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Abstract

Objective The aim of this study was to investigate the
inhibitory effect of geniposide on lipopolysaccharide
(LPS)-induced interleukin-6 (IL-6) and interleukin-8 (IL-8)
production in human umbilical vein endothelial cells
(HUVECS).

Materials and methods Primary HUVECs were used. The
mRNA/protein levels of IL-6 and IL-8 was determined by
reverse transcription-polymerase chain reaction (RT-PCR)
and enzyme-linked immunosorbent assay (ELISA). LPS-
induced HUVEC migration and adhesion of monocytes to
HUVECs were studied by monolayer wound healing
experiments and monocytic cell adhesion assay, respec-
tively. Expression of nuclear factor kB (NF-xB), inhibitory
factor kB-a (IxB-«), p38 mitogen-activated protein kinase
(MAPK) and ERK1/2 were determined by Western blot
analysis.
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Results  Geniposide effectively inhibited LPS-induced
expression of IL-6 and IL-8 in HUVECs at the transcrip-
tion and translation levels. Additionally, geniposide
suppressed LPS-induced HUVEC migration and U937
monocyte adhesion to HUVECs. Signal transduction
studies indicate that geniposide blocked the activation of
NF-xB, degradation of IxB-«, and phosphorylation of p38
MAPK and ERK1/2 in HUVECsS challenged by LPS.
Conclusion The results show that geniposide can inhibit
LPS-induced IL-6 and IL-8 production in HUVECs by
blocking p38 MAPK and ERK1/2 signaling pathways.
Keywords LPS - Endothelial cells - Inflammation -
Chemokines

Introduction

Endothelial cell injury and inflammation are shown to be
the main mechanisms in the development of cardiovascular
diseases [1]. When stimulated by pathogenic mediators,
endothelial cells trigger critical inflammatory elements
including increased permeability, intensified leukocyte
recruitment and up-regulated production of inflammatory
cytokines, to be involved in pathogenesis of vascular dis-
orders [2].

Lipopolysaccharide (LPS), an integral part of the outer
membrane of Gram-negative bacteria, is one of the
important pathogenic stimuli. Circulating LPS in blood
directly promotes vascular inflammation via the activation
of resident cells such as endothelial cells and vascular
smooth muscular cells [3]. It has been reported that human
umbilical vein endothelial cells (HUVECs) after LPS
challenge will initiate the over-production of interleukin-6
(IL-6), interleukin-8 (IL-8), vascular cell adhesion
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molecule-1 (VCAM-1) and E-selectin [4—6]. Among these
inflammatory cytokines, IL-6 and IL-8 are of special
importance for their potent pro-inflammatory and chemo-
tactic activities in influencing the development of vascular
inflammation [7]. Therefore, inhibiting the production of
IL-6 and IL-8 in activated endothelial cells may be an
effective strategy and target to prevent occurrence of car-
diovascular diseases.

Gardenia, the fruit of Gardenia jasminoides Ellis
(Rubiaceae), has been described as an anti-inflammatory
agent. Geniposide is an iridoid glycoside isolated from
Gardenia and widely used as a traditional Chinese medi-
cine for its diverse pharmacological activities. In Asian
countries, geniposide was commonly applied to amelio-
rating ligament injuries [8]. In addition, geniposide showed
anti-oxidative [9, 10], anti-tumor [11, 12], anti-asthma and
anti-diabetic activities [13, 14]. Recently, more studies
have been focused on the therapeutic effect of geniposide
on cardiovascular diseases. For instance, it has been shown
that geniposide displayed an anti-thrombotic effect in vivo
due to the suppression of platelet aggregation [15]. Koo
et al. [16] have reported that geniposide possessed
remarkable anti-angiogenic activity by chick embryo cho-
rioallantoic membrane assay. Studies by Lee et al. [17]
further proved that geniposide may be a therapeutic agent
for ischemia in patients. However, no studies have pro-
vided direct evidence of geniposide-mediated inhibitory
effect on LPS-induced over-production of IL-6 and IL-8 in
endothelial cells, which may be important for further
application of geniposide against cardiovascular diseases.

HUVECs, derived from human umbilical veins, are
commonly accepted in vitro experimental models in vas-
cular inflammation, angiogenesis, wound healing,
atherosclerosis, etc. [18]. In the present study, we inves-
tigated the effect of geniposide on IL-6 and IL-8
production in LPS-induced HUVECs. We evaluated
geniposide-mediated inhibition of IL-6 and IL-8 expres-
sion in HUVECsS at the transcription and translation levels,
as well as suppression of LPS-induced HUVEC migration
and adhesion of U937 monocytes to HUVECs. To explore
the underlying mechanism of suppressive effect of genip-
oside, the roles of nuclear factor kB (NF-xB) and mitogen-
activated protein kinases (MAPKs) in HUVECs after LPS
exposure were also determined.

Materials and methods
Chemicals and reagents
Geniposide was purchased from Chengdu Push Biotech Co.,

Ltd. (Chengdu, China). LPS (rough strains) from Esche-
richia Coli F583 (Rd mutant), 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide (MTT), dimethylsulfoxide
(DMSO) and endothelial cell growth supplements from
bovine neural tissue were obtained from Sigma (St. Louis,
MO, USA). ERK1/2 inhibitor (PD98059) and p38 MAPK
inhibitor (SB203580) were purchased from Invitrogen
Corporation (Carlsbad, CA, USA). Rabbit anti-nuclear
factor kB (NF-kB) p65 polyclonal antibody and 2',7’-
bis-(2-carboxyethyl)-5-(and-d)-carboxyfluorescein, acetoxy-
methyl ester (BCECF AM) were obtained from the Beyotime
Institute of Biotechnology (Jiangsu, China). Rabbit
anti-inhibitory factor kB-o (IxkB-o), anti-p38 MAPK, anti-
phospho-p38 (p-p38) MAPK, anti-ERK1/2, anti-phospho-
ERK1/2 (p-ERK1/2), anti-GAPDH polyclonal antibody and
horseradish peroxidase (HRP)-conjugated goat anti-rabbit
IgG were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA, USA). Enzyme-linked immunosorbent assay
(ELISA) kits for measurement of IL-6 and IL-8 were
obtained from R&D Systems, Inc (Minneapolis, USA).
Dulbecco’s-modified Eagle’s medium F12 (DMEM-F12),
RPMI-1640 medium and fetal bovine serum (FBS) were
obtained from Gibco (Grand Island, NY, USA).

Cell culture and drug treatment

HUVECs were isolated from normal human umbilical
cords, digested with 0.05% trypsin containing 0.02%
EDTA, and eluted with DMEM-F12. Cells were grown in
DMEM-F12 supplemented with 10% FBS, 100 units/ml
penicillin, 100 units/ml streptomycin, 30 pg/ml endothelial
cell growth supplements and 5 units/ml heparin. Cells were
maintained in a 37°C humidified incubator with a 5% CO,
and 95% air environment until desired confluency (80%)
was reached. Passage 2—6 was used for experiments. The
monocytic cell line U937, bought from the Wuhan Institute
of Cell Biology (Wuhan, China), was cultured in RMPI-
1640 medium containing 10% FBS and antibiotics.

For most experiments, HUVECs were pretreated with
1% FBS DMEM-F12 in the presence or absence of
geniposide (25-100 pg/ml) for 24 h. Thereafter, cells were
washed twice with phosphate-buffered saline (PBS, pH
7.4) and then exposed to 100 ng/ml of LPS diluted in
culture medium with 1% FBS for different time intervals at
37°C until further assay.

Cell viability assay

Cell viability was assessed by the MTT conversion test.
Briefly, HUVECs were seeded at a density of 5 x 10°
cells/well in 96-well plates containing 150 pl of DMEM-
F12 medium with 10% FBS and grown to sub-confluence.
Next, cells received 150 pl of culture medium with 1%
FBS plus different concentrations of geniposide (25, 50 and
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100 pg/ml) and were incubated for 24 h. After incubation,
cells were washed with PBS (pH 7.4) and then incubated
with MTT (5 mg/ml) in culture medium for 3 h at 37°C.
After that, the medium was discarded and formazan blue,
which formed in the cells, was dissolved in 100 pl of
DMSO. Optical density at 490 nm was determined with a
Sunrise Remote Microplate Reader (Grodlg, Austria). Cell
viability in each well was presented as percentage of the
control level (treated with vehicle).

Reverse transcription-polymerase chain reaction
(RT-PCR)

Total RNA was extracted using TRIZOL (Takara, Dalian,
China) and RNA concentration was determined using a
DNA/RNA Gene-Quant Calculator (Amersham Biosci-
ences, USA). Reverse transcription was carried out in 10 pl
of the reaction mixture containing 1 pg of total RNA,
25 pmol of oligo-dT primer, 10 nmol of ANTP mixture, 20
units of RNase inhibitor and 2.5 units of AMV reverse
transcriptase (Bioer, Hangzhou, China) at 42°C for 1 h.
PCR amplification was performed in 20 pl PCR reaction
mixture containing 1 pl of cDNA reaction mixture,
10 nmol of dNTP mixture, 10 pmol of up- and down-
stream primers and 2 units of BioReady rTaq polymerase
(Bioer, Hangzhou, China). PCR amplification to detect
differences among the samples was set as followed: 4 min
at 94°C for initial denaturation; 30 cycles x 30 s at 94°C,
30 s at 60°C, and 30 s at 72°C for IL-8; 25 cycles x 1 min
at 94°C, 45 s at 54°C, and 45 s at 72°C for IL-6; 30 cyc-
les x 30 s at 94°C, 30 s at 54°C, and 30 s at 72°C for
GAPDH. The following primer pairs were used: IL-6
(497 bp): sense 5'-TGA CAA ACA AAT TCG GTA CAT
CC -3’; Antisense: 5'- ATC TGA GGT GCC CAT GCT
AC-3’, IL-8 (292 bp): sense 5'-ATG ACT TCC AAG CTG
GCC GTG GCT-3'; Antisense 5'- TCT CAG CCC TCT
TCA AAA ACT TCT C-3/, GAPDH (230 bp): sense
5'-CTC TCT GCT CCT CCT GTT CGA CAG-3'; Anti-
sense 5'-GTG GAA TCA TAT TGG AAC ATG T-3'. For
the analysis of PCR products, 6 ul of each PCR reaction
was electrophoresed on 1.5% agarose gel containing 1%
GoldView . Band intensity was analyzed with Imagel]
system (NIH, USA) and the GAPDH was used as an
internal control to evaluate relative expression of IL-8 and
IL-6.

IL-6 and IL-8 production assay by ELISA

IL-6 and IL-8 concentrations in a culture medium of treated
cells were measured using commercially available sand-
wich ELISA kits. All procedures were performed
according to the manufacturer’s instructions. All samples
were assayed in triplicate.

Monolayer wound healing experiments

To measure the migrating ability of induced HUVECs after
treatment with geniposide or MAPK inhibitors, a wound
healing assay was carried out [19]. In brief, cells were
seeded at a density of 107 cells/well in 24-well plates in
DMEM-F12 with 10% FBS and incubated for 24 h. The
cells were then pretreated with geniposide for 24 h or with
MAPK inhibitors for 1 h. After pretreatment, cell mono-
layer was interrupted using a 10 pl pipette tip, washed
twice with PBS and induced with 100 ng/ml of LPS for
12 h. Cells were then fixed with paraform (4%) and sub-
mitted to Hematoxylin and Eosin Staining. Cell migration
was photographed using a phase contrast microscope
(Wetzlar, Germany). For evaluation of “wound closure” in
different experimental conditions, the migrated cells were
counted in the wounding zone by a pre-defined frame. The
experiment was performed in triplicate.

Monocytic cell adhesion assay

To evaluate monocyte adhesion, HUVECs were seeded at
10° cells/well in 24-well plates and grown to sub-conflu-
ence. After pretreatment with geniposide (25-100 pg/ml)
for 24 h, cells were induced by 100 ng/ml of LPS for 4 h.
Then, the culture medium was removed, and U937 cells
labeled with fluorescent dye BCECF-AM (10 uM) were
added to culture plates (5 x 10* cells/well) and incubated
for 1 h at 37°C. After the co-incubation, wells were gently
washed to remove non-adherent U937 cells. Fluorescent
images were obtained using a Leica DMRX microscope
(Wetzlar, Germany) and fluorescent intensity of each
sample was measured with Image-Pro Plus 6.0 software
(Media Cybernetics, USA).

Western blot analysis

For isolation of total cell extracts, treated cells were
washed twice in ice-cold PBS and lysed with RIPA lysis
buffer (50 mM Tris with pH 7.4, 150 mM NaCl, 1% Triton
X-100, 1% sodium deoxycholate, 0.1% SDS and 0.05 mM
EDTA). Samples were centrifuged at 12,000g for 15 min at
4°C and the supernatant was collected as total cell lysate.
Cytoplasmic and nuclear extracts were prepared using the
Nuclear and Cytoplasmic Protein Extraction kit according
to the manufacturer’s instructions (Beyotime Institute of
Biotechnology, Jiangsu, China). Protein concentrations
were determined using the Bicinchoninic Acid Protein
Assay kit (Beyotime Institute of Biotechnology, Jiangsu,
China).

Cell lysate samples were diluted with 5 x loading buf-
fer (125 mM Tris—=HCI, pH 6.8, 10% SDS, 8%
dithiothreitol, 50% glycerol and 0.5% bromchlorphenol
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blue) and boiled for 10 min, and 50 pg of protein was
loaded per lane on 8-12% SDS-polyacrylamide gels. Pro-
teins were separated and transferred to 0.45 um
polyvinylidene fluoride membranes. Membranes were
blocked with 5% skim milk in PBS with 0.1% Tween 20
(PBST) for 1 h. Primary antibodies against human NF-xB,
IxkB-o, p38, p-p38, ERK1/2, p-ERK1/2 and GAPDH in
PBST were incubated with membranes overnight at 4°C.
The membranes were then washed in PBST thrice and
incubated with HRP-conjugated secondary antibodies for
1 h. After the final wash, protein bands were developed
using enhanced chemiluminescence reagents and densito-
metric analysis was performed with the use of PDI
Imageware System (Bio-Rad, Hercules, CA, USA).

Statistics

Statistical analyzes were performed by using the SPSS 10.0
package (SPSS Inc., Chicago, IL, USA). All values were
expressed as mean + S.D. Differences between multiple
groups were analyzed using one-way ANOVA followed by
a Bonferroni adjustment. Two groups were compared using
the Student’s ¢ test. Values of P < 0.05 were considered to
be statistically significant.

Results

Geniposide inhibits LPS-induced IL-6 and IL-8 mRNA
expression in HUVECs

We first evaluated the effect of geniposide on HUVEC
viability by MTT assay. Results show that geniposide alone
at concentrations of 25, 50 and 100 pg/ml had no inhibitory
effect on the viability of HUVECs (Fig. 1). Next, we
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Fig. 1 Effect of Geniposide or LPS on cell viability of HUVECs.
Cells were treated with Geniposide (25, 50 and 100 pg/ml) or LPS
(100 ng/ml) alone for 24 h. After treatment, cell viability was
determined by MTT analysis as described in “Materials and
methods”. Data are expressed as means £+ SD (n = 5)

assessed whether geniposide had inhibitory effect on the
expression of inflammatory genes IL-6 and IL-8 in
LPS-induced HUVECs by RT-PCR analysis. As shown in
Fig. 2a, incubation of cells with 100 ng/ml of LPS for 4 h
increased the mRNA expression of both IL-6 (4.1-fold of
the vehicle-treated group, P < 0.01) and IL-8 (33.1-fold of
the vehicle-treated group, P < 0.01). The increased IL-6
mRNA level was dose-dependently blunted in LPS-induced
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Fig. 2 Geniposide inhibits LPS-induced IL-6 and IL-8 expression in
HUVECs at mRNA (a) and protein (b) levels. a Cells were
pretreated with geniposide (25, 50 and 100 pg/ml) for 24 h and then
exposed to LPS (100 ng/ml) for 4 h. After treatment, mRNA levels
of IL-6 and IL-8 were determined by RT-PCR analysis as described
in “Materials and methods”. Band density data are expressed as
means = SD (n = 3). b Cells were pretreated with geniposide (25,
50 and 100 pg/ml) for 24 h and then exposed to LPS (100 ng/ml) for
8 h. After treatment, the concentrations of IL-6 and IL-8 in culture
medium were determined by ELISA analysis as described in
“Materials and methods”. Data are expressed as means = SD
(n=23). P <001 compared to the vehicle-treated group;
*P < 0.05, ¥*P < 0.01 compared to the LPS-treated group
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HUVECs that were pretreated with geniposide for 24 h
(25 pg/ml, 57.5% of the LPS-treated group, P < 0.05;
50 pg/ml, 47.1% of the LPS-treated group, P < 0.01;
100 pg/ml, 37.5% of the LPS-treated group, P < 0.01).
Geniposide at 25-50 pg/ml failed to show evidenced inhi-
bition of LPS-induced IL-8 mRNA expression, whereas the
effect of 100 pg/ml geniposide was statistically significant
(37.6% of the LPS-treated group, P < 0.01).

Geniposide decreases LPS-induced IL-6 and IL-8
protein secretion in HUVECs

To identify the inhibitory effect of Geniposide on LPS-
induced IL-6 and IL-8 protein production in HUVECsS, cells
were pretreated with geniposide (25-100 pg/ml) for 24 h
and then exposed to 100 ng/ml of LPS for 8 h. Thereafter,
the cell-free supernatant was collected and subjected to
ELISA analysis. Figure 2b shows that cells treated with
LPS were found to have more IL-6 (5.7-fold of the vehicle-
treated group, P < 0.01) and IL-8 (6.9-fold of the vehicle-
treated group, P < 0.01) production. However, geniposide
pretreatment remarkably ameliorated LPS-induced IL-6
and IL-8 secretion in HUVECs, with the maximum sup-
pressive effect being observed at 100 pg/ml (for IL-6,
46.5% of the LPS-treated group, P < 0.01; for IL-8, 39.9%
of the LPS-treated group, P < 0.01). These results were
consistent with that in “Geniposide inhibits LPS-induced
IL-6 and IL-8 mRNA expression in HUVECs”.

Fig. 3 Geniposide suppresses
LPS-induced HUVEC
migration. a After wounding of
the HUVEC monolayer, cells
were stimulated with vehicle for
12 h. b After wounding of the
HUVEC monolayer, cells were
stimulated with 100 ng/ml of
LPS for 12 h. ¢ After
pretreatment with geniposide
(100 pg/ml) for 24 h, the
HUVEC monolayer was
wounded and then exposed to
LPS (100 ng/ml) for 12 h.

d HUVEC migration was
presented as a percentage of the
vehicle-treated group. Cells
migrated into the denuded area
were counted as described in
“Materials and methods”. Data
are expressed as means = SD
(n = 3). #P < 0.01 compared
to the vehicle-treated group;

*P < 0.05, **P < 0.01
compared to the LPS-treated

group
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Geniposide suppresses LPS-induced HUVEC migration

Considering the crucial roles of IL-6 and IL-8 in cell
chemotaxis and chemokinesis, we evaluated the suppres-
sive effect of geniposide on LPS-induced HUVEC
migration. As shown in Fig. 3, the stimulation of HUVECs
with 100 ng/ml of LPS for 12 h after “injury” significantly
increased cell migration into the “wounded” zone (4.1-fold
of the vehicle-treated group, P < 0.01), whereas geniposide
pretreatment for 24 h suppressed the migration of induced
cells in a dose—dependent manner (25 pg/ml, 103.4% of
the LPS-treated group, P > 0.05; 50 pg/ml, 68.9% of the
LPS-treated group, P < 0.05; 100 pg/ml, 54.6% of the
LPS-treated group, P < 0.01).

Geniposide inhibits U937 cell adhesion to LPS-induced
HUVECs

Monocyte adhesion plays a critical role in vascular
inflammation and can be induced by chemotactic cyto-
kines. Therefore, we examined whether geniposide could
inhibit U937 cell adhesion to LPS-induced HUVECs. We
found that stimulation with 100 ng/ml of LPS for 4 h
produced a 2.2-fold increase in adhesion of U937 cells to
HUVEC monolayers compared with the vehicle-treated
group (P < 0.01) (Fig. 4a, b). Pretreatment of HUVECs
with geniposide at 25-50 pg/ml for 24 h showed no
marked reduction of adherent cells to HUVECs. In
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Fig. 4 Geniposide inhibits
U937 cell adhesion to LPS-
induced HUVECs. a Adhesion
of fluorescent-labeled U937
cells to vehicle-treated
HUVEC:s for 4 h. b Adhesion of
fluorescent-labeled U937 cells
to LPS (100 ng/ml)-induced
HUVECS for 4 h. ¢ Adhesion of
fluorescent-labeled U937 cells
to HUVECs pretreated with
geniposide (100 pg/ml) for 24 h

before exposed to LPS D 280,
(100 ng/ml) for 4 h.
d Monocyte adhesion was - ##
presented as a percentage of = S E
total fluorescent intensity of the E g 210 b T
vehicle-treated group. Data are W v :
o 0 E3
expressed as means = SD £ Q8
(n =3). "P <0.01 compared E i T
to the vehicle-treated group; 2T 430}
*P < 0.05 compared to the %‘ =
LPS-treated group 9P T
Qi
=0
O Top
0
LPS - + + + +
Geniposide - - 25 50 100

contrast, the inhibitory effect of geniposide at 100 pg/ml
was statistically significant (72.2% of the LPS-treated
group, P < 0.05).

Geniposide decreases nuclear translocation of NF-xB
and inhibits degradation of IxB-o in LPS-induced
HUVECs

Nuclear translocation of pro-inflammatory transcription
factor NF-xB has been confirmed to be involved in the
regulation of IL-6 and IL-8 promoters in endothelial cells
[20]. Accordingly, we investigated whether geniposide
affected LPS-induced NF-xB activation in HUVECs
(Fig. 5a). After LPS (100 ng/ml) exposure for 4 h, NF-xB
p65 protein showed pronounced decrease in the cytoplasm
(54.3% of the vehicle-treated group, P < 0.01) and marked
increase in the nucleus (3.1-fold of the vehicle-treated
group, P < 0.01). By contrast, geniposide pretreatment for
24 h before LPS exposure led to remarkable up-regulation
of cytoplasmic NF-kB p65 protein (25 pg/ml, 1.3-fold of
the LPS-treated group, P > 0.05; 50 pg/ml, 1.6-fold of the
LPS-treated group, P < 0.05; 100 pg/ml, 1.7-fold of the
LPS-treated group, P < 0.05) and striking down-regulation
of nuclear NF-xB p65 protein (25 pg/ml, 47.0% of the
LPS-treated group, P < 0.01; 50 pg/ml, 50.7% of the

LPS-treated group, P < 0.01; 100 pg/ml, 14.2% of the
LPS-treated group, P < 0.01), suggesting that geniposide
effectively inhibited LPS-induced NF-xB activation in
HUVECs.

Having demonstrated that geniposide decreased LPS-
induced nuclear translocation of NF-xB in HUVECs, we
next determined the effect of geniposide on LPS-induced
degradation of NF-xB inhibitory protein, I-kBo. Results in
Fig. 5b show that LPS (100 ng/ml) exposure for 1 h caused a
rapid decrease of cytoplasmic IkB-o (3.7% of the vehicle-
treated group, P < 0.01). Pretreatment with geniposide
for 24 h inhibited LPS-induced decrease of IxkB-«
(25 pg/ml, 2.0-fold of the LPS-treated group, P > 0.05;
50 pg/ml, 7.5-fold of the LPS-treated group, P < 0.05;
100 pg/ml, 17.7-fold of the LPS-treated group, P < 0.01).
These data indicate that geniposide inhibited LPS-induced
degradation of IxB-o in HUVECs.

Geniposide suppresses LPS-induced p38 MAPK and
ERK1/2 phosphorylation in HUVECs

Since p38 MAPK and ERK1/2 act as upstream interme-
diates providing a link between extracellular stimuli and
inflammatory cytokines in various cell lines [21, 22], we
assessed the effect of geniposide on phosphorylation of
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<« Fig. 5 Geniposide decreases nuclear translocation of NF-xB (a) and

inhibits degradation of IxB-a (b) in LPS-induced HUVECs. CE
cytoplasmic extracts, NE nuclear extracts. a Cells were pretreated
with geniposide (25, 50 and 100 pg/ml) for 24 h and then exposed to
LPS (100 ng/ml) for 4 h. After treatment, nuclear and cytoplasmic
fractions were analyzed for detection of NF-xB by Western blot
analysis as described in “Materials and methods”. b Cells were
pretreated with geniposide (25, 50 and 100 pg/ml) for 24 h and then
exposed to LPS (100 ng/ml) for 1 h. After treatment, total cell
extracts were analyzed for detection of the IkBo by Western blot
analysis as described in “Materials and methods”. Data are
representative of three experiments (mans + SD). *P < 0.01 com-
pared to the vehicle-treated group; *P < 0.05, **P < 0.01 compared
to the LPS-treated group

both MAPKs by LPS challenge. HUVECs were induced
with 100 ng/ml of LPS for 10 min for p38 detection and
for 30 min for ERK1/2 detection (Fig. 6a, b). The results
suggest that LPS alone markedly activated phosphorylation
of p38 (15.1-fold of the LPS-treated group, P < 0.01) and
ERK1/2 (1.8-fold of the LPS-treated group, P < 0.01). On
the contrary, geniposide pretreatment for 24 h strikingly
inhibited p38 MAPK phosphorylation (25 pg/ml, 57.6% of
the LPS-treated group, P < 0.05; 50 pg/ml, 13.7% of the
LPS-treated group, P < 0.01; 100 pg/ml, 1.1% of the LPS-
treated group, P < 0.01), which was almost completely
suppressed at 100 pg/ml. Also, geniposide displayed
strong inhibition of phosphorylated ERK1/2 level (25 pg/
ml, 61.4% of the LPS-treated group, P < 0.05; 50 pg/ml,
73.4% of the LPS-treated group, P < 0.05; 100 pg/ml,
32.6% of the LPS-treated group, P < 0.01).

P38 MAPK and ERK1/2 inhibitors suppress
LPS-induced HUVEC migration

Finally, we investigated whether p38 MAPK and ERK1/2
signaling pathways were involved in LPS-induced HUVEC
migration. After the treatment as described in “Monolayer
wound healing experiments”, both p38 inhibitor
(SB203580, 25 uM) and ERKI1/2 inhibitor (PD98059,
30 pM)  effectively inhibited LPS-induced HUVEC
migration (Fig. 7a-d), which was decreased to 43.2%
(P < 0.01) and 34.0% (P < 0.01) of the LPS-treated group,
respectively (Fig. 7e). These results imply potential roles
of p38 MAPK and ERKI1/2 pathways in LPS-induced
HUVEC migration.

Discussion

Vascular inflammatory responses seem to be the result of
interaction between exogenous stimuli and endothelial
cells. Among the strongest stimulators for endothelial cell
injury in the body, LPS is proven to be a primary con-
tributor responsible for tissue and organ damage during
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Fig. 6 Geniposide suppresses LPS-induced p38 MAPK and ERK1/2
phosphorylation in HUVECs. Cells were pretreated with geniposide
(25, 50 and 100 pg/ml) for 24 h and then exposed to LPS (100 ng/ml)
for 10 min for p38 detection and for 30 min for ERK1/2 detection.
After treatment, cells were extracted and the protein levels of
phosphorylated p38 (p-p38) MAPK, total p38 (t-p38) MAPK,
phosphorylated ERK1/2 (p-ERK1/2) and total ERK1/2 (t-ERK1/2)
were determined by Western blot analysis as described in “Materials
and methods”. Data are representative of three experiments
(mans + SD). P < 0.01 compared to the vehicle-treated group;
*P < 0.05, **P < 0.01 compared to the LPS-treated group

Gram-negative infection [23]. In pathophysiological situ-
ations blood vessels can be exposed to 0.1-100 pg/ml
concentrations of LPS [24]. In vivo and in vitro studies also
show that high-level LPS exposure can lead to the activa-
tion of endothelial cells, secretion of inflammatory
cytokines and subsequently complicated immune

responses, suggesting a link between endotoxin stress and
endothelial cell injury [22]. Thus, how to abrogate the
invasion of exogenous stimuli or inhibit the secretion of
inflammatory mediators has come to be a pivotal step to
prevent and/or delay the pathogenesis of vascular disor-
ders. For the first time, we here demonstrated that
geniposide could inhibit the production of IL-6 and IL-8 in
LPS-induced HUVECs through the blockade of p38
MAPK and ERK1/2 pathways.

IL-6 has turned out to have various biological properties
in a number of chronic endothelial dysfunctions such as
modulation of hematopoiesis, proliferation and differenti-
ation of lymphocytes, and induction of acute-phase
reactions [25]. IL-8 has been generally recognized as a key
intermediate regulator in acute inflammatory responses
[26]. Both IL-6 and IL-8 can be over-expressed in endo-
thelial cells challenged by inflammatory stimuli including
tumor necrosis factor-o;, IL-1a, phorbol myristate acetate
and endotoxins [27, 28]. In keeping with these results, we
found that LPS (100 ng/ml) induction resulted in an
enhanced expression of IL-6 and IL-8 in HUVECs.
Moreover, the over-expression of both cytokines was
ameliorated by geniposide pretreatment (25-100 pg/ml)
for 24 h. Other evidence in support of this view is from
studies by Koo et al. [29] in which geniposide shows acute
anti-inflammatory activities in rats. These findings indicate
that geniposide can act as an inhibitor of IL-6 and IL-8
production.

Under different pathological conditions, endothelial cell
migration displays double-faced functions. For instance,
the ability of endothelial cells to migrate can be regarded as
an important functional activity in wound healing [30]. On
the other hand, this excessive migration toward inflam-
matory sites will aggravate inflammation responses
because of the over-production of pro-inflammatory cyto-
kines in endothelial cells. Also, endothelial cell migration
is vital for tumor angiogenesis and thus promotes the
occurrence and progression of tumors [31]. As early che-
motactic signals in acute-phase inflammation reaction, IL-6
and IL-8 play crucial roles in recruiting immune cells to the
site of inflammation. For example, IL-6 enhances neutro-
phil adhesion and recruitment [32], and IL-8 promotes
granulocyte migration [27]. However, it remained to be
determined about the roles of both pro-inflammatory
cytokines in endothelial cell migration. In the present
study, cell migration was induced in the LPS-treated
HUVECs, implying that IL-6 and IL-8 might promote
endothelial cell migration. Notably, the enhanced HUVEC
migration was effectively blocked by geniposide (50 and
100 pg/ml) pretreatment. This result indicates that genip-
oside is an antagonist against endothelial cell migration.
One of the integral parts of vascular inflammation is
monocyte adhesion, which has been partly attributed to the



Interleukin-6 and -8 production in lipopolysaccharide-induced human umbilical vein endothelial cells 459

4.0

3.2

24

Cell Migration
(Fold over basal)

1.6

0.8

0.0

LPS
SB203580 - - + -
PD98059 ol -_ - +

Fig. 7 P38 MAPK and ERK1/2 inhibitors suppress LPS-induced
HUVEC migration. a After wounding of the HUVECs monolayer,
cells were stimulated with vehicle for 12 h. b After wounding of the
HUVECSs monolayer, cells were stimulated with LPS (100 ng/ml) for
12 h. ¢ After pretreatment with p38 MAPK inhibitor (SB203580,
25 uM) for 1 h, the HUVECs monolayer was wounded and then
exposed to LPS (100 ng/ml) for 12 h. d After pretreatment with
ERK1/2 inhibitor (PD98059, 30 uM) for 1 h, the HUVECs mono-
layer was wounded and then exposed to LPS (100 ng/ml) for 12 h.
e Cell migration was presented as a percentage of the vehicle-treated
group. Cells migrated into the denuded area were counted as
described in “Materials and methods”. Data are expressed as
means £+ SD (n = 3). P < 0.01 compared to the vehicle-treated
group; **P < 0.01 compared to the LPS-treated group

chemotactic cytokine stimulation [19]. As we expected,
geniposide pretreatment at 100 pg/ml significantly sup-
pressed U937 monocyte adhesion to LPS-induced
HUVECs. Based on these results, geniposide may lessen
LPS-induced HUVEC migration and monocyte adhesion to
HUVECs through the inhibition of IL-6 and IL-8

production. We cannot conclude whether there are some
other mechanisms in participation of the above process.
Hence, further experiments should be performed to support
these conclusions.

NF-xB is the primary transcription factor mainly
involved in regulating inflammatory and immune responses
to extracellular stimulus. Upon activated, NF-xB (p65)
dissociates from its inhibitory protein IxB-o and translo-
cates from the cytosol into the nucleus [33], where NF-xB
binds to related DNA elements and activates its target
genes such as IL-6 and IL-8 [34]. To exploit the inhibitory
mechanism of IL-6 and IL-8 production in HUVECs, we
tested the effect of geniposide on NF-xB activation and
IxB-o degradation. In fact, the levels of either cytoplasmic
IxB-o or nuclear NF-xkB p65 were markedly decreased in
LPS-induced HUVECs as a result of geniposide pretreat-
ment, suggesting that the inhibitory effect of geniposide on
NF-xB is mediated through its impact on IxB-« degrada-
tion, thereby decreasing the nuclear translocation of
NF-xB. A similar phenomenon was found in studies by
Huang et al. [35] who reported that penta-acetyl geniposide
exerted an inhibitory effect on NF-xB activation in glioma
cells.

P38 MAPK and ERK1/2, the well-characterized mem-
bers of MAPK family, elicit many cellular functions in
physiology and human diseases [36]. Our studies showed
that LPS (100 ng/ml) induced the phosphorylation of p38
MAPK and ERK1/2 in HUVECs, while geniposide pre-
treatment  (25-100 pg/ml) strikingly suppressed the
phosphorylated levels of both MAPKs. Previous studies
have evidenced that p38 MAPK and ERK1/2 are upstream
regulators of NF-xkB protein in activated HUVECs and
NF-kB activation is mediated, at least in part, by phos-
phorylation of the two MAPKSs [37]. In our preliminary
studies, the specific p38 MAPK inhibitor, SB203580, and
ERK1/2 inhibitor, PD98059, could not only suppress NF-B
activation to a certain extent, but directly down-regulate
over-expression of IL-6 and IL-8 in HUVECs [38], (to be
published). Furthermore, in the present study, SB203580
and PD98059 pretreatment almost completely inhibited
LPS-induced HUVEC migration. Collectively, the reduced
expression of phosphorylated-p38 and ERKI1/2 after
geniposide pretreatment may have prevented NF-xB
activation, decreased IL-6 and IL-8 production and con-
sequent HUVEC migration.

The effective concentrations for geniposide (25-100
pg/ml) in this study seem relatively high. To our knowl-
edge, there are no in vivo studies on the pharmacokinetics
of geniposide, therefore we cannot conclude whether the
effective concentrations are physiological relevant, and this
should be investigated in future studies.

Taken together, the present study demonstrates that
geniposide inhibited the expression of IL-6 and IL-8 in
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HUVECs induced by LPS at the transcription and trans-
lation levels. = Moreover, geniposide  suppressed
LPS-induced HUVEC migration and U937 monocyte
adhesion to HUVECs. Signal transduction studies suggest
that geniposide blocked activation of NF-kB, degradation
of IxB-u, and phosphorylation of p38 MAPK and ERk1/2
in HUVECs challenged by LPS. A further investigation
shows that LPS-induced HUVEC migration was sup-
pressed by pretreatment with specific p38 MAPK and
ERK1/2 inhibitors. Our studies point towards a potential
cellular role for geniposide in vascular inflammation and
illustrate the novel signal transduction mechanisms of
geniposide in regulating endothelial cell function.
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