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Green tea polyphenol (GTP) is water-soluble medical additives which possess particular significance as
free radical scavengers or antioxidants in biological systems. The present study investigated the
protective effect of green tea polyphenols against ultraviolet B (UVB)-induced damage to human retinal
pigment epithelial (RPE) cells. Microstructure of RPE cells was examined by transmission electron
microscopy and the expression of c-fos was examined in messenger ribonucleic acid (MRNA) as well as
protein level by using real-time polymerase chain reaction (PCR) and western blot assay. The results
indicated that UVB irradiation-induced injuries in RPE cells were markedly suppressed by GTP. The
mechanism of GTP protected RPE cells from UVB damage might be related to signal pathway regulation
and DNA restoration, suggesting GTP as a potential candidate for further development and aslo a
chemoprotective material for prevention of UVB exposure induced eye diseases.
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INTRODUCTION

RPE cells play an essential role in retinal function, it was
clear that RPE cells involved in process and transport of
vitamin A (Bok, 1990), and degeneration of RPE cells
may lead to retinal diseases such as age-related macular
degeneration (AMD) (Liang et al., 2000; Dunaief et al.,
2002). Previous studies indicated that ultraviolet (UV)
involved in the pathogenesis of AMD. UV irradiation can
induce the production of reactive oxygen species (ROS)
and deoxyribonucleic acid (DNA) mutation (Afaq, 2011),
causing the deterioration of RPE cells (Liang et al.,
2003), which might contribute to the pathogenesis of
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AMD. Although the exact cause of RPE cell degeneration
is not clear, it was postulated that the sensitivity of RPE
cells to UV light could be an important factor (Noell et al.,
1966; Young, 1988; Szaflik et al., 2009; Xu et al., 2010).
GTP is a kind of natural antioxidant extracted from green
tea which could attenuate cell damage against UV
irradiation (Yusuf et al., 2007; Wu et al., 2009; Katiyar et
al., 2010; Xu et al., 2010). It was also proved that GTP
could protect against damage induced by UV irradiation
in vivo (Kelly et al., 2001; Lu, 2002; Jane et al., 2003;
Vayalil et al., 2004).

The anti-irradiation effect of GTP results from the
mechanism of electron transfer from catechins to radical
sites on the DNA (Anderson et al., 2001; Malhomme de la
Roche et al., 2010). C-fos gene belongs to the group of
immediate-early inducible genes (Hollander et al., 1989;
Dosch et al., 1996). It is believed that c-fos gene is
involved in the regulation of DNA repair and the
expression of c-fos could be induced by many types of
genotoxic stress and implicated in maintaining genomic
stability and cell survival (Christmann et al., 2006). It was
confirmed that c-fos played a decisive role in cellular
defense against a broad spectrum of induced DNA
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Table 1. Composition of green tea polyphenols (mg/g).
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GC EGC C EC

EGCG

GCG ECG CG Total catechins

44.38 85.47 14.09 41.13

344.73

42.49  103.37 8.80 684.47

C, (+)-catechin; CG, (+)-catechin-3-gallate; EC,

(+)-epicatechin; ECG, (+)-epicatechin-3-gallate; EGC,(+)-

epigallocatechin; EGCG, (+)-epigallocatechin-3-gallate; GC, (+)-gallocatechin; GCG, (+)-gallocatec-gin-3-gallate.

damages (Haas et al., 1995; Christmann et al., 2006).
Many studies on the GTP protective effects against UV
have focused on the biochemical properties; however few
reports regarding the effects of GTP on c-fos expression
in UVB-induced injuries in RPE cell have been available.
In present study, the expression of c-fos in both mRNA
and protein levels were determined in RPE cells in order
to investigate the protective effects of GTP on UVB-
stressed RPE cells.

MATERIALS AND METHODS

The RPEcell line (no. D407) was purchased from the Center of
Experiment Animals of Sun Yat-sen University (Guangzhou, China).
Use of the no.D407 RPE cell line in the test was verbally consented
by the Center of Animal Experiments of Sun Yat-sen University. The
RPE cells were seeded in 50 mL flasks containing 5 mL RPMI-1640
medium supplemented with 10% fetal bovine serum (FBS) and
100U penicillin-streptomycin and were cultured at 37°C in
humidified atmosphere of 5% CO,. When the cells were 70%
confluent (70% of the dish bottom surface area covered by cell
monolayer), they were washed with 0.5% (vol/vol) trypsin/
ethylenediaminetetraac-etate (EDTA) and collected with a 1-mL
pipette tip for further use. GTP used in the study was supplied by
CinoTea Company Limited. (Hangzhou, China); its composition is
listed in Table 1. The GTP was dissolved in RPMI-1640 medium
without FBS supplement as stock solutions at concentrations 0, 70
and 140 mg/L before use. FBS was purchased from Life
Technologies Inc (Gaithersburg, MD). Reagent (TRIzol) and
penicillin-streptomycin were purchased from Invitrogen Corp.
(Carlsbad, CA). MTT [3,(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide], trypsin, and EDTA were purchased from
Amresco Inc. (Solon, OH). The other reagents used were
purchased from TaKaRa Biotechnology (Dalian) Company Limited
(Dalian, China).

GTP and UVB Treatment

RPE cells were seeded in 10 cm glass petri dishes (10° cells each
dish) with 5 mL RPMI-1640 medium supplemented with 10% FBS
and incubated as described until they were 70% cell confluent. For
GTP pretreatment, the medium solution was drained and the cells
were washed by phosphate buffer (PBS). After the PBS was
drained, the RPE cells were incubated in GTP solution at 37°C for 2
h and washed with PBS. FBS-free RPMI-1640 medium was added
to each sample and irradiated by 100 pw/cm? UVB for 2 h with UVB
light tubes (Spectronics Corp,Westbury, NY). For the GTP post-
treatment, the medium solution was drained and the cells were
washed by PBS. The FBS-free medium was added to each sample
and irradiated by 100 pw/cm? UVB for 2 h. Then each sample was
washed by PBS and samples were incubated in GTP solution at
37°C for 2 h.

Transmission electron microscopy

The cells were washed with PBS and centrifuged at 2000 g for 5
min. The cell pellet specimen was prefixed with 1 mL 2.5%
glutaraldehyde in 0.1 M phosphate buffer (pH 7.0) at 4°C overnight,
washed three times with 0.1 M PBS, finally fixed in 1% OsO, for 2
h, and again washed three times with 0.1M phosphate buffer. The
fixed cell specimen was dehydrated in an increasing graded series
of ethanol solutions (50, 70, 80, 90, 95 and 100%) in which each
dehydration step lasted for 15 min. The dehydrated specimen was
drenched sequentially in acetone for 20 min and embedded in
Epon-812. Sections of 70- to 90-nm thickness were made on an
ultra-microtome (OM U2; Reichert-Jung Company Heidelberg,
Germany) and were stained using uranyl acetate and alkaline lead
citrate for 15 min. Sections were examined and photographed with
a transmission electron microscope (JEM-1230; JEOL Limited
Akishima, Tokyo, Japan) (Du et al., 2008).

Real-time PCR analysis of C-fos gene expression

Samples were washed with PBS. Total ribonucleic acid (RNA) was
extracted using reagent (TRIzol; Invitrogen) according to the
manufacturer’s protocol. Extracted RNA samples were checked by
1.5% agarose gel electrophoresis. RT-PCR was carried out using
an RT-PCR kit (PrimeScript; TaKaRa). RT reaction was carried out
in a 20 pL reaction system, including 4 pL 5xbuffer (PrimeScript;
TaKaRa), 1pL enzyme mix (PrimeScript RT Enzyme Mix |; TaKaRa),
1uL oligo dT primer (50 pM), 1uL random mers (100 pM), and 13 L
total RNA at 37°C for 5 min and then 85°C for 5 s. Quantitative PCR
was performed (iCycle iQ; Bio-Rad Laboratories, Hercules,CA)
using the RT reaction solution and primers for generating the c-fos
gene (forward, 5- ATTTGACTGGAGGTCTGCCTGAG-3’; reverse
and 5-CACCCCGTTTCCCCAATGACTTAG-3'). The
glyceraldehyde-3-phosphate  dehydrogenase gene (GAPDH,;
forward, 5-GGGGAGCCAAAAGGGTCATCATCT-3’; reverse and
5-GACGCCTGCTTCACCACCTTCTTG-3') was used as an
endogenous control. The PCR reaction system consisted of 12.5 pL
premix reagent (2x) (SYBR Premix Ex Tag; TaKaRa), 0.5 pL
forward primer (10 pM), 0.5 pl reverse primer (10 uM), 9.5 uL
ddH20 and 2 pl RT reaction solution. The reaction was carried out
at 94°C for 3 min followed by 40 cycles of 94°C for 30 s and 65°C
for 60 s. Samples were tested in triplicate and the mean values
were presented.

Western blot

Samples of 25 mg protein extract were separated by 10% sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS—-PAGE)
and electroblotted onto polyvinylidene fluoride (PVDF) membranes.
Polyclonal c-fos antibodies (sc-52; Santa Cruz Biotechnology) were
diluted 1:500 in 5% non-fat dry milk, 0.2% Tween/PBS and
incubated with PVDF membranes overnight at 4°C. The PVDF
membranes were wash with Tris Buffer Saline Tween20 (TBST)
buffer for three times the next day. Glyceraldehyde-3-phosphate
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Figure 1. Changes in microstructure of UVB-irradiated RPE cells. The numbers before GTP indicate
each GTP dose (mg/L). GTP+UVB, GTP pretreatment; Nu, nucleolus; MV, cell membrane microvilli.

White triangle: vesicular structure.

dehydrogenase (GAPDH) antibodies (sc-166545; Santa Cruz
Biotechnology) and goat anti-rabbit IgG-HRP (sc-2032; Santa Cruz
Biotechnology) were diluted 1:5000 and incubated with PVDF
membranes for 1 h at RT. Then the protein—antibody complexes
were visualized by ECL (Amersham). Densitometer analysis was
done using the quantity one software and density values were
normalized to the non-treated control in pretreatment and post-
treatment groups, respectively, which were assigned a value of 1.0.

Statistical analysis

The real-time PCR experiments were repeated three times. Data
were processed with the Statistical Analysis System (SAS Institute,
Cary, NC) for a one-way analysis of variance and Duncan’s multiple
range tests to determine whether significant difference (P<0.05)
existed between mean values.

RESULTS

Cytoprotective effects of GTP on UVB irradiation in
RPE cells

To investigate the cytoprotective effects of GTP against
UVB-irradiation, we conducted the transmission electron

microscopy experiments to evaluated microstructure of
RPE cells which were pretreated with GTP. Before UVB
irradiation, the intact cytoplasm of the RPE cell was
evenly distributed and the nucleolus was located at the
center of the cell. Outer cell membrane microvilli were
observed (Figure 1, control). After irradiation with UVB at
a dose of 100 mJ/cm? for 2 h, the cells were markedly
damaged  with microvilli shedding, nucleolus
degeneration and formation of vesicular structures in
cytoplasm (Figure 1; OGTP+UVB). When the cells
pretreated with GTP, the vesicular structures were
smaller, even a part of microvilli were seen at the 140
mg/L GTP dose. (Figure 1, 70GTP+UVB and
140GTP+UVB), suggesting that GTP attenuated UVB-
induced RPE cell degeneration.

Effect of GTP on expression of c-fos gene in RPE
cells irradiated by UVB

The expression level of the c-fos gene in RPE cells was
increased by UVB irradiation and both GTP pretreatment
and GTP post-treatment could regulate c-fos expression
in MRNA level (Figure 2). In this study, the expressionn of
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Figure 2. Expression of c-fos gene in RPE cells. Relative expression data were presented after
normalization against GAPDH. Mean values with different letter are significant different (P<0.05) between

groups.

c-fos in UVB-exposed RPE cells was about 3 folds higher
than that of control. Whereas the over expression of c-fos
was inhibited greatly in both GTP pretreatment and post-
treatment groups and this effect was marked in post-
treatment groups, which might be related to the rapid
decay of c-fos. C-fos is an immediate early-response
gene which is constitutively expressed at low levels in
many cell types (Melissa et al., 2002), however it would
be induced by cellular oxidative stress and play a
functional role in UVB-induced tumor promotion (Olson et
al., 2010). This results indicated that the deregulation of
c-fos expression in RPE cells could attribute to the UV-
induced peroxide, suggesting that the protective effect of
GTP against UVB damage to RPE cells might be related
to its scavenge ability of oxidant.

Effect of GTP on expression of c-fos protein in RPE
cells irradiated by UVB

The protein expression level of c-fos was determined and
shown in Figure 3. In this study we analyzed c-fos protein
levels by Western analysis and it was confirmed that a
100 pw/cm?® UVB did increase c-fos protein by at least 2
folds compared with control after 2 h exposure. The
treatment of RPE cells with GTP resulted in a level of c-
fos that was substantially decreased to a normal level
over UVB treatment alone. This result was in line with our
finding for the GTP and UVB effects on c-fos mRNA
level, suggesting that the c-fos protein level could rise or
drop rapidly in a short term.

DISCUSSION

AMD is a commonly retina disease causing millions of
dollars in health care costs annually. UV-induced damage
is recognized as an important molecular trigger for the
initiation of AMD and new treatment strategies are
needed to prevent the development of AMD caused by
prolonged exposure to UV light. Our aim in this study is to
evaluate GTP as a potential chemopreventive agent in
UVB-induced damage to RPE cells because it has been
proved that GTP had a protective effect against UVB-
induced damage to HaCaT cells. The results from our
study also showed that GTP alleviated UVB-induced
intracellular ultra structure degeneration, especially
reducing the deformation of mitochondrion, implicating
that GTP might alleviated the UVB-induced
mitochondrion-mediated cell damage. We also analyzed
c-fos mMRNA and protein levels by real-time PCR and
western blot. It was confirmed that UVB did increase
expression of c-fos, which was similar to previous study
(Olson et al., 2010). In addition the UVB-caused ROS
may be a factor that plays a role in RPE cell damage
because of its affecting on intracellular signal pathway.
The production of ROS may lead to activate
downstream cAMP response element binding protein
(CREB) kinases to phosphorylate CREB, then the
phosphorylated CREB could activate the transcription of
the c-fos genes and the synthesis of c-fos protein (Tang
et al.,, 2001; MelissaBowden 2002; Olson et al., 2010),
which was confirmed in our experiment. The c-fos protein
would drive the synthesis of transcription factor activator
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Figure 3. Expression of c-fos and GAPDH protein. The RPE cells were exposed to 100 mJ/cm? UVB for 2 h. Protein extracts
were prepared and 25 mg were subjected to western blot analysis. For loading control, GAPDH was detected.

protein-1 (AP-1) (Cooper et al., 2003). And AP-1 protein,
mostly controlling cell life and death through their ability
to regulate the expression and function of cell cycle
regulators such as Cyclin D1, p53, p21°P**¥" n19*7F and
pl6, would trigger the programmed cell death of RPE
(Eitan et al., 2001). In our study, pretreatment or post-
treatment with GTP on RPE cells could decrease c-fos
expression to a normal level comparable with control,
which was related to the ROS-scavenging capacity of
GTP (Abe et al., 2000; Paul et al., 2005; Weinreb et al.,
2009), suggesting that the AP-1 mediated cell necrosis or
programmed death could be suppressed by GTP
indirectly.

It was also revealed that GTP could repair UVB-
induced DNA lesions. GTP could reduce the DNA
cyclobutane pyrimidine dimers (CPDs), which was
produced after UVB irradiation (Afaq, 2011). It was clear
that pretreatment of human skin with GTP before UVB
exposure could decreased the formation of UVB-induced
CPDs (Katiyar et al., 2001). GTP and its major
component (-)-epigallocatechin-3-gallate (EGCG) could
reduce UVB-induced DNA damage in human cells
through induction of DNA repair (Schwarz et al., 2008).
And GTP could alleviate the damage to SKH-1 hairless

mice caused by UVB due to induction of DNA repair
(Mantena et al., 2005). In our previous experiment, the
DNA single strand break caused by UVB was inhibited by
the treatment of GTP (Xu et al.,, 2010). Taken together,
the results of our research indicated that UVB induces c-
fos activity to levels greater than that of non-treated cells,
while the application of GTP could scavenge the ROS
induced by UVB radiation, block the subsequent signal
pathways as well as inhibit the cell necrosis or
programmed death. It was concluded that GTP could be
a potential treatment for UVB-induced AMD. While the
dose used in our experiment was extremely higher than
maximum amount of absorbing in human body, the
further investigation on pharmacokinetics of GTP should
be investigated in future.
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