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Abstract
·AIM: To optimize the conditions for culture of retinal

pigment epithelium (RPE) cells, we characterized expressions

of various growth factors in RPE cells, including tumor

necrosis factor (TNF-α ), vascular endothelial growth factor

(VEGF), β fibroblast growth factor (β FGF), transforming

growth factor β 2 (TGFβ 2), and interferon-γ (IFN-酌). We

also studied expressions of caspase-3 under different

concentrations of fetal bovine serum (FBS) with insulin-

transferrin-sodium selenite (ITS) supplement.

·METHODS: First, we investigated if the expressions of

TNF-α , VEGF, β FGF, TGFβ 2, IFN-酌, and caspase-3 in FBS

and ITS with of concentration. Second, we cultured primary

RPE cells from eyes of forty C57 BL/6 mice in standard

dulbecco's modified eagle's medium (DMEM) containing 20,

40, 100mL/L FBS and 20, 40, 100mL/L FBS together with

10g/L ITS. Immunohistochemical staining and cell counting

were performed to verify the existence and growth condition

of RPE cells. The expressions of TNF-α , VEGF, β FGF,

TGFβ 2 and IFN-γ were determined using cells and

supernatant from passage-3 to -4 primary RPE cell after 48

hours of culture with RT-PCR and enzyme-linked

immunosorbent assays (ELISA). The expression of casepase-3

was determined via Western blotting. The major outcome

measurement was the expression level of growth factors in

cultured RPE cells and the experiment design was to expose

the RPE cells to different culture medium.

·RESULTS: TNF-α , VEGF, β FGF, TGFβ 2, but not IFN-酌,

were expressed and the expressions increased with

concentration. No expression of the aforementioned genes

was detected in presence of ITS. The primary cultures of RPE

cells were successfully established. TNF-α , VEGF, β FGF,

TGFβ 2 (but no IFN-酌) and the active caspase-3 were

detected in 20, 40, 100mL/L FBS or 20, 40, 100mL/L FBS

combined with 10g/L ITS; the expressions were upregulated

with increasing concentration of FBS. There was no significant

difference in the expression of growth factors between these

groups. However, significant differences were shown among

different concentration of FBS ( ＜ 0.01). The lowest

expression was observed in 20mL/L FBS or 20mL/L FBS

combined with 10g/L ITS medium with RPE cells. But RPE

cells were shown in better growth condition in 20mL/L FBS

combined with 10g/L ITS.

·CONCLUSION: TNF-α , VEGF, β FGF, TGFβ 2 and caspase-3

are expressed in RPE cells and supernatants. The production

of above 20mL/L FBS combined with 10g/L ITS in DMEM may

be the ideal cell culture medium that supports the normal

growth of RPE cells.
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INTRODUCTION

R etinal pigment epithelial (RPE) cells play a
fundamental role in many normal biological processes,

including absorption of light adjacent to the outer segments
of the photoreceptors, storage and conversion of vitamin A
esters, formation of an acid mucopolysaccharide complex
that surrounds the outer segments of rods and cones, as well
as phagocytosis of rod and, to a lesser extent, cone outer
segments. There are a number of retinal disorders in which
dysfunction of the RPE is the key to the pathogenetic
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process [1]. Recent researches on transplantation RPE cells
into subretinal space have made great progresses [2-6].
However, problems, such as how to supply healthy RPE
cells, are the key to successful transplantation that need to
be solved. Recent study has shown that vascular endothelial
growth factor (VEGF) is responsible for many ocular
pathologies [7], which indicates that growth factors could be
one main reason that affects ocular pathophysiological
properties. Therefore, we established the primary cultures of
RPE cells to investigate if growth factors critical for RPE
cell function, such as tumor necrosis factor (TNF-琢),
vascular endothelial growth factor (VEGF), 茁 fibroblast
growth factor (茁FGF), transforming growth factor 茁2
(TGF茁2) and interferon-酌 (IFN-酌), as well as casepase-3,
are expressed in RPE cells, and the ideal medium for the
growth of normal RPEs.
MATERIALS AND METHODS
Detecting the Expression of Growth Factors The
expression of TNF-琢, VEGF, 茁FGF, TGF茁2 and IFN-酌 as
well as caspase-3 in groups of 20, 40, 100mL/L fetal bovine
serum (FBS) and 10,20,30g/L insulin-transferrin-sodium
selenite media supplement (ITS) without RPE cells and
Dulbecco'S modified Eagle's medium (DMEM) were tested
in order to exclude the influence of the RPE cells and
medium. Saline were taken as control groups. Then, the
medium were divided into control (only with DMEM),
concentration of 20, 40, 100mL/L groups for the experiment.
Animals and Cell Cultures Forty pathogen-free C57BL/6
mice, aged 2-3 weeks, were used in this study. All animals
were treated in accordance with ARVO Statement for the
use of Animals in Ophthalmic and Vision Research in U.S.
and China. Donor C57BL/6 mice were decapitated and their
eyes were immediately enucleated and placed in ice-cold
DMEM with 2mmol/L glutamine. The whole eyeballs were
incubated for 20 minutes at 37℃ in solutions of 20mL/L
disperse concentrations. The eyes were rinsed twice in
DMEM and placed in a Petri dish containing fresh DMEM.
Under a dissecting microscope, the eyeballs were cut open
along the edge of the cornea. After the lenses and irises
were removed, the RPE and their attached neural retina
were gently separated from the eye cup and transferred to a
new Petri dish containing fresh DMEM. After two changes
to fresh medium and incubation for 15 minutes at room
temperature, the entire RPE sheets were easily separated
from the neural retina. Separated RPE sheets were cut into

pieces then transferred into culture flasks precoated with
1mg/L fibronectin and grew at 37℃ in a 50mL/L CO2

atmosphere in DMEM containing 20, 40, 100mL/L FBS and
10g/L ITS. It is the same experiment condition of the FBS
and ITS during the whole cell cultures course. Cell counting
was used to evaluate RPE cell growth. Passage 3 to 4 RPE
cells and their supernatants after being cultured for 48 hours
were used and all these cells were routinely stained with
antibodies against a broad range of epidermal keratins
(AE1/AE3; RDI, Flanders, NJ07836) for determination of
their epithelial origins. All cell culture material and
chemicals were purchased from Invitrogen (Carlsbad, CA).
Characterization of the Primary Culture by Immun -
ocytochemistry RPE cell cultures were washed in PBS and
fixed in 40g/L paraformaldehyde (PFA) at room temperature
(RT) for 15 minutes. Subsequently, nonspecific binding was
blocked with normal sheep serum (Serotec, Raleigh, NC) at
RT for 30 minutes. The primary antibody (mouse anti-
cytokeratin: RDI, PRO 61835: 1:100) used to characterize
the cells was diluted in PBS with 0.1% Tween 20 and
incubated for 60 minutes at RT. After the cells were washed
three times for 5 minutes each in PBS with 0.1% Tween 20,
the secondary antibody (sheep anti-mouse-Cy3; Sigma,
C-2181; 1:400) was applied for 30 minutes. Subsequent to
repeat washing, numbers of cells in four random visual
fields were counted and numbers of positive cells were used
to calculate the percent positive. Universal negative control
mice (Dako, NP015) were use for negative control: Specific
binding were visualized under fluorescence optics (Olympus,
Melville, NY). Cell morphologies were characterized by
phase-contrast microscopy.
Determination of TNF -琢, VEGF, 茁FGF, TGF茁2 and
IFN-酌 Expression by RT-PCR Total RNA (1滋g) which
was isolated from RPE cells in different concentration of
FBS using SV. Total RNA Isolation System kits ( Promega,
Madison, WI, USA) and PCR kit ( Applied Biosystems,
CA) were used for RT-PCR to detect the mRNA levels of
茁-actin, TNF-琢, VEGF, 茁FGF, TGF茁2 and IFN-酌. The
negative controls consisted omission of RNA or reverse
transcripts from the reaction mixture. PCR products were
quantified by densitometery, using the Molecular Analyst/PC
program (Bio-Rad, Hercules, California). RT-PCR was
carried out with the following primers: 茁-actin (F-5'-GCC
ACC AGT TCG CCA TGG ATG A -3', R-5'-GTC AGG
CAG CTC ATA GCT CTT C-3');TNF-琢 (F-5'-TCT CAT
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CAG TTC TAT GGC CC-3', R-5'-GGG AGT AGA CAA
GGT ACA AC-3') [8]; VEGF (F-5'-GCG GGC TGC CTC
GCA GTC-3', R-5'-TCA CCG CCT TGG CTT GTC
AC-3'); 茁FGF (F-5'-AGC GGC TCT ACT GCA AGA
AC-3', R-5'-TCG TTT CAG TGC CAC ATA CC-3');
TGF茁2 (F-5'-CCA AAG ACT TAA CAT CTC CCA CC-3',
R-5'-GTT CGA TCT TGGGCGTATTTC-3'); IFN-酌
(F-5'-GCATCTTGGCTTTGCAGCTC-3'-R-5'-CGACTACT
TTTCCGCTTCCT-3’) [9]; For TNF-琢: The amplification
consisted of 50 cycles of denaturation for 1 minute 45
seconds at 95℃ , annealing for 45 seconds at 61℃ , and
extension for 7 minutes at 72℃ : For VEGF: annealing for
45 seconds at 60℃ , 32 cycles; For 茁FGF: annealing for 45
seconds at 60℃ , 30 cycles; For TGF茁2: annealing for 45
seconds at 60℃ , 25 cycles; For IFN-酌: annealing for 45
seconds at 60℃ , tried 25-60 cycles. Other amplification
conditions were the same as TNF-琢.
Determination of TNF -琢, VEGF, 茁FGF, TGF茁2 and
IFN -酌 Protein by Enzyme -linked Immunosorbent
Assay The levels of TNF-琢, VEGF, 茁FGF, TGF茁2 and
IFN-酌 were measured in supernatant of RPE cells under
different concentration of FBS with ITS media supplement
using enzyme-linked immunosorbent assay (ELISA)
according to manufacturer instructions as follows: the
supernatant of RPE cells were collected at passage 3 to 4
primary RPE cell cultures and centrifuged for 10 minutes to
remove cells and other large debris, aliquoted, and
immediately stored at -20℃ until assay for TNF-琢, VEGF,
茁FGF, TGF茁2 and IFN-酌 production by ELISA (Quantikine
Kits MTA00 for TNF-琢, MMV00 for VEGF, DFB50 for
茁FGF, DB250 for TGF茁2, MIF00 for IFN-酌 respectively,
from R&D Systems). Frozen cell culture medium
(background for assay) was used as negative control for
ELISA measurements. In addition, unspecific color production
by plastic was quantified by a control provided by the
supplier (control kit component).
Determination of Casepase -3 Protein by Western
Blotting Method The RPE cells were homogenized and

solubilized in ice cold PBS containing protease inhibitors,
phenylmethylsulfonyl fluoride (1mg/L), aprotinin (1mg/L),

leupeptin (1mg/L), pepstatinA (1mg/L) and EDTA (1mmol/L).

The homogenate was centrifuged at 15 000r/min at 4℃ for
10 minutes. The protein content of the supernatants was

determined by the Bradford method[10]. After sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) on

12% linear slab gel under reducing conditions, separated
proteins were transferred to a polyvinylidene fluoride
(PVDF) membrane using a semidry electrophoretic transfer
cell (Trans-blot; Bio-Rad, Richmond, CA). Blot was stained
at room temperature with a 1:600 dilution of monoclonal
mouse anti-casepase-3 antibody over night at 4℃ . After
washing and incubation with horseradish peroxidase-
conjugated secondary antibody (1:1 000 dilution), blot was
developed using the enhanced chemiluminescence Western
blotting analysis detection system (ECL Plus; Amersham
Pharmacia Biotech, Arlington Heights, IL).
Statistical Analysis All experiments were performed three
times and results are shown as mean 依SD. Statistical
significance were determined by one-factor analysis of
variance (ANOVA) followed by Fisher post hoc test for
multiple comparisons. <0.05 was considered significant.
RESULTS
Expression of Growth Factors without RPE Cells and
Medium There were upregulation of TNF-琢, VEGF, 茁FGF,
TGF茁2 expression in presence of increasing FBS and no
expression of TNF-琢, VEGF, 茁FGF, TGF茁2 among 10, 20,
30g/L ITS groups without RPE cells and medium.
Cell Cultures and Immunocytochemistry Primary cultures
of RPE cells were successfully established. Clusters of
flattened, polygonal cells in culture RPE cells (5伊105 cells/
well) for 5 days with 20, 40, 100mL/L FBS and 20, 40,
100mL/L FBS combined with 10g/L ITS as well as the
cytokeratin positive RPE cells were observed with epithelial
shape (Figure 1). There was no definite difference among
the shape of RPE cells and number of cytokeratin-positive
cells by cell counting in those groups. TNF-琢, VEGF,
茁FGF, TGF茁2 (but no IFN-酌) and caspase-3 activity were
expressed and upregulated in increasing concentration of
FBS (20, 40, 100mL/L), or increasing FBS combined with
10g/L ITS. There were no distinguishing differences in
expression levels of different growth factors between these
groups, but distinguishing differences were shown among
different groups ( ＜0.01, Table 1). The lowest expression

Table 1  Comparison with concentrations of TNF-α, VEGF, βFGF, 

TGFβ2 among various groups                         (mean±SD)  

 TNF-α VEGF βFGF TGFβ2 

Control 3.21±4.86 3.37±4.18 1.01±0.67 2.97±2.61 

20 36.27±5.02 21.46±4.12 20.09±0.54 60.31±2.91 

40 272.99±4.74 98.63±3.76 115.95±0.78 358.87±3.23 

100 518.91±4.38 195.23±3.85 219.68±0.96 800.45±3.10 
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could be seen in RPE cells 20mL/L FBS and 20mL/L FBS
combined with ITS medium. In contrast, RPE cells were
shown in better growth condition in 20mL/L FBS combined
with 10g/L ITS medium RPE.
RT-PCR and ELISART-PCR and ELISA were performed to
semi-quantify levels of TNF-琢, VEGF, 茁FGF, TGF茁2 and
IFN-酌 in the RPE cells and supernatant. With increased
concentrations of FBS, the expression of these growth
factors showed a progressive increasing (Figure 2,3; <

0.01). We also confirmed that there was no compensatory
expression of IFN-酌 in RPE cells and supernatant.
Western Blotting TNF-琢, VEGF, 茁FGF, TGF茁2 (but no
expression of IFN-酌) and caspase-3 were expressed in RPE
cells and expressions were upregulated in increasing
concentration of FBS (20, 40, 100mL/L) or increasing FBS
combined with 10g/L ITS. Western blotting analysis only
showed a faint band of casepase-3 in the control group. A
weak to strong expression of casepase-3 was observed in

Figure 1 RPE cells cultured for 5 days (伊100) A: 20mL/L FBS+ITS; B: 40mL/L FBS+ITS; C: 100mL/L FBS+ITS; D: Cytokeratin

Figure 2 TNF-琢, VEGF, 茁FGF and TGF茁2 levels in RPE cells (RT-PCR)

Figure 3 mRNA in RPE cells A:TNF-琢; B:VEGF; C:Bfgf; D:TGF茁2. b <0.01 control 40, 100mL/L FBS

Optimization of culture medium for RPE cells
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Figure 4 Casepase -3 levels in RPE cells western -blott
increasing

Figure 5 Casepase-3 expression in RPE cells

RPE cells in different concentration of FBS, the production
of which are reduced greatly with the medium containing
20mL/L FBS and 20mL/L FBS combined with 10g/L ITS in
DMEM (Figure 4). Computer photo analysis indicated that
there were significant differences among three groups ( ＜

0.01, Figure 5; the experiment was performed in triplicate).
DISCUSSION
We found expressions of TNF-琢, VEGF, 茁FGF, TGF茁2,
casepase-3 but not IFN-酌 in the RPE cells and supernatants
as previously reported. The key point for this study is to
optimize cell culture medium that supports normal growth of
RPE cells. TNF-琢 is produced mainly by activated
macrophages and T cells but may also be made by residual
corneal cells [7,8]. In the eye, TNF-α activity is associated
with uveitis [9,10] and the corneal response to various type of
injury and is related to corneal allograft survival [11].
Recently, researchers reported that exotic TNF-琢 can induce
apoptosis in human RPE cells[12] and play a role in regulation
of proliferative vitreoretinopathy (PVR) and choroidal
neovascular membranes (CNVMs), as well as regulation of
RPE functions [12,13]. VEGF is a multifunctional cytokine that
is related to angiogenesis and the accumulation of peritoneal
fluid in a variety of physiologic and pathologic conditions. It
is produced by a wide range of normal and neoplastic cells,
including endothelial cells, smooth muscle cells, fibroblasts,
inflammatory cells, and various cancer cells [14]. In the eye,
the VEGF is known to be constitutively expressed in the
normal corneal epithelium and to be upregulated after
trauma. Several studies have demonstrated a role for VEGF

in corneal neovascularization (NV) in various animal
models of ocular surface inflammation [15-17]. It is related to
diabetic macular edema, age-related macular degeneration
(AMD) [18,19] and play an important role in the occurrence of
PVR [20] and choroidal neovascularization (CNV) [21]. There is
close relationship between 茁FGF and TGF茁2. TGF茁2 has
been shown to have numerous diverse biologic effects on
茁FGF. TGF茁2 is the most potent growth inhibitory
polypeptides known for a wide variety of cell types
including most epithelial cells, endothelial cells, most
lymphoid cells, and many myeloid cells [22]. In the eye,
TGF茁2 and 茁FGF are elevated after laser-induced CNV in
C57BL/6 mice [23]. Otherwise, 茁FGF has been identified as a
factor capable of exacerbating the cataractogenic effects of
TGF茁2. Thus, 茁FGF inhibitors, as well as TGF茁2 inhibitors,
have the potential to protect the lens against TGF茁2-induced
cataractous changes [24] as well as stimulated connective
tissue growth factor expression during corneal myofibroblast
differentiation, [25] IFN-酌 is a lymphocyte cytokine with
broad biologic effects [8]. Like wise, It is also produced in
some part of the eyes [26,27], which is not observed in RPE
cells and supertanants.
Realizing the detrimental role of most growth factors, more
efforts have been made to look for the ideal medium for
culturing these cells [28,29]. Our previous study [30] showed that
the posterior part of the eye is not absolutely immuno-
logically privileged and that rejection is a serious problem in
human retinal transplantation. Many questions concern
transplantation except technique. In present study, the
expression of TNF-琢, VEGF, 茁FGF, TGF茁2 in RPE cells
increases with the increased concentrations of FBS. Given
that FBS was the origin of the complement, we can infer
that complement in FBS played an important role in the
experimental culture conditions critical for the expression of
growth factors. Barald [31] reported no neuron-like cells
were found in liver-, notocord-, or neural tube-conditioned
media if FBS was used. Douay [32] showed the same
results. Tolnay [33] found that complement receptor 2
(CR2) participates in the regulation of B cell responses to
antigen. The treatment of IM-9 B lymphoblastoid cells or
Raji Burkitt's lymphoma cells with 10% heat-inactivated
fetal bovine serum for 24 hours increased both the CR2
mRNA level and CR2 surface protein expression more than
two-fold. However, no change in the CR2 expression level
was observed when cells were cultured in serum-free
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medium. Leshem [34] tested various immune functions
of lymphocytes growing in medium containing non-treated
and heat-inactivated FBS. The data clearly show that heat
inactivation of the serum is not mandatory. In some cases,
the addition of untreated FBS resulted in elevated response
levels while maintaining immune function specialty. These
data strongly support our results. ITS is a serum free media
supplement and can substitute for FBS as a media
supplement. Compared with 40mL/L and 100mL/L FBS in
the DMEM, 20mL/L FBS in the medium showed decreased
expression of growth factors. Therefore, the latter maybe the
best choice for the RPE cell culture. Gruber [35] also
showed that compared with the average 17.5% colony
formation observed in controls, ITS, TGF-beta1 and ITS
with IGF-I significantly increased colony formation (28.4%,
30.4%, and 30.4%, respectively). It is of note that there is
no expression of IFN-酌 in RPE cells and their supernatants.
We speculate that the production of many damaged growth
factors overwhelmed its expression. Casepase-3 also played
a role in RPE cells and showed the same result. As we all
know, caspase-3 is expressed in cells as an inactive 32kDa
precursor from which the 17kDa and 11kDa subunits are
proteolytically generated during apoptosis [36-38]. The
upregulation of caspase-3 activity was detected with
different concentrations of FBS, and 20mL/L FBS showed
lower apoptosis coinciding with the above four growth
factors results.
In summary, we infer that 20mL/L FBS with 10g/L ITS
medium could decrease the apoptosis during RPE cell
culture, and maybe the ideal medium for the growth of
normal RPE.
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