance and for dual comparisons Mann-Whitney U-test
were used. Statistical evaluations were performed using
the SPSS package program, version 20.0 (IBM, USA).
A p-value of <0.05 was considered to be statistically
significant.

Results

Investigation of the effects of EGCG on the
expression of antifibrotic molecules using
histochemical and immunohistochemical
staining

H&E and Masson Trichrome staining were performed and
the histological examination of the skin tissues from the
mice is shown in Figures 1 and 2. The dermal thicknesses
in the bleomycin+EGCG injected mice was significantly
lower than in the bleomycin injected mice respectively
(p<0.05, Figures 1 and 2). Alpha smooth muscle actin
immunohistochemical staining score was lower in the
BLM+EGCG injected mice than bleomycin injected mice
(p<0.05, Figures 3 and 4). EGCG shows inhibitory effect
on fibrosis.
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Figure 1: Masson-Trichrome staining.
Evidence of fibrosis (green color) was more prominent in the BLM group than BLM + EGCG group. Original magnification 20x. (A) Control
group, (B) BLM group, (C) BLM +EGCG group, (D) EGCG group.

Effects of EGCG on MMP-1, MMP-8, MMP-13
and p-Smad2/3 protein expressions in skin
tissues

As mentioned above, all experiments were performed
in triplicate. For this reason, all images obtained from
three independent western blotting experiments (MMP-1,
MMP-8, MMP-13, p-smad 2/3) were evaluated statistically
following the calculation of MMP(s)/B-Actin band area
ratios obtained from densitometric measurements. The
western blotting analysis showed that EGCG increased
the MMP-1, MMP-8 levels in the bleomycin induced mice.
Also, p-SMAD 2-3/Total SMAD 23 protein level ratio
was decreased (p<0.05, Figures 5 and 6) in the bleo-
mycin+EGCG group. MMP-13 was not found to be sig-
nificantly different in comparison with the BLM controls
(p>0.05, Figures 5 and 6).

Effect of EGCG on TGF-B1 mRNA levels in SSc
tissues

As expected in a succesful bleomycin induced sclero-
derma model, the levels of TGF-f mRNAs in the BLM group
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was significantly increased (p<0.01) compared with the
control group. TGF-f mRNA levels in BLM+EGCG group
was found to be lower (p<0.01) in comparison with the
BLM group (Figure 7).
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Figure 2: Staining score for Masson trichrome.
Results are presented as mean+SEM. *p <0.05.
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Figure 3: o-SMA staining of dermal tissue sections.

Alpha smooth muscle actin (-SMA) is a marker for activated fibroblasts. The number of a-smooth muscle actin-positive fibroblast cells
(black arrows) was higher in the BLM group than BLM + EGCG group. Original magnification 20x.

Discussion

Current treatment options for scleroderma have limitations
that they simply control symptoms without targeting the
underlying pathophysiology. More research is needed for
these more feasible, safer treatment options. The investi-
gation of the molecular mechanisms underlying sclero-
derma has attracted considerable attention in recent years
[28]. It has been widely accepted that the dysregulation of
the TGF-B/Smad pathway plays a key role in human skin
tissues [29]. Although a variety of molecules have been
investigated to check for possible antifibrotic effects of
EGCG in pulmonary and hepatic fibrosis [30-32], there is
no literature data encountered regarding the effect of EGCG
on skin tissues in an experimental scleroderma model.
This is the first study aiming to elucidate if EGCG has an
effect on the fibrotic component of scleroderma, in an exper-
imental scleroderma model. We hypothesized that EGCG
has an antifibrotic effect on scleroderma and the present
study demonstrates for the first time that the natural green
tea antioxidant, EGCG reduces collagens and TGF-f sign-
aling and also, increases MMP-8, MMP-1 while decreasing
p-SMAD 2/3 protein levels. Our results suggest that EGCG
may be a potential candidate for therapeutic treatment by

reducing the fibrotic effects of SSc disease characterized by
oxidant stress as well as excessive collagen production and
precipitation with fibroblasts in the skin.

i]IIl

Control BLM BLM + EGCG EGCG
Immunohistochemistry staining of a-SMA

Positive staining cell
©

Figure 4: Staining score for alpha smooth muscle actin.
Results are presented as mean+SEM. *p <0.05.
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Figure 5: Effects of EGCG treatment on MMPs and Smad pathway proteins in scleroderma.
Western blottings were performed to measure protein levels of MMP1, MMP8, MMP13, SMAD 2/3 and pSMAD 2/3, as described under mate-
rials and methods. (1) Control group, (2) BLM group, (3) BLM+EGCG group, (4) EGCG group.
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Figure 6: Effects of EGCG treatment on MMPs and Smad pathway proteins in scleroderma.
Quantitative representation of protein expression in all groups were obtained by densitometric analysis. (1) Control group, (2) BLM group, (3)
BLM +EGCG group, (4) EGCG group. *p <0.05.
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Figure 7: EGCG decreased TGF-31 mRNA.
mRNA expression of TGF-B1 was analyzed by quantitative real-time
gPCR. Results are presented as mean+SEM. *p <0.01.

The most prominent clinical features of SSC are exces-
sive accumulation of ECM components, especially type
I and type III collagen, in related organs such as the skin
and lung. In scleroderma fibroblasts, a-SMA, which is a
marker of the myofibroblasts, shows increased expression.
SSc is associated with the differentiation of fibroblasts into
myofibroblasts, characterized by the expression of a-SMA
contractile filaments. Myofibroblasts provide some activa-
tion features, including high levels of ECM gene expression,
during normal repair or during pathological fibrotic proce-
dures [33]. We also observed EGCG-induced inhibition of
0-SMA expression in SSc groups. In addition, in our study,
EGCG significantly decreased collagen levels in the EGCG
treated groups. These findings indicate that EGCG inhibits
production of collagen and the differentiation of fibroblasts.

There is important evidence in literature that EGCG
modulates the ECM of different cell types [29]. EGCG has
been shown to have anti-fibrotic, anti-cancer and anti-
inflammatory activities via TGF-f3 and PDFG signaling in
human and rat hepatic stellate cells, rat pancreatic cells,
rat aortic smooth muscle cells and human keloid fibro-
blasts [34-40]. Hsieh et al. [41] observed that EGCG blocks
the ability of TGF-B1 to produce collagen. Another study
indicated that EGCG reduced myocardial fibrosis in vitro
and in vivo [42]. Bleomycin induced, in rat lung fibro-
blast cultures, an increase in TGF-f mRNA synthesis and
TGF-B protein, followed by increased procollagen gene
transcription [43]. Increased expression of TGF-B1 and
TGF-B2 mRNA were also detected in the lesional skin. In
addition, recently, increased expression and synthesis of
TGF-B1 in bleomycin-induced mice have been observed
[44]. Dooley et al. [29] showed that EGCG can effectively
inhibit fibroblast-mediated gel contraction. EGCG has
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shown an inbitory effect on human dermal fibroblasts
[45]. Our data show, for the first time in the literature,
the decreasing effects of EGCG on collagen, TGF-3 and
p-SMAD 2/3 mRNA levels in skin tissues of the bleomy-
cine induced sclerodermic animals. In addition, we noted
that MMP-1, MMP-8 protein levels in the scleroderma mice
fibroblasts increased by treatment with EGCG. This obser-
vation suggests that EGCG may have dual effects on the
metabolism of collagen in SSc, involving both inhibiting
the production and increasing the degradation of colla-
gen. In parallel in our results EGCG was shown to inhibit
fibroblast activation and collagen accumulation by inhib-
iting TGF-B1 signaling and thus was considered to be
effective on pulmonary fibrosis [46].

TGF-f is produced by fibroblasts and infiltrating cells
at the sclerotic stage in the bleomycin model. In this model,
TGF-B and phosphorylated Smad2/3 are upregulated [47].
EGCG is a powerful antioxidant which has a lot of health
benefits. The effects may be due to its antioxidative action
[48-50]. EGCG reduced the increase in o-SMA expression
via TGF-f. These results indicate that the inhibitory effect
of EGCG on a-SMA expression is independent of its anti-
oxidative action. Tabuchi et al. [51] found that EGCG binds
to the TGF-B receptor and affects collagen degradation
by regulating MMPs. The effects of EGCG on scleroderma
might thus be partially caused by inhibition of phospho-
rylation of Smad2/3.

Taking our results into consideration, we think that
EGCG treatment, by inhibiting TGF-P1 signaling pathway,
may partially revert differentiated myofibroblasts, which
is supported by our data on decreased o-SMA.

In conclusion, our findings provide new evidence
to medical literature, that EGCG reduces skin fibrosis by
increasing MMP-1 and MMP-8. This study highlights the
potential use of EGCG as a new drug for the treatment
of fibrosis (following further investigations), in patients
with SSc.
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