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Abstract: Epithelial-mesenchymal transition (EMT) plays critical in proliferative retinopathy (PVR) characterized by 
the formation of fibrotic contractile membranes, which composed by extracellular matrix (ECM) and several types of 
cells especially RPE cells on the epi- and sub-retinal surface. In EMT, epithelial cells lose the epithelial phenotype 
and acquire the mesenchymal like phenotype, the trans-differentiation is characterized by increased cell invasion, 
migration, and excess production of ECM. Heat shock protein (HSP) 47 is a collagen specific chaperone, it is likely 
that increased expression of HSP47 contributes to the EMT and the accumulation of procollagen and, then cause 
an excessive accumulation of ECM in some fibrotic diseases, but the role of HSP47 in PVR and the underlying 
mechanism has not been clearly delineated. Our study aims to investigate the role of HSP47 in EMT of RPE cells. 
ARPE-19 cells were used in the experiments. After 4 h of serum starvation, the cells were divided into four groups: 
untreated, treated with 5 ng/ml TGF-β2 for 36 h, treated with 5 ng/ml TGF-β2 for 12 h then transfected with HSP47 
siRNA or control siRNA for 24 h respectively. The cytomorphological change was observed under a microscope and 
the cell migration was studied by trans-well assay. The expression of HSP47 and ECM proteins (αSMA, FN and Col-I) 
were tested by quantitative real time PCR and Western blot analysis. All experiments were repeated three times. The 
ARPE-19 cells became long, looked like shuttle-shaped, and the number of migrated cells increased by 2.28 folds 
when stimulated by 5 ng/ml TGF-β2 for 36 h (P<0.05). The expression of HSP47 and ECM proteins (αSMA, FN and 
Col-I) were up-regulated by 2.56±0.17 folds, 3.01±0.31 folds, 2.42±0.21 folds and 2.74±0.16 folds respectively 
when stimulated by TGF-β2 for 36 h. Knocking down HSP47 with siRNA transfection could inhibit the changes in cell 
morphology, cell migration and the expressions of HSP47 and ECM proteins significantly. This study demonstrated 
that HSP47 modulates TGF-β2-induced EMT, migration and ECM proteins accumulation of ARPE-19 cells specifi-
cally, the chaperoning effect of which may consequentially contribute to PVR.
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Introduction

Proliferative vitreoretinopathy (PVR) is a major 
cause of failure after retinal detachment sur-
geries. Fibrotic lesions on retinal surface 
reduce the flexibility of retina, result in retinal 
detachment, and lead to difficulty in retinal 
reattachment and severe vision loss [1]. PVR is 
characterized by the formation of contractile 
membranes composed of extracellular matrix 
(ECM) and different types of cells especially 
retinal pigment epithelial (RPE) cells [2, 3]. 

Previously, there were no effective approaches 
for preventing the onset of PVR, until mounting 
evidence indicated an important role for the 
epithelial-mesenchymal transition (EMT). Ex- 

cessive wound healing and stimulation of 
inflammatory cytokines result in EMT. Once 
activated, trans-differentiated RPE cells could 
migrate into the vitreous cavity, produce ECM 
proteins (collagen type I and fibronectin) [4], 
and transform into fibroblast-like cells, which 
results in the formation of contractile mem-
branes. Therefore, it may be of great value for 
PVR patients to prevent the EMT of RPE cells. 
Heat shock proteins are expressed under the 
influence of various stresses, and they are 
deemed as important modulators of many 
pathological processes. HSP47 is a 47-KD col-
lagen-specific molecular chaperone, which be- 
longs to the serpin superfamily [5]. HSP47 is a 
basic glycoprotein binds to collagen type I in 
collagen-producing cells and it has a crucial 
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role in the synthesis of ECM proteins [6]. It has 
been found overexpressed in many fibrotic dis-
eases, including renal fibrosis [7], scar hyper-
trophy [8], hepatic fibrosis [9], and idiopathic 
pulmonary fibrosis [10]. Previously, we found 
HSP47 was highly expressed in PVR preretinal 
membranes and vitreous specimens taken 
from PVR patients (our unpublished data). So, it 
is logical to infer HSP47 is associated with the 
pathogenesis of PVR, and conclusions from 
several recent studies have supported this con-
tention. However, how does HSP47 regulate 
EMT of RPE cells and the mechanism is not 
clear. In this study, we investigated the putative 
role of HSP47 in EMT of ARPE-19 cells at cyto-
morphological and molecular levels by using 
siRNA technique then discussed the feasibility 
of HSP47 siRNA as a specific therapeutic meth-
od for PVR.

Materials and methods

Cell culture and stimulated by TGF-β2 

ARPE-19 cell line was obtained from the 
American Type Culture Collection (ATCC, USA) 
and cultured in DMEM-F12 medium (HyClone, 
USA) supplemented with 10% fetal bovine 
serum (FBS) (HyClone, USA) and 1% penicillin-
streptomycin in an atmosphere of 5% CO2 at 
37°C. Cells between the third and fifth passag-
es were used in this study, and cultures were 
allowed to reach 70~80% confluence. After 4h 
of serum starvation, ARPE-19 cells were incu-
bated with 5 ng/ml recombinant human TGF-
β2 (Abcam, Britain) for 12 h. All experiments 
were performed at least three times with inde-
pendent cell cultures. 

SiRNA and cell transfection

Small interfering RNA (siRNA) sequence (TGG- 
CTTCATGGTGACTCGGTC) targeting HSP47 was 

HSP47 siRNA duplex was mixed with 2 μg/ml 
Lipofectamine TM 2000 (Life Tech, USA) to 
form the transfection complexes. The mixture 
was then added into the cells for 24 h in a CO2 
incubator at 37°C. As negative control, the 
scrambled siRNA was used instead of the 
HSP47 siRNA.

Morphology assay

In morphology assay, ARPE-19 cells were divid-
ed into four groups: untreated, treated with 5 
ng/ml TGF-β2 only, 5 ng/ml TGF-β2 added 
HSP47 siRNA or control siRNA for 24 h respec-
tively. The morphological changes of the cells in 
each group were observed with microscope.

Transwell assay

Migration of the ARPE-19 cells was measured 
by transwell assay. 12 well ThinCertTM cell cul-
ture inserts in the wells of a 12-well plate. 500 
µl serum-free culture medium and 200 µl cell 
suspension of each group were added to each 
cell culture insert (1 × 105 cells/well), incubat-
ed for 24 h at 37°C, 5% CO2. Then, the migrated 
cells were fixed with 4% paraformaldehyde, 
stained with crystal violet (1%), excess dye were 
removed, then observed under a microscope.

Expression analysis in mRNA level

Quantitative real time PCR was used to evalu-
ate mRNA expression of HSP47 and ECM pro-
teins (αSMA, FN and Col-I) in ARPE-19 cells 
stimulated by TGF-β2. Total RNA was extracted 
from the cells by using Trizol reagent (Takara, 
Shiga, Japan). 500 ng RNA was reverse tran-
scribed into cDNA with PrimeScript RT Master 
Mix (Takara). All the qRT-PCR samples were 
performed using SYBR Green PCR Master Mix 
(Takara) on an Applied Biosystems Step One 
Plus™ Real-Time PCR System (Applied Bio- 
systems, Inc., Foster City, CA, USA). The condi-

Table 1. Primer sequence for real time RT-PCR
Gene Name Type Sequence
HSP47 Forward 5’-TCCAGCCTCATCATCCTCA-3’

Reverse 5’-GCCATCTGTGTCCAACTCA-3’
αSMA Forward 5’-GTGTTATGTAGCTCTGGACTTTGAAAA-3’

Reverse 5’-GGCAGCGGAAACGTTCATT-3’
FN Forward 5’-TGGAGGAAGCCGAGGTTT-3’

Reverse 5’-CAGCGGTTTGCGATGGTA-3’
Col-I Forward 5’-GGCGACAGAGGCATAAAGGG-3’

Reverse 5’-GAGGTGGCTGGGGCAGGAAG-3’

purchased from FuNeng Gene Biotech- 
nology, Inc. (Guang Zhou, China). ARPE-
19 cells were transfected with HSP47 
siRNA according to the manufacturer’s 
instructions and correlative studies [11, 
12]. The scrambled siRNA which might 
cause degradation of any known cellular 
mRNA instead of HSP47 were used as 
the negative control. 

The ARPE-19 cells were cultured in 
6-well plates at the cell density of 2.5 × 
105 cells per well in DMEM. The 50 nM 
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tions were as following: 95°C for 30 s, followed 
by 40 cycles at 95°C for 5 s, 64°C for 34 s, and 
a melt curve step. The target gene expression 
levels for each experiment were normalized to 
GAPDH. The relative gene expression levels 
were detected and calculated by using the 
∆∆Ct comparative method. The RT-PCR primer 
sequences are listed in Table 1.

Expression analysis in protein level

Proteins were extracted from ARPE-19 cells and 
homogenized in lysis buffer containing a cock-
tail of protease inhibitors. Protein concentra-
tions were measured by the BCA protein assay 
(Millipore, USA). Blots were probed overnight at 
4°C with the following primary antibodies: anti-
HSP47 (1:500 dilution), anti-αSMA (1:400 dilu-
tion), anti-FN (1:400 dilution), anti-collagen 
type I (1:1,000), and anti-GAPDH (1:1,000), 
after being transfered onto the nitrocellulose 
membranes. Following washing, the HRP-
conjugated secondary antibody was added to 
the membranes for 2 h at room temperature 

and then washed with TBST solution. The reac-
tion signal was detected by enhanced chemilu-
minescence with a chemiluminescence analyz-
er (Kodak Medical X-Ray Processor, Rochester, 
NY). Rabbit anti-goat IgG in PBS containing 1% 
FCS served as a negative control. GAPDH were 
used as internal gel loading controls.

Statistical analysis

Analysis was done with standard statistical 
software (SPSS for Windows, version 17.0). The 
Data from transwell assay, RT-PCR and western 
blot were expressed as means ± SD, One-way 
analysis of variance was used to determine sig-
nificant difference in a multiple comparison. 
Statistical significance was set at P<0.05.

Results

HSP47 siRNA affects cell morphology in EMT 
of ARPE-19 cells

To examine the effect of HSP47 siRNA on the 
EMT of ARPE-19 cells, cytomorphology was 

Figure 1. A: Cultured ARPE-19 cells presented similar round or polygonal; B: ARPE-19 cells changed into long shuttle 
shaped appearance stimulated by TGF-β2 (5 ng/ml); C: Transfection with HSP47 siRNA inhibited the change in cell 
morphology significantly; D: Transfection with control siRNA did not exert a significant influence in cell morphology.
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Figure 2. Attenuation of EMT mark-
ers by knocking down HSP47 gene. 
A: Less transmembrane ARPE-19 
cells were observed by transwell 
assay with TGF-β2 (0 ng/ml); B: sig-
nificantly increased transmembrane 
cells stimulated by TGF-β2 (5 ng/ml); 
C: Transfection with HSP47 siRNA 
inhibited the cells transmembrane 
mobility; D: Transfection with con-
trol siRNA did not exert a significant 
influence on the transmembrane 
cells. E: Results are expressed as OD 
value of ARPE-49 cells transmem-
brane mobility. Error bars showed 
mean ± SD. Statistical significances 
when compared to control samples 
are denoted as follow: *p<0.05; 
**p<0.01; ***p<0.001.
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investigated firstly. As shown in Figure 1, induc-
tion of ARPE-19 cells with 5 ng/ml TGF-β2 
resulted in a significant change in cell morphol-
ogy, which was transition from an epithelial 
phenotype to a mesenchymal phenotype. 
Transfection of HSP47 siRNA could markedly 
inhibit the cell morphology changing, while the 
negative control did not exert a significant 
influence.

Effect of HSP47 siRNA on migration of ARPE-
19 cells

From the transwell chamber assay, stimulated 
by TGF-β2 (5 ng/ml), the number of transmem-
brane ARPE-19 cells increased significantly, 
which meant the cell migration ability got 

tively). To investigate whether the increased 
expressions of these EMT markers (αSMA, FN, 
Col-I) were related to TGF-β2-induced HSP47 
protein synthesis specifically, the ARPE-19 cells 
were transfected with HSP47 siRNA before the 
stimulation with TGF-β2. HSP47 siRNA resulted 
in a significant reduction in the TGF-β2-induced 
mRNA expression of the four proteins in the 
ARPE-19 cells to 1.32±0.09 fold, 1.25±0.12 
fold, 1.15±0.21 fold and 1.22±0.11 fold order-
ly as analyzed by RT-PCR (Figure 3, P<0.05 vs. 
the control group respectively). Transfection 
with control siRNA did not show significant 
reduction.

A similar trend appeared in further western blot 
assay, in which significantly reduced protein 
expressions of the above EMT markers were 
observed in HSP47 siRNA group (Figure 4, 
P<0.05 vs. the control group). Transfection with 
control siRNA did not show discernable effect 
on the expressions of these ECM proteins 
(P>0.05 vs. the control group). These results 
can support the hypothesis that HSP47 modu-
lates TGF-β2-induced EMT and ECM protein 
accumulation of ARPE-19 cells specifically.

Discussion

In this study, we investigated the role of HSP47 
in regulating the EMT and ECM proteins synthe-
sis by TGF-β2 using a human RPE cell line, 
ARPE-19. TGF-β2, as a stimulator, can promote 
the fibrosis process of several cell types includ-

Figure 3. Treatment with recombinant TGF-β2 (5 ng/ml) induced 2.56±0.17 
-fold, 3.01±0.31 fold, 2.42±0.21 fold, and 2.74±0.16 fold increase in 
HSP47, αSMA, FN, Col-I mRNA expression in 24h respectively; transfection 
with HSP47 siRNA resulted in a significant reduction in the TGF-β2-induced 
mRNA expression of the four proteins in ARPE-19 cells to 1.32±0.09 fold, 
1.25±0.12 fold, 1.15±0.21 fold, and 1.22±0.11 fold as analyzed by RT-PCR.

Figure 4. By western blot, significantly reduced pro-
tein expressions of αSMA, HSP47, Col-I, and FN were 
observed in HSP47 siRNA group (P<0.05 vs. the con-
trol group); Transfection with control siRNA did not 
show discernable effect on the expressions of the 
four proteins (P>0.05 vs. the control group).

enhanced (P<0.05). Transfec- 
tion of HSP47 siRNA could 
inhibit cell migration signifi-
cantly, while the control siRNA 
did not show such an effect 
(Figure 2, P>0.05).

Attenuation of EMT markers 
expression by transfection 
of ARPE-19 cells with HSP47 
siRNA

Treatment with recombinant 
TGF-β2 (5 ng/ml) induced 
2.56±0.17 fold, 3.01±0.31 
fold, 2.42±0.21 fold, and 
2.74±0.16 fold increased in 
HSP47, αSMA, FN and Col-I 
mRNA expression in 24 h 
respectively (Figure 3, P<0.05 
vs. the control group respec-
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ing ARPE-19, but the mechanism remains 
unknown. The results demonstrate that HSP47 
associated with fibrogenesis by regulating mor-
phological changing, migration and collagen 
synthesis. This is the first study to confirm that 
knocking down HSP47 can attenuate EMT pro-
cess and ECM proteins accumulation in ARPE-
19 cells stimulated by TGF-β2.

Increasing evidence indicates that EMT is a cru-
cial pathophysiologic procedure in the develop-
ment and progression of PVR, in which RPE 
cells are the major contributors [13]. Various 
inflammatory cytokines are involved in this pro-
cess, in which TGF-β2 has been reported to 
play an important role [14]. However, TGF-β2 
may not be an ideal therapeutic target because 
it has some important biologic functions else 
including tissue regeneration [15] and immuno-
suppressive [16]. HSP47, as a specific collagen-
ic chaperone and a potent regulator of EMT, 
may provide a sharper and more pertinent tar-
get based on the present study. 

Our previous study (unpublished data) showed 
significantly upregulation of TGF-β2, FN and 
Col-I in specimen of preretinal proliferative 
membrane taken from PVR patients, which was 
accompanied by over expression of HSP47. 
According to several studies that HSP47 played 
a regulatory role in EMT process in various cells 
[17-19] and tissue fibrotic disorders [20, 21], 
we thought that HSP47 played a role in PVR 
through regulating EMT process of ARPE-19 
cells. 

The present study demonstrated that the ARPE-
19 cells stimulated by TGF-β2 (5 ng/ml) were 
changed into an elongated shape and got a 
mesenchymal-like phenotype. Furthermore, we 
observed that more active cells migrated 
through the polycarbonate membrane by 
Transwell Chamber assay. The acquired results 
showed that the ARPE-19 cells had possessed 
a stronger ability of migration. More important-
ly, our study indicates that HSP47 siRNA trans-
fection can inhibit migration ability of the ARPE-
19 cells, and the enhancement of migration is 
considered to be a prerequisite for EMT in RPE 
cells [22, 23].

In the present study, we also found that trans-
fection of siRNA targeting HSP47 could reduce 
ECM protein accumulation, such as αSMA, FN 
and Col-I in ARPE-19 cells after being stimulat-

ed by TGF-β2. As the three proteins are deemed 
to be the main markers of mesenchymal cells 
[24], the results suggests that HSP47 plays an 
important role in EMT of ARPE-19 cells stimu-
lated by TGF-β2 and transfection of HSP47 
siRNA can prevent the development of PVR.

Promisingly, the fibrotic lesions can be signifi-
cantly reduced by knocking down HSP47 in the 
specific organs of animals, according to some 
reports of experimental organic fibrotic disor-
ders models [25-28]. As a downstream protein 
of TGF-β2, HSP47 is more specific to the syn-
thesis of collagen proteins, and HSP47 may 
become a perspective target for regulating EMT 
in RPE cells and fibrotic process in PVR. Further 
studies in vivo are expected to set up an animal 
model of PVR and observe the inhibition of PVR 
with HSP47 siRNA transfection into vitreous of 
the animals.  
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