
INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE  36:  808-816,  2015808

Abstract. YCG063 is known as an inhibitor of reactive oxygen 
species (ROS); however, its intracellular mechanisms of action 
remain poorly understood. In the present study, we investigated the 
effects of YCG063 on the inflammatory response of Pseudomonas 
aeruginosa lipopolysaccharide (PA-LPS)-stimulated human 
retinal pigment epithelial cells (RPE cells). Human adult 
RPE cells (ARPE-19) were stimulated with PA-LPS. We then 
investigated the LPS-induced expression of several inflam-
matory mediators, such as interleukin (IL)-6, IL-8, monocyte 
chemoattractant protein-1 (MCP-1) and intracellular adhesion 
molecule-1 (ICAM-1) in the ARPE-19 cells. We performed 
an enzyme-linked immunosorbent assay (ELISA), western 

blot analysis, electrophoretic mobility shift assay (EMSA) and 
fluorescence-activated cell sorting (FACS) to elucidate the mech-
anisms involved in the anti-inflammatory effects of YCG063 in 
the PA-LPS-stimulated cells. The results revealed that treatment 
with YCG063 significantly inhibited the levels of IL-6, IL-8, 
MCP-1 and ICAM-1 in the PA-LPS-stimulated ARPE-19 cells. 
YCG063 also markedly inhibited the phosphorylation of AKT in 
the PA-LPS-stimulated cells. In addition, the activation of nuclear 
factor-κB (NF-κB) was also attenuated folllowing treatment with 
YCG063. ROS were not generated in the PA-LPS-stimulated 
cells. In conclusion, our data indicate that YCG063 may prove 
to be a potential protective agent against inflammation, possibly 
through the downregulation of Toll-like receptor 2 (TLR2) and 
the AKT-dependent NF-κB activation pathway in PA-LPS-
stimulated ARPE-19 cells. Furthermore, this anti-inflammatory 
activity occurred through ROS-independent signaling pathways.

Introduction

Endophthalmitis is an uncommon intraocular inflammatory 
condition, but it may result in partial or complete vision loss. 
It may occur as a complication of intraocular surgery or as a 
result of non-surgical trauma or systemic infection (1). Bacterial 
endophthalmitis is an infection of the intraocular cavities that 
usually occurs following the introduction of microbial organ-
isms into the eye (2). During a bacterial infection, irreversible 
damage to the photoreceptor cells of the retina frequently 
occurs (3). Among the bacterial pathogens, Pseudomonas 
aeruginosa (PA), a Gram-negative rod rod-shaped organism, is 
frequently a cause of nosocomial infections (4). PA can cause 
ocular infections, such as keratitis and endophthalmitis (5). 
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Lipopolysaccharides (LPS), components of Gram-negative 
bacteria, lead to the activation of immune cells, resulting in 
the release of pro-inflammatory mediators (6). Retinal pigment 
epithelial cells (RPE cells) secrete pro-inflammatory mediators 
within the eye when stimulated with infectious agents, such 
as Gram-negative bacteria (7). The retinal pigment epithelium 
(RPE) is a monolayer of pigmented cells originating from the 
neural ectoderm. The RPE lies between the photoreceptor cell 
layer of the neural retina and Bruch's membrane and choroid and 
contains blood vessels that nourish the retina (8). The major func-
tion of the RPE is the phagocytosis of photoreceptor segments, 
converting light impulses into vision and it is involved in the 
pathology of a variety of retinal diseases, such as age-related 
macular degeneration (AMD) and diabetic retinopathy (9). The 
RPE cells play an important role in the ocular immune system.

Inflammatory mediators play a critical role in orchestrating 
cellular infiltration to the site of infection. Increased cellular infil-
tration is followed by severe retinal damage. Interleukin (IL)-6 
is a pleiotropic cytokine with a wide spectrum of biological 
activities in a broad variety of ocular inflammatory diseases and 
wound healing processes (10-12). IL-6 is an important mediator 
in a variety of diseases, including inflammatory, autoimmune 
and malignant diseases. The local production of IL-6 by resi-
dent cells and infiltrating inflammatory cells has been detected 
during a variety of inflammatory ocular conditions (13,14). IL-6 
is involved in the recruitment of polymorphonuclear leuko-
cytes (PMNs) to the site of inflammation by upregulating the 
expression of intercellular adhesion molecule-1 (ICAM-1), a 
key molecule involved in the migration of neutrophils (15-17). 
ICAM-1 is important for the transendothelial migration of 
leukocytes through blood vessels and the retention of leukocytes 
in the inflamed tissue by means of firm attachment to the extra-
cellular matrix (18). Monocyte chemotactic protein-1 (MCP-1), 
a member of the C-C subfamily of chemokines, may elicit its 
inflammatory effect, leading to leukocyte accumulation and 
activation in areas of injury and inflammation under patho-
logical and physiological conditions (19-21). IL-8, a member 
of the C-X-C chemokines, is an important mediator of various 
acute and chronic infectious conditions that attract and activate 
neutrophils and eosinophils (22).

Damage to the delicate tissues of the retina occurs due to 
oxidative stress (23). YCG063 (Fig. 1), a novel anti-angiogenic 
small molecule, inhibits reactive oxygen species (ROS) produc-
tion (24); however, its anti-inflammatory activity in response to 
LPS has not previously been identified. In the present study, we 
examined cultured human RPE cells for the production of IL-6, 
IL-8, ICAM-1 and MCP and the signaling pathways involved in 
response to stimulation by PA-LPS. Additionally, we evaluated 
the effects of YCG063 on these inflammatory responses.

Materials and methods

Reagents. PA-LPS was purchased from Sigma Chemical Co. 
(St. Louis, MO, USA). YCG063 was obtained from Millipore 
(Billerica, MA, USA). LY294002 (an inhibitor of AKT) was 
purchased from Calbiochem (La Jolla, CA, USA). Antibodies 
against p65 (Cat. no. 14-6731) and Toll-like receptor (TLR)2 
(Cat. no. 16-9024-83; clone T2.5) were obtained from 
eBioscience (San Diego, CA, USA). Antibodies against phosphor-
ylated (p)-extracellular signal-regulated protein kinase (ERK)1/2 

(Cat. no. 9106), AKT (Cat. no. 9272), p-AKT (Cat. no. 4058) 
and p-p38 MAPK (Cat. no. 9211) were purchased from Cell 
Signaling Technology (Beverly, MA, USA). Antibodies against 
ERK1/2 (Cat. no. sc-94) and p38 MAPK (Cat. no. sc-535) were 
purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, 
CA, USA). 2',7'-Dichlorofluorescein diacetate (DCFDA) was 
purchased from Invitrogen (Carlsbad, CA, USA). MitoSOX and 
MitoPY1 were purchased from Tocris Bioscience (Bristol, UK). 
BAY 11-7082 and parthenolide [nuclear factor-κB (NF-κB) 
inhibitors] were purchased from Santa Cruz Biotechnology, Inc. 
Nitrocellulose membranes and an enhanced chemilumines-
cence (ECL) kit were obtained from Amersham Pharmacia 
Biotech (Uppsala, Sweden). Phycoerythrin (PE)-conjugated 
anti-human TLR2 (clone TL2.1) and TLR4 (clone HTA125) 
monoclonal antibodies or isotope controls were obtained from 
BD Biosciences (San Jose, CA, USA).

ARPE-19 cell culture. The ARPE-19 cells were obtained from 
the American Type Culture Collection (ATCC, Manassas, VA, 
USA) and cultured in Dulbecco's modified Eagle's medium 
(DMEM)/F12 medium supplemented with 10% fetal bovine 
serum plus a 100 IU/ml penicillin and 100 µg/ml streptomycin 
mixture (Gibco/BRL, Gaithersburg, MD, USA) in a humidified 
atmosphere (5% CO2) at 37˚C. The ARPE-19 cells were trypsin-
ized, seeded in 10-cm diameter dishes, and incubated overnight 
until attachment.

Cell viability assay. The viability of the ARPE-19 cells was 
determined using the cell counting kit-8 (CCK-8) according 
to the manufacturer's instructions (Dojindo Laboratories, 
Kumamoto, Japan). Briefly, the cells were seeded in triplicate 
at a density of 1x104 cells/well into 96-well culture plates and 
allowed to attach overnight. The cells were stimulated with the 
indicated concentrations of PA-LPS (0.5, 1, 5, 10, 20 and 30 µg/
ml) for 24 h. The medium was then replaced with 100 µl of 
DMEM/F12 medium containing 5, 10 or 50 µM YCG063. The 
plates were incubated for 24 h, and 10 µl of CCK-8 reagent was 
added to each well. Following incubation for a further 2 h at 
37˚C, the plates were read at 450 nm using a microplate reader 
(Model EL800; Bio-Tek Instruments, Winooski, VT, USA).

Enzyme-linked immunosorbent assay (ELISA). The levels of 
cytokines in the cell culture medium were assessed by ELISA. 
The cells were treated with various concentrations of YCG063, 
BAY 11-7082 and parthenolide for 2 h prior to PA-LPS stimu-
lation. Following incubation for 24 h, the culture supernatants 
were collected, and the levels of inflammatory mediators were 
measured. ELISA kits purchased from BioLegend (San Diego, 
CA, USA) were used to measure the levels of IL-6, IL-8 and 
MCP-1, and a kit obtained from R&D Systems (Minneapolis, 

Figure 1. Chemical structure of YCG063.
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MN, USA) was used to measure the ICAM-1 levels. The 
absorbance at 450 nm was measured using a microplate reader 
(Model EL800; Bio-Tek Instruments).

Western blot analysis. The ARPE-19 cells were pre-treated 
with YCG063 and LY294002 for 2 h prior to stimulation 
with PA-LPS. The ARPE-19 cells were washed 3 times 
with phosphate-buffered saline (PBS) and lysed with lysis 
buffer (Mammalian Cell-PE LB, G-Biosciences, St. Louis, 
MO, USA). Equal amounts of protein were separated on 
10% sodium dodecyl sulfate (SDS)-polyacrylamide minigels 
and transferred onto nitrocellulose transfer membranes. 
Follownig incubation with the appropriate primary anti-
body (ERK, p-ERK, p38, p-38, AKT, p-AKT and p65), the 
membranes were incubated for 1 h at room temperature with 
a secondary antibody conjugated to horseradish peroxidase 
[goat anti-rabbit IgG (Cat. no. 31460; Pierce, Rockford, IL, 
USA), goat anti-mouse IgG (Cat. no. sc-2031; Santa Cruz 
Biotechnology, Inc.)]. Following 3 washes in Tris-buffered 
saline Tween-20 (TBST), the immunoreactive bands were 
visualized using the ECL detection system (Pierce).

Preparation of nuclear extracts and electrophoretic mobility 
shift assay (EMSA). Nuclear extracts were prepared using the 
NE-PER nuclear extraction reagent (Pierce). As a probe for the 

gel retardation assay, an oligonucleotide containing the 
immunoglobulin κ-chain binding site (κB, 5'-GATCTCAGA 
GGGGACTTTCCGAGAGA-3') was synthesized. A non- 
radioactive method in which the 3' end of the probe was labeled 
with biotin was used in these experiments (Pierce). The binding 
reactions contained 5 µg of nuclear extract protein, buffer 
(10 mM Tris, pH 7.5, 50 mM KCl, 5 mM MgCl2, 1 mM 
dithiothreitol, 0.05% Nonidet P-40 and 2.5% glycerol), 50 ng 
of poly(dI-dC) and 20 fM of the biotin-labeled DNA. The 
reactions were incubated for 20 min at room temperature in a 
final volume of 20 µl. The competition reactions were 
conducted by adding a 100-fold excess of unlabeled p65 NF-κB 
to the reaction mixture. The mixture was then separated by 
electrophoresis on a 5% polyacrylamide gel in 0.5X Tris-borate 
buffer and transferred onto nylon membranes. The biotin-
labeled DNA was detected using a LightShift chemiluminescent 
EMSA kit (Pierce).

Measurement of ROS levels. The ARPE-19 cells (1x104 cells/
well) were seeded in 96-well plates in a humidified atmosphere 
containing 5% CO2 at 37˚C for 16 h. Following 16 h of incuba-
tion, the cells were treated with 10 µg/ml PA-LPS and further 
incubated for 5 h. For the intracellular ROS assay, the cells were 
incubated with 10 µM DCFDA for 30 min. The cells were then 
fixed with an equal volume of 4% formaldehyde and measured 
immediately. The intracellular ROS levels were measured using 
a fluoresence microplate reader (SpetraMax M2; Molecular 
Devices, Sunnyvale, CA, USA) at an excitation wavelength 
of 492 nm and an emission wavelength of 515 nm. For the 
mitochondrial ROS assay, the cells (1 ml, 1x105 cells/ml) were 
incubated with 5 µM MitoSOX and MitoPY1 for 30 min. 
Subsequently, the cells were washed with PBS and examined 
immediately. The levels of mitochondrial ROS were measured 
using FACSort and CellQuest Pro Software (BD Biosciences).

Flow cytometric analysis. The cells were stained with 
PE-conjugated anti-human TLR2 monoclonal antibody (mAb; 
clone TL2.1) and PE-conjugated anti-human TLR4 mAb 
(clone HTA125) and analyzed using FACSort and Cell 
QuestPro software (BD Biosciences).

Statistical analysis. Data values represent the means ± stan-
dard deviation (SD). To analyze the data produced from the 
experiments with 2 independent variables, one-way analysis of 
variance (ANOVA) was performed using GraphPad Prism soft-
ware (GraphPad Software, La Jolla, CA, USA). A value of p<0.05 
was considered to indicate a statistically significant difference.

Results

Effects of PA-LPS and YCG063 on the viability of ARPE-19 
cells. Initially, we examined the viability of the ARPE-19 cells 
stimulated with PA-LPS (0.5, 1, 5, 10, 20 and 30 µg/ml) for 24 h 
and of those treated with YCG063 (DMSO, 5, 10 and 50 µM) 
by CCK-8 assay. No significant cytotoxicity was observed 
following stimulation with PA-LPS at the lower doses; however, 
cell viability significnatly decreased following stimulation with 
PA-LPS at 30 µg/ml (Fig. 2A). There was no significant cyto-
toxicity observed to the ARPE-19 cells following treatment with 
YCG063 at doses up to 50 µM (Fig. 2B). Based on these results, 

Figure 2. Viability of human adult retinal pigment epithelial cells (ARPE-19 
cells). (A) Cells were stimulated with the indicated concentrations of 
Pseudomonas aeruginosa lipopolysaccharide (PA-LPS; 0.5, 1, 5, 10, 20 and 
30 µg/ml) for 24 h. (B) Cells were treated with the indicated concentrations of 
YCG063 (0, 5, 10 or 50 µM) for 24 h, and cell viability was determined. Cell 
viability was assessed using the cell counting kit-8 (CCK-8) method, and the 
results are expressed as the percentage of surviving cells over the control cells 
(no addition of YCG063). Each value indicates the mean ± SD and is representa-
tive of the results obtained from 3 independent experiments. **p<0.01 compared 
with the untreated controls.
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a concentration range of PA-LPS of 10 µg/ml and of YCG063 of 
5 to 50 µM was selected for use in the subsequent experiments.

Effects of YCG063 on the expression of IL-6, IL-8, MCP-1, 
and ICAM-1 in PA-LPS-stimulated ARPE-19 cells. The 
levels of IL-6, IL-8, MCP-1 and ICAM-1 considerably 
increased following stimulation of the ARPE-19 cells with 
PA-LPS (Fig. 3). To evaluate the effects of YCG063 on the 
protein expression of IL-6, IL-8, MCP-1 and ICAM-1 in the 
ARPE-19 cells, we treated the cells with YCG063 (5, 10 and 
50 µM) prior to stimulation with PA-LPS (10 µg/ml). Treatment 
with YCG063 suppressed the PA-LPS-induced production of 
the IL-6, IL-8, MCP-1 and ICAM-1 proteins (Fig. 3).

Expression of TLR2 in PA-LPS-stimulated ARPE-19 cells. To 
determine whether TLRs are involved in the PA-LPS-stimulated 
inflammatory responses in ARPE-19 cells, the cells were treated 
with LPS (10 µg/ml) for 12 h. The cells were then stained with 
PE-conjugated TLR2 and TLR4, and their expression levels 
were measured by flow cytometry (Fig. 4). The unstimulated 
cells did not express TLR2, whereas upon stimulation with 
LPS, the protein expression of TLR2 was upregulated (Fig. 4). 
However, TLR4 expression was not found to be upregulated 
during PA-LPS stimulation (Fig. 4). Therefore, as indicatd by 
the results of flow cytometry, only TLR2 is involved in the 
PA-LPS-induced inflammatory responses of ARPE-19 cells.

Effects of TLR2 antibody on the expression of IL-6, IL-8, 
MCP-1 and ICAM-1 in PA-LPS-stimulated ARPE-19 cells. 

Based on the results shown in Fig. 4, we investigated whether 
the TLR2 antibody can suppress PA-LPS-induced inflam-
mation (Fig. 5). As expected, the TLR2 blocking antibody 
(T2.5) inhibited the LPS-induced expression of inflammatory 
mediators, including the expression of IL-6, IL-8, MCP-1 and 
ICAM-1 in the ARPE-19 cells, as assessed by ELISA (Fig. 5).

Effects of YCG063 on the activation of the MAPK and AKT 
signaling pathways in LPS-stimulated ARPE-19 cells. To 
elucidate the mechanisms underlying the effects of YCG063 
on the expression of inflammatory mediators, we examined 
the activation of MAPKs and AKT by western blot analysis. 
Stimulation of the ARPE-19 cells with PA-LPS resulted in an 
increase in the levels of phosphorylated (p-)AKT and p-ERK, 
but not in those of p-p38. Pre-treatment with YCG063 (10 or 
50 µM) for 2 h attenuated the phosphorylation of AKT induced 
by a 30-min incubation with 10 µg/ml LPS, but it did not affect 
the phosphorylation of ERK (Fig. 6).

Effects of YCG063 on the activation of NF-κB in 
PA-LPS-stimulated ARPE-19 cells. The production of 
pro-inflammatory cytokines, chemokines and adhesion 
molecules is regulated by the transcription factor, NF-κB, 
upon PA-LPS stimulation. Therefore, to investigate the 
mechanism through which YCG063 affects the expression 
of IL-6, IL-8, MCP-1 and ICAM-1, we examined the effects 
of YCG063 on NF-κB activation. We found that YCG063 
inhibited the LPS-induced expression of NF-κB p65 in the 
nuclei (Fig. 7A). We then investigated the effects of YCG063 

Figure 3. Effect of YCG063 on the production of interleukin (IL)-6), IL-8, monocyte chemoattractant protein-1 (MCP-1) and intracellular adhesion mol-
ecule-1 (ICAM-1) in Pseudomonas aeruginosa lipopolysaccharide (PA-LPS)-stimulated human adult retinal pigment epithelial cells (ARPE-19 cells). The 
protein levels of IL-6, IL-8, MCP-1 and ICAM-1 were determined by ELISA. The cells were treated with YCG063 (5, 10 and 50 µM) for 2 h prior to LPS 
stimulation for 24 h. Each bar represents the mean ± SD from 3 independent experiments. **p<0.01 compared with LPS-stimulated values.
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Figure 4. Expression of Toll-like receptors (TLRs) in Pseudomonas aeruginosa lipopolysaccharide (PA-LPS)-stimulated human adult retinal pigment epithelial 
cells (ARPE-19 cells). ARPE-19 cells were stimulated with PA-LPS (10 µg/ml) or were left unstimulated. FACS analysis using specific antibodies against TLR2 
and TLR4 were performed. mIgG2a and mIgG1a, isotype control; NT, no treatment (medium).

Figure 5. Toll-like receptor (TLR)2 is involved in the Pseudomonas aeruginosa lipopolysaccharide (PA-LPS)-induced expression of interleukin (IL)-6, IL-8, 
monocyte chemoattractant protein-1 (MCP-1) and intracellular adhesion molecule-1 (ICAM-1) in human adult retinal pigment epithelial cells (ARPE-19 cells). 
The ARPE-19 cells were pre-treated with antibody against TLR2 for 1 h, followed by stimulation with PA-LPS (10 µg/ml) for 24 h. The secretion of IL-6, IL-8, 
MCP-1 and ICAM-1 in the culture medium was measured by ELISA.
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on the DNA-binding activity of NF-κB by EMSA (Fig. 7B). 
Stimulation with PA-LPS caused a significant increase in the 
DNA-binding activity of NF-κB, whereas pre-treatment with 
YCG063 markedly reduced the PA-LPS-induced DNA-binding 
activity of NF-κB (Fig. 7B). Moreover, the upregulation in the 
expression of NF-κB p65 was significantly inhibited by treat-
ment with LY294002 (an inhibitor of AKT; Fig. 7C).

Effects of NF-κB inhibitors (BAY 11-7082 and parthenolide) 
on the expression of IL-6, IL-8, MCP-1 and ICAM-1 in 
PA-LPS-stimulated ARPE-19 cells. Based on the results shown 
in Fig. 7, we investigated whether BAY 11-7082 and partheno-
lide can suppress the LPS-induced expression of inflammatory 
mediators (Fig. 8). BAY 11-7082 and parthenolide inhibited 
the expression of IL-6, IL-8, MCP-1 and ICAM-1 in the 
LPS-stimulated ARPE-19 cells (Fig. 8).

Generation of ROS in PA-LPS-stimulated ARPE-19 cells. Since 
the production of inflammatory mediators in LPS-induced 
inflammation is associated with the generation of ROS (25), we 
investigated whether PA-LPS induces ROS generation. As shown 
by DCFDA staining, the intracellular levels of ROS did not 
increase following stimulation of the cells with 10 µg/ml PA-LPS 
compared the untreated cells (basal levels; Fig. 9A). Additionally, 
according to the results of flow cytometry, the levels of two types 
of mitochondrial ROS (superoxide and hydrogen peroxide) 
did not increase following stimulation with 10 µg/ml PA-LPS 
compared to the untreated cells (basal level; Fig. 9B).

Discussion

Recurrent endogenous endophthalmitis due to infection by 
PA has been previously reported (5). In the present study, we 
investigated the anti-inflammatory effects of YCG063 (a well-
known ROS inhibitor) on the production of the inflammatory 

mediators, IL-6, IL-8, MCP-1 and ICAM-1, induced by PA-LPS 
in ARPE-19 cells.

The infiltration of PMNs in the eye is an important 
pathological process observed in intraocular infections, such as 
bacterial endophthalmitis (26). Inflammatory mediators induce 
increased PMN infiltration to the infected eye and, subse-
quently, severe retinal damage. The inflammatory mediators 
are expressed in response to Gram-negative bacterial infec-
tions and are mediated by bacterially derived products, such 
as LPS (27). In this study, we first investigated the inhibitory 
effects of YCG063 on the PA-LPS-induced production of IL-6, 
IL-8, MCP-1 and ICAM-1 in ARPE-19 cells. The levels of pro-
inflammatory cytokines and chemokines in RPE cells suggest 
a role of this cell type in the clinical presentation of bacte-
rial endophthalmitis. To the best of our knowledge, although 

Figure 6. Effect of YCG063 on the Pseudomonas aeruginosa lipopolysac-
charide (PA-LPS)-induced phosphorylation of ERK1/2, p38 MAPK and AKT 
in ARPE-19 cells. The human adult retinal pigment epithelial cells (ARPE-19 
cells) were treated with the indicated concentrations of YCG063 for 2 h prior 
to stimulation with PA-LPS (10 µg/ml) for 30 min. Cell extracts were then 
prepared and subjected to western blot analysis with antibodies specific for 
the phosphorylated forms of ERK1/2, p38 and AKT. The results are represen-
tative of 3 independent experiments. Control, untreated cells.

Figure 7. Effect of YCG063 on the translocation and binding of nuclear 
factor-κB (NF-κB) into the nuclei of Pseudomonas aeruginosa lipopoly-
saccharide (PA-LPS)-stimulated ARPE-19 cells. The human adult retinal 
pigment epithelial cells (ARPE-19 cells) were pre-treated with YCG063 (10 
or 50 µM) for 2 h and were then stimulated with PA-LPS for 1 h. (A) Nuclear 
extracts were prepared as described in the Materials and methods and evalu-
ated for NF-κB by western blot analysis. (B) Nuclear protein extracts were 
prepared and analyzed for the DNA binding activity of NF-κB using EMSA. 
Cold-κB, unlabeled NF-κB probe. (C) The ARPE-19 cells were treated with 
30 µM of LY294002 for 2 h prior to stimulation with PA-LPS for 30 min. 
Nuclear extracts were prepared and evaluated for NF-κB by western blot 
analysis. Control, untreated cells.
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YCG063 has been investigated as an anti-angiogenic small 
molecule (24), a possible role in ocular inflammation has not 
been addressed. In this study, YCG063 significantly inhibited 
the LPS-induced expression of IL-6, IL-8, MCP-1 and ICAM-1 
at concentrations of YCG063 that were not cytotoxic to the 
ARPE-19 cells (Fig. 3). Thus, the inhibition of the production of 
potent inflammatory mediators by pre-treatment with YCG063 
may be an effective therapeutic approach with which to prevent 
retinal damage.

We also investigated which TLR members are involved 
in the inflammatory response induced by PA-LPS stimula- stimula-
tion. The TLR family members are associated with the innate 
immune response and recognize specific pathogen-associated 
molecular patterns (PAMPs) expressed by different groups of 
infectious microbes (28). Ultimately, a cascade of intracellular 
signaling reactions occur and this leads to the activation of 
DNA binding proteins that, in turn, promote the transcrip-
tion of pro-inflammatory genes (29,30). They constitute as 
the first line of defense against invading pathogens and play 
a significant role in inflammation, immune cell regulation, 
survival and proliferation. In this study, we found that TLR2 
was upregulated in the PA-LPS-stimulated ARPE-19 cells, 
whereas TLR4 was not (Fig. 4). To confirm this response, we 
investigated whether inflammatory mediators are inhibited by 

blocking TLR2 with an antibody against TLR2. The TLR2 
antibody significantly inhibited the production of IL-6, IL-8, 
MCP-1 and ICAM-1 (Fig. 5). Our findings demonstrated that 
PA-LPS predominantly enhanced TLR2 expression in the 
ARPE-19 cells, leading to the increased production of IL-6, 
IL-8, MCP-1 and ICAM-1. The blockade of TLR4 did not 
have an inhibitory effect on the PA-LPS-stimulated ARPE-19 
cells (data not shown).

Since YCG063 inhibited the expression of the inflammatory 
mediators in the PA-LPS-stimulated ARPE-19 cells, we further 
explored the regulatory mechanisms of YCG063 involved 
in this process (Fig. 6). The MAPK and AKT pathways are 
important downstream pathways of LPS/TLR signaling (31). 
To elucidate the regulatory mechanisms of YCG063 involved in 
these processes, we investigated whether the AKT and MAPK 
signaling pathways are involved in regulating the inflammatory 
mediators. Our findings demonstrated that ERK and AKT, but 
not p38 MAPK, were involved in the inflammatory responses 
of the PA-LPS-stimulated ARPE-19 cells. Therefore, the activa--stimulated ARPE-19 cells. Therefore, the activa-
tion of the ERK and AKT pathways plays an important role in 
the PA-LPS-induced increase in the production of inflammatory 
mediators in ARPE-19 cells. However, our results demonstrated 
that YCG063 inhibited the PA-LPS-induced phosphoryla--induced phosphoryla-
tion of AKT. Therefore, we demonstrated the blockage of the 

Figure 8. Effects of nuclear factor-κB (NF-κB) inhibitors on the production of interleukin (IL)-6, IL-8, monocyte chemoattractant protein-1 (MCP-1) and 
intracellular adhesion molecule-1 (ICAM-1) in Pseudomonas aeruginosa lipopolysaccharide (PA-LPS)-stimulated human adult retinal pigment epithelial 
cells (ARPE-19 cells). The protein levels of IL-6, IL-8, MCP-1 and ICAM-1 were determined by ELISA. The cells were treated with BAY 11-7082 (1 and 5 µM) 
and parthenolide (1 and 5 µM) for 2 h prior to LPS stimulation for 24 h. Each bar represents the mean ± SD from 3 independent experiments. #p<0.05 compared 
with the untreated group. **p<0.01 compared with the LPS-stimulated values.
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PA-LPS-induced phosphorylation of AKT by YCG063 in 
ARPE-19 cells. To further elucidate the regulatory mechanisms 
of YCG063, we investigated whether the NF-κB signaling 
pathway is involved in this process. NF-κB is known to be a 
pleiotropic regulator of various genes involved in the production 
of a number of pro-inflammatory cytokines and enzymes related 
to the inflammatory process (32). Due to its key role in several 
pathological conditions, NF-κB is a major drug target in a variety 
of diseases (33). Our results revealed that the LPS-induced 
activation of NF-κB p65 was completely abolished by pre-
treatment of the cells with YCG063. Therefore, the inhibition of 
the NF-κB signaling pathway in the ARPE-19 cells by YCG063 
may result in the downregulation of inflammatory responses. 
The AKT-dependent activation of NF-κB has been described in 
a variety of cell types stimulated with platelet-derived growth 
factor, TNF-α, IL-1, as well as other agonists (34). We found that 
the inhibition of AKT by LY-294002 blocked the translocation 

of NF-κB (Fig. 7C). Subsequently, we investigated whether the 
NF-κB inhibitors (BAY 11-7082 and parthenolide) are involved 
in regulating these inflammatory mediators. The NF-κB inhibi-
tors significantly suppressed the production of the IL-6, IL-8, 
MCP-1 and ICAM-1 proteins (Fig. 8). Taken together, these 
results suggest that the activation of AKT and NF-κB, but not 
that of MAPKs, is involved in the inhibitory effects of YCG063 
on the PA-LPS-induced production of IL-6, IL-8, MCP-1 and 
ICAM-1.

In a previous study, ROS were generated with PA-LPS in 
human adenocarcinoma alveolar basal epithelial cells (A549 
cells) (35). In order to observe whether they contribute to 
the production of inflammatory mediators, we investigated 
whether ROS are generated in ARPE-19 cells by stimulation 
with PA-LPS (Fig. 9). The results revealed that the levels of 
ROS were not enhanced in the PA-LPS-stimulated ARPE-19 
cells compared to the untreated cells. Thus, our findings 

Figure 9. The Pseudomonas aeruginosa lipopolysaccharide (PA-LPS)-induced production of pro-inflammatory cytokines involves an reactive oxygen spe-
cies (ROS)-independent mechanism in human adult retinal pigment epithelial cells (ARPE-19 cells). (A) The cells were stimulated with 10 µg/ml PA-LPS for 5 h. 
The intracellular ROS levels were measured using a fluorescence microplate reader. (B) ARPE-19 cells were stimulated with PA-LPS (10 µg/ml) for 24 h. The 
cells were resuspended, and their mitochondrial ROS levels were measured by flow cytometry. The experiments are representative of 3 independent experiments, 
all of which displayed similar results. NT, no treatment.
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suggest that the production of pro-inflammatory cytokines and 
chemokines triggered by PA-LPS is accomplished through 
ROS-independent mechanisms.

In conclusion, in this study, we demonstrated that PA-LPS 
induced IL-6, IL-8, MCP-1 and ICAM-1 expression in the 
ARPE-19 cells. Pre-treatment with YCG063 inhibited the 
expression of IL-6, IL-8, MCP-1 and ICAM-1 in the PA-LPS-
stimulated ARPE-19 cells. This inhibition by YCG063 may be 
the result of the suppression of the phosphorylation of AKT, as 
well as the inhibition of the activation of NF-κB in modulating 
TLR2-induced inflammation. We also demonstrated that ROS 
are not involved in these inflammatory responses induced 
by PA-LPS. Based on our results, the inhibitory effects of 
YCG063 on inflammatory reactions may be considered as 
an effective therapeutic strategy for the treatment of bacterial 
endophthalmitis.
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