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This study aimed to investigate the inhibitive effects of chitosan oligosaccharides (COS) on tumor necro-
sis factor (TNF)-a-induced over-expression of vascular adhesion molecule-1 (VCAM-1) and intercellular
adhesion molecule-1 (ICAM-1) in human umbilical vein endothelial cells (HUVECs). We found that COS
effectively inhibited TNF-a-induced expression of VCAM-1 and ICAM-1 at the level of transcription and
translation. Signal transduction studies suggested that COS blocked TNF-a-induced activation of NF-jB,
degradation of IjBa, and phosphorylation of p38 MAPK and ERK1/2. A further investigation showed that
the NF-jB activation can be partly suppressed by p38 MAPK inhibitor (SB203580) and ERK1/2 inhibitor
(PD98059), which also ameliorated the mRNA expression of VCAM-1 and ICAM-1 in TNF-a-induced
HUVECs. Additionally, COS decreased U937 monocyte adhesion to HUVECs induced by TNF-a. Our find-
ings suggest that COS inhibit VCAM-1 and ICAM-1 production in activated HUVECs at least partly through
the blockade of p38 and ERK1/2 signaling pathways.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Tumor necrosis factor (TNF)-a, a member of TNF ligand family, is
one of the major inflammatory cytokines and mediates systemic
inflammation by interaction with its receptors expressed on differ-
ent cells (Nizamutdinova et al., 2007). Among these cells, vascular
endothelium is shown to be a main action site of TNF-a. It has been
confirmed that the induction of endothelial cells by TNF-a leads to
activation of multiple signal transduction pathways and subse-
quently initiates the over-expression of related pro-inflammatory
cytokines such as adhesion molecules, interleukins and monocyte-
chemoattractant protein-1 (Haubner et al., 2007; Vietor, Schwenger,
Li, Schlessinger, & Vilcek, 1993).

Vascular cell adhesion molecule-1 (VCAM-1) and intercellular
adhesion molecule-1 (ICAM-1), the members of immunoglobulin
superfamily, are predominantly expressed on the surface of
endothelial cells and smooth muscle cells (Kim et al., 2008; Winter-
bone, Tribolo, Needs, Kroon, & Hughes, 2009). Both adhesion mole-
cules are expression products of highly inducible genes and play
ll rights reserved.
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important roles in local inflammatory responses occurring in
vascular walls (Séguin et al., 2008). At early stages of vascular inflam-
mation, endothelial cells will elicit the up-regulation of VCAM-1 and
ICAM-1 levels, which mediate the leukocyte adhesion to activated
endothelial cells and ultimately promote the progression of endo-
thelial dysfunction (Kim et al., 2008). Therefore, therapeutic agents
with suppressive effects on adhesion molecules might have poten-
tial application in treatment of vascular disorders.

Chitin, the polymer of D-glucosamine in b (1,4) linkage, is the
major component of exoskeleton of crustaceans and cell wall of
fungi (Pae et al., 2001). Chitosan is deacetylated products of chi-
tin. Chitosan oligosaccharides (COS) are degraded products of
chitosan, or the deacetylated and degraded products of chitin
by chemical and enzymatic hydrolysis. So far, COS have been
widely used as healthy foods in several countries for their versa-
tile bioactivities. It was reported that COS possessed protective
effects on glycerol-induced acute renal failure in rats and carbon
tetrachloride-induced liver toxicity in mice (Yan, Wanshun, Bao-
qin, Bing, & Chenwei, 2006; Yoon et al., 2008). COS were also
shown to act as antioxidants that effectively scavenge free radi-
cals in either cellular oxidizing systems or cell-free assay sys-
tems (Je, Park, & Kim, 2004; Mendis, Kim, Rajapakse, & Kim,
2007). In addition, COS were confirmed to have antibacterial,
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antitumor, and immunopotentiating activities (Moon et al., 2007;
Pae et al., 2001). Recent studies have additionally demonstrated
that COS display anti-inflammatory properties in immunocytes
including the inhibition of nitric oxide, the down-regulation of
interleukin-6 and TNF-a, and the increase of cell viability of neu-
trophils (Dou et al., 2007; Wu & Tsai, 2007; Yoon, Moon, Park,
Im, & Kim, 2007). Noticeably, although much information has
been gained regarding the pronounced bioactivities of COS in
pharmaceutical and medical fields, relatively little is known
about the roles for COS in vascular inflammation.

The principle objective of this study was to determine whether
COS could inhibit TNF-a-induced VCAM-1 and ICAM-1 production
in human umbilical vein endothelial cells (HUVECs), which were
commonly accepted as a tool in investigating the pathogenesis of
endothelial damage (Lidington, Moyes, McCormack, & Rose, 1999).
We evaluated the inhibitory effects of COS on TNF-a-induced
VCAM-1 and ICAM-1 expression in HUVECs, as well as the adhesion
of U937 monocytes to activated HUVECs. Secondly, to determine the
underlying intracellular mechanism of suppressive effects of COS,
the roles of nuclear factor jB (NF-jB), inhibitory factor jB-a (IjBa)
and mitogen-activated protein kinases (MAPKs) in HUVECs after
TNF-a challenge were explored.
2. Materials and methods

2.1. Chemicals and reagents

COS were prepared by our laboratory (the degree of deacetylation
was above 95%) (Zhang, Du, Yu, Mitsutomi, & Aiba, 1999). The weight
percentages of COS with DP (degree of polymerization) 2–6 in oligo-
mixture were 3.7%, 16.1%, 28.8%, 37.2%, and 14.2%, respectively. Re-
combinant human TNF-a was obtained from Prospec-Tany
Technogene Ltd. (Rehovot, Israel) and 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) from Sigma (St. Louis,
MO, USA). ERK1/2 inhibitor (PD98059) and p38 MAPK inhibitor
(SB203580) were purchased from Invitrogen Corporation (Carlsbad,
CA, USA). Horseradish peroxidase (HRP)-conjugated goat anti-rabbit
IgG, rabbit anti-nuclear factor jB (NF-jB) p65 polyclonal antibody
and 20,70-bis-(2-carboxyethyl)-5-(and-d)-carboxyfluorescein, acet-
oxymethyl ester (BCECF-AM) were obtained from Beyotime Insti-
tute of Biotechnology (Jiangsu, China). Rabbit anti-VCAM-1 and
anti-ICAM-1 were purchased from America Basic Gene Associate
Bioscience, Inc (Chicago, USA). Rabbit anti-IjBa, anti-p38 MAPK,
anti-phospho-p38 (p-p38) MAPK, anti-ERK1/2, anti-phospho-
ERK1/2 (p-ERK1/2) and anti-GAPDH polyclonal antibody were ob-
tained from Santa Cruz Biotechnology (CA, USA). Dulbecco’s-modi-
fied Eagle’s medium F12 (DMEM-F12), RPMI-1640 medium and
fetal bovine serum (FBS) were purchased from Gibco (Grand Island,
NY, USA).
2.2. Cell culture and drug treatment

HUVECs were isolated from normal human umbilical cords, di-
gested with 0.05% trypsin containing 0.02% EDTA, and eluted with
DMEM-F12. Isolated HUVECs were cultured in DMEM-F12 supple-
mented with 10% FBS, 100 U/ml penicillin, 100 U/ml streptomycin,
30 lg/ml endothelial cell growth supplements, and 5 U/ml heparin
at 37 �C under 5% CO2 and 95% air. Passage 2–6 was used for exper-
iments. The U937 monocyte, bought from Wuhan Institute of Cell
Biology (Wuhan, China), was cultured in RMPI-1640 medium con-
taining 10% FBS and antibiotics. For most experiments, HUVECs
reaching sub-confluence were pre-incubated with vehicle or COS
in DMEM-F12 with 1% FBS for 24 h. After pre-incubation, cells were
induced with TNF-a in the absence of COS for indicated time and
then subjected to further analysis.
2.3. Cell viability assay

Cell viability was evaluated by MTT analysis, which relies upon
the cellular reduction of positively charged tetrazolium salts to
their intensely colored formazan product by mitochondrial dehy-
drogenases (Cianchetti et al., 2008). In short, HUVECs were plated
at a density of 5 � 103 cells/well into 96-well culture plates and
grown to sub-confluence. Next, cells were incubated with different
concentrations of COS (50–200 lg/ml) in 1% FBS-containing
DMEM-F12 for 24 h. After that, cells were washed with phos-
phate-buffered saline (PBS, pH 7.4) twice and followed by the incu-
bation with 100 ll of MTT solubilization solution (5 mg/ml) in
culture medium at 37 �C for another 3 h. After MTT removal, the
colored formazan was dissolved in 100 ll of dimethylsulfoxide
(DMSO). Absorbance was measured by spectrophotometry at
490 nm using a Sunrise Remote Microplate Reader (Grodlg, Aus-
tria). The cell viability in each well was presented as percentage
of control cells.

2.4. RNA isolation and reverse transcription-polymerase chain reaction
(RT-PCR) analysis

Total cellular RNA was extracted from HUVECs using the TRIZOL
reagent (Takara, Dalian, China) and the concentration of RNA iso-
lates was determined spectrophotometrically using a DNA/RNA
Gene-Quant Calculator (Amersham Biosciences, USA). The expres-
sion level of mRNA was examined by RT-PCR analysis (Bioer,
Hangzhou, China) using an Eppendorf 5332 thermocycler (Eppen-
dorf AG, Germany). The sequences of sense and antisense primers
for VCAM-1 (720 bp) were 50-GCA AGG TTC CTA GCG TGT A-30 and
50-CTC CCG CAT CCT TCA ACT-30, respectively. The ICAM-1 primers
(289 bp) were (sense) 50-CGA CTG GAC GAG AGG GAT TG-30 and
(antisense) 50- TTA TGA CTG CGG CTG CTA CC-30. The GAPDH prim-
ers (230 bp) were (sense) 50-CTC TCT GCT CCT CCT GTT CGA CAG-30

and (antisense) 50-GTG GAA TCA TAT TGG AAC ATG T-30. Total RNA
was reverse-transcribed into cDNA with random primers and AMV
reverse transcriptase at 42 �C for 60 min. The following conditions
were used for PCR amplification: 4 min at 94 �C for the initial dena-
turation; 30 cycles � 30 s at 94 �C, 45 s at 54 �C, and 45 s at 72 �C
for VCAM-1; 25 cycles � 30 s at 94 �C, 30 s at 55 �C, and 30 s at
72 �C for ICAM-1; 30 cycles � 30 s at 94 �C, 30 s at 54 �C, and 30 s
at 72 �C for GAPDH. The PCR product from each sample was elec-
trophoresed on a 2% agarose gel containing 1% GoldView™. Gels
were visualized and photographed by a Chemi-Doc image analyzer
(Bio-Rad, Hercules, CA, USA). Quantitative data normalized to GAP-
DH were obtained using the ImageJ system software (NIH, USA).

2.5. Preparation of cell lysates

Preparation of cytoplasmic and nuclear fraction was performed
by using nuclear and cytoplasmic protein extraction kit according
to the manufacturer’s instructions (Beyotime, Jiangsu, China).
Briefly, cells were washed twice with ice-cold PBS (pH 7.4), de-
tached and suspended in 200 ll of lysis buffer A (10 mM Hepes
with pH 7.9, 10 mM KCl, 0.1 mM EDTA, 1 mM dithiothreitol, 0.4%
Igepal CA-630, 5 lM leupeptin, 2 lM pepstatin A, 1 lM aprotinin,
and 1 mM phenylmethylsulfonyl fluoride) for 10 min. The cell ly-
sates were subjected to centrifugation at 12,000g for 5 min and
the supernatant was aliquoted for cytoplasmic proteins. The pellets
were washed once with 200 ll of buffer A and resuspended in
50 ll of nuclear extraction buffer B (20 mM Hepes with pH 7.9,
0.4 M NaCl, 1 mM EDTA, 1 mM dithiothreitol, and 1 mM phenyl-
methylsulfonyl fluoride). The suspension was agitated for 30 min
at 4 �C and centrifuged at 12,000g for 10 min. The supernatant frac-
tion containing nuclear proteins was collected. For isolation of total
cell extracts, cells were lysed in RIPA lysis buffer (50 mM Tris with
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pH 7.4, 150 mM NaCl, 1% Triton X-100, 1% sodium deoxycholate,
0.1% SDS, and 0.05 mM EDTA). After being kept on ice for 15 min,
the lysates were centrifuged at 12,000g for 10 min. Protein concen-
tration was determined by using the bicinchoninic acid protein as-
say kit (BioMed, Beijing, China). All samples were stocked at �80 �C
for further analysis.
2.6. Western blot analysis

For Western blot analysis, an aliquot of protein samples from
cell lysates was diluted with 5� SDS sample buffer (1 M Tris–
HCl, 8% dithiothreitol, 10% SDS, 50% glycerol, and 0.5% bromophe-
nol blue), and the samples were boiled for 10 min. Next, 50 lg of
protein were subjected to 6–12% SDS–polyacrylamide gel electro-
phoresis at 100 V. The separated proteins were transferred to
0.45 lm polyvinylidene fluoride membranes for 90 min at
250 mA. The membranes were blocked with 5% skim milk in PBS
containing 0.1% Tween 20 (PBST) for 1 h at room temperature.
After that, the membranes were incubated with anti-VCAM-1,
anti-ICAM-1, anti-NF-jB (p65), anti-IjBa, anti-p38, anti-p-p38,
anti-ERK1/2, anti-p-ERK1/2, and anti-GAPDH in 5% skim milk in
PBST overnight at 4 �C, and the bound antibody was detected by
HRP-conjugated anti-rabbit IgG for 1 h. The membranes were
washed and developed using enhanced chemiluminescence re-
agents and the densitometric analysis was performed with the
use of PDI Imageware System (Bio-Rad, Hercules, CA, USA).
2.7. Monocyte adhesion assay

The monocyte adhesion assay was performed as previously de-
scribed (Zhou, Liu, Miao, & Wang, 2005). In brief, HUVECs were
seeded in 24-well culture plates at 5 � 104 cells/well for 48 h be-
fore experiments. U937 monocytes were labeled with the fluores-
cent dye BCECF-AM at 10 lM final concentration in RPMI-1640
medium containing 10% FBS at 37 �C for 1 h. The labeled cells were
then harvested by centrifugation, washed three times with PBS,
and resuspended in the medium. Subsequently, labeled cells were
added to HUVECs in 24-well culture plates at 5 � 104 cells/well and
incubated at 37 �C for 1 h. After the co-incubation, cell suspensions
Fig. 1. TNF-a induces VCAM-1 and ICAM-1 mRNA expression in HUVECs (A), and COS i
were induced by TNF-a (20 ng/ml) for different intervals (A) or pretreated with COS
representative of three experiments (means ± SD). ##P < .01 compared to the vehicle-tre
were withdrawn and HUVECs were gently washed with PBS. Fluo-
rescent images were obtained using a Leica DMRX microscope
(Wetzlar, Germany), and fluorescent intensity of each sample
was measured with the Image-Pro Plus 6.0 software (Media Cyber-
netics, USA).

2.8. Statistics

Statistical analyses were performed by using the SPSS 10.0
package (SPSS Inc., Chicago, IL, USA). All data were presented as
means ± SD of three to five independent experiments. The differ-
ences among groups were analyzed by One-way ANOVA and Stu-
dent’s t-test. Values of P < .05 were considered to be statistically
significant.
3. Results

3.1. Time–response studies of VCAM-1 and ICAM-1 mRNA expression
in TNF-a-induced HUVECs

We first carried out the time–response studies of VCAM-1 and
ICAM-1 mRNA expression in TNF-a-induced HUVECs by RT-PCR
analysis. As shown in Fig. 1A, after treatment with TNF-a (20 ng/
ml) for the time indicated, mRNA expression levels of both
VCAM-1 and ICAM-1 were significantly increased as compared to
the vehicle-treated group (P < .05). The magnitude of mRNA up-
regulation for VCAM-1 and ICAM-1 peaked at 6 h after TNF-a expo-
sure (5.6- and 4.2-fold of control, respectively, P < .01). Based on
theses results, HUVECs were treated with vehicle or 20 ng of
TNF-a for 6 h in the extensive studies.

3.2. Inhibitory effects of COS on VCAM-1 and ICAM-1 mRNA expression
in TNF-a-induced HUVECs

To determine the inhibitory effects of COS on VCAM-1 and
ICAM-1 mRNA expression in TNF-a-induced HUVECs, cells were
pretreated with various concentrations of COS (50–200 lg/ml)
for 24 h and then exposed to TNF-a (20 ng/ml) for 6 h. The
VCAM-1 and ICAM-1 mRNA expression levels were evaluated by
nhibit VCAM-1 and ICAM-1 mRNA expression in TNF-a-induced HUVECs (B). Cells
(50, 100, and 200 lg/ml) for 24 h before exposure to TNF-a for 6 h (B). Data are
ated group; *P < .05, **P < .01 compared to the TNF-a-treated group.



Fig. 3. COS inhibit TNF-a-induced NF-jB activation (A) and IjBa degradation (B) in
HUVECs. NE, nuclear extracts; CE, cytoplasmic extracts. (A) Cells were pretreated
with COS (50, 100, and 200 lg/ml) for 24 h and then exposed to TNF-a (20 ng/ml)
for 6 h. (B) Cells were pretreated with COS (50, 100, and 200 lg/ml) for 24 h and
then exposed to TNF-a (20 ng/ml) for 1 h. Data are representative of three
experiments (means ± SD).
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RT-PCR analysis. As illustrated in Fig. 1B, both adhesion molecules
were up-regulated by TNF-a but were markedly inhibited by pre-
treatment with COS. The maximal inhibitory effects of COS were
obtained at 100 lg/ml and the mRNA expression levels of VCAM-
1 and ICAM-1 were separately decreased to 64.7% and 46.1% of
the TNF-a-treated group (P < .01). Furthermore, this inhibition
was not due to the cytotoxicity of COS because that no difference
was observed in cell viability between cells treated with COS alone
and controls as determined by MTT assay (data not shown).These
results indicate that COS interfere with TNF-a-induced VCAM-1
and ICAM-1 expression at the transcriptional level.

3.3. Inhibitory effects of COS on VCAM-1 and ICAM-1 protein
expression in TNF-a-induced HUVECs

We next examined the inhibition of COS on VCAM-1 and ICAM-
1 protein levels by Western blot analysis. The results in Fig. 2 show
that, HUVECs constitutively expressed low levels of VCAM-1 and
ICAM-1 protein, which were drastically increased by TNF-a
(20 ng/ml) challenge for 6 h (1.8- and 3.4-fold of the vehicle-trea-
ted group, respectively, P < .01). Nonetheless, the pretreatment
with COS (50–200 lg/ml) for 24 h before TNF-a exposure caused
a marked decrease in VCAM-1 and ICAM-1 protein levels, both of
which were completely suppressed by COS at the concentration
of 100 lg/ml (33.3% and 15.6% of the TNF-a-treated group, respec-
tively, P < .01).

3.4. Effects of COS on TNF-a-induced NF-jB activation and IjBa
degradation in HUVECs

NF-jB, localized in the cytoplasm, can be activated by TNF-a
and translocates into the nucleus to promote gene transcription
of pro-inflammatory cytokines (Nizamutdinova et al., 2007). To
investigate the inhibitory effects of COS on TNF-a-induced NF-jB
activation in HUVECs, NF-jB expression in both cytoplasmic and
nucleic fractions was determined. As shown in Fig. 3A, after
TNF-a (20 ng/ml) challenge alone for 6 h, NF-jB p65 proteins
showed an explosive increase (17.2-fold of the vehicle-treated
group, P < .01) in the nucleus and a pronounced decrease in the
Fig. 2. COS inhibit VCAM-1 and ICAM-1 production in TNF-a-induced HUVECs.
Cells were pretreated with COS (50, 100, and 200 lg/ml) for 24 h and then exposed
to TNF-a (20 ng/ml) for 6 h. Data are representative of three experiments
(means ± SD). #P < .05, ##P < .01 compared to the vehicle-treated group; **P < .01
compared to the TNF-a-treated group.
cytoplasm (42.3% of the vehicle-treated group, P < .01). By contrast,
the pretreatment with COS (50, 100, and 200 lg/ml) for 24 h before
TNF-a exposure led to a striking down-regulation of nuclear NF-jB
p65 proteins (23.2%, 9.2%, and 29.6% of the TNF-a-treated group,
respectively, P < .01) and a remarkable up-regulation of cytoplas-
mic NF-jB p65 protein (5.5-, 9.4-, and 1.8-fold of the TNF-a-trea-
ted group, respectively, P < .01), which suggests that COS
effectively inhibited the TNF-a-induced NF-jB activation in
HUVECs.

IjBa, an inhibitor of NF-jB activation, can be degraded by TNF-
a to initiate the NF-jB translocation into nucleus (Sun et al., 2008).
Therefore, the suppressive effects of COS on TNF-a-induced IjBa
degradation were also determined. As shown in Fig. 3B, the TNF-
a (20 ng/ml) exposure to HUVECs for 1 h resulted in a marked deg-
radation of IjBa (24% of the vehicle-treated group, P < .01), which
was obviously suppressed by the pretreatment with COS (50, 100,
and 200 lg/ml) for 24 h before TNF-a exposure (1.6-, 5.6-, and 3.1-
fold of the TNF-a-treated group, respectively, P < .05 or .01).
3.5. Effects of COS on p38 MAPK and ERK1/2 pathways in TNF-a-
induced HUVECs

To evaluate potential roles of MAPK pathways in TNF-a-induced
HUVECs, we treated the cells with TNF-a (20 ng/ml) for different
time intervals and observed that TNF-a rapidly increased the levels
of p-p38 MAPK and p-ERK1/2 with similar potency and efficacy
(Fig. 4A). The maximal phosphorylation of both MAPKs was ob-
served at 30 min (4.6- and 3.8-fold of the vehicle-treated group,
respectively, P < .01) and then began to decline at 60 min after
TNF-a challenge.

Base on the above results, we examined effects of COS on p-p38
and p-ERK1/2 levels in HUVECs induced by TNF-a (20 ng/ml) for
30 min. As shown in Fig. 4B, TNF-a-induced phosphorylation of
p38 MAPK in HUVECs was considerably suppressed by the pre-
treatment with COS (50–200 lg/ml) for 24 h. In particular, COS
from 100 to 200 lg/ml exhibited an entire suppression on p38
phosphorylation (P < .01). Also, COS inhibited the level of p-ERK1/



Fig. 4. TNF-a induces the activation of p38 MAPK and ERK1/2 in a time-dependent
manner (A), and COS inhibit the phosphorylation of p38 MAPK and ERK1/2 in
HUVECs (B). (A) Cells were treated with TNF-a (20 ng/ml) for different time
intervals (0–90 min). (B) Cells were pretreated with COS (50–200 lg/ml) for 24 h
before exposure to TNF-a (20 ng/ml) for 30 min. Data are representative of three
experiments (means ± SD).

Fig. 5. P38 MAPK inhibitor, SB203580 and ERK1/2 inhibitor, PD98059, inhibit TNF-
a-induced NF-jB activation in HUVECs. Cells were pretreated with SB203580
(25 lM) or PD98059 (30 lM) for 1 h and then exposed to TNF-a (20 ng/ml) for 6 h.
Data are representative of three experiments (means ± SD). ##P < .01 compared to
the vehicle-treated group; **P < .01 compared to the TNF-a-treated group.
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2 with similar potency but less efficaciously, and the maximal inhi-
bition was at 100 lg/ml (68.1% of the TNF-a-treated group,
P < .01). In addition, the treatment of HUVECs with COS (50–
200 lg/ml) alone failed to change the total and phosphorylated
protein levels of both MAPKs (data not shown).
Fig. 6. P38 MAPK inhibitor, SB203580 and ERK1/2 inhibitor, PD98059 inhibit
VCAM-1 and ICAM-1 mRNA expression in TNF-a-induced HUVECs. Cells were
pretreated with SB203580 (25 lM) or PD98059 (30 lM) for 1 h and then exposed to
TNF-a (20 ng/ml) for 6 h. Data are representative of three experiments
(means ± SD). ##P < .01 compared to the vehicle-treated group; *P < .05, **P < .01
compared to the TNF-a-treated group.
3.6. Roles of p38 MAPK and ERK1/2 in TNF-a-induced NF-jB activation
in HUVECs

To confirm whether p38 MAPK and ERK1/2 are involved in the
NF-jB activation in TNF-a-induced HUVECs, we tested the effects
of p38 MAPK inhibitor, SB203580, and ERK1/2 inhibitor,
PD98059, on TNF-a-induced NF-jB translocation into the nucleus.
Fig. 5 shows that, TNF-a (20 ng/ml) challenge for 6 h triggered an
enhanced NF-jB protein level of nuclear extracts in HUVECs by
Western blot analysis, in accordance with previous experiments.
On the contrary, pretreatment of HUVECs with SB203580
(25 lM) or PD98059 (30 lM) for 1 h before TNF-a exposure dis-
played predominant inhibitory effects on the up-regulated NF-jB
level by TNF-a (30.4% and 5.7% of the TNF-a-induced group,
respectively, P < .01).
3.7. Roles of p38 MAPK and ERK1/2 in TNF-a-induced VCAM-1 and
ICAM-1 mRNA expression in HUVECs

To further investigate the roles of MAPKs in TNF-a-induced
VCAM-1 and ICAM-1 production in HUVECs, cells were pretreated
with p38 MAPK inhibitor, SB203580 (25 lM), and ERK1/2 inhibitor,
PD98059 (30 lM), for 1 h and then exposed to TNF-a (20 ng/ml)
for 6 h. As revealed in Fig. 6, inhibiting p38 MAPK and ERK1/2 with
the specific inhibitor SB203580 and PD98059 markedly reduced
the mRNA levels of VCAM-1 and ICAM-1 when compared to cells
treated with TNF-a alone. In comparison with the TNF-a-treated
group, the mRNA expression levels of VCAM-1 and ICAM-1 were
separately decreased to 51.5% and 45.3% by SB203580 pretreat-
ment (P < .01), and 81.6% and 46.9% (P < .05 or .01) by PD98059
pretreatment. Together, these results clearly indicate that p38
MAPK and ERK1/2 play a central role in VCAM-1 and ICAM-1 sin-
gling pathways in TNF-a-induced HUVECs.
3.8. Effects of COS on monocyte adhesion to TNF-a-induced HUVECs

TNF-a can modulate leukocyte adhesion and transmigration in
vascular inflammatory diseases (Nizamutdinova et al., 2008), and
we thus evaluated effects of COS on the binding of U937 cells to
TNF-a-induced HUVECs. We found that adhesion of U937 cells to



Fig. 7. COS inhibit the binding of U937 monocytes to HUVECs. (A) Immunofluo-
rescent staining of the basal level. (B) Adhesion of fluorescent-labeled U937 cells to
vehicle-treated HUVECs. (C) Adhesion of fluorescent-labeled U937 cells to HUVECs
induced by TNF-a alone for 6 h. (D) Adhesion of fluorescent-labeled U937 cells to
HUVECs pretreated with COS (200 lg/ml) for 24 h before TNF-a exposure for 6 h.
(E) Fluorescent intensities of HUVECs treated with vehicle, COS and/or TNF-a. Cells
were pretreated with COS (50–200 lg/ml) for 24 h, exposed to TNF-a (20 ng/ml) for
6 h, and then co-incubated with fluorescent-labeled U937 cells for 1 h. Data are
expressed as means ± SD. (n = 3). ##P < .01 compared to the vehicle-treated group;
*P < .05, **P < .01 compared to the TNF-a-treated group.
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HUVECs was increased to 3.6-fold of the control level after TNF-a
(20 ng/ml) challenge for 6 h (Fig. 7). Contrary to this, cells pre-
treated with COS (50–200 lg/ml) for 24 h before TNF-a exposure
showed evident reduction of adherent cells to HUVECs from
74.3% to 53.3% of the TNF-a-treated group (P < .05 or .01), indicat-
ing an effective inhibition of COS on the adhesion of monocytes to
TNF-a-induced HUVECs.
4. Discussion

VCAM-1 and ICAM-1 play important roles in the initiation of
vascular inflammation and are considered to be crucial contribu-
tors in development of cardiovascular diseases. In in vivo studies,
the elevated VCAM-1 and ICAM-1 expression levels in endothelial
cells were detected within regions predisposed to atherosclerotic
lesion formation (Endres, Laufs, Merz, & Kaps, 1997; O’Brien
et al., 1996). For this reason, an increasing interest has been fo-
cused on investigations of compounds against the over-expression
of adhesion molecules in endothelial cells. So far, some anti-
inflammatory agents such as paeonol, cinnamaldehyde and epigal-
locatechin have been known to diminish the expression of VCAM-1
and ICAM-1 in HUVECs (Chae et al., 2007; Liao et al., 2008; Niza-
mutdinova et al., 2007). As for COS, previous studies confirmed
their inhibitory effects on inflammatory responses (Dou et al.,
2007; Wu & Tsai, 2007; Yoon et al., 2007), implying the potential
roles in improving endothelial dysfunction associated with over-
expressed pro-inflammatory cytokines. In this study, we for the
first time demonstrated that COS could inhibit the production of
VCAM-1 and ICAM-1 in TNF-a-induced HUVECs through p38
MAPK and ERK1/2 pathways.

In the vascular inflammation, adhesion molecules are mainly
regulated by pro-inflammatory stimuli and several types of inflam-
matory cytokines have been reported to induce the production of
VCAM-1 and ICAM-1. It was reported that TNF-a induced inflam-
matory responses by enhancing ICAM-1 surface expression in HU-
VECs (Nizamutdinova et al., 2007). Chae et al. (2007) proved that
angiotensin-II led to the elevation of membrane-associated
VCAM-1 and ICAM-1 production in HUVECs. Additionally, LPS
was also found to induce VCAM-1 and ICAM-1 expression in hu-
man aortic vascular smooth muscle cells (Heo, Yun, Noh, Park, &
Park, 2008). These reports are consistent with our findings that
activation of HUVECs with TNF-a (20 ng/ml) resulted in an up-reg-
ulated expression of VCAM-1 and ICAM-1. Moreover, the TNF-a-in-
duced over-expression of both adhesion molecules was
ameliorated by pretreatment with COS (50–200 lg/ml) for 24 h,
indicating that COS can act as an inhibitor of TNF-a-induced
VCAM-1 and ICAM-1 expression in HUVECs. Since no significant
growth inhibition of HUVECs was observed after exposed to COS
alone (50–200 lg/ml) for 24 h, the inhibitory effects of COS on pro-
duction of both adhesion molecules appeared not to be the cyto-
toxic activities. Other evidence in support of this view is from
our adhesion analysis of U937 monocytes to activated HUVECs
showing that pretreatment with COS (50–200 lg/ml) for 24 h obvi-
ously attenuated TNF-a-induced U937 monocyte adhesion. These
results presented here not only imply that COS may protect endo-
thelial cells against TNF-a-induced damage but also partly explain
why COS have suppressive effects on endothelial dysfunction.

NF-jB is a transcription factor that commonly resides in the
cytoplasm of unstimulated cells by binding to its inhibitory protein
IjB (Kim et al., 2008). When stimulated by extracellular signals,
IjB is phosphorylated and rapidly degraded through proteolysis,
allowing the release of NF-jB and subsequent translocation into
the nucleus to activate its target genes (Ponce et al., 2009). It has
been well established that activation of NF-jB by TNF-a leads to
over-production of inflammatory adhesion molecules such as
VCAM-1 and ICAM-1 (Oesterling et al., 2008). In this study, we
demonstrated that TNF-a-induced NF-jB activation and IjBa deg-
radation was inhibited by COS (50–200 lg/ml). This finding is in
accordance with a recent study which showed that interferon-c-
induced activation of NF-jB in RAW264.7 macrophages was inhib-
ited by a low-molecular weight chitosan (20 kDa) (Wu & Tsai,
2007). Additionally, previous studies also revealed that the inhibi-
tion of NF-jB completely blocked TNF-a-induced expression of
VCAM-1 and ICAM-1 (Rajan, Ye, Bai, Huang, & Guo, 2008). To-
gether, these results suggest that suppressive effects of COS on
the gene expression of VCAM-1 and ICAM-1 are at least in part
due to its inhibition against NF-jB activation.

There are some studies suggesting that MAPKs are positively re-
lated to TNF-a signaling in HUVECs (Chai, Wang, Huang, Xie, & Fu,
2008; Sun et al., 2008; Vietor et al., 1993). Further, the results from
Nizamutdinova et al. (2007), Nizamutdinova et al. (2008) indicate
that p38 MAPK and ERK1/2, but not c-Jun N-terminal kinase
(JNK), are involved in TNF-a-induced protein production of
VCAM-1 and ICAM-1. We, therefore, focused the rest of our studies
on p38 MAPK and ERK1/2. We found that induction of HUVECs by
TNF-a increased the levels of p-p38 MAPK and p-ERK1/2, suggest-
ing the critical roles of both MAPKs in TNF-a-activated signal
transduction pathways. On the other hand, the COS pretreatment
not only attenuated TNF-a-induced p38 MAPK phosphorylation
from 50 to 200 lg/ml, but also suppressed ERK1/2 phosphorylation
at 100 lg/ml. Collectively, the effects of COS on HUVECs may be
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attributed to the inhibition of phosphorylated levels of both
MAPKs.

MAPKs are known to be involved in the NF-jB activation in
murine RAW264.7 macrophages (Aga et al., 2004). Regretfully, no
studies were reported that p38 MAPK and ERK1/2 phosphorylation
were required for TNF-a-induced NF-jB activation in HUVECs. To
address this, we performed experiments by using selective kinase
inhibitors, SB203580 (25 lM) against p38 MAPK and PD98059
(25 lM) against ERK1/2, confirmed that the levels of p-p38 MAPK
and p-ERK1/2 were positively associated with NF-jB activation in
TNF-a-induced HUVECs. This observation suggests that inhibitory
effects of COS on NF-jB activation might be regulated via the
p38 MAPK and ERK1/2-dependent pathways. Also, SB203580 and
PD98059 suppressed TNF-a-induced VCAM-1 and ICAM-1 mRNA
expression in HUVECs. As a result, we propose that up-regulation
of p38 MAPK and ERK1/2 phosphorylation induced by TNF-a initi-
ates the translocation of NF-jB into nucleus and then triggered the
over-expression of VCAM-1 and ICAM-1. From these studies, it may
be concluded that COS can inhibit TNF-a-induced elevation of
VCAM-1 and ICAM-1 levels in HUVECs through the inhibition of
p38 MAPK and ERK1/2 signaling pathways resulting in an activa-
tion of NF-jB.

Noticeably, the inhibition of VCAM-1 and ICAM-1 production by
COS in TNF-a-induced HUVECs seemed not to depend on the drug
concentration. COS at 100 lg/ml displayed a better inhibition than
other two concentrations (50 and 200 lg/ml). In previous studies,
we have shown that the inhibitory effects of COS on hydrogen per-
oxide-induced stress injury in HUVECs were not strictly dose-
dependent (Liu et al., 2009). In addition, our findings are just phe-
nomenological and we failed to find the target molecules of COS
triggering MAPK pathways in HUVECs. These results indicate that
the action of COS may be complex and further efforts are required
to elucidate underlying mechanisms by which COS exerts the best
biological effects.

In conclusion, this study demonstrated that COS potently inhib-
ited the expression of VCAM-1 and ICAM-1 in HUVECs induced by
TNF-a at the level of transcription and translation. Moreover, COS
suppressed TNF-a-induced activation of NF-jB, degradation of
IjBa, and phosphorylation of p38 MAPK and ERK1/2 in HUVECs.
These results provided direct evidence on the protective effects
of COS against endothelial dysfunction, and our findings may sug-
gest a novel application for COS in treatment of vascular inflamma-
tion, in particular diseases involving adhesion molecules.
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