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Abstract

Background: To evaluate the effect of bradykinin (BK) on TGF-B1-induced retinal pigment epithelial (RPE) cell
proliferation and extracellular matrix secretion and to elucidate the relationship between BK and the Erk/Akt

signaling pathway.

Methods: The effects of BK on TGF-B1-induced RPE cell proliferation were examined via CCK-8 assay. Cell culture
supernatant collagen | concentrations were measured via ELISA. Fibronectin (Fn), matrix metalloproteinase-2
(MMP-2) and MMP-9 mRNA and protein expression levels were measured via g-PCR and Western blotting, respectively.
Changes in Akt/Erk phosphorylation induced by BK and HOE-140 were evaluated via Western blotting.

Results: TGF-1 stimulated ARPE-19 cell proliferation, which was inhibited by BK, whose effects were inhibited by
HOE-140. BK inhibited TGF-31-induced collagen I, Fn and MMP-2 secretion in RPE cells, and these effects were
inhibited by HOE-140. BK also inhibited TGF-31-induced Akt phosphorylation in RPE cells, and these effects were
blocked by HOE-140. BK had no significant effect on Erk-mediated signaling.

Conclusions: The findings from this study indicate that BK could be novel therapeutic targets for the treatment

of PVR.
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Background

Proliferative vitreoretinopathy (PVR) is the most com-
mon cause of failed repair of rhegmatogenous retinal de-
tachment [1]. The major feature of PVR is the formation
of a subretinal or epiretinal membrane (ERM) that con-
sists of retinal pigment epithelial (RPE) cells, fibroblasts,
glial cells, and macrophages, as well as extracellular
matrix [2]. Besides, concomitant inflammatory cells are
involved in the formation of proliferative membrane [3].
The pathogenesis of PVR includes migration of cells,
proliferation of migrating cells, membrane development,
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contraction, extracellular collagen production and creation
of fixed folds in the retina [4].

Under physiological conditions, RPE cells exist in a
resting state and remain in Go phase, which maintains
normal retinal function. Human RPE (hRPE) cells are
frequently used in in vitro studies to investigate RPE-
related disesases, as well as specific clinical treatments
for these diseases. Thus, the hRPE cell line ARPE-19 was
used in our study [2, 5, 6].

Previous studies have reported that abnormal ECM de-
position and cell proliferation increase the likelihood of
PVR development, and the newly formative ECM promotes
membrane contraction. Therefore, preventing abnormal
ECM deposition and cell proliferation may prevent PVR
development [3, 7]. Collagen is the most abundant protein
in the human body and comprises several different sub-
types. Types I and III contribute to PVR membrane
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formation [8], which results in RPE cell phenotype changes,
as well as RPE cell proliferation, migration and deform-
ation [9]. Fibronectin (FN), laminin (LN) and vitronectin
(VN) are the major components of non-collagenous gly-
coproteins. Previous studies have shown that FN influences
specific RPE cell behaviors, including trans-differentiation,
proliferation, migration, adhesion, contraction and cytoskel-
etal formation [10].

The balance between ECM production and degradation
is tightly regulated, and matrix metalloproteinases (MMPs)
are associated with the degradation of collagen and other
ECM proteins [11]. Other studies have shown that MMP
activity correlates with PVR membrane formation [12].
Some studies have shown that MMP-1 exists in the normal
retina, while MMP-2 and MMP-9 exist in the epiretinal
and subretinal membranes and facilitate cell migration to
the vitreous cavity in the setting of early PVR [13, 14].
Gonzalez-Avila noted obvious increases in MMP-2 and
MMP-9 expression in the subretinal fluid of PVR patients
[15]. MMPs play an important role in regulating ECM
remodeling.

In PVR, ECM synthesis, secretion and degeneration are
stimulated not only by MMPs but also by growth factors,
especially TGF-B1. Dvashi et al. find that TGF-B1 Induces
Transdifferentiation of RPE Cell via TAK1 pathway [16].
TGEF-P1 stimulates RPE cell type L, III and IV collagen ex-
pression [17, 18]. Previous studies have found that inhibit-
ing TGF-P1 expression may prevent PVR progression
[19]. TGE-P1 plays a vital role in PVR formation, as it
regulates cell proliferation, promotes ECM synthesis
and induces ECM deposition at wound sites, resulting
in scarring and fibrosis [8, 20].

The kallikrein-kinin system (KKS) is one of the main
pressure-releasing systems in the human body, which
comprises kininogen (KNG), kinin, kininase, kallikrein,
kallikrein and kinin receptors, also plays a role in PVR
progression [21]. Some studies found that KKS had the
pro-inflammatory effects [22] and increased the perme-
ability of the retinal microvasculature [23]. But the effect
of BK on the process of PVR is controversial. So we
focus on KKS, which modulates several important func-
tions, in order to find new therapies to PVR. Bradykinin
(BK) is the primary determinant of KKS activity [24].
Our previous studies have shown that KNG is localized
in the vitreous body and that its expression is positively
correlated with PVR severity [25, 26]. High levels of BK
expression have been detected in the serum, vitreous
body and retina of PVR rats, which indicates that BK
may be associated with PVR development [21]. Nelly
Blaes reported that BK inhibits TGF-B-induced collagen
production by activating the bradykinin B2 receptor
(B2R) [27]. Other studies have found that BK inhibits
growth factor-induced cell proliferation and ECM secre-
tion [28]. However, the effects of BK on cultured RPE

Page 2 of 9

cell proliferation and the mechanism underlying its ef-
fects on TGF-P1 remain unknown. Therefore, we inves-
tigated the effect of BK on TGF-PBl-induced RPE cell
proliferation and extracellular matrix secretion.

Methods

Reagents and antibodies

BK and anti-MMP-2 antibodies were obtained from Abcam
(Cambridge, UK). The BK B2 receptor-specific antagonist,
HOE-140, was purchased from Shanghai Top-Peptide
Biotechnology Company (Shanghai, China). Recombinant
human TGF-Bf1 was obtained from PeproTech Inc.
(New Jersey, USA). Antibodies to fibronectin, Akt, and
phosphorylated Akt (p-Akt) were purchased from Bio-
world (Minnesota, USA), and antibodies to p-Erkl/2
and anti-MMP-9 were obtained from Cell Signaling
Technology (Boston, USA).

Cell culture and general experimental methods

ARPE-19 cells (ICell Bioscience, China) were used for
the experiments and were cultured in 10 % fetal bovine
serum (FBS)-supplemented (Gibco, USA) DMEM/F12
culture medium (Hyclone, USA) at 37 °C in a humidified
atmosphere of 5 % CO,. The experiments were performed
using cultured ARPE-19 cells (passages two through four)
that were grown until they exhibited a hexagonal shape
and no visible pigmentation. Upon reaching 60-70 %
confluence, the ARPE-19 cells were cultured for 24 h in
FBS-free DMEM/F12 culture medium to achieve cell
synchronization. We treated the cells with four different
interventions. The cells were incubated with 0.1, 0.5, 2.5,
10, 12.5 ng/ml TGF-B1 and 0.1, 1, 10, 100, 1000 nM BK
for 24 and 48 h. Cell Counting Kit-8 (CCK-8) (Beijing
Zoman Biotechnology Co., Ltd., China) was applied to
detect cell proliferation. In addition, after the ARPE-19
cells were pre-incubated with various concentrations
(0.1, 1, 10, 100, 1000 nM) of BK for 30 min, they were
coincubated with 10 ng/ml TGF-p1 for 24 and 48 h so
that we could observe the effect of BK on TGF-B1-
induced ARPE-19 cell proliferation. We pre-incubated
the cells with 1 uM HOE-140 for 30 min before treat-
ing them with or without exogenous TGF-$1 and BK.

Cell proliferation detection by CCK-8

ARPE-19 cells were diluted and suspended in complete
culture medium containing 10 % FBS before being plated
at a density of 2000 cells/well (100 pl/well) in 96-well
plates for 24 h. The cells were starved in basal medium
without FBS for 12 h to achieve synchronization. After be-
ing treated with the above different interventions, the cells
were cultured for 24 and 48 h and then coincubated with
10 pl of CCK-8/well at 37 °C in the dark for 3 h. Optical
density (OD) was detected at 450 nm using a microplate
reader. Each group had five parallel wells, and detection
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was repeated three times per group to obtain mean values,
which were used for subsequent statistical analyses.

Type | collagen ELISA

Cell supernatant type I collagen (Col I) secretion was
assessed using a human Col I enzyme-linked immuno-
sorbent assay (ELISA) kit (Shanghai Senxiong Company,
China), according to the manufacturer’s instruction.
Cells were seeded in 6-well plates at a density of 2 x 10°
cells/well and treated with five different interventions.
The control group was incubated with phosphate-buffered
saline (PBS), the BK group was incubated with 1 nM BK,
the TGF-B1 group was incubated with 10 ng/ml TGF-$1,
and the BK and TGF-B1 group was pre-incubated with 1
nM BK for 30 min before being treated with 10 ng/ml
TGEF-B1. The HOE-140, BK and TGF-B1 group was pre-
incubated with 1 uM HOE-140 and 1 nM BK for 30 min
each before being treated with 10 ng/ml TGF-pf1. All
groups were cultured for 48 h after the above interven-
tions. Their supernatants were subsequently collected and
centrifuged. Col I concentrations were measured at
492 nm and calculated from a standard curve.

Q-PCR for fibronectin, MMP-2, and MMP-9 mRNA
expression measurements
q-PCR was used to measure mRNA expression. Total
RNA was extracted using Trizol (Invitrogen, USA). After
incubation, the cells were washed with PBS and treated
with 1 ml of Trizol before being centrifuged for 5 min.
Chloroform (Shanghai Generay Biotech Co., Ltd, China)
was added (200 pl of chloroform/ml Trizol) to the reac-
tion tube, which was shaken vigorously, incubated for
5 min and centrifuged at 12000 rpm for 15 min. The
aqueous fluid was then removed from the tube and placed
in another centrifuge tube, mixed with isopropanol
(Shanghai Generay Biotech Co., Ltd, China) (500 ul
isopropanol/ml Trizol), incubated for 10 min, and centri-
fuged at 12000 rpm for 10 min for RNA precipitation.
The mixture was then dried using anhydrous ethanol be-
fore being treated with 30 pl of DEPC (Sigma, USA) water
to dissolve the RNA precipitate. The RNA concentration
was subsequently detected via spectrophotometry with an
A260/280 ratio of 1.8-2.0.

c¢DNA was synthesized via RT-PCR (TaKaRa, Japan),
according to the manufacturer's protocol. cDNA was
amplified with specific primers. GAPDH primers were
used as controls. The nucleotide sequences of fibronectin,
MMP-2, MMP-9 were obtained from GenBank and used
to design specific primers (synthesized by Sangon Corpor-
ation, Shanghai, China), the sequences of which are shown
in Table 1. A total of 0.5 pl of reverse-transcribed cDNA
was subjected to PCR in the presence of 10 pl of PCR mix
and 0.5 pl of sense and antisense primers. q-PCR was used
to detect Fn, MMP-2, and MMP-9 mRNA expression.
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Table 1 RT-gPCR primers

Primer name Primer sequence (forward/reverse)
GAPDH 5'-CTGGGCTACACTGAGCACC-3'
5'-AAGTGGTCGTTGAGGGCAATG-3
Fibronectin 5'- CGGTGGCTGTCAGTCAAAG-3
5-AAACCTCGGCTTCCTCCATAA-3’
MMP-2 5'-TACAGGATCATTGGCTACACACC-3'
5'-GGTCACATCGCTCCAGACT-3'
MMP-9 5-TGTACCGCTATGGTTACACTCG-3'

5'-GGCAGGGACAGTTGCTTCT-3'

Relative mRNA expression levels were calculated as
the difference between target and reference gene (GAPDH)
expression levels using the ACT method. Real-time PCR
was performed in triplicate for each gene, including
GAPDH. The threshold cycles at which exponential in-
creases in PCR product amplification were detected
were used for quantification.

Western blot analysis

Fibronectin, MMP-2 and MMP-9 protein expression
levels were detected by Western blotting. Cold radio-
immunoprecipitation assay (RIPA) buffer and phenylmethyl-
sulfonyl fluoride (PMSF: a protease inhibitor) (Shanghai
Beyotime Biotech Co., China) were used to lyse the cells,
which were washed twice with PBS. A cell scraper was used
to gather the cell lysates, which were subsequently
transferred to Eppendorf tubes and centrifuged for 30 min
at 12,000 rpm (4 °C) to obtain the supernatants. A BCA
protein assay kit (Shanghai Beyotime Biotech Co., China)
was used to determine protein concentrations. Protein
samples (30 pg protein/well) were electrophoresed via so-
dium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and then transferred to polyvinylidene
difluoride (PVDF) membranes, which were sequentially
blocked in Tris-buffered saline containing 5 % milk for 1 h
at 37 °C, incubated with antibodies to fibronectin, MMP-2
and MMP-9 overnight, washed, and then incubated with
the appropriate secondary antibody for 1 h at 37 °C. Band
densities were quantified using Image ] software.

Akt, Erk 1 and 2 expression levels were measured by
Western blotting, as described above. The cells were in-
cubated with BK, TGF-B1 and the BK receptor antagon-
ist HOE-140 to determine the effect of HOE-140 on Akt
and Erk 1 and 2 phosphorylation.

Statistical analysis

Statistical analyses were performed with SPSS 19.0 soft-
ware. All measurement data were representative of at least
3 separate experiments, are expressed as the mean + stand-
ard deviation (SD) and were compared between two
groups using Student’s t-test. For multiple comparisons,
the results were analyzed using one-way ANOVA. P-values
less than 0.05 were considered significant.
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Results

The effects of TGF-B1, BK and HOE-140 on APRE-19 cell
proliferation

TGF-B1 stimulated cell proliferation

TGEF-B1 promoted cell proliferation at 24 and 48 h. Cell
proliferation was positively correlated with TGF-B1 con-
centrations, with the exception of 12.5 ng/ml. Cell prolif-
eration was significantly increased after 48 h of incubation
compared with 24 h of incubation (Fig. 1a).

BK had no direct effect on cell proliferation

ARPE-19 cells were treated with different BK concentra-
tions for 24 h and 48 h; however, no significant differences
in OD values were noted between the BK-treated group
and the control group (0 nM BK) (P > 0.05).

BK inhibited TGF-B1-induced cell proliferation through B2R
activation

Our previous study demonstrated that 10 ng/ml TGF-1
increases cell proliferation (P < 0.05). ARPE-19 cells were
pre-incubated with different BK concentrations for 30 min.
BK inhibited TGF-p1-induced cell proliferation, especially
at a concentration of 1 nM (Fig. 1b). Before the cells were
pre-incubated with 1 nM BK, they were incubated with
1 uM HOE-140 for 30 min. HOE-140 prevented the in-
hibition TGF-B1-induced cell proliferation facilitated by
BK (P = 0.003, Fig. 1c).

The effects of BK, HOE-140 and TGF-31 on ARPE-19 cell
collagen 1 section

A single application of 10 ng/ml TGF-p1 promoted Col
I secretion in ARPE-19 cells (P = 0.005), while a single
application of BK had no significant effect on Col I secre-
tion. TGF-Pl-induced Col I secretion was significantly
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Fig. 2 Effect of BK, HOE-140 and TGF-B1 on Col | secretion in RPE
cells. ** P < 0.01 versus without addition, ****P < 0.0001 versus with
TGF-B1 alone, *P < 0.05 versus with BK and TGF-31
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inhibited (compared to PBS alone group) when the cells were
pre-incubated with BK before being treated with TGF-p1
(P < 0.0001). HOE-140 blocked the effects of BK on TGEF-
B1-induced Col I secretion (P < 0.05), as shown in Fig. 2.

The effects of BK, HOE-140 and TGF-31 on Fn, MMP-2 and
MMP-9 mRNA expression in ARPE-19 cells

TGEF-B1-treated ARPE-19 cells exhibited increased Fn
and MMP-2 mRNA expression compared with control
cells (both P < 0.05); however, a single application of BK
had no significant effects on Fn or MMP-2 mRNA ex-
pression (P > 0.05). BK administration prior to TGF-B1

treatment inhibited TGF-B1-induced increases in Fn and
MMP-2 mRNA expression (both P< 0.05). HOE-140
blocked the effects of BK on TGF-pfl-induced Fn and
MMP-2 mRNA expression (both P< 0.05), as shown in
Fig. 3. The expression levels of MMP-9 in each of the
six groups were low; thus, comparisons among these
groups were not performed.

The effects of BK, HOE-140 and TGF-31 on Fn and MMP
expression in ARPE-19 cells

Western blotting was performed to verify the above-
mentioned q-PCR results. As shown in Fig. 4, TGF-$1
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Fig. 4 Effect of BK on TGF-B1-induced Fn and MMP-2 protein expression in RPE cells. a Western blotting results for Fn and MMP-2 protein expression
in five groups. b/c TGF-31 promoted Fn and MIMP-2 secretion, which was inhibited by BK. HOE-140 blocked the inhibitory effects of BK. *P < 0.05 versus
without addition. &&P < 0.01 versus with TGF-B1 alone. *P < 0.05 versus with BK and TGF-31
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promoted Fn and MMP-2 secretion by ARPE-19 cells,
BK inhibited Fn and MMP-2 section, and HOE-140
blocked these effects (all P< 0.05). Therefore, the
Western blotting results were consistent the above-
mentioned q-PCR results.

The effects of BK on Akt and Erk1/2 phosphorylation

BK promoted Akt and Erk1/2 phosphorylation

BK promoted Akt and Erkl1/2 phosphorylation in RPE
cells. Akt phosphorylation levels increased most sig-
nificantly after 1 min of BK stimulation, and Erk phos-
phorylation levels increased most significantly after
5 min of BK stimulation (both P < 0.05), as shown in
Fig. 5. BK increased Akt and Erk1/2 phosphorylation
levels over 1 and 5 min in a concentration-dependent
manner in treated ARPE-19 cells compared with con-
trol cells (Fig. 6a, b).
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BK inhibited TGF-B1-induced Akt phosphorylation

TGE-P1 significantly increased Akt phosphorylation levels
in treated ARPE-19 cells compared with control cells (P <
0.05); however, pre-incubation with BK inhibited these ef-
fects, as shown in Fig. 7a. However, BK administration
had no significant effects on TGEF-Bl-induced Erkl/2
phosphorylation (P > 0.05), as shown in Fig. 7b.

BK inhibited TGF-B1-induced Akt phosphorylation via the
BK B2 receptor

To determine the mechanism underlying BK activity, cells
were treated with HOE-140, a BK B2 receptor antagonist,
before being treated with BK and TGF-p1. HOE-140 sig-
nificantly inhibited the effects of BK on TGF-p1-induced
Akt phosphorylation, indicating that the BK B2 receptor
plays a role in inhibiting Akt phosphorylation (Fig. 7a).
HOE-140 did not affect Erk1/2 phosphorylation (Fig. 7b).
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Discussion

Proliferative vitreoretinopathy (PVR) is a complication
that can follow rhegmatogenous retinal detachments.
Proliferative membrane contraction can result in re-
duced vision or blindness [1]. ECM deposition and cell
proliferation are associated with PVR development, how-
ever, the mechanism underlying the relationship between
ECM deposition and cell proliferation and PVR devel-
opment is unclear. The KKS is one of the main
pressure-releasing systems in the human body, and BK
is the primary determinant of KKS activity and thus
plays a vital role in regulating inflammation, cell prolif-
eration, and matrix hyperplasia. The present study
attempted to elucidate the mechanism by which BK
protects against PVR development. Multiple types of
cells and cytokines are involved in the pathogenesis of
PVR, and TGF-B1-induced cell proliferation is closely
related to PVR development.
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Fig. 7 a Effect of BK on TGF-B1-induced Akt phosphorylation in RPE
cells. a TGF-31 facilitated significant increases in Akt phosphorylation
levels in treated RPE cells compared to control cells; however, this
effect was inhibited via incubation with BK before TGF-B1 treatment
but could be blocked by HOE-140. b Neither BK nor HOE-140 had
an effect on TGF-B1-induced Erk1/2 phosphorylation. *P < 0.05 versus
without addition, && P < 0.01 versus with TGF-31 alone. P < 00001
versus with BK and TGF-31

Many scholars believe that inhibiting cell proliferation
may prevent or delay PVR onset and progression. In this
study, we performed CCK-8 assay to detect RPE cell
proliferation, as this assay is an indicator of cell viability.
We determined that TGF-B1 stimulates RPE cell prolif-
eration and that although BK exerts no direct effects on
cell proliferation, it can affect cell proliferation by sig-
nificantly inhibiting the effects of TGF-p1. In addition,
HOE-140, a bradykinin B2 receptor antagonist, blocked
the effects of BK on TGF-B1. Therefore, this study
demonstrated that BK regulates TGF-B1-induced RPE
cell proliferation by activating the BK B2R.

TGEF-P1 is an important regulator of ECM synthesis
and degradation, as well as fibrosis [29, 30]. Connor
showed that PVR patients exhibit significant increases in
their vitreous fluid TGF-p concentrations and that these
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increases are directly proportional to PVR severity [31].
Baudouin noted increased TGF-P1 concentrations in
subretinal fluid samples that were collected during dif-
ferent PVR periods. These findings indicate that TGF-p1
plays a role in PVR development and that inhibiting
TGEF-B1 expression may prevent PVR development [32].
Obeta reported that TGF-B1 activates Smad-dependent
and Smad-independent signaling by binding TGF-[3 recep-
tors. The Smad-independent signaling pathways comprise
the PI3K-Akt, mitogen-activated protein kinase (MAPK),
and JNK/p38 pathways, as well as other pathways [33].
The extracellular signal-related kinasel/2 (Erk1/2) sig-
naling pathway is one of the most important signaling
pathways associated with MAPK activity, which can be
activated via phosphorylation cascade stimulation to
regulate cell proliferation and differentiation [34]. PI3K
plays a role in cell proliferation and differentiation and
has been shown to regulate proto-oncogene expression.
PI3K/Akt (also known as protein kinase B, PKB) signal-
ing plays an important role in cell proliferation and sur-
vival [35].

Previous studies have shown that BK increases vascular
smooth muscle cell proliferation by activating the Erk sig-
naling pathway and that BK may also play a role in colla-
gen synthesis and secretion by inhibiting TGF-f-induced
Akt phosphoylation [27].

In the present study, ARPE-19 cells were stimulated
by TGF-P1 and then treated with HOE-140 to determine
the effect of BK on TGF-p1l-induced ECM and MMP se-
cretion by ARPE-19 cells, elucidate the mechanism under-
lying this effect, and clarify the relationship between BK
and Akt/MAPK (Erkl1/2) signaling. We found that BK
inhibited TGF-B1-induced ECM deposition and MMP se-
cretion. Moreover, TGF-p-induced Akt phosphorylation
was also inhibited by BK. This inhibition was blocked by
HOE-140, indicating that BK inhibits the effects of TGE-
B1. The BK B2R is a G protein-coupled receptor (GPCR),
and the mechanism underlying the effects of BK may in-
volve protein-protein interactions between GPCRs and
TGE-p receptors. Additional in-depth studies must be per-
formed to identify the intracellular signaling pathways and
specific protein-protein interactions associated with the
effects of BK.

This study had some limitations. First, the KKS system
is complicated. Although BK is the primary determinant
of KKS activity, other substances in the KKS system may
also have an impact on collagen formation in RPE cells.
Second, our study involved only cultured RPE cells. We
did not establish an animal model. Third, our study ex-
plored the effects of BK on TGEF-B1l-induced RPE cell
proliferation; however, in the process of PVR, there are
many growth factors such as transforming growth factor,
hepatocyte growth factor, insulin-like growth factor and
so on. A variety of growth factors are involved in the
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process of PVR, cell function changes stimulated by
different growth factors may lead to changes in down-
stream effector molecules. Thus, additional studies must
investigate the effects of BK under different conditions
and the mechanism underlying these effects.

In conclusion, this study showed that BK affects cell
proliferation and ECM secretion and has shed new light
on the mechanisms underlying PVR development, which
may facilitate the development of new therapies for this
disease.

Conclusions

BK exerts its effects by binding the BK B2R in TGF-p1-
treated RPE cells and was found to inhibit TGF-B1-in-
duced cell proliferation. BK inhibited TGF-B1-induced Fn,
collagen I and MMP-2 secretion and Akt phosphoryl-
ation. The findings from this study indicate that BK
could be novel therapeutic targets for the treatment of
PVR.

Abbreviations

BK: Bradykinin; CCK-8: Cell counting Kit-8; ECM: Extracellular matrix;

ELISA: enzyme-linked immunosorbent assay; Fn: Fibronectin; KKS: Kallikrein-kinin
system; KNG: Kininogen; LN: Laminin; MIMP-2: Matrix metalloproteinase-2;

OD: Optical density; PBS: Phosphate-buffered saline;

PMSF: Phenylmethylsulfonyl fluoride; PVR: Proliferative vitreoretinopathy;

RIPA: Radio-immunoprecipitation assay; RPE: Retinal pigment epithelial;

VN: Vitronectin

Acknowledgements
The authors thank Dr. Yu and Du for conducting this study. The authors also
thank AJE for English editing.

Funding
This work was financially supported by the National Natural Science
Foundation of China in 2014 (81470648).

Availability of data and material
Data will be shared upon request.

Authors’ contributions

CWT designed the study, did the experiment, and was the major contributor
in writing the manuscript. WQQ, LQY and RCD did the experiment. LIL, WQY,
ZRL and HMM analyzed the results. YJ and DYR supervised the experiments
and did the critical review and final approval of the manuscript. All authors
reviewed and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.

Author details

'Department of Ophthalmology, Shanghai Tenth People’s Hospital, Tongji
University, School of Medicine, Shanghai, China. °Nanchang University,
Jiangxi, China. *Department of Ophthalmology, The 180th Hospital of
Chinese People’s Liberation Army, Quanzhou, Fujian province, China.

Received: 12 September 2016 Accepted: 28 October 2016
Published online: 10 November 2016



Cai et al. BMC Ophthalmology (2016) 16:199

References

1.

20.

21.

22.

Kwon OW, Song JH, Roh MI. Retinal Detachment and Proliferative
Vitreoretinopathy. Dev Ophthalmol. 2016;55:154-62. http://dx.doi.org/10.
1159/000438972.

Gaoen M, Yajian D, Xionggao H, Cynthia XQ, Yewlin C, Shizuo M, et al.
Prevention of Proliferative Vitreoretinopathy by Suppression of
Phosphatidylinositol 5-Phosphate 4-Kinases. Invest Ophthalmol Vis Sci.
2016;1; 57(8):3935-43. http://dx.doi.org/10.1167/iovs.16-19405.

Ciprian D. The pathogeny of proliferative vitreoretinopathy. Rom J
Ophthalmol. 2015;59(2):88-92.

Pastor JC, Rojas J, Pastor-ldoate S, Di Lauro S, Gonzalez-Buendia L,
Delgado-Tirado S. Proliferative vitreoretinopathy: A new concept of
disease pathogenesis and practical consequences. Prog Retin Eye Res.
2016;51:125-55. http://dx.doi.org/10.1016/j.preteyeres.2015.07.005.
Kamoshita M, Toda E, Osada H, Narimatsu T, Kobayashi S, Tsubota K; et al.
Lutein acts via multiple antioxidant pathways in the photo-stressed retina.
Sci Rep. 2016;22(6):30226. http://dx.doi.org/10.1038/srep30226.

Kang JH, Choung SY. Protective effects of resveratrol and its analogs on
age-related macular degeneration in vitro. Arch Pharm Res. 2016;1-13.
http://dx.doi.org/10.1007/512272-016-0839-0.

Hiscott P, Hagan S, Heathcote L, Sheridan CM, Groenewald CP, Grierson |,
et al. Pathobiology of epiretinal and subretinal membranes: possible roles
for the matricellular proteins thrombospondin 1 and osteonectin (SPARC).
Eye (Lond). 2002;16:393-403. http://dx.doi.org/10.1038/sj.eye.6700196.
Kimoto K, Nakatsuka K, Matsuo N, Yoshioka H. p38 MAPK mediates the
expression of type | collagen induced by TGF-beta 2 in human retinal
pigment epithelial cells ARPE-19. Invest Ophthalmol Vis Sci. 2004;45:2431-7.
Vidaurri-Leal JS, Glaser BM. Effect of fibrin on morphologic characteristics of

retinal pigment epithelial cells. Arch Ophthalmol. 1984;102:1376-9. http://dx.

doi.org/10.1001/archopht.1984.01040031118037.

Hocking DC, Sottile J, Langenbach KJ. Stimulation of integrin-mediated cell
contractility by fibronectin polymerization. J Biol Chem. 2000,275(14):10673-82.
http//dx.doi.org/10.1074/joc.275.14.10673.

Sapna G, Gokul S, Bagri-Manjrekar K. Matrix metalloproteinases and
periodontal diseases. Oral Dis. 2014;20(6):538-50. http://dx.doi.org/10.1111/
0di.12159.

Zhang X, Sakamoto T, Hata Y, Kubota T, Hisatomi T, Murata T, et al.
Expression of matrix metalloproteinases and their inhibitors in experimental
retinal ischemia-reperfusion injury in rats. Exp Eye Res. 2002;74(5):577-84.
http://dx.doi.org/10.1006/exer.2001.1152.

Webster L, Chignell AH, Limb GA. Predominance of MMP-1 and MMP-2 in
epiretinal and subretinal membranes of proliferative vitreoretinopathy. Exp
Eye Res. 1999,68(1):91-8. http://dx.doi.org/10.1006/exer.1998.0585.

Kon CH, Occleston NL, Charteris D, Daniels J, Aylward GW, Khaw PT.

A prospective study of matrix metalloproteinases in proliferative
vitreoretinopathy. Invest Ophthalmol Vis Sci. 1998;39(8):1524-9.
Gonzalez-Avila G, Mendez D, Lozano D, Ramos C, Delgado J, Iturria C. Role
of retinal detachment subretinal fluid on extracellular matrix metabolism.
Ophthalmologica. 2004;218(1):49-56. http://dx.doi.org/10.1159/000074567.
Dvashi Z, Goldberg M, Adir O, Shapira M, Pollack A. TGF-B1 induced
transdifferentiation of rpe cells is mediated by TAK1. PLoS One.
2015;10(4):e0122229. http://dx.doi.org/10.1371/journal.pone.0122229.
Zeng J, Jiang DY. The relationship between matrix metalloproteinases and
inhibitors with vitreoretinal diseases. Int J Ophthalmol Vol. 2000;2(2):83-6.
Sethi CS, Bailey TA, Luthert PJ, Chong NH. Matrix metalloproteinase biology
applied to vitreoretinal disorders. Br J Ophthalmol. 2000;84(6):654-66.
http://dx.doi.org/10.1136/bjo.84.6.654.

Nassar K, Grisanti S, Tura A, Like J, Luke M, Soliman M, et al. A TGF-beta
receptor 1 inhibitor for prevention of proliferative vitreoretinopathy. Exp Eye Res.
2014;123:72-86.

Pasquale LR, Dorman-Pease ME, Lutty GA, Quigley HA, Jampel HD.
Immunolocalization of TGF-beta 1, TGF-beta 2, and TGF-beta 3 in the anterior
segment of the human eye. Invest Ophthalmol Vis Sci. 1993,34(1):23-30.

Zhao HM, Yu J, Sheng MJ. Experimental study of kallikrein-kinin system
participating in proliferative vitreoretinopathy procedure. Chinese Journal of
Experimental Ophthalmology. 2011;29:591-5.

Phipps JA, Jobling Al, Greferath U, Fletcher EL, Vessey KA. Alternative pathways
in the development of diabetic retinopathy: the renin-angiotensin and
kallikrein-kinin systems. Clin Exp Optom. 2012,95(3):282-9. http://dx.doi.org/10.
1111/j.1444-0938.2012.00747 x.

23.

24

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

Page 9 of 9

Liu J, Feener EP. Plasma kallikrein-kinin system and diabetic retinopathy. Biol
Chem. 2013;394(3):319-28. http://dx.doi.org/10.1515/hsz-2012-0316.

MI P, Wong SS, Dreveny |, Emsley J. Structure of plasma and tissue kallikreins.
Thromb Haemost. 2013;110(3):423-33. http://dx.doi.org/10.1160/TH12-11-0840.
Yu J, Liu F, Cui SJ, Liu Y, Song ZY, Cao H, et al. Vitreous proteomic analysis
of proliferative vitreoretinopathy. Proteomics. 2008;8:3667-78.

Yu J, Wang F. Verify kininogen1 as molecular marker in the serum of
proliferative vitreous retinopathy. Rec Adv Ophthal. 2009,29:561-4.

Blaes N, Pecher C, Mehrenberger M, Cellier E, Praddaude F, Chevalier J, et al.
Bradykinin inhibits high glucose- and growth factor-induced collagen synthesis
in mesangial cells through the B2-kinin receptor. Am J Physiol Renal Physiol.
2012;303(2):F293-303. http://dx.doi.org/10.1152/ajprenal 00437.2011.

Liu CY, Zhou LL, Cheng Q, Jiang SN, Sheng J, Sun D, et al. Effect of
bradykinin on renal mesangial cell proliferation and extracellular matrix
secretion. Genet Mol Res. 2014;13(1):490-8. http://dx.doi.org/10.4238/2014.
January.21.18.

Penn JW, Grobbelaar AO, Rolfe KJ. The role of the TGF-beta family in wound
healing, burns and scarring: a review. Int J Burns Trauma. 2012;2:18-28.
Ziyadeh FN. Mediators of diabetic renal disease: the case for tgf-Beta as the
major mediator. J Am Soc Nephrol. 2004;15 Suppl 1:555-7. http://dx.doi.org/
10.1097/01.ASN.0000093460.24823.5B.

Connor TJ, Roberts AB, Sporn MB, Danielpour D, Dart LL, Michels RG, et al.
Correlation of fibrosis and transforming growth factor-beta type 2 levels in
the eye. J Clin Invest. 1989,83(5):1661-6. http://dx.doi.org/10.1172/JCI114065.
Baudouin C, Fredj-Reygrobellet D, Brignole F, Negre F, Lapalus P, Gastaud P.
Growth factors in vitreous and subretinal fluid cells from patients with
proliferative vitreoretinopathy. Ophthalmic Res. 1993;25(1):52-9. http://dx.
doi.org/10.1159/000267221.

Qing QH, Yao YM. Research progress of TGF-Bsignal pathway. J Med Sci.
2012;41(10):5-9.

Yoshioka K. Scaffold proteins in mammalian MAP kinase cascades. J Biochem.
2004;135(6):657-61. http://dx.doi.org/10.1093/jb/mvh079.

Osaki M, Oshimura M, Ito H. PI3K-Akt pathway: its functions and alterations
in human cancer. Apoptosis. 2004;9(6):667-76. http://dx.doi.org/10.1023/B:
APPT.0000045801.15585.dd.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolVled Central



http://dx.doi.org/10.1159/000438972
http://dx.doi.org/10.1159/000438972
http://dx.doi.org/10.1167/iovs.16-19405
http://dx.doi.org/10.1016/j.preteyeres.2015.07.005
http://dx.doi.org/10.1038/srep30226
http://dx.doi.org/10.1007/s12272-016-0839-0
http://dx.doi.org/10.1038/sj.eye.6700196
http://dx.doi.org/10.1001/archopht.1984.01040031118037
http://dx.doi.org/10.1001/archopht.1984.01040031118037
http://dx.doi.org/10.1074/jbc.275.14.10673
http://dx.doi.org/10.1111/odi.12159
http://dx.doi.org/10.1111/odi.12159
http://dx.doi.org/10.1006/exer.2001.1152
http://dx.doi.org/10.1006/exer.1998.0585
http://dx.doi.org/10.1159/000074567
http://dx.doi.org/10.1371/journal.pone.0122229
http://dx.doi.org/10.1136/bjo.84.6.654
http://dx.doi.org/10.1111/j.1444-0938.2012.00747.x
http://dx.doi.org/10.1111/j.1444-0938.2012.00747.x
http://dx.doi.org/10.1515/hsz-2012-0316
http://dx.doi.org/10.1160/TH12-11-0840
http://dx.doi.org/10.1152/ajprenal.00437.2011
http://dx.doi.org/10.4238/2014
http://dx.doi.org/10.1097/01.ASN.0000093460.24823.5B
http://dx.doi.org/10.1097/01.ASN.0000093460.24823.5B
http://dx.doi.org/10.1172/JCI114065
http://dx.doi.org/10.1159/000267221
http://dx.doi.org/10.1159/000267221
http://dx.doi.org/10.1093/jb/mvh079
http://dx.doi.org/10.1023/B:APPT.0000045801.15585.dd
http://dx.doi.org/10.1023/B:APPT.0000045801.15585.dd

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Reagents and antibodies
	Cell culture and general experimental methods
	Cell proliferation detection by CCK-8
	Type I collagen ELISA
	Q-PCR for fibronectin, MMP-2, and MMP-9 mRNA expression measurements
	Western blot analysis
	Statistical analysis

	Results
	The effects of TGF-β1, BK and HOE-140 on APRE-19 cell proliferation
	TGF-β1 stimulated cell proliferation
	BK had no direct effect on cell proliferation
	BK inhibited TGF-β1-induced cell proliferation through B2R activation

	The effects of BK, HOE-140 and TGF-β1 on ARPE-19 cell collagen 1 section
	The effects of BK, HOE-140 and TGF-β1 on Fn, MMP-2 and MMP-9 mRNA expression in ARPE-19 cells
	The effects of BK, HOE-140 and TGF-β1 on Fn and MMP expression in ARPE-19 cells
	The effects of BK on Akt and Erk1/2 phosphorylation
	BK promoted Akt and Erk1/2 phosphorylation
	BK inhibited TGF-β1-induced Akt phosphorylation
	BK inhibited TGF-β1-induced Akt phosphorylation via the BK B2 receptor


	Discussion
	Conclusions
	show [time]
	Acknowledgements
	Funding
	Availability of data and material
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

