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Abstract

Dysfunction of the retinal pigment epithelium (RPE) resulting from chronic inflammation is
implicated in the pathogenesis of age-related macular degeneration (AMD). RPE cells adjacent to
drusen deposits in the AMD eye are known to contain CXCL11, a chemokine involved in
inflammatory cell recruitment. We investigated the CXCL11 production by the human RPE
(ARPE-19) cells under inflammatory conditions and tested its response to resveratrol, a naturally
occurring anti-inflammatory antioxidant. A proinflammatory cytokine mixture consisting of IFN-
v, IL-1p and TNF-a highly increased CXCL11 mRNA expression and CXCL11 protein secretion
by ARPE-19 cells. Resveratrol substantially inhibited the proinflammatory cytokines-induced
CXCL11 production while partially blocking nuclear factor-xB activation. This inhibitory action
of resveratrol was also observed for the cytokines-induced expression of chemokines CXCL9,
CCL2 and CCLS5. Our results indicate that resveratrol could potentially attenuate RPE
inflammatory response implicated in the pathogenesis of AMD.
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1. Introduction

Retinal pigment epithelium (RPE) dysfunction resulting from abnormal inflammatory
response is implicated in the pathogenesis of age related macular degeneration (AMD) [1].
CXCL11 (I-TAC), a chemokine involved in inflammatory cell recruitment, has been found
to be present in RPE cells adjacent to drusen deposits in the AMD eye [2, 3]. Human RPE
cells are known to highly increase the production of CXCL11 when co-cultured with
activated T-cells [4]. Also, fetal RPE cells secrete large amounts of CXCL11 when treated
with the proinflammatory cytokines IFN-vy, IL-1f3, and TNF-a [5]. Resveratrol, a naturally
occurring polyphenol, is a well characterized anti-inflammatory antioxidant and a popular
nutraceutical [6]. Recently, we have shown that resveratrol could effectively suppress VEGF
production by RPE cells stimulated with IFN-vy, IL-1B, and TNF-a [7]. Therefore, the
possibility that this anti-inflammatory agent could inhibit the CXCL11 production by RPE
cells responding to IFN-v, IL-1B, and TNF-a was investigated in the present study.

2. Materials and methods

2.1. Cell culture

ARPE-19 human RPE cells obtained from ATCC (Manassas, VA) were grown to
confluence as we reported earlier [8, 9]. The cells were treated with the proinflammatory
cytokines IFN-y (10 u/ml), IL-1B (1 ng/ml) and TNF-a (1 ng/ml) in the absence of serum for
16 h unless otherwise indicated. The cells were pre-incubated with resveratrol (50 uM) for 4
hours also in the absence of serum prior to the cytokine treatment when required.
Resveratrol was obtained from Sigma-Aldrich, St. Louis, MO and dissolved in ethanol
before adding to cell culture medium. Equal volume of ethanol was added to controls.
Human IL-1p was purchased from R&D Systems, Minneapolis, MN while TNF-a and IFN-
v were from Roche Applied Science, Indianapolis, IN.

2.2. Real-time RT-PCR

Total RNA fraction isolated from ARPE-19 cells was reverse transcribed using High
Capacity cDNA Archive Kit (Applied Biosystems, Foster City, CA) and used as the
template for quantitative real-time PCR. Each PCR reaction (20 pl) was set up using
validated TagMan probes (labeled with reporter dye FAM at the 5’ end), primers specific for
the gene of interest and TagMan Universal PCR Master Mix (Applied Biosystems). Human
18S rRNA was used as the endogenous control. Gene amplification was analyzed with an
Applied Biosystems ViiA 7 Real-Time PCR System and the results were expressed as n-fold
induction in gene expression calculated using relative quantification (AACT) method.

2.3. NF-xB activation analysis

Western blot analysis of phospho-NF-kB p65 was performed using extracts of ARPE-19
cells prepared with cell lysis buffer (Cell Signaling Technology, Inc., Danvers, MA)
containing protease and phosphatase inhibitors. The proteins in the cell extracts were
separated by sodium dodecyl sulfate- polyacrylamide gel electrophoresis, and then blotted
onto a nitrocellulose membrane. Immunoreactive bands on blots were detected with
Amersham ECL prime Western blot detection reagents (GE Healthcare, Pittsburgh, PA)
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using anti-phospho-NF-kB p65 (Ser536) antibody (Cell Signaling Technology). The blot
was then stripped and reprobed with mouse anti-actin monoclonal antibody (Sigma-Aldrich,
St. Louis, MO). Chemiluminescence films were scanned and the signal intensities of
immunoreactive bands were estimated using Image Studio (Li-Cor Biosciences).

The active form of NF-xB p65 present in the ARPE-19 cell extracts was also analyzed using
the TransAM NF«xB p65 transcription factor assay kit (Active Motif, Carlsbad, CA). Briefly,
the transcription factor is detected by ELISA after capturing it with an oligonucleotide
containing NF-xB consensus sequence.

CXCL11 secreted into cell culture media was analyzed using I-TAC/CXCL11 ELISA kit
(RayBiotech, Norcross, GA). The amount of CXCL9, CXCL10, CXCL11, CCL2 and CCL5
secreted into the culture media was estimated by multiplex ELISA at Aushon Biosystems,
Inc. (Billerica, MA).

3. Results and Discussion

3.1. Proinflammatory cytokines highly increase CXCL11 expression in ARPE-19 cells

Human adult RPE-derived ARPE-19 cells are reported to produce large amounts of
CXCL11 when co-cultured with activated T-cells [4]. Therefore, we employed this cell line
to study the effect of proinflammatory cytokines on CXCL11 expression. We used IFN-y,
IL-1B, and TNF-a as proinflammatory cytokines since they are known to stimulate CXCL11
secretion from fetal RPE cells [5]. An increase in CXCL11 mRNA expression was observed
when ARPE-19 cells were treated with a combination of IFN-vy either with TNF-a or IL-1f
(Fig. 1A). A combination of all three cytokines was required for the maximum response.
The increase in CXCL11 mRNA expression was dependent on the concentration of the
cytokines (Fig. 1B). This treatment also resulted in a concentration-dependent secretion of
CXCL11 protein into the cell culture medium (Fig. 1C). Thus, ARPE-19 cells respond to
IFN-v, IL-1B, and TNF-a by markedly increasing the secretion of CXCL11.

3.2. Resveratrol attenuates CXCL11 production by ARPE-19 cells treated with
proinflammatory cytokines

We investigated the effect of the anti-inflammatory agent resveratrol on the CXCL11
production by ARPE-19 cells responding to IFN-y, IL-1f, and TNF-a. Increases in both
CXCL11 mRNA expression and CXCL11 protein secretion resulting from exposure to
proinflammatory cytokines were considerably reduced when ARPE-19 cells were treated
with 50 pM resveratrol (Fig. 1D&E). This resveratrol concentration was found to be optimal
for suppressing VEGF secretion by RPE cells exposed to IFN-v, IL-1p, and TNF-a [7].
Resveratrol is known to block the activation of NF-kxB signal transduction pathway by TNF-
a and IL-1f [10, 11]. Therefore, we examined the effect of resveratrol on cytokines-
mediated formation of phospho-NF-«xB p65, an indicator of NF-kB acivation. Western blot
analysis of cell extracts obtained from ARPE-19 cells treated for 16 h with the cytokines in
the presence or absence of resveratrol showed that the phospho-NF-xB p65 formation was
considerably decreased by resveratrol (Fig. 1F). This observation was further corroborated
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by performing the NF-xB p65 transcription factor assay with the same cell extracts (Fig.
1G). Resveratrol caused approximately 50% reduction in the activation of NF-xB p65 by the
cytokines. Thus, resveratrol could effectively block NF-xB activation in ARPE-19 cells, and
this effect could play a role in suppressing proinflammatory cytokines-induced CXCL11
expression.

3.3. Resveratrol suppresses the production of CXCL9, CCL2 and CCL5 by ARPE-19 cells
exposed to proinflammatory cytokines

Proinflammatory cytokines IFN-y, IL-18, and TNF-a are known to greatly increase the
expression of chemokines CXCL9, CXCL10, CCL2 and CCL5 in human RPE cells in
culture [12, 13]. Therefore, we studied the induction of these chemokines in ARPE-19 cells
by the proinflammatory cytokines and its potential inhibition by resveratrol (Fig. 2). The
cytokines-induced increases in both mMRNA expression and protein secretion of CXCL9,
CCL2 and CCLS5 were noticeably inhibited by resveratrol similar to what was observed for
CXCL11 (Fig. 2). However, resveratrol failed to inhibit the induction of CXCL10 transcript
by the cytokines. Interestingly, the cytokines-induced secretion of CXCL10 protein into the
culture medium by the cells was significantly increased in the presence of resveratrol. The
atypical response of CXCL10 to resveratrol needs to be investigated further.

Increased expression of CXCL11 by RPE cells potentially arising from inflammatory insult
is indicated in AMD pathogenesis [3, 14]. We have shown that human adult RPE derived
ARPE-19 cells can produce and secrete CXCL11 when stimulated with proinflammatory
cytokines IFN-y, IL-1B, and TNF-a. Our study also shows that resveratrol, a natural product
and an anti-inflammatory agent, can inhibit this increase in CXCL11 production by the RPE
cells responding to inflammatory stimuli. Resveratrol appears to elicit this effect by its
known ability to negatively modulate NF-xB activation [10, 11]. The inhibitory effect of
resveratrol was also observed for the cytokines-mediated increase in CCL2, CCL5 and
CXCL9 production. Thus, resveratrol could possibly suppress the RPE inflammatory
response and the resulting CXCL11 production implicated in the pathogenesis of AMD.
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Fig. 1.
Effect of resveratrol on the production of chemokine CXCL11 by RPE cells exposed to IFN-

v, IL-1B and TNF-a. (A) ARPE-19 cells were treated for 16 h with different combinations of
proinflammatory cytokines (IFN-vy, 10 u/ml; IL-18, 1 ng/ml and TNF-a, 1 ng/ml) as
indicated, and CXCL11 mRNA expression was analyzed by real-time PCR. (B) The cells
were treated for 16 h with different concentrations of proinflammatory cytokines (1X = IFN-
v, 10 u/ml + IL-1f, 1 ng/ml + TNF-q, 1 ng/ml) and the CXCL11 mRNA expression was
analyzed by real-time PCR. (C) The CXCL11 protein secretion into culture medium from
the cells treated with increasing concentrations of proinflammatory cytokines was analyzed
by ELISA. (D) The cells were treated with the proinflammatory cytokine mixture (Cyt)
consisting of IFN-y (10 u/ml), IL-1p (1 ng/ml) and TNF-a (1 ng/ml) for 16 h in the presence
or absence of 50 pM resveratrol (Res) and the CXCL11 mRNA expression analyzed by real-
time PCR. (E) The secretion of CXCL11 protein into culture medium under conditions
described above was estimated by ELISA. (F) Cell extracts (20 pg protein) prepared from
ARPE-19 cells treated for 16 h with proinflammatory cytokines in the presence or absence
of resveratrol were analyzed by Western immunoblotting using anti-phospho-NF-xB p65
antibody. Actin was used as the gel loading control. The histogram shows the relative signal
intensities of pNF-kB immunoreactive bands from three separate blots after normalization
with actin. (G) NF-xB p65 transcription factor assay was performed using cell extracts (12
ug protein) prepared from ARPE-19 cells treated for 16 h with the proinflammatory
cytokines in the presence or absence of resveratrol.
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* = p < 0.05 when compared to control; ** = p < 0.05 when compared to Cyt; n = 4 for
histograms A, B, C, D, E & G while n = 3 for histogram F.
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Fig. 2.
Effect of resveratrol on the production of chemokines CXCL9, CXCL10, CCL2 and CCL5

by RPE cells exposed to IFN-vy, IL-1p and TNF-a. ARPE-19 cells pre-incubated with or
without 50 uM resveratrol (Res) were treated with cytokine mixture (Cyt) consisting of IFN-
v (10 u/ml), IL-18 (1 ng/ml) and TNF-a (1 ng/ml) for 16 h. Chemokine mRNA expression
was analyzed by real-time PCR while the chemokine protein secretion into the culture
medium was estimated by ELISA. (A) CXCL9 mRNA expression. (B) CXCL9 protein
secretion. (C) CXCL10 mRNA expression. (D) CXCL10 protein secretion. (E) CCL2
mMRNA expression. (F) CCL2 protein secretion. (G) CCL5 mRNA expression. (H) CCL5
protein secretion.

* = p < 0.05 when compared to control, ** = p < 0.05 when compared to Cyt; n = 4.
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