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RPE epithelial-mesenchymal transition plays a critical role in the
pathogenesis of proliferative vitreoretinopathy
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Serious proliferative vitreoretinopathy (PVR) may lead
to vision loss or blindness due to the generation of PVR
membrane in vitreous and retina and tractional retinal
detachment, it is often seen after retinal reattachment
surgery or retinal wound. RPE epithelial-mesenchymal
transition (EMT) is a critical step of wound healing
response in PVR (1,2).

The transition of a cell from epithelial phenotype to
mesenchymal-like cell in certain conditions is called EMT.
Three types of EMT have been recognized (3), type 1
EMT functions for tissue and embryo development, type 2
EMT often refers to the response of tissue wound and scar
formation, type 3 EMT involves in the process of tumor
invasion.

There are numbers of well-recognized changes in
the process of EMT including but not limited to the
aberrant expression of cell surface molecules, cytoskeletal
reorganization, loss of the junctions between cells and
apical-basal polarity, extracellular matrix over production,
increased cell proliferation and migration (4-6). In order
to confirm the development of EMT, at least the following
changes of cellular contents and function during EMT
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should be closely monitored: notably, EMT is dynamic
and reversible, therefore, the reverse process is named
as mesenchymal-epithelial transition (MET), suggesting
that under certain conditions, some transdifferentiated
epithelial cell may be converted to epithelial cell and thus
the manipulation of phenotype changes between epithelial
and mesenchymal cell is possible (Figure 14) (4-6).

Cellular changes during EMT

Lost or decreased:
% Epithelial adhesion molecular: E-cadherin, Occludin;
% Apical-basal polarity.
Acquired:
% a-smooth muscle actin (0-SMA);
% Intermediate filament protein: Vimentin;
% Migration and proliferation.
Intracellular pathways:
% Smad2/3;
% Smad?7.
Transcriptional factors:
+¢ Snail;
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Figure 1 The diagram of transition between EMT and MET. (A) At the specific conditions, the switch between EMT and MET will occur;
(B) activated RPE cell (by inflammatory factors) release HGF and HGF induces the disconnection of individual RPE from the monolayer to

dedifferentiated RPE through a transmembrane tyrosine kinase receptor (HGF receptor). EMT, epithelial-mesenchymal transition; MET,

mesenchymal-epithelial transition.

% Peroxisome proliferator-activated receptor-y (PPAR-y).
We should realize that EMT is regulated by numerous
factors including inflammatory cytokines and growth factors
(TGF-B, CTGE PDGF) (7), and extracellular matrix (ECM)
has also been found to stimulate extracellular signals that
induce EMT. a-SMA is a marker of EMT, among growth
factors, the strongest inducer of a-SMA is TGF-B in
transdifferentiated cells, at the time of the development of
EMT, the expression of TGF-p is upregulated, while the
EMT inhibitor factors including Smad7, IxBa and PPAR-y
are suppressed (8).

It is well recognized that the RPE cell is the major cell
to participate in the formation of EMT and PVR, this
notion is supported by the studies of numbers of fibrotic
retinal diseases such as neovascular age-related macular
degeneration (nAMD), retinal fibrosis complicated by
diabetes, PVR and choriocapillaris atrophy (9).

We have to address that in normal eye, RPE cells are

non-migratory as well as non-proliferative, however, the
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ability of the RPE transdifferentiation is greatly elevated
from its original essence in vitro after activation. A major
feature of RPE cell EMT is the upregulation of a-SMA,
and the majority of the transdifferentiated cell in PVR
membrane is RPE cell which produce the traction force
and induce retinal detachment. The abnormal of the RPE
behavior can be demonstrated in retinal wound healing
in vivo. The EMT phenotype of RPE cell has been induced
in vitro which is associated with up-regulation of a-SMA
expression and loss of the epithelial polarity and junction
proteins. After transdifferentiation, the RPE cell behaves
like macrophage to migrate, like muscle cell to contract,
like immune proponent cell to produce more cytokines and
growth factors.

As mentioned above, RPE cell transdifferentiation could
be a predisposing step in the development of PVR, however,
the fundamental mechanisms of the RPE cell EMT is
remained unclear. In previous study, we believe that HGF

is the major mediator of EMT (cell migration, proliferation
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and increased EMT markers) (10), because treatment of the
RPE monolayer with HGF results in RPE cell disconnecting
from each other at the existing of TNFa and PDGF and
stimulates the migration and proliferation of the separated
RPE cells, and therefore a PVR membrane is formed
with the enrichment of cellular components (Figure 1B).
HGF receptor (C-Met) plays an essential role in the
induction of such kind of function by ligation with HGF.
One of important factor we have to mention is that CTGF
is the major mediator of EMT and retinal fibrosis (11).
CTGEF works as a downstream gene of TGF-p, takes action
on EMT and fibrosis by stimulating cell proliferation and
ECM deposition. Importantly, CTGF can induce rabbit
PVR when injected into the vitreous cavity. Although
many fibrogenic growth factors/cytokines produced by
injured tissues participate in the process of EMT, TGF-f
is believed to play a central role. Up-regulation of other
pro-fibrotic cytokines and ECM genes mediated by
TGF-p prime the microenvironment favorable for fibrosis.
Treatment of cultured RPE cells with TGF-p induces RPE
cell transdifferentiation into fibroblast-like cell through
EMT. Although PDGF and CTGF are well known to be
expressed in human PVR membranes, the downstream
signaling of those growth factors is believed to target on
TGF-B, suggesting that TGF-B could orchestrate the
secondary effects of other stimulators on EMT in PVR.

In term of EMT signaling, Smad2/3 has been
demonstrated to be the key signaling pathways of EM'T
induced by TGF-B, inhibition of TGF-p via Smad2/3
signaling has been demonstrated to suppress PVR in an
experimental PVR model by knocking down Smad2/3,
blocking the Smad2/3 signaling also inhibits the expression
of a-SMA, the EMT marker, and collagen IV in RPE cell,
while the same effect can be observed by the presence of
Smad7. The results suggest that the Smad2/3 signaling is
required in the process of TGF-p induced EMT. Besides
Smad2/3 signaling, the involvement of other signaling
pathway (12), such as B-catenin/Wnt and Hippo signaling
(2,13), PKC pathway, NOTCH signaling, YAP1-snaill
axis (14), ERK and AKT in the induction of EMT should
also be concerned about.

The critical marker of epithelial cell transdifferentiation
is the increased expression of 0-SMA. Transdifferentiation
of RPE cells to a-SMA-positive phenotype is considered
to be an example of epithelial-transdifferentiation. a-SMA
expression in transdifferentiated cells is induced by TGF-p.
Further, the EMT process in human fetal RPE cells is
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highly regulated by TGF-B2 and ECM proteins. It was
reported that the expressions of TGF-B and TGF-BR2 are
detected in PVR membranes, so the role of the TGF-
signaling in the regulation of EMT should be addressed.

TGF-B signaling promotes EMT by activating
several transcription factors which include Twist and
most significantly, Snaill/2 (15). The activation of these
transcription factors suppresses the epithelial phenotype
and transdifferentiation of epithelial cells into motile cell
type. Snail is an immediate-early response gene of TGF-p,
it could be activated through the signaling of Smad2/3 and
Smad4. More importantly, inhibition of Snail expression
is able to block TGF-B-induced a-SMA expression in
lens epithelial cells. This implies that Snail plays an
essential role in promoting the ability of epithelial cell
transdifferentiation.

In consideration of the roles of epigenetic factors (DNA
methylation, histone modification and non-coding RNA)
in the pathogenesis of EMT, we suggest that MeCP2 is
an important mediator in the induction of EMT and the
generation of fibrosis (16,17).

We thought that the pathogenesis of EMT and PVR in
RPE cells is strictly regulated by MeCP2 (16). The notion
of the importance of MeCP2 in the pathogenesis of PVR
is supported by the following evidences: the abundant
expression of MeCP2 and the double labeling of MeCP2
with cytokeratin and a-SMA are found in human PVR
membrane (16); TGF-PR2 and Smad2/3 activation and
TGF-P induced increase of a-SMA and fibronectin are
suppressed by MeCP2 siRNA in cultured RPE cells (16);
MeCP2 regulates the expression of a-SMA through the
signaling pathway of Ras GTPase activating protein
(RASAL1) (16). Interestingly, 5-Aza-2'deoxycytidine (a
DNA methylation inhibitor) could upregulate the RASAL1
mRNA expression (16). More importantly, the upregulation
of PPAR-y is related to the decrease of MeCP2 expression
after exposure to 5-AZA. These observations support that
MeCP2 plays a critical role in the induction of EMT, and
the development of PVR may be mediated by epigenetic
factors (Figure 2). MeCP2 may be the target of PVR
treatment.

Besides DNA methylation, EMT and fibrosis are also
regulated by histone acetylation/deacetylation (18). So
far as best of our knowledge, the regulation of EMT and
fibrosis by histone modification has not been reported in
RPE, however, previous studies show that the pathological
process of EMT and fibrosis are highly regulated by
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Figure 2 The diagram of MeCP2 in the induction of EMT and
PVR formation. Retinal trauma cause inflammation response
and up-regulate the expression of methyl-CpG-binding proteins
(MeCP2) and its phosphorylation, MeCP2 then activate TGF-p
and silence another set of genes for example PPAR~y and Smad 7.
Meanwhile miR-132 is down-regulated by inflammatory factors,
which is a upstream mediator of MeCP2. TGF-p activates Smad
2/3, Snail-1 and its down-steam gene CTGF and results in the
increasing expression of a-SMA and ECM overproduction and
RPE behavior changes such as migration and proliferation. MeCP2
likely plays a central role in regulating EMT and the pathogenesis
of PVR. EMT, epithelial-mesenchymal transition; MET,

mesenchymal-epithelial transition; ECM, extracellular matrix.

histone modification in certainly systemic diseases including
heart, renal, lung and liver fibrosis. Inhibition of HDAC
suppressed TGF- induced kidney fibrosis. T'SA (a HDAC
inhibitor) decreased growth factor induced fibroblast
proliferation. Interestingly, the transdifferentiation of
corneal stromal cell induced by TGF-B is suppressed using
TSA. Importantly, in the laser-induced model of CNV,
systemic administration of TSA significantly reduces the
expression of vascular endothelial growth factor (VEGEF),
and a-SMA in CNV lesions (19). Recently, we demonstrated
that intravitreal injection of resveratrol (a SIRT'1 activator)
not only suppresses TGF-p2-induced EMT of RPE cells
by deacetylating Smad4, but also induces MET (20),
suggesting a possibility to reverse EMT.
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One of an important epigenetic factor in the regulation
of EMT is non-coding RNA. Recently, roughly 1,300 short
RNA sequencing datasets from 13 distinct human tissues
have been documented; 3,707 novel mature miRINAs arising
from 3,494 novel precursors; according to the current
estimates, human genome likely has over 25,000 miRNAs.
Many miRNAs might also participate in the regulation of
EMT process (21), miRNA-132 may inhibit EMT through
suppression of MeCP2 (Figure 2), thus, those miRNAs
might also be EMT biomarkers. The importance of miRNA
in the pathogenesis of EMT especially in the regulation
of PVR has been further addressed by Cui ez al. (22), the
authors showed that the expression of miR-194 is much
stronger in RPE than other retinal layers, knock down miR-
194 compromised EMT phenotype induced by TGF-p in
RPE cells, most importantly, intravitreal injection of miR-
194 is able to inhibit experimental PVR in a rat model,
therefore, miR-194 could be a potentially novel therapeutic
approach in the treatment of PVR (22).

The mechanisms of EMT and fibrosis formation remain
largely under investigation, especially the regulation of
EMT by epigenetic factors. More extensive research is
needed to clarify the outline of DNA methylation, histone
modification, non-coding RNA and RNA methylation
mediated genes expression in the initiation of EMT and
fibrosis, specifically, the regulation of the expression of
NF-«B, Snaill and Twist by epigenetic factors in the
development of RPE cell EMT and how the RPE cell
EMT could be reversed to MET by increasing the MET
inducer factors such as BMP7, OCT4, SOX2 and PGC-
la expression which is an important factor in maintaining
normal function and phenotype of RPE cell (23). Highlight
the mysteriousness behind of EMT is not only important
for further understanding of the mechanism of EMT
initiation, progression, regression and the switch between
EMT and MET through the analysis of transcriptome,
proteomic, metabonomics, and epigenome, but also is
critical for the potential pharmacologic approach for the
treatment of PVR and other fibrotic retinal diseases (24).
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