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PURPOSE. Melanocytes are one of the major cellular components in the uvea. Interleukin-8/
CXCL8 and monocyte chemoattractant protein-1 (MCP-1/CCL2) are the two most important
proinflammatory chemokines. We studied the constitutive and lipopolysaccharide (LPS)-
induced expression of IL-8 and MCP-1 in cultured human uveal melanocytes (UM) and
explored the relevant signal pathways.

METHODS. Conditioned media and cells were collected from UM cultured in medium with and
without stimulation of LPS. Interleukin-8 and MCP-1 proteins and mRNAs were measured
using an ELISA kit and RT-PCR, respectively. Nuclear factor (NF)-jB in nuclear extracts and
phosphorylated p38 mitogen-activated protein kinase (MAPK), extracellular signal-regulated
kinases1/2 (ERK1/2), and c-Jun N-terminal kinase1/2 (JNK1/2) in cells cultured with and
without LPS were measured by ELISA kits. Inhibitors of p38 (SB203580), ERK1/2 (UO1026),
JNK1/2 (SP600125), and NF-jB (BAY11-7082) were added to the cultures to evaluate their
effects.

RESULTS. Low levels of IL-8 and MCP-1 proteins were detected in the conditioned media in UM
cultured without serum. Lipopolysaccharide (0.01–1 lg/mL) increased IL-8 and MCP-1

mRNAs and proteins levels in a dose- and time-dependent manner, accompanied by a
significant increase of phosphorylated JNK1/2 in cell lysates and NF-jB in nuclear extracts.
Nuclear factor–jB and JNK1/2 inhibitors significantly blocked LPS-induced expression of IL-8
and MCP-1.

CONCLUSIONS. This is the first report on the expression and secretion of chemokines by UM.
The data suggest that UM may play a role in the pathogenesis of ocular inflammatory diseases.
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Uveal melanocytes (UM) are a major cell population in the
uveal tract. In the past, little was known about the function

of UM and their role in the pathogenesis of various ocular
diseases. In the past few decades, we have developed protocols
for the isolation and culture of human UM. Many pure cell lines
of UM from the iris, ciliary body, and choroid have been
established and have been used as an in vitro model for
studying the role of UM in ocular physiology, immunology, and
pathology.1–5 Previously, we have demonstrated that cultured
human UM are capable of production of various melanins,
matrix metalloproteinases (MMP), tissue plasminogen activator,
IL-6, and VEGF in vitro.6–10

Chemokines, act as chemoattractants and activators of
specific leukocytes and play a pivotal role in the influx of
inflammatory cells into tissues and the pathogenesis of
inflammation. CC and CXC are the two major families of
chemokines. Interleukin-8/CXCL8 and monocyte chemattrac-
tant protein-1 (MCP-1/CCL2) are the most important and most

studied chemokines and the prototypes of CXC and CC
chemokines, respectively. Both are proinflammatory chemo-
kines.11 Interleukin-8 is a potent chemoattractive factor mainly
for neutrophils.11–16 Monocyte chemattractant protein-1 is
chemotactic for monocytes, T lymphocytes, and natural killer
cells.11,17,18 These two chemokines play an important role in
various inflammatory diseases (e.g., arthritis, uveitis, and
retinitis) and certain retinal diseases (e.g., diabetic retinopathy,
proliferative vitreoretinopathy, AMD, and rhegmatogenous
retinal detachment).11–38 Previous studies indicated that IL-8
and MCP-1 could be produced by a variety of cell types
constitutively or after induction by various factors.11-18,39–49

However, the expression and secretion of IL-8 and MCP-1 by
UM have not been reported in the literature.

Lipopolysaccharide (LPS) is an endotoxin, which can induce
a strong inflammatory response by the human immune
system.50 Lipopolysaccharide induces acute ocular inflamma-
tion in experimental animals (endotoxin-induced uveitis),
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which is an important animal model for acute anterior uveitis
in the human.51–57 Both IL-8 and MCP-1 are critical chemokines
in the development and regulation of endotoxin-induced
uveitis. Lipopolysaccharide induces expression of IL-8 and
MCP-1 in various cell types,50,58–63 but the effects of LPS on
expression of these chemokines by UM have not been studied.

The purposes of the present study were to investigate the
constitutive and LPS-induced expression of IL-8 and MCP-1 by
UM and the relevant signal pathways involved in this process.

METHODS

Cell Culture

Human UM were isolated from the iris, ciliary body, or choroid
of adult donor eyes as previously described.1–5 Donor eyes
were obtained from New York Eye Bank for Sight Restoration
(New York, NY, USA).1 The Eye Bank obtained the donor’s
consent before the collection of the eyes. These donors were
deceased due to various fatal diseases, such as myocardial
infarction, stroke, and so on. The isolated UM were cultured
with FIC medium, which is F12 medium supplemented with
10% fetal bovine serum (FBS), 2 mM glutamine, 20 ng/mL basic
fibroblast growth factor, 0.1 mM isobutylmethylxanthine, 10
ng/mL cholera toxin, and 50 lg/mL gentamicin (FBS and F12
medium from Gibco, Invitrogen, Carlsbad, CA, USA; all others
from Sigma-Aldrich Corp., St. Louis, MO, USA).1 After reaching
confluence, the UM were detached using trypsin-EDTA
solution (Sigma-Aldrich Corp.), diluted 1:3-1:6, and subcul-
tured. Seven UM cell lines (two from the iris, one from the
ciliary body, and four from the choroid) were used in the
present study. One primary culture of human umbilical vein
vascular endothelial cell line (HUVEC) with known MCP-1 and
IL-8 production activity was tested for comparison. Human
umbilical vein vascular endothelial cell lines were isolated as
described previously and were cultured in 1% gelatin coated
flask with Medium 199 (Gibco) supplemented with heparin
(90 lg/mL), endothelial cell growth factor (20 lg/mL; all from
Sigma-Aldrich Corp.) and 10% FBS.64–66 Cell cultures in the
fifth passage were used in this study.

Basic Secretion of IL-8 and MCP-1 by UM and
HUVEC

Early passages of seven cell lines of cultured UM were used in
the present study. The ages of the donors that provided these
UM cell lines ranged from 45 to 78 years, with a mean 6 SD at
59.3 6 11.4 (Table). Cells were plated into 24-well plates at a
density of 1 3 105 per well. After 24 hours, the culture medium

was withdrawn. The cultures were washed with PBS twice,
and then serum-free culture medium was added. Conditioned
medium was collected 24 hours later, centrifuged at 800g for 5
minutes, and the supernatants were transferred to vials and
stored at�708C until analysis. All experiments were performed
in triplicate.

Early passages of a cultured cell line of HUVEC were plated
into 24-well plates at a density of 1 3 105 per well. Conditioned
medium was collected and stored as described above.

Effects of LPS on the Morphology, Viability, and
Immunocytochemical Studies of UM

The effects of LPS on the morphology of UM were studied by
phase-contrast microscopy of cells cultured with or without
LPS at 0.01, 0.1, 1.0, and 10 lg/mL for 48 hours. Uveal
melanocytes were seeded into 8-well plates and cultured with
or without LPS at 0.01, 0.1, 1.0, and 10 lg/mL for 48 hours.
Cultures were studied by immunocytochemical methods using
anti-S-100, -cytokeratin and -a-smooth muscle actins antibodies
as primary antibodies as described previously.1 The effects of
LPS on the cell viability of UM were studied with the 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
test as described previously.67 Briefly, UM were plated in 96-
well plates at a density of 5 3103 cells per well. After
incubation for 24 hours, LPS (Sigma-Aldrich Corp.) was added
to the wells at various final concentrations (0.01, 0.1, 1.0, and
10 lg/mL) and cultured for 24 hours. Next, 50 lL of
tetrazolium bromide, MTT (1 mg/mL; Sigma-Aldrich Corp.)
was added to each well and incubated for 4 hours. The
medium was withdrawn and 100 lL of dimethyl sulfoxide
(DMSO; Sigma-Aldrich Corp.) was added to each well. Optical
density was read at 540 nm using a microplate reader
(Multiskan EX; Thermo, Ventana, Finland). Cells cultured
without LPS served as the controls. The effects of LPS on the
cell viability were studied in one primary culture of UM. All
groups were tested in triplicate.

Secretion of IL-8 and MCP-1 in LPS-Stimulated UM

Early passages of cultured UM (from the choroid) were plated
into 24-well plates at a density of 1 3 105 per well. In a dose-
effect study, after 24 hours culture, the cultured medium was
withdrawn and replaced with serum-free medium after
washing the cells. Lipopolysaccharide at different concentra-
tions (0, 0.01, 0.1, and 1.0 lg/mL) was added to the media.
After 24 hours, conditioned media were collected and stored as
described above. In a time-effect study, cultured cells were
plated as described above, the cultured medium was with-
drawn and replaced with serum-free medium after washing the

TABLE. Secretion of IL-8 and MCP-1 in Uveal Melanocytes Cultured in Serum-Free Medium

Location Iris Color Age IL-8, pg/mL MCP-1, pg/mL

1 Iris Hazel 38 6.93 6 1.01 24.7 6 2.5

2 Iris Brown 45 8.53 6 1.33 23.3 6 3.5

3 Ciliary body Green 62 12.8 6 2.68 24.0 6 3.0

4 Choroid Green 62 7.67 6 0.42 22.7 6 3.1

5 Choroid Blue 62 5.50 6 1.25 22.0 6 2.7

6 Choroid Brown 45 4.90 6 1.39 19.3 6 2.5

7 Choroid Hazel 78 7.69 6 0.34 25.0 6 4.6

Mean 6 SD 59.3 6 11.4 7.72 6 2.59 23.0 6 3.1

Seven uveal melanocyte cell lines isolated from different locations of the uveal tract from donor eyes with various colored irides were plated into
24-well plates at a density of 1 3 105 per well. After 24 hours, the culture medium was withdrawn. The cultures were washed by PBS and serum-free
culture medium. Conditioned medium was collected 24 hours later. The amount of IL-8 and MCP-1 protein in the conditioned medium was
determined using the human IL-8 and MCP-1 Quantikine ELISA kit, respectively.
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cells. Lipopolysaccharide (0.1 lg/mL) was added, and condi-
tioned media (with and without LPS) were collected at 0, 6, 12,
and 24 hours later and stored. All experiments were performed
in triplicate.

Measurement of IL-8 and MCP-1 Protein

The amount of IL-8 and MCP-1 proteins in the conditioned
media was determined using the human IL-8 and MCP-1
Quantikine ELISA kits (R&D Systems, Minneapolis, MN, USA)
according to the manufacturer’s instructions. Optical density
was read by using a microplate reader at 450 nm and corrected
with 540 nm. The amounts of IL-8 and MCP-1 (pg/mL) were
calculated from a standard curve. The sensitivity of the IL-8 and
MCP-1 kits was 3.5 and 5.0 pg/mL, respectively.

RNA Isolation and RT-PCR

Early passages of cultured UM were plated into 6-well plates at
a density of 5 3 105. After 24 hours, the culture medium was
replaced with serum-free culture medium. In a time-effect
study, LPS at 0.1 lg/mL was added into the culture medium,
and cells were collected 2, 6, and 24 hours later. After the
culture medium was withdrawn, the cultures were washed
with cold PBS and cells were harvested by scraping with a
rubber policeman. Cells cultured without LPS were used as
negative controls. After microcentrifuging at 800g for 5
minutes at 48C, cell pellets were collected for mRNA
extraction. Total RNA was isolated with the RNeasy mini kit
(Qiagen, Valencia, CA, USA), according to the manufacturer’s
instructions. The SuperScript first-strand synthesis system for
RT-PCR kit (Invitrogen, Camarillo, CA, USA) was used to
perform cDNA synthesis. The PCR primers for glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) were TGAACT
GAAAGCTCTCCACC and CTGATGTACCAGTTGGGGAA. Inter-

leukin-8 primers were TTTTGCCAAGGAGTGCTAAAGA and
AACCCTCTGCACCCAGTTTTC. Monocyte chemoattractant

protein-1 primers were GATGCAATCAATGCCCCAGTC and
TTTGCTTGTCCAGGTGGTCCAT. All primers were obtained
from Invitrogen. The first-strand cDNA were synthesized from
0.5 lg of total RNA at 508C for 50 minutes. Polymerase chain
reaction amplification was conducted in a GeneAmp PCR
system 9700 (Applied Biosystems, Foster City, CA) using the
following parameters: first denaturation at 948C for 5 minutes
followed by 35 cycles of reactions of denaturation at 948C for
30 seconds, annealing at 588C for 45 seconds, and extension at
728C for 45 seconds, and last extension for 5 minutes at 728C.
After amplification, samples were run on a 1% agarose gel
(Invitrogen) in Tris-borate (TBE; 0.01 M), 0.001 M EDTA
(Invitrogen) containing 2.0 lg/mL ethidium bromide (Invitro-
gen). Bands were visualized and photographed on a UV
transilluminator (ChemiDoc XRS System; Bio-Rad, Hercules,
CA, USA). In the dose-effect study, LPS at different concentra-
tions (0, 0.01, 0.1, and 1.0 lg/mL) were added to the medium.
After 24 hours, cells were collected, treated, and RT-PCR
performed as described above.

p38, ERK, and JNK Map Kinase Assays in Cultured
UM With and Without LPS

Uveal melanocytes were plated into 6-well plates at a density of
1 3 106. After 24 hours, LPS (0.1 lg/mL) was added. After 60
minutes the cultures were washed with cold PBS, and cells
were harvested by scraping with a rubber policeman. Cells
cultured without LPS were used as negative controls. After
microcentrifuging for 5 minutes at 48C, pellets were treated
with ice-cold cell extraction buffer (Biosource, Camarillo, CA,
USA) with protease inhibitor cocktail (Sigma-Aldrich Corp.)

and phenylmethanesulfonyl fluoride (PMSF; Biosource) for 30
minutes, with subsequent vortexing at 10-minute intervals.
Cell extractions were microcentrifuged for 30 minutes at 48C.
The supernatants were collected into vials and stored at�708C
until analysis. Phosphorylated p38 mitogen-activated protein
kinase (MAPK), extracellular signal-regulated kinases1/2
(ERK1/2), and c-Jun N-terminal kinase1/2 (JNK1/2) measure-
ments were performed in triplicate by using p38 MAPK, ERK,
and JNK ELISA kits (Biosource), respectively, according to the
protocol outlined by the manufacturer and were expressed as
percentages of the control (cells not exposed to LPS). The
sensitivity of these kits was 0.8 U/ml.

Assay of NF-jB in Nuclear Extracts in Cultured UM
With and Without LPS

Uveal melanocytes were plated into 6-well plates at a density of
1 3 106 cells per well. After 24 hours incubation, the medium
was replaced and LPS (0.1 lg/mL) was added to the medium as
described above. Cells cultured without LPS were used as
negative controls. After 30 minutes, the culture medium was
withdrawn. Cells were washed with cold PBS and then scraped
from the well. Cells were treated with hypotonic buffer
(BioSource) and centrifuged. The pellet (nuclear fraction) was
collected and treated with cell extraction buffer (BioSource),
vortexed, and centrifuged. The supernatants (nuclear extracts)
were stored at �708C until analysis. The amount of nuclear
factor–kappa B (NF-jB) in cell nuclear extracts was measured by
using NF-jB ELISA kits (Invitrogen) according to the manufac-
turer’s instructions. The levels of NF-jB in nuclear extracts were
calculated using a standard curve and expressed as percentages
of the negative controls. The sensitivity of this kit was less than
50 pg/ml. All tests were performed in triplicate.

Application of MAPK and NF-jB Inhibitors on LPS-
Stimulated UM

Uveal melanocyte cells were plated into 24-well plates at a
density of 1 3 105 cells per well. After 24 hours incubation, the
medium was changed, and various MAPK or NF-jB inhibitors
were added to the medium separately, including 3 lM BAY11-
7082 (NF-jB inhibitor), 10 lM UO1026 (ERK inhibitor), 10 lM
SP600125 (JNK inhibitor), and 10 lM SB203580 (p38 MAPK
inhibitor; all from Calbiochem, San Diego, CA, USA). Thirty
minutes later, LPS was added to the medium at a final
concentration of 1.0 lg/ml. Cells cultured without LPS were
used as negative controls. Cells cultured with LPS and without
any inhibitors were used as positive controls. After 24 hours
incubation, the conditioned media were collected and stored.

Statistical Analysis

Statistical significances of difference of means throughout this
study were calculated by one-way ANOVA test in comparing
data from more than two groups and Student’s t-test in
comparing data between two groups. A difference at P less
than 0.05 was considered to be statistically significant.

RESULTS

Expression and Secretion of IL-8 and MCP-1 in UM
Cultured With Serum-Free Culture Medium

Low levels of IL-8 and MCP-1 protein were detected in the
conditioned medium from all seven UM cell lines cultured with
serum free culture medium (Table). The range of IL-8 and MCP-1
levels was 5.50 to 12.8 pg/mL and 19.3 to 25.0 pg/mL in these
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seven cell lines, with an average of 7.72 6 2.59 and 23.0 6 3.1
pg/mL (mean 6 SD), respectively. The baseline measurements
of these two chemokines might represent the basic (constitu-
tive) secretion of IL-8 and MCP-1 by normal UM in vitro.

Interleukin-8 was below detectable levels in the condi-
tioned culture medium from HUVEC. Monocyte chemoattrac-
tant protein-1 levels in the conditioned culture medium from
HUVEC were 31.3 6 3.1 pg/ml.

Effects of LPS on the Morphology, Viability, and

Immunocytochemical Studies of UM

The morphology of the UM cultured with LPS at 0.01 to 10 lg/
mL was not affected as observed by phase-contrast microscopy
(Fig. 1A). Uveal melanocytes expressed S-100, but no
cytokeratin and a-smooth muscle keratin as previously
described.1 The expression of cytokeratin, a-smooth muscle
keratin and S-100 of UM did not change after the treatment of
LPS at 0.01 to 10 lg/mL (data not shown). The viability of the
UM cultured with LPS at 0.01 to 10 lg/mL was not affected by
MTT test (Fig. 1B). Therefore, LPS at 0.01 to 1.0 lg/mL was
used for the studies of effects of LPS on the expression and
release of IL-8 and MCP-1 from UM.

Effects of LPS on IL-8 and MCP-1 Production by UM

When different concentrations (0.01–1.0 lg/mL) of LPS were
added to the culture medium of UM for 24 hours, both IL-8 and
MCP-1 protein levels in the conditioned medium were

significantly increased in a dose-dependent manner (Fig. 2).
Interleukin-8 and MCP-1 levels in conditioned medium from
cells cultured without LPS was 6.93 6 1.01 and 22.0 6 2.7 pg/
mL (mean 6 SD), respectively. Interleukin-8 levels in condi-
tioned medium from cells cultured with LPS at 0.01, 0.1, and
1.0 lg/mL were 7.17, 28.2, and 50.6 times control values,
respectively (Fig. 2A). Monocyte chemoattractant protein-1
levels in conditioned medium from cells cultured with LPS at
0.1, 1.0, and 10 lg/mL were 6.76, 8.71, and 10.8 times control
values, respectively (Fig. 2B). The differences of IL-8 and MCP-1
levels were statistically significant (higher) between LPS-
treated cells and the controls (P < 0.05).

Lipopolysaccharide-induced increase of secretion of IL-8
and MCP-1 by UM was also time-dependent (Fig. 3). The
differences of IL-8 (Fig. 3A) and MCP-1 levels (Fig. 3B) between
LPS-treated cells and the controls were statistically significantly
(higher) in cells treated with 0.1 lg/mL LPS for 6, 12, and 24
hours (P < 0.05).

Effects of LPS on IL-8 and MCP-1 mRNA Expression
by UM

The RT-PCR experiment demonstrated that IL-8 and MCP-1

mRNAs were lower expressed in UM cultured without LPS (Fig.
4). Lipopolysaccharide upregulated IL-8 mRNA expression and
MCP-1 mRNA expression in the UM. In the time-dependent
study, IL-8 and MCP-1 mRNAs expression in LPS (0.1 lg/mL)-
treated cells increased significantly after 2, 6, and 24 hours
treatments (P < 0.05). In the dose dependent study, IL-8 and

FIGURE 1. Effect of LPS on morphology and viability of UM. (A) Human UM were seeded to 12-well plates, cultured with LPS at 10 lg/mL for 48
hours and cell morphology was observed by phase-contrast microscopy (0, without LPS, and LPS, treated with LPS 10 lg/mL). (B) Human UM were
seeded into 96-well plates and treated with LPS at 0.01, 0.1, 1.0, and 10 lg/mL for 24 hours and cell viability was determined by MTT assay (see
Methods). Lipopolysaccharide at all tested levels did not affect the viability of UM. Data are mean 6 SD (n¼ 3).
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MCP-1 mRNAs expression in cells treated with 0.01, 0.1, and
1.0 lg/mL LPS were also significantly increased (P < 0.05).

Effects of LPS on NF-jB and Phosphorylated MAPK

Levels in UM

Lipopolysaccharide treatment (0.1 lg/mL with 30 minutes
incubation) increased phosphorylated ERK1/2, JNK1/2, and
p38 MAPK levels in UM (Fig. 5). The levels of phosphorylated
ERK1/2, JNK1/2, and p38 MAPK in UM cultured with LPS
increased to 1.26 6 0.09 (mean 6 SD), 4.27 6 0.50, and 1.55
6 0.14 times control values (UM cell cultured without LPS).
The differences of phosphorylated ERK1/2, JNK1/2, and p38
MAPK levels between cells treated with and without LPS were
also statistically significant (P < 0.05).

Lipopolysaccharide treatment increased NF-jB levels in
nuclear extracts of the UM (Fig. 5). The levels of NF-jB in
nuclear extracts in cells cultured with LPS were 3.73 6 0.23
times control values. The difference of NF-jB levels between
cells treated with and without LPS was statistically significant
(P < 0.05).

Effects of MAPK and NF-jB Inhibitors on LPS-

Induced Release of IL-8 and MCP-1 by UM

Interleukin-8 protein levels in conditioned media from cells
cultured with and without LPS were 386 6 17.8 (positive
control) and 7.23 6 0.65 pg/mL (negative control), respec-
tively (Fig. 6A).

Treatment of cells with SB203580 (p38 MAPK inhibitor)
before the addition of LPS did not cause significant changes of
IL-8 levels in conditioned medium as compared with cells
cultured with LPS alone (the positive control; P > 0.05; Fig.
6A). Treatment of cells with SP600125 (JNK1/2 inhibitor)
nearly completely blocked the LPS-induced secretion of IL-8 (P
< 0.05 as compared with the positive controls; Fig. 6A).
UO1026 (ERK inhibitor) only caused a slight decrease of
secretion of IL-8 as compared with the positive controls; the
difference between these two groups was not statistically
significant (P > 0.05; Fig. 6A).

Treatment with BAY11-7082 (NF-jB inhibitor) completely
blocked the LPS-induced secretion of IL-8 (P < 0.05 as
compared with the positive controls; Fig. 6A). The difference
in the amount of IL-8 in medium between cells treated with

FIGURE 2. Dose-dependent effects of LPS on secretion of IL-8 (A) and
MCP-1(B) by cultured human UM. Cells were plated into 24-well plates.
After 24-hours incubation, LPS at 0, 0.01, 0.1, and 1.0 lg/mL was added
to the culture and incubated for 24 hours. Conditioned culture media
were collected and the amount of IL-8 and MCP-1 protein in the
conditioned medium was determined by using the human IL-8 and
MCP-1 Quantikine ELISA kit. Interleukin-8 and MCP-1 levels in
conditioned culture medium were expressed as pictograms per
milliliter (mean 6 SD in triplicate tests). *P < 0.05, compared with
the controls (cells cultured without LPS).

FIGURE 3. Time-dependent effects of LPS on secretion of IL-8 (A) and
MCP-1 (B) by cultured human UM. Cells were plated into 24-well
plates. After 24 hours incubation, LPS (0.1 lg/mL) was added to the
culture and cultured for 6, 12, and 24 hours. Conditioned culture
media were collected and the amount of MCP-1 protein in the
conditioned medium was determined by using the human IL-8 and
MCP-1 Quantikine ELISA kit. Interleukin-8 and MCP-1 levels in
conditioned culture medium were expressed as pictograms per
milliliter (mean 6 SD in triplicate tests). *P < 0.05, compared with
the controls (cells cultured without LPS).
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and without BAY11-7082 (positive control) was significant (P

< 0.05).

Monocyte chemoattractant protein-1 protein levels in

conditioned media from cells cultured with and without LPS
were 198 6 11.6 (positive control) and 21.7 6 2.1 pg/mL

(negative control), respectively (Fig. 6B).

Treatment of cells with UO1026 (ERK inhibitor) before the

addition of LPS did not cause significant changes of MCP-1

levels in conditioned medium as compared with cells cultured

with LPS alone (P > 0.05; Fig. 6B). Treatment of cells with

SP600125 (JNK1/2 inhibitor) caused a prominent decrease of

the secretion of MCP-1 as compared with the positive controls

(Fig. 6B). SB203580 (p38 MAPK inhibitor) caused a significant

and moderate decrease of secretion of MCP-1 as compared

with the positive controls (P < 0.05; Fig. 6B).

Treatment with BAY11-7082 (NF-jB inhibitor) decreased

the release of MCP-1 by the UM to 10% of that in cells treated

by LPS only (Fig. 6B). The difference in the amount of MCP-1 in

medium between cells treated with and without BAY11-7082
(positive control) was significant (P < 0.05).

DISCUSSION

Uveal melanocytes is one of the major resident cells in the
uveal tract, but the investigation of UM in vitro has been
hampered by an inability to obtain a sufficient number of pure
UM for study. Since 1990, we have developed the methods for
the isolation, cultivation, purification, and investigation of
human UM. This in vitro model of UM has been used for
studying the growth, function, and melanogenesis of these
cells over the past 20 years.1–5 Several bioactive factors have
been found to be expressed in cultured human UM, including
one cytokine (IL-6).6–10 However, the production of chemo-
kines by UM has not been studied previously.

Chemokines are small heparin-binding proteins, which act
as chemoattractants and activators of leukocytes and play an

FIGURE 4. Dose- and time-dependent effects of LPS on IL-8 and MCP-1 mRNAs expression by human UM. Representative RT-PCR profiles from three
experiments showed the mRNAs expression of IL-8 and MCP-1 by cells exposed to LPS at different concentrations and time periods (A, B).
Glyceraldehyde-3-phosphate dehydrogenase was used as an internal loading control. Cells were plated into 6-well plates. Lipopolysaccharide at 0,
0.01, 0.1, and 10 lg/mL was added to the culture. Twenty-four hours later, cells were collected, mRNA was extracted and RT-PCR analysis was
performed as described in the text ([C] IL-8 and [E] MCP-1). Cells were plated into 6-well plates. Lipopolysaccharide (0.1 lg/mL) was added, cells
were collected at 2, 6, and 24 hours later, mRNA was extracted and RT-PCR analysis was performed as described in the text ([D] IL-8 and [F] MCP-1).
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important role in the influx of inflammatory cells. More than
50 human chemokines and 20 chemokine receptors have been
identified. Chemokines could be classified into four subfamilies
based on the number and location of the cysteine residues at
the N-terminus of the molecule and are named CXC, CC,
CX3C, and C, in agreement with the systematic nomenclature.
In the two main subfamilies (CC and CXC), CXC chemokines
are important in the attraction of neutrophils and CC chemo-
kines have powerful chemattractants and activators for
monocytes and lymphocytes.11,17,18

Interleukin-8 (CXCL8) is encoded by the IL8 gene and is a
prototype of CXC chemokine family with chemoattractant
properties for neutrophils. It also triggers the migration and
adhesion of T cells, monocytes, and basophils to vascular
endothelium and leads to extravasation of these cells into the
tissues.11–13 Expression of IL-8 has been observed in various
tissues during acute inflammation caused by bacteria and virus
infections and is also associated with severe trauma, cancer,
and various chronic inflammatory conditions such as rheuma-
toid arthritis, psoriasis, Behçet’s disease, polyarteritis, and
osteoarthritis.11,12,14–16 Interleukin-8 has potent angiogenic
activity. It stimulates migration and proliferation of vascular
endothelial cells and induces neovasculariztion.11,13

Monocyte chemoattractant protein-1 is encoded by the
CCL2 gene and is a member of CC chemokine family with
chemoattractant properties for monocytes, memory T cells,
natural killer cells, and basophils.11,17,18 It triggers the
adhesion of monocytes to vascular endothelium and leads to
extravasation of monocytes into the tissues. Monocyte chemo-
attractant protein-1 is one of the key chemokines that regulate
the migration and infiltration of monocytes and is also a key
factor involved in the initiation of inflammation.11,17,18

Expression of MCP-1 has been observed in a large number of
tissues in various inflammatory diseases and also in athero-
sclerosis and cancer.11,17,18

In the eye, IL-8 and MCP-1 have been detected in the
aqueous humor and vitreous in nonclassical inflammatory eyes,
such as cataracts, and idiopathic epiretinal mem-
brane.21,22,26,32,34,36 Interleukin-8 and MCP-1 levels are signif-
icantly increased in aqueous humor or vitreous from eyes with
uveitis, including both infectous or noninfectuous uveitis,

idiopathic iridocyclitis,21 Behçet’s diseases,21,26 Fuchs’ hetero-
chromatic cyclitis,21 Vogt-Koyanagi-Harada disease,26 sarcoido-
sis,27 lens-induced uveitis,23 Posner-Schlossman syndrome,24

herpes uveitis,21 tuberculous uveitis25 and toxoplasmosis.22

Serum IL-8 or MCP-1 are reported to increase in ocular
sarcoidosis and Behçet’s diseases.15,27 In experimental animal
studies, elevated IL-8 or MCP-1 levels have been found in
autoimmune anterior uveitis induced by melanin associated
antigen.68,69 Intraocular injection of IL-8 induces uveitis with
many leukocytes in the aqueous humor.70 These results
indicate that IL-8 and MCP-1 contribute to the recruitment of
inflammatory cells into the eye during the development of
ocular inflammation and play an important role in the
pathogenesis of uveitis.

Interleukin-8 and MCP-1 levels are significantly increased in
the aqueous humor or vitreous from eyes with chronic low-
grade inflammation or neovascularization (e.g., diabetic
retinopathy,28–33 retinal vein occlusion,29,32,36 rhegmatogenous

FIGURE 5. Effects of LPS on NF-jB in nuclear extracts and
phosphorylated ERK, JNK, and p38 MAPK in cultured UM. Cells were
plated into 24-well plates. After 24-hours incubation, LPS (0.1 lg/mL)
was added to the medium. Cells were collected 30 minutes later. The
amount of NF-jB levels in nuclear extracts and phosphorylated p38
MAPK, JNK, and ERK1/2 in cell lysates were measured using the
relevant NF-jB ELISA kit and phosphorylated MAPK ELISA kits. The
levels of NF-jB in nuclear extracts and phosphorylated p38, ERK, and
JNK in cell lysates were expressed as the percentages of the controls
(cells cultured without LPS). *P < 0.05, compared with the controls.

FIGURE 6. Effects of NF-jB and MAPK inhibitors on LPS-induced
production of IL-8 and MCP-1 by uveal melanocytes. Cells were plated
into 24-well plates. After 24-hours incubation, various MAPK and NF-jB
inhibitors were added to the medium separately, including BAY11-7082
(NF-jB inhibitor), UO1026 (ERK inhibitor), SP600125 (JNK inhibitor),
and SB203580 (p38 MAPK inhibitor) at a final concentration of 10 lM
with exception of BAY11-7082 (3 lM). Thirty minutes later, LPS (1.0
lg/mL) was added to the medium. Cells cultured without LPS were
used as negative controls. Cells cultured with LPS but without
inhibitors were used as positive controls. After 24 hours incubation,
culture medium was collected and IL-8 (A) and MCP-1 (B) levels were
measured with human IL-8 and MCP-1 Quantikine ELISA kit and
expressed as pictograms per milliliter (mean 6 SD in triplicate tests).
*P < 0.05, compared with the positive controls (cells cultured with LPS
but without inhibitors).
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retinal detachment,32–34 proliferative vitreoretinopathy,31,34,35

and AMD38) indicating that IL-8 and MCP-1 play an important
role in the pathogenesis of these vitreoretinal disorders.

Interleukin-8 is secreted by fibroblasts, keratinocytes,
chondrocytes, synovial cells, vascular endothelial cells, glial
cells, monocytes, T cells, neutrophils, tumor cells, and various
epithelial cells including RPE cells.11,12,19,41,45–49,58 Most cell
types do not produce or only produces a low level of IL-8
constitutively, but production of IL-8 can be rapidly induced by
proinflammatory cytokines, viruses, bacteria and their prod-
ucts (e.g., LPS) or hypoxia.11,19 However, the expression of IL-8
by UM has not been reported previously.

Monocyte chemoattractant protein-1 is secreted by vascular
endothelial cells, fibroblasts, glial cells, monocytes, T cells,
vascular smooth muscle cells, and epithelial cells including
RPE cells, either constitutively or induced by endotoxin,
inflammatory cytokines, or oxidative stress.17,18,39–43,47,58

However, the expression of MCP-1 by UM has not been
reported previously.

In the present study, cultured human UM consistently
express IL-8 and MCP-1 mRNAs and secrete low levels of IL-8
and MCP-1 at basal conditions (cultured with serum-free
culture medium), indicating a constitutive expression of IL-8
and MCP-1 in normal UM. The secretion levels of IL-8 and MCP-
1 by UM are comparable with those in the HUVEC. The main
significance of constitutively expressed IL-8 and MCP-1 at low
levels might be to direct the normal trafficking of leucocytes
under normal physiological conditions.11 Interleukin-8 and
MCP-1 also have other biological functions such as angiogenic
effects.11,18 Therefore, they could interact with other chemo-
kines, cytokines, and growth factors to maintain homeostasis
in a constant microenviroment.11

Lipopolysaccharide is the major component of the outer
membrane of gram-negative bacteria and can induce a strong
response from the human immune system. Various LPS-bearing
bacteria can infect humans and cause certain infectious
diseases.50 High plasma levels of LPS have been detected in
patients with chronic infections.58 Circulating gram-positive
bacteria can cause metastatic sepsis in the eye, a condition
which accounts for approximately 32% to 37% of endogenous
endophthalmitis cases in western and 70% in eastern
countries.58 Lipopolysaccharide induces the expression of IL-
8 and MCP-1 in various cell types.58–63,71 Lipopolysaccharide
can induce endotoxin-induced uveitis, an acute ocular
inflammation in various experimental animal models.51–57

Lipopolysaccharide-induced uveitis could be partially blocked
by anti-IL-8 or anti–MCP-1 antibodies treatment.57 Lipopolysac-
charide-induced uveitis was strongly reduced in MCP-1-
deficient mice (Ccl2�/�) compared with wild-type control
mice.54 The mechanism of LPS action is via Toll-like receptor 4
(TLR-4).50 Therefore, IL-8 and MCP-1 may play a crucial role in
LPS-induced uveitis. In the present study, LPS increases the
expression of IL-8 and MCP-1 mRNAs and the secretion of IL-8
and MCP-1 proteins by human UM in vitro in a dose- and time-
dependent manner. This indicates that LPS is one of the
important factors that regulate the secretion of IL-8 and MCP-1
in cultured human UM.

There are two main signal pathways involved in LPS-
induced expression of IL-8 and MCP-1 by other cell types:
MAPK and NF-jB signal pathways.60,62,63,71 The MAPK
pathways mainly consist of ERK1/2, JNK1/2 and p38 MAPK
pathways. The ERK1/2 pathway responds to growth factors
and has an important role in modulating the survival and
growth of cells, whereas p38 MAPK and JNK pathways
response to various stresses, including proinflammatory
cytokines and chemokines, and modulate differentiation and
apoptosis of cells.10 Lipopolysaccharide is reported to stimu-
late the production of IL-8 and MCP-1 in various cells through

the activation of one or more of these three MAPK pathways
(mainly through the JNK1/2 pathway).60,62,63,71 Nuclear
factor–jB is a major transcription factor and is present in the
cytoplasm in an inactive NF-jB complex via their nonconvalent
interaction with inhibitory proteins known as inhibitors of jB
(IjBs). Various stimuli, including LPS, activate the latent
cytoplasmic NF-jB/IjBa complex by phosphorylation on
conserved serine residues in the N-terminal portion of IjB.
Activated NF-jB translocates to the nucleus and induces the
expression of relevant genes, including various cytokines and
chemokines.10 It has been reported that LPS-induced expres-
sion of IL-8 and MCP-1 is through the activation and
translocation of NF-jB to the nucleus.63,71

The involvement of MAPK or NF-jB pathway in LPS-induced
IL-8 or MCP-1 expression is cell-type specific.60,62,63,71 Inter-
estingly, cultured human epidermal melanocytes express a
panel of functional TLRs, including TLR-4. These melanocytes
can produce large amounts of IL-8 and MCP-1 via NF-jB
signaling pathway after TLR stimulation by LPS.72 The present
study found that LPS causes a prominent increase of JNK1/2
and NF-jB, but only a slight to moderate increase of ERK1/2
and p-38. Lipopolysaccharide-induced secretion of IL-8 was
significantly inhibited by JNK1/2 and NF-jB inhibitors, but not
by p38 and ERK inhibitors. LPS-induced secretion of MCP-1
was significantly inhibited by JNK1/2 and NF-jB inhibitors, and
to a less degree, by a p38 inhibitor, but not by ERK inhibitors.
Therefore, LPS-induced secretion of IL-8 and MCP-1 by UM is
mainly through the activation of JNK1/2 and NF-jB signal
pathways. This is consistent with previous reports regarding
the signal pathways involved in LPS-induced secretion of IL-8
and MCP-1 by other cell types.60,62,63,71

In conclusion, the present studies demonstrate that UM
constitutively express and secrete IL-8 and MCP-1 at a low
level, and chemokines production is increase by LPS stimula-
tion via JNK1/2 and NF-jB pathway. This suggests that UM, as
the major cell component of the uveal tract, can secrete
chemokines and recruit neutrophils, monocytes, and lympho-
cytes into the eye after proinflammatory stimulation and may
play a role in the development of ocular inflammatory
processes, especially in the development of uveitis.
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