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Snail transcription factor has been implicated as an important regulator in epithelial-mesenchymal tran-
sition (EMT) during tumourigenesis and fibrogenesis. Our previous work showed that Snail transcription
factor was activated in transforming growth factor 1 (TGF-B1) induced EMT in retinal pigment epithelial
(RPE) cells and may contribute to the development of retinal fibrotic disease such as proliferative vitre-
oretinopathy (PVR). However, whether Snail alone has a direct role on retinal pigment epithelial-mesen-
chymal transition has not been investigated. Here, we analyzed the capacity of Snail to drive EMT in
human RPE cells. A vector encoding Snail gene or an empty vector were transfected into human RPE cell
lines ARPE-19 respectively. Snail overexpression in ARPE-19 cells resulted in EMT, which was character-
ized by the expected phenotypic transition from a typical epithelial morphology to mesenchymal
spindle-shaped. The expression of epithelial markers E-cadherin and Zona occludin-1 (ZO-1) were
down-regulated, whereas mesenchymal markers a-smooth muscle actin (a-SMA) and fibronectin were
up-regulated in Snail expression vector transfected cells. In addition, ectopic expression of Snail signifi-
cantly enhanced ARPE-19 cell motility and migration. The present data suggest that overexpression of
Snail in ARPE-19 cells could directly trigger EMT. These results may provide novel insight into under-
standing the regulator role of Snail in the development of retinal pigment epithelial-mesenchymal
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1. Introduction

Epithelial-mesenchymal transition (EMT) is a fascinating
phenotypic change that involves the loss of epithelial characteris-
tics and acquires mesenchymal-like phenotype and migratory
properties [1]. EMT was initially described in early embryogenesis;
however, EMT has also recently been implicated in cancer progres-
sion, tissue repair and organ fibrosis [1-3]. Fibrotic diseases are
characterized by the appearance of myofibroblasts, the key cell
type involved in the fibrogenic reaction, and by excess accumula-
tion of extracellular matrix with resultant tissue contraction and
impaired function [4]. A multitude of studies have identified that
myofibroblast and mature fibroblast in a significant portion of
renal, ocular, peritoneal mesothelial, liver and pulmonary fibrosis
arise from the conversion of epithelial cells through an EMT
[2,5]. In one analysis, lineage-tagging experiments and bone
marrow transplant studies demonstrated that during the course
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of kidney fibrosis in mice, about 30% of fibroblasts are derived
via EMT from the tubular epithelial cells of the kidney [6]. Addi-
tionally, studies using fibrosis tissue from humans have also con-
firmed EMT. In a study of 133 patients with kidney fibrosis, an
EMT was demonstrated in a substantial number of the samples,
as evaluated using double labeling of the tubular epithelial cells
with cytokeratin, vimentin, o-SMA, or zona occludens 1 (Z0O-1)
[7]. Similarly, in patients with proliferative vitreoretinopathy
(PVR), an EMT was demonstrated in areas of fibrosis in the retina
[8,9]. PVR is the leading cause of failure of retinal detachment sur-
gery and sometimes results in the loss of visual function. Retinal
pigment epithelial (RPE) cells dedifferentiate and undergo EMT fol-
lowing retinal detachment, playing a key role in formation of fi-
brous tissue on the detached retina and vitreous retraction [10].
However, the detailed information on the molecular and cellular
events of EMT in RPE cells has not been fully clarified.

EMT can be induced by growth factors such as transforming
growth factor B (TGF-B), epidermal growth factor (EGF) and tran-
scription factors such as Snail, twist and slug [11,12]. Snail
transcription factor, a member of the Snail superfamily, is a zinc
finger protein that can mediate EMT through downregulation of
cell adhesion molecules such as E-cadherin by binding several
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E-boxes located in the promotor region [13]. The expression of
Snail is stimulated by signaling pathways of a number of growth
factors including TGF-B [14]. Our previous data demonstrated that
Snail was up-regulated when human RPE cells were induced by
TGF-B1 to undergo EMT, and that inhibition of activated Snail could
reverse TGF-B1-induced EMT in vitro [15]. We ask whether Snail
was sufficient to trigger EMT when ectopically expressed in RPE
cells.

Snail has been extensively studied in cancers and fibrosis
disease such as renal fibrosis; however, its role in ocular fibrosis
is not as widely studied, especially in PVR. Based on these findings,
we sought to explore whether Snail overexpression in human RPE
cells could directly induce EMT and to obtain additional insights
into the role of Snail in retinal pigment epithelial-mesenchymal
transition in vitro.

2. Materials and methods
2.1. Cell culture and transfection

Human retinal pigment epithelial cell lines ARPE-19 cells were
cultured in a 1:1 mixture of Dulbecco’s modified Eagle’s medium
(DMEM, Invitrogen, Carlsbad, CA) and Ham'’s F12 medium supple-
mented with 10% fetal bovine serum (FBS, Invitrogen, Carlsbad, CA)
at 37 °C under 5% CO,. For Snail overexpression, ARPE-19 cells
were transfected with Snail expression vector (pReceiver; Omic-
sLink Expression Clones; GeneCopoeia, Inc., USA) or an empty vec-
tor as negative control. Transfection was performed using
Lipofectamine 2000 (Invitrogen, Carlsbad, USA) according to man-
ufacturer’s protocols.

2.2. Immunofluorescent staining

ARPE-19 cells were seeded and cultured in 24-well chamber
slides in Opti-MEM I Reduced Serum Medium (Invitrogen, Carls-
bad, USA) for 24 h and then were transfected with pReceiver-Snail
or pReceiver-control plasmids respectively. After 48 h, cells were
washed and fixed in 4% (v/v) paraformaldehyde for 10 min at room
temperature. Then the fixed cells were incubated with primary
antibody against Snail (Abcam Ltd., Cambridge, USA) diluted
1:100 at 37 °C for 2 h, washed three times with PBS followed by
treatment with FITC-conjugated secondary antibody (diluted in
1:200) at room temperature for 1h. Nuclei were stained with
4'6’-diamidino-2-phenylindole hydrochloride (DAPI) for 5 min.
Stained ARPE-19 cells were observed using OLYMPUS™
microscope.

2.3. Morphology observation

After ARPE-19 cells were transfected with pReceiver-Snail or
pReceiver-control plasmids for 24 and 48 h, the morphology of
cells were observed under an inverted phase-contrast microscope
(Olympus, Tokyo, Japan) and photographed by a digital camera.

2.4. Quantitative real-time PCR (qRT-PCR) analysis

Total RNA was isolated using TRIzol reagent (Invitrogen-Gibco,
Carlsbad, USA) following the manufacturer’s protocol. QRT-PCR
was performed using TagMan Universal PCR Master Mix and the
7500 Sequence Detection System (Applied Biosystems, Foster,
CA). 18S RNA was used to standardize the mRNA level of the target
genes. The sequences of the primers were used as before [15]. The
expression of each target gene was defined from the threshold cy-
cle (Ct), and relative expression levels were calculated by using the

2-AAC method [16] after normalization with reference to expres-

sion of 18S RNA. All experiments were performed in triplicate.

2.5. Immunoblotting assay

Preparation of whole cell extracts and immunoblotting assay
was performed as previously described [17]. The primary antibod-
ies used were as follows: 1:500 E-cadherin antibody and 1:1000
fibronectin antibody (R&D systems, Inc., USA), 1:1000 Snail
antibody (Abcam Ltd., Cambridge, USA), 1:1000 o-SMA antibody
(Sigma-Aldrich, MO, USA), 1:1000 ZO-1 antibody (Invitrogen,
Carlsbad, CA), and 1:5000 GAPDH (Good HERE, Hangzhou, China).
HRP-conjugated sheep anti-mouse or anti-rabbit antibodies were
used as secondary antibodies (1:10,000, Jackson, USA). Image
Quant LAS 4000 with Image Quant TL 7.0 software (GE Healthcare
Life Sciences, Pittsburgh, PA, USA) was used to quantify band
intensities.

2.6. RPE cell migration assay

Transwell chamber (8-pm pores, Costar, Conning, USA) was
used to determine the effect of forced Snail expression on ARPE-
19 cells migration. After ARPE-19 cells were transfected with pRe-
ceiver-Snail or pReceiver-control for 48 h, about 5 x 10° cells were
plated into the insert in 100 ul DMDM/F12 containing 0.5% FBS and
allowed to migrate from upper compartment to lower compart-
ment toward a 10% FBS gradient. The chamber was then incubated
at 37 °C for 24 h. After removing the non-migrating cells with a
cotton swab, migrated cells on the lower surface of the culture in-
serts were fixed with 4% paraformaldehyde, stained with H&E, and
photographed under a light microscope. Five random fields were
chosen in each insert, and the cell number was counted. All the
experiments were performed in triplicate.

2.7. Statistical analysis

Data were expressed as mean + standard error of the mean
(SEM) from at least three independent experiments. Independent
sample t-test was used for two-group comparisons. Statistical
Product and Service Solutions 16.0 software (Chicago, IL) was used
for statistical analysis. P values <0.05 were considered statistically
significant.

3. Results
3.1. Expression of Snail protein in transfected ARPE-19 cells

In order to determine whether Snail alone could induce EMT,
ARPE-19 cells were transfected with specific Snail expression vec-
tor as described in methods. First, we confirmed the expression of
Snail in ARPE-19 cells by the immunofluorescence stain. As shown
in Fig. 1, after 48 h of transfection, an increase in the protein levels
of Snail was detected in pReceiver-Snail transfected ARPE-19 cells
comparing to pReceiver-control transfected cells. Moreover, by
immunofluorescence we could observe Snail, as well as its delocal-
ization from the cytoplasm to intracellular compartments.

3.2. Effects of Snail overexpression on ARPE-19 cells morphology

To investigate whether Snail overexpression was associated
with ARPE-19 cells phenotype changes, the phase contrast micro-
scope was used. As shown in Fig. 2, cultured normal ARPE-19 cells
had a typical cobblestone-like epithelial morphology. After trans-
fected with pReceiver-Snail, the epithelial cells morphology gradu-
ally changed to spindle fibroblast-like cells accompanied by loss of
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Fig. 1. Immunofluorescence staining for Snail. ARPE-19 cells were transfected with pReceiver-Snail or pReceiver-control for 48 h. Expression and distribution of Snail was
assessed by immunofluorescence. The second antibody used for Snail was labeled by FITC (green) and nuclei were counterstained with DAPI (blue). Compared with
pReceiver-control transfected cells, the expression of Snail was upregulated and positively expressed in the nuclei of pReceiver-Snail transfected cells (Original magnification
200x). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. Morphologic changes of ARPE-19 cells after Snail overexpression. ARPE-19 cells morphology was assessed after transfecting with pReceiver-Snail or pReceiver-control
for 24 and 48 h. pReceiver-control transfected cells retained the oval cells morphology comparing to normal ARPE-19 cells. After transfected with pReceiver-Snail, ARPE-19
cells phenotype gradually changed to spindle mesenchymal morphology (Original magnification 100x).

cell-to-cell contacts. In contrast, pReceiver-control transfected
cells retained their epithelial morphology. This result suggested
that Snail overexpression in ARPE-19 cells is sufficient to induce
the acquisition of a mesenchymal morphology.

3.3. Snail overexpression induced EMT in ARPE-19 cells

EMT is characterized by the loss of epithelial cell-to-cell
contacts with a decrease in epithelial adhesion molecule E-cad-
herin, a major reorganization of the cytoskeleton, and an increase
in mesenchymal marker expression [18]. Since we had observed
a relation between Snail and phenotypic transition in ARPE-19cells,
we sought to examine whether Snail overexpression could affect
the expression of some epithelial and mesenchymal markers.
QRT-PCR demonstrated that high Snail expression resulted in a sig-
nificant decrease in E-cadherin and ZO-1 expression at mRNA level.
Compared to control cells, overexpression of Snail in ARPE-19 cells

also increased the expression of a-SMA and fibronectin. These
changes in mRNA expression were accompanied by changes in
the protein levels of epithelial and mesenchymal markers. Taken
together, these data indicated that Snail overexpression is capable
of inducing EMT in ARPE-19 cells in vitro.

3.4. Snail overexpression leads to increased ARPE-19 cells migration

We next analysis whether the ability of ARPE-19 cells migration
was enhanced after up-regulation of Snail. As expected, we ob-
served the significant changes of cell migration in pReceiver-Snail
transfected cells. As shown in Fig. 4, there were no significant
differences between cultured normal ARPE-19 cells and pReceiv-
er-control transfected cells. Cells transfected with pReceiver-Snail,
but not pReceiver-control, exhibited significantly increased ability
of migration.
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Fig. 3. Overexpression of Snail in ARPE-19 cells induced EMT. ARPE-19 cells were transfected with pReceiver-Snail or pReceiver-control for 48 h. QRT-PCR and
Immunoblotting were used to examine the expression of Snail, E-cadherin, ZO-1, a-SMA and fibronectin. (A) QRT-PCR analysis showed the increased Snail, fibronectin and a-
SMA mRNA expression and decreased E-cadherin and ZO-1 mRNA expression. **P < 0.01 vs pReceiver-control. (B) Immunoblotting confirmed the expression of these EMT

markers at protein levels.
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Fig. 4. Effects of Snail overexpression on ARPE-19 cells migration. After pReceiver-Snail or pReceiver-control transfection for 48 h, ARPE-19 cells were seeded into transwell
chamber and allowed to migrate for 24 h. (A) Presentative pictures of migrated cells (Original magnification 400x ). (B) The number of migrated cells in the group of normal
ARPE-19 cells, pReceiver-control or pReceiver-Snail transfected cells. Compared with pReceiver-control group, Cells transfected with pReceiver-Snail showed enhanced

migration. *P < 0.05.
4. Discussion

In the present study, we provide evidence for the direct effect of
exogenous Snail expression in ARPE-19 cells. The data indicate that
forced Snail expression in ARPE-19 cells results in EMT, which was
characterized by a phenotype transition from an epithelial to a fibro-
blastoid appearance, loss of E-cadherin and ZO-1 expression, gain o-

SMA and fibronectin expression, and increased migration. This is the
first report of the direct relationship between Snail transcription
factor and retinal pigment epithelial-mesenchymal transition.
EMT is a well characterized process defined morphologically as
the conversion of epithelial cells to a fibroblast or mesenchymal
morphology and is known to be dependent on the Snail family of
transcription factors [3,19,20]. During EMT, immobile epithelial
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cells loose apicobasal polarity and intercellular junctions, acquire
spindle cell morphology [21]. After confirmation the overexpres-
sion of Snail in ARPE-19 cells, we examined the phenotypic
changes of cells. As Fig. 2 showed that ARPE-19 cells in the control
group displayed an epithelial morphology and grew as epithelial
colonies in culture. Snail overexpression lead to the cobblestone-
like epithelial morphology change to spindle shaped.

Snail is known to bind E-box consensus sequences in the E-cad-
herin promoter and repress E-cadherin at the transcriptional level
[22,23]. E-cadherin is a Ca2+-dependent cell adhesion molecule that
plays an important role in the maintenance of epithelial phenotype,
decreased expression of E-cadherin is considered as a hallmarker of
EMT [24,25]. Snail can also lead to repression of tight junction pro-
teins like ZO-1 [26]. We next investigated whether Snail overex-
pression could down-regulate the expression of E-cadherin and
Z0-1 in ARPE-19 cells. Fig. 3 showed high Snail expression resulted
in a significant decrease in E-cadherin and ZO-1 expression at
mRNA and protein levels. These results suggest that Snail disrupts
the function of adherens junctions as well as tight junctions. When
epithelial cells transition to fibroblasts, they decrease expression of
a number of epithelial proteins including E-cadherin and ZO-1,
while increasing their synthesis of cytoskeletal proteins [27]. The
expression of mesenchymal markers a-SMA and fibronectin in
ARPE-19 cells were also upregulated after Snail overexpresson.
Taken together, the data indicated that Snail overexpression in
ARPE-19 cells could directly trigger EMT in vitro. Upon EMT, epithe-
lial cells not only assume a more mesenchymal phenotype, but also
acquire increased motility. We performed motility assays compar-
ing pReceiver-Snail transfected cells to pReceiver-control cells.
The results demonstrated that Snail overexpression significantly
enhanced the ability of ARPE-19 cells migration, supporting retinal
pigment epithelial-mesenchymal transition.

These findings complement our previous studies about that
Snail involved in TGF-B1-induced ARPE-19 cells EMT. We recently
reported that TGF-B1 could promote EMT in ARPE-19 cells in vitro
and the expression of Snail was upregulated in this process. Fur-
thermore, knock-down Snail efficiently attenuated TGF-B1-in-
duced EMT. We now find that the role of Snail overexpressed in
ARPE-19 cells is similar to TGF-B1 treatment. In addition, the abil-
ity of Snail triggered EMT may provide new insights into the mech-
anisms of RPE cells EMT. The signal transduction pathways that
govern EMT are extensive, with cross-talk mechanisms forming a
complex web of signaling. TGF- is known to signal through phos-
phorylation-mediated ac tivation of Sma and Mad related family
(Smad) transcription factors and in some cases by activation of
the phosphoinositide 3-kinase and extracellular-signal regulated
kinase/mitogen-activated protein kinase (ERK/MAPK) pathways
to induce EMT [28]. The transcriptional repressors Snail and Slug
are sufficient to induce EMT when expressed in epithelial systems,
and so is triggering the TGF-B signaling pathway, which can also
stimulate Snail and Slug expression [29]. During RPE cells EMT,
whether Snail could in turn activate TGF-B1 pathway in a positive
feedback will need to be addressed.

In conclusion, the present work demonstrates that Snail over-
expression in ARPE-19 cells is in itself sufficient to induce EMT.
Based on our previous investigation, these results further
confirmed the regulator role of Snail in retinal pigment epithe-
lial-mesenchymal transition and might contribute to establish
the pathophysiology of retinal fibro sis in PVR. Furthermore, these
findings suggest Snail may be a potential therapeutic target to
prevent the fibrosis of PVR.

Acknowledgments

This work was supported by National Natural Science Founda-
tion of China (Nos. 81300772 and 81271029), Specialized Research

Fund for the Doctoral Program of Higher Education
(20130072120053) and the Fundamental Research Funds for the
Central Universities (2012K]J033).

References

[1] M.A. Nieto, Epithelial-mesenchymal transitions in development and disease:
old views and new perspectives, Int. . Dev. Biol. 53 (2009) 1541-1547.

[2] H. Peinado, D. Olmeda, A. Cano, Snail, Zeb and bHLH factors in tumour
progression: an alliance against the epithelial phenotype?, Nat Rev. Cancer. 7
(2007) 415-428.

[3] M. Nakamura, Y. Tokura, Expression of SNAIT and TWISTT1 in the eccrine glands
of patients with systemic sclerosis: possible involvement of epithelial
mesenchymal transition in the pathogenesis, Br. J. Dermatol. 164 (2011)
204-205.

[4] S. Saika, O. Yamanaka, K.C. Flanders, et al., Epithelial-mesenchymal transition
as a therapeutic target for prevention of ocular tissue fibrosis, Endocr. Metab.
Immune Disord. Drug Targets 8 (2008) 69-76.

[5] R-M. McLoughlin, N. Topley, Switching on EMT in the peritoneal membrane:
considering the evidence, Nephrol. Dial. Transplant. 26 (2011) 12-15.

[6] R. Kalluri, R.A. Weinberg, The basics of epithelial-mesenchymal transition, ].
Clin. Invest. 119 (2009) 1420-1428.

[7] M.P. Rastaldi, F. Ferrario, L. Giardino, et al., Epithelial-mesenchymal transition of
tubular epithelial cells in human renal biopsies, Kidney Int. 62 (2002) 137-146.

[8] S.R. Wilkes, AM. Mansour, W.R. Green, Proliferative vitreoretinopathy.
Histopathology of retroretinal membranes, Retina 7 (1987) 94-101.

[9] R.P. Casaroli-Marano, R. Pagan, S. Vilaré, Epithelial-mesenchymal transition in
proliferative vitreoretinopathy: intermediate filament protein expression in
RPE, Invest. Ophthalmol. Vis. Sci. 40 (1999) 2062-2072.

[10] S. Saika, S. Kono-Saika, T. Tanaka, et al., Smad3 is required for dedifferentiation
of retinal pigment epithelium following retinal detachment in mice, Lab.
Invest. 84 (2004) 1245-1258.

[11] E.D. Hay, An overview of epithelial-mesenchymal transformation, Acta Anat.
(Basel) 154 (1995) 8-20.

[12] M.A. Taylor, J.G. Parvani, W.P. Schiemann, The pathophysiology of epithelial-
mesenchymal transition induced by transforming growth factor-beta in
normal and malignant mammary epithelial cells, ]. Mammary Gland Biol.
Neoplasia 15 (2010) 169-190.

[13] B.N. Smith, V.A. Odero-Marah, The role of Snail in prostate cancer, Cell Adh.
Migr. 6 (2012) 433-441.

[14] P. Li, J. Jing, J. Hu, et al, RNA interference targeting Snail inhibits the
transforming growth factor p 2-induced epithelial-mesenchymal transition in
human lens epithelial cells, J. Ophthalmol. 2013 (2013) 869101.

[15] H.Li, H. Wang, F. Wang, et al., Snail involves in the transforming growth factor
B1-mediated epithelial-mesenchymal transition of retinal pigment epithelial
cells, PLoS ONE 6 (2011) e23322.

[16] K. Livak, T.D. Schmittgen, Analysis of relative gene expression data using real-
time quantitative PCR and the 2(—Delta Delta C(T)) method, Methods 25
(2001) 402-408.

[17] H. Dang, W. Ding, D. Emerson, et al., Snail1 induces epithelial-to-mesenchymal
transition and tumor initiating stem cell characteristics, BMC Cancer 11 (2011)
396.

[18] LEE. Lindley, K]J. Briegel, Molecular characterization of TGF beta-induced
epithelial-mesenchymal transition in normal finite lifespan human mammary
epithelial cells, Biochem. Biophys. Res. Commun. 399 (2010) 659-664.

[19] J. Yang, RA. Weinberg, Epithelial-mesenchymal transition: at the crossroads
of development and tumor metastasis, Dev. Cell 14 (2008) 818-829.

[20] D. Katafiasz, L.M. Smith, J.K. Wahl 3rd., Slug (SNAI2) expression in oral SCC
cells results in altered cell-cell adhesion and increased motility, Cell Adh.
Migr. 5 (2011) 315-322.

[21] J. Lim, J.P. Thiery, Epithelial-mesenchymal transitions: insights from
development, Development 139 (2012) 3471-3486.

[22] A. Barrallo-Gimeno, M.A. Nieto, The Snail genes as inducers of cell movement
and survival: implications in development and cancer, Development 132
(2005) 3151-3161.

[23] M. Katoh, M. Katoh, Comparative genomics on SNAI1, SNAI2, and SNAI3
orthologs, Oncol. Rep. 14 (2005) 1083-1086.

[24] M.A. Huber, N. Kraut, H. Beug, Molecular requirements for epithelial-
mesenchymal transition during tumor progression, Curr. Opin. Cell Biol. 17
(2005) 548-558.

[25] L. Roger, L. Jullien, V. Gire, et al., Gain of oncogenic function of p53 mutants
regulates E-cadherin expression uncoupled from cell invasion in colon cancer
cells, J. Cell Sci. 123 (2010) 1295-1305.

[26] T. Ohkubo, M. Ozawa, The transcription factor Snail downregulates the tight
junction components independently of E-cadherin downregulation, ]. Cell Sci.
117 (2004) 1675-1685.

[27] M. Zeisberg, E.G. Neilson, Biomarkers for epithelial-mesenchymal transitions,
J. Clin. Invest. 119 (2009) 1429-1437.

[28] P.A. Gregory, C.P. Bracken, E. Smith, et al., An autocrine TGF-B/ZEB/miR-200
signaling network regulates establishment and maintenance of epithelial-
mesenchymal transition, Mol. Biol. Cell 22 (2011) 1686-1698.

[29] A.Dhasarathy, D. Phadke, D. Mav, et al., The transcription factors snail and slug
activate the transforming growth factor-beta signaling pathway in breast
cancer, PLoS ONE 6 (2011) e26514.


http://refhub.elsevier.com/S0006-291X(14)00398-2/h0005
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0005
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0150
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0150
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0150
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0015
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0015
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0015
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0015
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0020
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0020
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0020
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0025
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0025
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0030
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0030
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0035
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0035
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0040
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0040
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0045
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0045
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0045
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0050
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0050
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0050
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0055
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0055
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0060
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0060
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0060
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0060
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0065
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0065
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0070
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0070
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0070
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0075
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0075
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0075
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0080
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0080
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0080
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0080
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0085
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0085
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0085
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0090
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0090
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0090
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0095
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0095
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0100
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0100
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0100
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0105
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0105
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0110
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0110
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0110
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0115
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0115
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0120
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0120
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0120
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0125
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0125
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0125
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0130
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0130
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0130
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0135
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0135
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0140
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0140
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0140
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0145
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0145
http://refhub.elsevier.com/S0006-291X(14)00398-2/h0145

	Overexpression of Snail in retinal pigment epithelial triggered  epithelial–mesenchymal transition
	1 Introduction
	2 Materials and methods
	2.1 Cell culture and transfection
	2.2 Immunofluorescent staining
	2.3 Morphology observation
	2.4 Quantitative real-time PCR (qRT-PCR) analysis
	2.5 Immunoblotting assay
	2.6 RPE cell migration assay
	2.7 Statistical analysis

	3 Results
	3.1 Expression of Snail protein in transfected ARPE-19 cells
	3.2 Effects of Snail overexpression on ARPE-19 cells morphology
	3.3 Snail overexpression induced EMT in ARPE-19 cells
	3.4 Snail overexpression leads to increased ARPE-19 cells migration

	4 Discussion
	Acknowledgments
	References


