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Enhancement of dediVerentiation and myoid
diVerentiation of retinal pigment epithelial cells by
platelet derived growth factor

Akira Ando, Mami Ueda, Masanobu Uyama, Yasuo Masu, Seiji Ito

Abstract
Aims—To clarify factor(s) involved in
morphological dediVerentiation of retinal
pigment epithelial (RPE) cells in vitro
from mitotically quiescent hexagonal cells
to flattened cells that lack epithelial char-
acteristics and concurrent myoid diVer-
entiation.
Methods—RPE cells which retained their
diVerentiated hexagonal morphology were
isolated from bovine eyes by mechanical
pipetting. DediVerentiation and myoid
diVerentiation of RPE cells were exam-
ined by microscopic observation and
immunohistochemical analysis using
antibodies against cytokeratin, an epithe-
lial marker, and á smooth muscle actin, a
marker of myoid diVerentiation. The con-
tractile ability of RPE cells was evaluated
by collagen gel contraction assay.
Results—Platelet derived growth factor
(PDGF) enhanced morphological changes
in the RPE from hexagonal-shaped cells
to flattened cells. Coincident with this
morphological alteration, the expression
of cytokeratin in RPE cells decreased and
expression of á smooth muscle actin began
and was increased in a time dependent
manner. These alterations were com-
pletely blocked by collagen synthesis in-
hibitors. Interleukin 1â, transforming
growth factor â1, insulin-like growth fac-
tor I, and basic fibroblast growth factor
had little or no eVect on the dediVerentia-
tion. PDGF also potentiated the RPE
induced collagen gel contraction.
Conclusions—These results demonstrate
that PDGF enhanced the dediVerentiation
of RPE cells, the initial step of prolifera-
tive vitreoretinopathy (PVR), as well as
myoid diVerentiation and collagen gel
contraction. PDGF may have a versatile
role in the pathogenesis of PVR involving
collagen synthesis.
(Br J Ophthalmol 2000;84:1306–1311)

The retinal pigment epithelium (RPE) forms a
mosaic of hexagonal-shaped cells that has
highly specialised organisation located between
the choroid and the neural retina, and serves as

the outer blood-retinal barrier regulating reti-
nal homeostasis and visual function.1–3 The
hexagonal-shaped RPE cells are normally
stationary and mitotically inactive and prolifer-
ate only when participating in wound repair or
when placed in culture.1 Proliferative vitreo-
retinopathy (PVR) is a well recognised compli-
cation of retinal detachment and a major cause
of failure of retinal reattachment surgery. The
pathogenesis of PVR is thought to consist of
several critical steps. Several kinds of cells
migrate from the subretinal space and the
retina in PVR. The RPE cells are the predomi-
nant cell types involved in this disease
process.1 4 5 The initial step may be dediVeren-
tiation of RPE cells: specifically, morphological
alteration from a mitotically quiescent hexago-
nal shape to a migrating flattened shape with
loss of epithelial characteristics. In the second
step, the RPE cells together with other cells
migrate from the subretinal space into the vit-
reous cavity, and proliferate extensively. The
proliferating RPE cells may transdiVerentiate
to myofibroblasts or mesenchymal-like cells
and form epiretinal membranes.4 6–8 Finally, the
membranes exert contractile force on the
attached underlying retina and lead to detach-
ment of the retina. This disease process is
thought to originate from the entry of serum
components, macrophages, and leucocytes
into the retina by the breakdown of the blood-
retinal barrier.9 10 High levels of interleukin 1
(IL-1) and interleukin 6 (IL-6),11 transforming
growth factor â (TGF-â),12 and platelet
derived growth factor (PDGF)13 14 have been
found in the vitreous humour or epiretinal
membrane from patients with PVR.

RPE cells innately possess plasticity and
alter their morphological and biochemical phe-
notype in response to various environmental
changes.1 2 15 In fact, it has been demonstrated
that the RPE cells lose their epithelial charac-
teristics and acquire mesenchymal characteris-
tics by the expression of á smooth muscle actin
(á-SMA), which is essential for contractile
activity,16 17 during continuous passages in cul-
ture. Furthermore, RPE cells have been shown
to produce various growth factors and cy-
tokines and extracellular matrix components in
culture,18 19 and respond to these factors in an
autocrine or a paracrine fashion.14 18–21 Thus,
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there have been intensive investigations of the
mechanism of migration and proliferation of
RPE cells using in vitro cell culture systems
and PDGF particularly has been demonstrated
to be a potent stimulator for both proliferation
and migration.18 22 23 Although it is well ac-
cepted that the entry of serum components by
the breakdown of the blood-retinal barrier is
the initial step of PVR,9 10 factor(s) involved in
dediVerentiation of quiescent hexagonal RPE
cells are still elusive. We focused on this
issue and report here that PDGF markedly
enhanced dediVerentiation and subsequent
myoid diVerentiation of quiescent hexagonal
RPE cells in vitro. Moreover, we show that col-
lagen synthesis could be involved in these
processes.

Materials and methods
CULTURE OF RPE CELLS

Bovine eyes were obtained from a local slaugh-
ter house within 3 hours of death. RPE cells
retaining the hexagonal-shaped characteristic
of RPE in vivo were prepared by a modification
of the method of Del Monte and Maumenee as
described previously.15 The sensory retina was
removed to expose the RPE monolayer and
then the intact RPE sheet was detached
carefully from the Bruch’s membrane with a
fire polished Pasteur pipette. The RPE layer
could be dissociated to single cells retaining
hexagonal cubic structure by mechanical pi-
petting. The primary cultures of RPE cells
were maintained in Dulbecco’s modified Ea-
gle’s medium (DMEM) (Nissui Pharmaceuti-
cal, Tokyo, Japan) supplemented with 5% fetal
bovine serum (FBS) (JRH, Lenexa, KS, USA)
and 100 U/ml penicillin and 100 µg/ml
streptomycin (DMEM-5). Cultures were incu-
bated in an atmosphere of 5% carbon dioxide–
95% air at 37°C. We confirmed that more than
90% of primary cultured RPE cells possessed
the autofluorescence of lipofuscin and were
strongly immunostained with anti-cytokeratin
antibody 8.13 (Sigma, St Louis, MO, USA).

DEDIFFERENTIATION OF RPE CELLS

Freshly isolated hexagonal-shaped RPE cells
(5 × 104 cells/well) were plated onto 24 well
culture plates without or with 50 and 100
ng/ml of PDGF (Peprotech, London), 10 and
20 ng/ml of TGF-â1 (Pharma Biotechnologie
Hannover, Hannover, Germany), 10 and 50
ng/ml of insulin-like growth factor I (IGF-I)
(Pharma Biotechnologie Hannover), 25 and 50
ng/ml of basic fibroblast growth factor (bFGF)
(Pharma Biotechnologie Hannover), 0.5 and 1
nM of IL-1â (Peprotech), 10 µM of tyrphostin
AG1295 (Calbiochem, San Diego, CA, USA),
50 nM of staurosporine (Wako Pure Chemi-
cals, Osaka, Japan), 50 µM of genistein
(Sigma), 1 mM of cis-4-hydroxyproline (HP)
(Wako), or 1 mM of L-azetidine-2-carboxylic
acid (AzC) (Sigma). The criteria of dediVeren-
tiation of RPE cells employed by us were (1)
morphological alteration from well diVerenti-
ated hexagonal shape to flattened shape, and
(2) loss of epithelial characteristic assessed by
the expression of cytokeratin using immuno-
fluorescence technique. After 7 and 14 days,

the morphological alteration of RPE cells was
routinely evaluated by counting wells in which
dediVerentiated RPE cells were observed
under a phase contrast microscope (TMS,
Nikon, Tokyo, Japan).

IMMUNOFLUORESCENCE

RPE cells cultured onto glass chamber slides
(Nunc Inc, Naperville, IL, USA) for 7 and 14
days were fixed in 100% methanol for 10 min-
utes at −20°C, washed three times with
phosphate buVered saline (PBS), and incu-
bated in 1% normal goat serum in PBS (1%
NGS-PBS) for 30 minutes. They were then
incubated for 60 minutes at room temperature
with either anti-cytokeratin 8.13 antibody
diluted 1:50 with 1% NGS-PBS or anti-á-
SMA antibody (Sigma) diluted 1:400 with 1%
NGS-PBS. The cells were washed three times
with PBS and incubated for 60 minutes at
room temperature with rhodamine conjugated
goat anti-mouse IgG (Kirkegaard & Perry
Laboratories Inc, Gaithersburg, MD, USA) or
FITC conjugated goat anti-mouse IgG (Amer-
sham, Bucks) diluted 1:50 with 1% NGS-PBS.
After washing three times with PBS, immunos-
tained slides were processed for fluorescence
microscopy (Fluoview, Olympus, Tokyo,
Japan).

WESTERN BLOTTING FOR CYTOKERATIN AND

á-SMA

RPE cells (5 × 104 cells/well) cultured in six
well culture plates (Falcon) for 7, 10, and 14
days were gently washed three times with PBS,
and were lysed in 100 µl of the lysis buVer
(0.1% sodium dodecylsulphate (SDS) in 0.1
M TRIS-HCl, pH 7.4). After aliquots (10 µg of
proteins) of cell lysates were boiled for 5
minutes at 96°C in sample buVer containing
0.1% SDS, samples were subjected to 12.5%
SDS-polyacrylamide gel electrophoresis
(PAGE) by a modification of the method of
Laemmli24 and transferred to polyvinylidene
difluoride membranes (Bio-Rad, Hercules,
CA, USA). The membranes were incubated in
a blocking solution (5% skim milk, 0.1%
Triton X-100, 0.02% NaN3, and 10 mM
TRIS-HCl, pH 7.4) for 60 minutes at room
temperature in order to avoid non-specific
immunoreaction. The membrane was incu-
bated for 60 minutes at room temperature with
either anti-cytokeratin 8.13 antibody (Sigma)
or anti-á-SMA antibody (Sigma) diluted
1:2000 with the blocking solution, and then
washed four times with a wash solution (0.1%
Triton X-100 in TRIS buVered saline) for 10
minutes at room temperature. Then it was
incubated for 60 minutes at room temperature
with horseradish peroxidase conjugated anti-
mouse IgG antibody (Sigma) diluted 1:20 000.
After washing four times with the wash
solution for 10 minutes at room temperature,
the membranes were stained with ECL west-
ern blot detection reagents (Amersham) and
exposed to x ray film.

COLLAGEN GEL CONTRACTION ASSAY

Freshly isolated RPE cells were cultured for 14
days in six well culture plates with or without
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100 ng/ml PDGF. Neutralised type I collagen
solution was prepared by mixing two parts 5X
DMEM, one part 0.2 M Hepes and 2.2%
NaHCO3 in 0.05 N NaOH, and seven parts
Cellmatrix type I-A (Nitta Gelatin, Osaka,
Japan). This collagen solution was poured into
a 24 well culture plate (0.5 ml/well) and kept at
37°C for 30 minutes to allow the collagen to
polymerise. Freshly isolated RPE cells, dedif-
ferentiated RPE cells cultured for 14 days in
the presence of PDGF, or spontaneously
dediVerentiated RPE cells cultured for 14 days
were treated with PBS containing 0.05%
trypsin. Cells were plated onto collagen gels
(105 cells/well) and incubated in DMEM-5 for
24 hours to allow the cells to adhere to the col-
lagen gels. Then the collagen gels were
detached from the culture plate and floated in
culture medium. After another 24 hours, the
collagen gels were photographed and their
areas were measured with NIH Image soft-
ware.

STATISTICS

Data are expressed as mean (SE) of three sepa-
rate experiments. The unpaired Student’s t test
was used for statistical analysis. A level of p
<0.05 or <0.01 was considered to be signifi-
cant.

Results
DEDIFFERENTIATION OF RPE CELLS BY PDGF

RPE monolayers were dissected from bovine
eyes and dispersed into single cells by me-
chanical pipetting. The freshly isolated RPE
cells were highly pigmented, hexagonal-
shaped, and were found singly or in small clus-
ters of up to 20–25 cells (Fig 1A), which
resembled diVerentiated RPE cells in vivo.
After 7 days in culture in DMEM-5, most of
RPE cells continued to float freely in the
culture medium and remained well diVerenti-
ated, hexagonal, and pigmented. Only a small
percentage of RPE cells attached to culture
dishes, became flattened and lost pigment
granules. These RPE cells were observed in
two out of 12 wells. This morphological altera-
tion of RPE cells was not observed in the
absence of FBS or in the presence of 1% FBS
(Table 1).

To examine the eVect of growth factors and
cytokines on the morphological alteration of
RPE cells, we added PDGF, TGF-â1, IGF-I,
bFGF, or IL-1â to diVerent preparations of
freshly isolated RPE cells and observed the
morphological alterations after 7 days of
culture in DMEM-5. Table 1 summarises the
number of wells in which dediVerentiated RPE
cells were observed. Although TGF-â1 (20
ng/ml), IGF-I (50 ng/ml), bFGF (50 ng/ml), or
IL-1â (1 nM) had little or no additive eVect on
the morphological alteration of RPE cells,
PDGF (50 ng/ml) increased the number of
positive wells from 19.8% (3.7%) to 38.9%
(3.9%) (Table 1). PDGF at 100 ng/ml further
enhanced this morphological alteration of RPE
cells to 45.0% (4.5%) on day 7 (Fig 2). When
RPE cells were cultured for 14 days, they
became flattened and began to form colonies
(Fig 1B). PDGF exerts a variety of actions

Figure 1 Photomicroscopy of retinal pigment epithelial (RPE) cells under bright field
illumination (A, B), and immunofluorescent staining for cytokeratin (C, D) and á smooth
muscle actin (á-SMA) (E, F) on day 0 (A, C, E) and day 14 of incubation with 100
ng/ml platelet derived growth factor (PDGF) (B, D, F). Freshly isolated RPE cells were
hexagonal-shaped and mostly pigmented (A). RPE cells partly became flattened and lost
their pigment granules (B). They exhibited a decline in immunoreactivity for cytokeratin
(D) and an increase in á-SMA immunoreactivity (F). Original magnification, ×150.

Table 1 Incidence of dediVerentiation in cytokine treated and untreated retinal pigment
epithelial (RPE) cells

Addition
Number of wells
examined

Number of positive
wells % DediVerentiation (SE)

Experiment 1
None 12 0 0

+ 1% FBS 12 0 0
+ 2.5% FBS 12 1 8.3
+ 5% FBS 12 2 16.7

Experiment 2
5% FBS 73 14 19.8 (3.7)

+ PDGF 50 ng 56 22 38.9 (3.9)*
100 ng 36 16 45.5 (4.2)*

+ TGF-â 10 ng 40 9 22.9 (5.2)
20 ng 28 6 22.6 (4.6)

+ IGF-I 10 ng 24 5 21.3 (3.8)
50 ng 36 9 25.7 (4.2)

+ bFGF 25 ng 16 3 19.7 (5.4)
50 ng 24 4 18.6 (7.4)

+ IL-1â 0.5 nM 24 5 22.5 (5.8)
1 nM 32 9 24.7 (6.5)

Freshly isolated RPE cells (5 × 104 cells/well) were cultured under various conditions for 7 days.
DediVerentiation (mean (SE)) represents the percentage of positive wells in which dediVerenti-
ated RPE cells were observed. DediVerentiation was evaluated as described under “Materials and
methods”. *p <0.05, PDGF versus control.
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through the PDGF receptor tyrosine
kinase.25 26 The PDGF enhanced colony for-
mation in DMEM-5 was significantly reduced
on day 7 by 10 µM tyrphostin AG1295, a
selective inhibitor of PDGF receptor tyrosine
kinase27 (Fig 2). On the other hand, the colony
formation in DMEM-5 was completely
blocked by the protein kinase C inhibitor stau-
rosporine (50 nM) and the non-selective tyro-
sine kinase inhibitor genistein (50 µM) (Fig 2).
These results demonstrate that PDGF and a
component(s) of serum might synergistically
stimulate the morphological alteration of
hexagonal-shaped RPE cells.

To characterise further the morphological
alteration of RPE cells, we examined the
expression of cytokeratin, an established
marker of diVerentiated RPE cells. While
freshly isolated well diVerentiated hexagonal
shaped RPE cells on day 0 were heavily immu-
nostained with anti-cytokeratin antibody (Fig
1C), immunoreactivity for cytokeratin in flat-
tened RPE cells was diluted and decreased on
day 14 (Fig 1D). By western blotting, four
bands immunoreactive to anti-cytokeratin
antibodies were detected at positions between
35–50 kDa in lysates of freshly isolated RPE
cells (Fig 3). Consistent with the reduction of
immunoreactivity for cytokeratin in dediVeren-
tiated RPE cells (Fig 1D), these bands,
particularly the lower bands, decreased on day
7, 10, and 14 in a time dependent manner (Fig
3). Taken together, these results demonstrate
that PDGF enhanced the dediVerentiation of
RPE cells.

MYOID DIFFERENTIATION BY PDGF

To study whether the decrease in expression of
cytokeratin was followed by myoid diVerentia-
tion, we examined the expression of the myoid
marker á-SMA. Although well diVerentiated
hexagonal-shaped RPE cells exhibited no
immunoreactivity for á-SMA on day 0 (Fig
1E), more than 90% of flattened RPE cells
showed clear immunoreactivity for á-SMA in
the cytoplasm on day 14 (Fig 1F).

On western blotting, an á-SMA immunore-
active band ran at a position of 42 kDa and
increased on day 10 and 14 in a time depend-
ent manner (Fig 3).

To clarify whether myoid diVerentiation of
RPE cells potentiated the contractile ability, we
carried out a collagen gel contraction assay. As
shown in Table 2, the RPE cells dediVerenti-
ated by PDGF contracted collagen gels more
intensely than diVerentiated cells or spontane-
ously dediVerentiated cells without PDGF; the
PDGF treated cells reduced the area of the gel
by 78.9% (2.5%) compared with 63.4%
(1.7%) by spontaneously dediVerentiated cells.
On the other hand, diVerentiated RPE cells
were unable to contract collagen gels with
(5.65% (0.6%)) or without (4.40% (0.5%))
PDGF. These results demonstrate that PDGF
potentiated the RPE induced contractile ability
concomitant with the increased expression of
á-SMA in the cell.

INVOLVEMENT OF COLLAGEN SYNTHESIS IN

DEDIFFERENTIATION

Collagen synthesis has been reported to be
involved in various properties of RPE cells,
including morphological phenotype, prolifera-

Figure 2 EVect of platelet derived growth factor (PDGF)
and protein kinase inhibitors on dediVerentiation of
hexagonal-shaped retinal pigment epithelial (RPE) cells.
Freshly isolated RPE cells (5 × 104 cells/well) were cultured
in DMEM-5 in the absence or presence of the indicated
agents for 7 days. DediVerentiation was evaluated as
described under “Materials and methods”. Data (mean
(SE), n=12) represent the percentage of the number of
positive wells where dediVerentiated cells were observed.
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Figure 3 Western blotting for cytokeratin (upper) and
á-smooth muscle actin (á-SMA) (lower) on day 0 (lane
1), day 7 (lane 2), day 10 (lane 3), and day 14 (lane 4).
Positions of rainbow protein molecular weight markers
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Table 2 Collagen gel contraction induced by retinal
pigment epithelial (RPE) cells

Cell shape
Areas (pixels)
gel/well

% Contraction of
collagen gel (SE)

DiVerentiated 10643/11133 4.40 (0.5)
DediVerentiated without

PDGF 3937/10741 63.4 (1.7)
DediVerentiated with PDGF 2266/10741 78.9 (2.5)**

Freshly isolated RPE cells, dediVerentiated RPE cells cultured
for 14 days in the presence of 100 ng/ml of PDGF, or spontane-
ously dediVerentiated RPE cells cultured for 14 days were
plated onto collagen gels (105 cells per well) and incubated in
DMEM-5 for 24 hours to allow the cells to adhere to collagen
gels. Then, collagen gels were detached from the culture plate
and floated in the medium. After another 24 hours, collagen gels
were photographed and their areas were measured using NIH
Image software. Data for the areas are expressed as integrated
pixels of three independent experiments. Contraction of
collagen gels (mean (SE), n=3) is expressed as the percentage of
(whole pixels of the well − pixels of the gel)/whole pixels of the
well. **p <0.01, with PDGF versus without PDGF in dediVer-
entiated cells.
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tion, migration, and cell attachment.28 To
examine whether collagen synthesis was also
involved in the process of RPE dediVerentia-
tion enhanced by PDGF, we added the
collagen synthesis inhibitors AzC and HP to
the primary culture system. Continuous expo-
sure to 1 mM AzC or 1 mM HP completely
inhibited the morphological alteration of
freshly isolated hexagonal RPE cells for 14
days. When the medium was replaced with
fresh medium without the inhibitor on day 7,
morphological alteration and expression of
á-SMA in RPE cells resumed on day 14. Thus,
collagen synthesis could be involved in these
changes in RPE cells and the eVects of collagen
synthesis inhibitors were reversible.

Discussion
The disease process of PVR is characterised by
multiple steps: cell migration, cell adhesion,
cell proliferation, and cell contraction with
consequent retinal detachment. Because
spindle-shaped RPE cells are observed in
membranes with PVR, migration and prolif-
eration of the RPE cells are considered to be
responsible for the pathogenesis of PVR.4 7

Campochiaro et al22 29 reported that PDGF and
fibronectin are the major chemoattractants for
human RPE cells in serum. While normal RPE
cells in vivo exhibited no or little expression of
PDGF and its receptors, RPE cells in prolifera-
tive membranes obtained from PVR patients
significantly expressed PDGF and its
receptors.13 14 PDGF enhanced proliferation
and DNA synthesis of the cultured RPE cells
in vitro.23 Moreover, PDGF is suggested to be
an autocrine or a paracrine growth stimulator
of RPE cells in vitro and in situ.13 14 18–21 Thus,
it has been generally accepted that PDGF is
one of the most potent mitogens and chemoat-
tractants for RPE cells and plays a major part
in pathogenesis of PVR. Although dediVeren-
tiation of RPE cells is recognised as the initial
step of PVR,1 4 the factor(s) involved in this
dediVerentiation is/are not yet characterised.
To address this question, we prepared RPE
cells retaining hexagonal shape by mechanical
pipetting, but not by enzymatic treatment,
because trypsin treatment may aVect cell
surface structures such as adhesion molecules
and sensitivity to extracellular signal. We
believe that in vivo characteristics of RPE cells
may be more conserved by this preparation
than by trypsin treatment. We demonstrate
here that a small portion of freshly isolated
hexagonal RPE cells were altered to a flattened
shape in 7 day cultures supplemented with
more than 2.5% FBS and that this alteration
was specifically enhanced by PDGF among
growth factors and cytokines examined (Table
1). Consistent with the previous report13 that
normal RPE cells do not express PDGF â
receptors, PDGF alone did not induce mor-
phological alteration. The selective PDGF
receptor kinase inhibitor blocked the PDGF
stimulated morphological alteration of RPE
cells, but not the serum stimulated one (Fig 2).
The latter was blocked by the non-specific
tyrosine kinase inhibitor genistein and the pro-
tein kinase C inhibitor staurosporine. It should

be noted that these inhibitors aVected morpho-
logical change, but not adhesion of hexagonal
RPE cells to substratum, suggesting that cell
adhesion and morphological change may be
induced by diVerent factors. In this connec-
tion, Del Monte and Maumenee15 reported
that collagen and epidermal growth factor
(EGF) were important for adherence and pro-
liferation of RPE cells. Although this possibility
should be critically evaluated, it is likely that
EGF in serum may stimulate the expression of
PDGF receptors on quiescent RPE cells,
which are less susceptible to PDGF. RPE cells
produce many types of collagens,30 and colla-
gen synthesis is involved in migration, attach-
ment, and proliferation of RPE cells.29 Our
results also suggest the importance of collagen
synthesis for dediVerentiation of RPE cells.
These results demonstrate that PDGF is one of
the factors crucial for dediVerentiation of qui-
escent hexagonal RPE cells, and possibly
involved in the initial step of the pathogenesis
of PVR.

Many factors that induce transdiVerentia-
tion in the eye have been reported in diVerent
types of cells including RPE cells. Reh et al31

and Zhao et al32 reported that laminin and
bFGF induced transdiVerentiation of RPE
cells to neurons. Kurosaka et al33 reported that
TGF-â2 enhanced expression of á-SMA in
cultured RPE cells. PDGF enhanced expres-
sion of á-SMA in chick fibrocytes and transdif-
ferentiation to myofibroblasts.34 It is known
that á-SMA is necessary for the generation of
tractional forces17 and that PDGF and other
factors enhance contractile ability in cultured
RPE cells.35 In the present study, we showed
that the morphological alteration of RPE cells
was accompanied by a decline in the expres-
sion of cytokeratin and novel expression of
á-SMA (Figs 1 and 3), and acquisition of the
ability to contract collagen gels (Table 2).
Although bFGF was reported to be a diVeren-
tiation factor in RPE cells36 37 and TGF-â
stimulated the ability to contract collagen gel
in RPE cells,38 neither bFGF nor TGF-â1
enhanced dediVerentiation of hexagonal RPE
cells (Table 1). Although we cannot exclude a
possibility that bFGF and/or TGF-â1 were
present in serum at high enough concentra-
tions to promote dediVerentiation of RPE
cells, these results suggest that factors involved
in dediVerentiation may be diVerent from
those involved in transdiVerentiation.

Taken together with previous studies, the
present study demonstrates that PDGF has
important roles in multiple steps of the patho-
genesis of PVR. DediVerentiation of RPE cells
is not merely an initial step but also a crucial
step for this disease process. Campochiaro et
al39 showed that retinoic acid promotes dose
dependent growth arrest in human RPE cells.
Therefore, retinoic acid may serve as a negative
regulator in situ under normal conditions and
PDGF, a positive regulator under pathological
conditions. Our findings of the involvement of
PDGF in RPE metaplasia indicate that PDGF
can be a most suitable target for prevention of
PVR. Further investigation of the mechanisms
of dediVerentiation, transdiVerentiation, and
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its correlation with collagen synthesis in RPE
cells might shed light on the treatment of PVR.
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