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INTRODUCTION

Atherosclerosis is a chronic inflammatory disease, char-
acterized by the accumulation of lipids and fibrous elements 
in the large arteries. Vascular smooth muscle cells (VSMCs) 
plays a major role in early phase of atherosclerosis (Lusis, 
2000; Owens et al., 2004; Falk, 2006). As the atherosclerosis, 
VSMCs are physically interplay with inflammatory cells, which 
play a very important function in further aggravating the ath-
erosclerosis (Braun et al., 1999). The adhesion of inflamma-
tory to VSMCs during atherosclerosis is primarily interacted 
by cell adhesion molecules, including vascular cell adhesion 
molecule-1 (VCAM-1). Up-regulation of VCAM-1 has been 
shown to be expressed at atherosclerosis, implication an im-
portant role of adhesion molecules (Libby and Li, 1993; Jang 
et al., 1994). Additionally, VCAM-1 expression has been dis-
played to be induced in response to inflammatory cytokines, 
such as TNF-α in vascular cells (Huo and Ley, 2001). On the 

basis of this background, it may be primary for factor to affect 
the induction of endothelial cell adhesion molecules including 
VCAM-1 in regulating vascular inflammatory processes. 

Lobaric acid, an ingredient of the lichen Stereocaulon apli-
num, is one of the most biologically potent secondary metabo-
lites (Fig. 1) (Thadhani et al., 2014). Various biological activi-
ties of lobaric acid have been previously reported, and include 
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Fig. 1. Structure of lobaric acid.

Lobaric Acid Inhibits VCAM-1 Expression in TNF-α-Stimulated  
Vascular Smooth Muscle Cells via Modulation of NF-kB and  
MAPK Signaling Pathways

Ii-Seul Kwon1, Joung-Han Yim2, Hong-Kum Lee2 and Suhkneung Pyo1,*
1School of Pharmacy, Sungkyunkwan University, Suwon 16419,  
2Polar BioCenter, Korea Polar Research Institute, KORDI, Incheon 21990, Republic of Korea

Lichens have been known to possess multiple biological activities, including anti-proliferative and anti-inflammatory activities. 
Vascular cell adhesion molecule-1 (VCAM-1) may play a role in the development of atherosclerosis. Hence, VCAM-1 is a possible 
therapeutic target in the treatment of the inflammatory disease. However, the effect of lobaric acid on VCAM-1 has not yet been 
investigated and characterized. For this study, we examined the effect of lobaric acid on the inhibition of VCAM-1 in tumor necrosis 
factor-alpha (TNF-α)-stimulated mouse vascular smooth muscle cells. Western blot and ELISA showed that the increased expres-
sion of VCAM-1 by TNF-α was significantly suppressed by the pre-treatment of lobaric acid (0.1-10 μg/ml) for 2 h. Lobaric acid 
abrogated TNF-α-induced NF-kB activity through preventing the degradation of IkB and phosphorylation of extracellular signal-
regulated kinases (ERK), c-Jun N-terminal kinases (JNK), and p38 mitogen activated protein (MAP) kinase. Lobaric acid also 
inhibited the expression of TNF-α receptor 1 (TNF-R1). Overall, our results suggest that lobaric acid inhibited VCAM-1 expression 
through the inhibition of p38, ERK, JNK and NF-kB signaling pathways, and downregulation of TNF-R1 expression. Therefore, it 
is implicated that lobaric acid may suppress inflammation by altering the physiology of the atherosclerotic lesion.
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antitumor, anti-proliferative, anti-inflammatory, antioxidant, 
and antimicrobial effects (Gissurarson et al., 1997; Hidalgo et 
al., 2005; Morita et al., 2009). However, up to now, there is no 
solid evidence to show how lobaric acid regulates the expres-
sion of adhesion molecules in vascular smooth muscle cells.

In the present study, we therefore examine the influence 
of lobaric acid on the expression of adhesion molecule to cul-
tured mouse vascular smooth muscle cells. The results sug-
gest that lobaric acid inhibits TNF-α-induced VCAM-1 expres-
sion through the inhibition of TNF-α receptor expression, and 
MAPK and NF-kB signaling pathways.

MATERIALS AND METHODS

Reagents 
Unless otherwise indicated, all the chemicals used in this 

study were purchased from Sigma Chemical Co. (St Louis, 
MO, USA). Anti-VCAM-1 antibody was purchased from R&D 
Systems, USA. Lipofectamine Plus, DMEM medium, and fe-
tal bovine serum were purchased from Life Technologies, Inc. 
(Carlsbad, CA, USA). The reporter plasmid pGL3-NF-kB used 
in the luciferase assay system was obtained from Promega 
(Madison, WI, USA), and pCMV-β-gal was obtained from 
Lonza (Walkersville, MD, USA). 3-amino-1,2,4-triazole was 
purchased from Calbiochem (La Jolla, CA, USA). Antibodies 
against IkB-α, p65, JNKs, phospho-JNK (p-JNK), ERK, phos-
pho-ERK (p-ERK), phospho-38, p38, lamin A, TNF-α receptor 
1 and β-actin were purchased from Abcam Inc, USA. Lobaric 
acid was acquired from Korea Polar Research Institute., Ko-
rea. 

Plant material 
Stereocaulon alpinum was collected from the Korean Ant-

arctic Research Station site on King George Island (S62º 
13.3’, W58º47.0’), Antarctica. The species was identified by 
Dr. Soon Gyu Hong by comparing morphological character-
istics with those previously published (Ovstedal and Smith, 
2001). The voucher specimen was deposited in the Polar 
Lichen Herbarium, Korea Polar Research Institute, KOPRI, 
Incheon, South Korea.

Extraction and isolation
The extraction of lobaric acid was performed using a modi-

fication of the technique described previously (Ingolfsdottir et 
al., 1996). Briefly, a dried sample of Stereocaulon alpinum was 
extracted with MeOH, and the resulting crude MeOH extract 
was subjected to C18 functionalized silica gel flash column 
chromatography, eluting with a stepwise gradient consisting of 
MeOH in H2O (10-100% MeOH with 10% increment for each 
step; 400 mL each). The fraction eluted at 80% MeOH was 
subjected to silica gel column chromatography followed by 
semi-preparative reversed-phase HPLC to yield. The isolated 
compound was identified as lobaric acid.

 
Cell culture 

The vascular smooth muscle cell line (MOVAS-1) that has 
been utilized in various vascular studies (Charlmers et al., 
2008; Choi et al., 2010; Mackenzie et al., 2011) was pur-
chased from ATCC (Rockville, MD, USA) and grown in DMEM 
medium supplemented with 200 mg/ml G418, 100 IU/ml peni-
cillin, 100 mg/ml streptomycin, and 10% heat-inactivated fetal 

bovine serum (FBS) in a humidified atmosphere containing 
5% CO2 incubator at 37ºC. For sub-culturing, the cells were 
detached using 0.125% trypsin containing 0.01 M EDTA. All 
experiments were carried out with the same batch of MO-
VAS-1.

Cell proliferation assay
MOVAS-1 cells were seeded at a concentration of 5×104 

cells/well in 96-well tissue culture plates (Nunc, Denmark) and 
incubated with different concentrations of lobaric acid (0.01, 
0.1, 1, 10, 100 μg/ml) for 24 h. After treatment, cell prolifera-
tion was assessed by incubating the cells with 25 μg/ml of MTT 
(Sigma, St. Louis, MO, USA) for another 4 h. Then, the MTT-
formazan produced by viable cells was dissolved in dimethyl 
sulfoxide (DMSO) and a Molecular Device microplate reader 
(Menlo Park, CA, USA) was used to measure absorbance at 
560 nm. The blank control only contained cell culture medium 
and the absorbance of untreated cultures was set at 100%. At 
least three independent experiments were performed.

Determination of cell surface expression of VCAM-1 by 
ELISA 

The cell surface expression of the adhesion molecules on 
the muscle cell monolayers was quantified by ELISA using a 
modification of the methods described previously (Mo et al., 
2007). VSMCs were seeded at a concentration of 2×104 cells/
well in 96-well gelatin-coated plates, cultured to confluence 
and pretreated with lobaric acid (0.1, 1, 10 μg/ml) for 2 h at 
37ºC. These pretreated cells were then incubated with fresh 
growth medium containing TNF-α (10 ng/ml) for 8 h. After in-
cubation, the cells were washed with phosphate buffer saline 
pH 7.4 (PBS) and fixed with 1.0% glutaraldehyde for 30 min 
at 4ºC. Bovine serum albumin (1.0% in PBS) was added to 
the cells to reduce non-specific binding. The cells were then 
incubated with monoclonal antibodies against either VCAM-1 
or an isotype matched control antibody (0.25 g/ml, diluted in 
blocking buffer) overnight at 4ºC, washed with PBS, and incu-
bated with alkaline phosphatase-conjugated goat anti-mouse 
secondary antibody (1 μg/ml, diluted in PBS). The cells were 
washed with PBS and exposed to the peroxidase substrate (p-
nitorphenyl phosphate 1 mg/ml in 0.1 M glycine buffer, pH 10.4 
containing 1 mM MgCl2, and 1 mM ZnCl2). The absorbance 
was measured at 405 nm using a Molecular Device microplate 
reader (Menlo Park, CA, USA). The absorbance values of the 
isotype matched control antibody were taken as the blank, 
which were subtracted from the experimental values. 

Transient transfection and reporter assays
Cells (5×105 cells/well) were plated into each well of a 6-well 

plate. The cells were transiently co-transfected with the plas-
mids, pGL3-NF-kB and pCMV-β-gal, using LipofectAMINE 
Plus according to the manufacturer’s protocol. Briefly, a trans-
fection mixture containing 0.5 μg pGL3-NF-kB and 0.2 μg 
pCMV-β-gal was mixed with the Lipofectamine plus reagent 
and added to the cells. After 4 h, the cells were pretreated with 
lobaric acid for 2 h followed by the addition of TNF-α for 4 h, 
and then lysed with 200 μl of lysis buffer (24 mM Tris-HCl (pH 
7.8), 2 mM dithiothreitol, 2 mM EDTA, 10% glycerol, and 1% 
Triton X-100). Ten microliters of cell lysates were used for the 
luciferase activity assay. The luciferase and β-galactosidase 
activities were determined. The values shown represent an 
average of three independent transfections, which were nor-
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malized with β-galactosidase activity. Each transfection was 
carried out in triplicate and experiments were repeated three 
times.

Western blot analysis
Western blot analysis was performed by a modification of 

the technique described previously (Cho et al., 2003). The 
cells were pretreated with lobaric acid (0.1, 1, 10 μg/ml) for 2 
h and incubated with fresh growth medium containing TNF-α 
(10 ng/ml) for 4 or 8 h. After treatment, the cells were washed 
twice in PBS and suspended in 70 μl of Buffer A [10 mM 
HEPES (pH 7.9), 1.5 mM MgCl2, 10 mM KCl, 0.5 mM DTT, 0.5 
mM PMSF and Protease Inhibitor Cocktail (Sigma)] and incu-
bated on ice. After 15 min, 0.5% Nonidet P (NP)-40 was added 
to lyse the cells, which were vortexed for 10 sec. The cytosolic 
cell extracts were obtained after centrifuging at 1500×g for 10 
min at 4ºC. The collected nuclei were resuspended in 50 μl 
of Buffer C [20 mM HEPES (pH 7.9), 1.5 mM MgCl2, 420 mM 
NaCl, 0.2 mM EDTA, 25% v/v Glycerol, 0.5 mM PMSF and 
Protease Inhibitor Cocktail] and incubated on ice for 20 min 
with intermittent agitation. Nuclear cell extracts were recov-
ered after centrifugation for 10 min at 13,000×g at 4ºC. Protein 
concentration was determined by using the Bio-Rad protein 
assay (Bio-Rad Lab, Hercules, CA, USA) with BSA as the 
standard. The cytosol lysates (20 μg) and nuclear extracts (40 
μg) were resolved on a 7.5% SDS-polyacrylamide gel. The 
fractionated proteins were electrophoretically transferred to 
an immobilon polyvinylidene difuride membrane (Amersham, 
Arlington Heights, IL, USA) and probed with the appropriate 
antibodies. The blots were developed using an enhanced che-
miluminescence (ECL) kit (Amersham). In all immunoblotting 
experiments, the blots were reprobed with an anti-β-actin anti-
body as a control for the protein loading.

Measurement of mRNA levels by quantitative real time 
polymerase chain reaction (RT-PCR) 

The total RNA was extracted using a single-step guani-
dinium thiocyanate-phenol-chloroform method. The yield and 
purity of the RNA were confirmed by measuring the ratio of the 
absorbances at 260 and 280 nm. Quantitative RT-PCR was 
performed using VCAM-1-specific primers to identify cDNA. 
cDNA was amplified in 20 μl of PCR (8 μl of cDNA solution in 
water, 1 μl of forward primer and reverse primer, and 10 μl of 
PowerSYBR Green PCR Master Mix) in a quantitative Real-
time PCR System, and fluorescence was monitored at each 
cycle. The VCAM-1 RT-PCR primers were 5’-CTCAGGTG-
GCTGCACAAGTT-3’ (forward primer) and 5’-AGAGCTCAA-
CACAAGCGTGG-3’(reverse primer). The GAPDH RT-PCR 
primers were 5’-TGCATCCTGCACCAA-3’ (forward primer) 
and 5’-TCCACGATGCCATTG-3’ (reverse primer).

Immunofluorescence for NF-kB p65 localization
MOVAS cells, grown on 22-mm diameter glass coverslips 

were pretreated with lobaric acid (10 μg/ml) for 2 h and incu-
bated with fresh growth medium containing TNF-α (10 ng/ml) 
for 4 h. Cells were washed in PBS and fixed with 4% parafor-
maldehyde for 15 min at room temperature. The fixed cells 
were permeabilized with 0.5% Triton-X 100 in PBS for 10 min 
and blocked with a 5% bovine serum albumin in PBS. The 
anti-NF-kB p65 antibody was diluted 1:1000 and incubated 
overnight at 4°C. The cells were then incubated with Alexa 
594-conjugated anti-rabbit antibody (red channel) for 1 h in 

1% BSA/0.05% Triton X-100/PBS. Cells were washed twice 
with permeabilization buffer, incubated for 5 min in a Hoechst 
33342-containing PBS solution, and washed with PBS. Cov-
erslips were mounted to glass slides using ProLong Gold an-
tifade agent and photographed with a confocal microscope 
(LSM 510 META; Carl Zeiss).

 
Statistical analysis 

Results are represented as means ± S.E.M. All experiments 
were performed at least three times. For comparisons be-
tween two groups, the Student’s t test (SigmaPlot) was used. 
Multi-group comparisons of mean values were analyzed by 
one-way ANOVA (GraphPad program). Experimental differ-
ences were considered statistically significant when a p-value 
was less than 0.05.

RESULTS 

Effects of lobaric acid on cell proliferation
We examined the anti-proliferative effect of lobaric acid on 

mouse vascular smooth muscle cell line, MOVAS-1 cells, by 
exposing them to lobaric acid for 24 h. Cell proliferation was 
determined by MTT assay. When MOVAS cells were exposed 
to lobaric acid (0.01-100 μg/ml), cell growth was inhibited at a 
concentration of 100 μg/ml (Fig. 2). Thus, the concentration 
selection for the present experiments was based on the cell 
proliferation results. In subsequent experiments, cells were 
treated with lobaric acid at concentrations of 0.1, 1, and 10 
μg/ml.

Effect of lobaric acid on TNF-α-induced vascular cell adhe-
sion molecule expression 

This experiment was conducted to determine the effect of 
lobaric acid on the expression of TNF-α-induced adhesion 
molecules. VSMCs were pretreated with or without various 
concentrations of lobaric acid for 2 h, followed by treatment 
with TNF-α (10 ng/ml) for 8 h. As detected by ELISA, pretreat-
ment with lobaric acid significantly suppressed cell surface 
expression of TNF-α-induced VCAM-1 in a concentration-de-
pendent fashion (Fig. 3A). Additionally, the expression of total 
cellular adhesion molecule on VSMCs in response to TNF-α 
stimulation and lobaric acid treatment was examined by West-
ern blot analysis. The results showed a similar pattern of in-
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Fig. 2. Effects of lobaric acid on MOVAS cell. Lobaric acid (0.01, 
0.1, 1, 10, and 100 μg/ml) was incubated with MOVAS-1 cells for 
24 h and cell proliferation was determined by MTT assay. The 
data shown represent percentages of viable cells relative to the 
control (means ± S.E.M of 96-wells of a representative experiment) 
*Significantly different from TNF-α-stimulated cells not treated with 
lobaric acid (*p<0.05).
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hibition by lobaric acid at total cellular protein level (Fig. 3B). 
Thus, these results strongly suggest that lobaric acid is effec-
tive in blocking the expression of VCAM-1 induced by TNF-α. 

Next, we determined if lobaric acid interferes with the ex-
pression of TNF-α-induced adhesion molecules at the tran-
scriptional level. To examine gene transcription, total cellular 
RNA was isolated from VSMCs and analyzed by real time-
PCR. VSMCs were pretreated with various concentrations of 
lobaric acid for 2 h, followed by treatment with TNF-α for 4 h 
(Fig. 3C). Lobaric acid concentration-dependently attenuated 
VCAM-1 mRNA expression, suggesting that the effect of lo-
baric acid on TNF-α-induced VCAM-1 mRNA expression oc-
curs at the level of RNA. 

Inhibition of TNF-α-induced activation of NF-kB by lobaric 
acid

Because NF-kB activation in the inflammatory response 
may trigger upregulation of adhesion molecule, we examined 
the effect of lobaric acid on NF-kB transcriptional activation 
using Luciferase reporter assays. Cells were pretreated with 
various concentrations of lobaric acid for 2 h before stimula-
tion with TNF-α for 4 h. Stimulation of the cells with TNF-α re-
sulted in an approximately 2-fold increase in luciferase activ-
ity, and this increase was considerably suppressed by lobaric 
acid at 10 μg/ml (Fig. 4A). We also examined the effect of 
lobaric acid on the expression of p65 NF-kB protein (Fig. 4B). 
As shown in Fig. 4B, pre-incubation of VSMCs with lobaric 

acid decreased the nuclear translocation of p65 NF-kB. These 
data indicate that lobaric acid inhibits TNF-α-induced nuclear 
translocation of NF-kB.

To examine whether lobaric acid affects TNF-α-induced 
degradation of IkBα, the expression of IkBα protein was de-
termined by Western blot assay (Fig. 4C). Stimulation with 
TNF-α significantly degraded IkBα at 45 min as compared 
to untreated control cells, but TNF-α-induced cells pretreated 
with lobaric acid failed to degrade IkBα. Consistent with the 
protein expression, a significant inhibitory effect of lobaric acid 
on the TNF-α-induced NF-kB p65 nuclear translocation de-
termined by immunofluorescence assay was observed (Fig. 
4D). These results further demonstrate that lobaric acid inhib-
its TNF-α-induced NF-kB activation. Collectively, these results 
suggest that lobaric acid inhibits TNF-α-induced VCAM-1 ex-
pression by blocking the activation of NF-kB.

Effect of lobaric acid on the expression of MAP kinases  
in TNF-α-stimulated smooth muscle cells

Many studies have demonstrated that MAPK plays a role 
in the induction of adhesion molecules by TNF-α (Ho et al., 
2008) and our data also showed that lobaric acid suppressed 
VCAM-1 expression. Therefore, we investigated whether lo-
baric acid treatment resulted in the decreased activation of 
MAPK. As shown in Fig. 5, stimulation of cells with TNF-α 
increased an activity level of p38 MAPK, ERK1/2 and JNK, 
whereas TNF-α-induced MAPK activity was significantly in-
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Fig. 3. Effect of lobaric acid on TNF-α-induced vascular cell adhesion molecule expression. (A) Expression of VCAM-1 in VSMCs after 
pre-incubation with lobaric acid was measured by ELISA. The data are expressed as a percentage of TNF-α-induced adhesion molecule 
expression. (B) The VCAM-1 protein levels were determined in MOVAS by Western blot assay. The β-actin protein level was considered as 
an internal control. The results illustrated are from a single experiment, and are representative of three separate experiments. The levels 
of VCAM-1 expression are in arbitrary units, and data are normalized to respective amount of β-actin protein. (C) Levels of the mRNA for 
adhesion molecules were determined by quantitative real time-PCR. GAPDH served as a housekeeping gene. The results illustrated are 
from a single experiment, and are representative of three separate experiments. Expression of VCAM-1 mRNA is in arbitrary units, and data 
are normalized to respective amount of GAPDH mRNA. The results are expressed as the mean ± S.E.M of three independent experiments. 
*Significantly different from TNF-α-stimulated cells not treated with lobaric acid (*p<0.05).
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hibited by pretreatment with lobaric acid for 2 h. Thus, these 
results suggest that lobaric acid may inhibit TNF-α-induced 
VCAM-1 expression through the suppression of MAPK activa-
tion.

Inhibition of TNF-α-induced expression of TNF- R1 by 
lobaric acid

Since it has been known that TNF-α signaling through 
TNF-R1 could contributes to arterial inflammation and induc-
tion of VCAM-1 expression (Sawa et al., 2007; Kitagaki et al., 

2012), we investigated the effect of lobaric acid on the ex-
pression of TNF-R1 (Fig. 6). The expression of TNF-R1 was 
increased in TNF-α-stimulated cells as compared to untreated 
cells. However, the expression of TNF-R1 was concentration-
dependently inhibited by the pretreatment with lobaric acid for 
2 h. These results suggest that lobaric acid suppresses TNF-
α-induced VCAM-1 expression via the inhibition of TNF-R1 
expression.
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DISCUSSION

It has been reported that lichens synthesize and accumu-
late photoprotective compounds against UV radiation-induced 
damage in the photobiont (Hidalgo et al., 2005). Additionally, 
it has been known to have anti-proliferative, anti-inflammatory 
and immunomodulatory activities (Gissurarson et al., 1997; 
Ogmundsdóttir et al., 1998; Hidalgo et al., 2005; Vinitha et al., 
2014). For this study, we examined the effect of lobaric acid on 

the expression of VCAM-1 in TNF-α stimulated mouse vascu-
lar smooth muscle cells.

Cytokines in the atherosclerosis could contribute to the ex-
pression of adhesion molecules (Huo and Ley, 2001; Lee et 
al., 2010). Vascular smooth muscle cells express the cellular 
adhesion molecules VCAM-1, which was associated with ath-
erosclerotic plaques and was described with diseases (Kasper 
et al., 1996). Accordingly, therapeutic agents that suppress the 
expression of adhesion molecules have the potential to inhibit 
chronic inflammatory diseases, such as atherosclerosis. This 
is the first report indicating the inhibitory effect of lobaric acid 
on adhesion molecule expression in vascular smooth muscle 
cells. 

Cytokines mediate the actions through interactions with 
high affinity surface receptors. Hence, interfering with ligand-
receptor binding represents potential therapeutic approach. 
Various biological effects of TNF-α are mediated through two 
receptors, TNF-R1 and TNF-R2 (Armitage, 1994). TNF-R1 is 
the major signaling receptor in most cells and a critical media-
tor for upregulation of cellular adhesion molecules involved in 
atherosclerosis (Zhang L et al., 2007; Kitagaki et al., 2012). 
Intracellular mitogen-activated protein kinase (MAPK) signal-
ing cascades play an important role in the signal transduction 
pathways that regulate cell adhesion molecules expressed on 
cells in response to external stimuli, including TNF-α (Ju et al., 
2002; Ho et al., 2008). Additionally, TNF-R1 has been impli-
cated in several signaling pathways including MAPK or NF-kB 
(Mackay et al,. 1993). In the present study, lobaric acid inhib-
ited TNF-R1 expression by TNF-α. Moreover, our data dem-
onstrate that the phosphorylation of MAPKs was inhibited by 
lobaric acid in a concentration-dependent manner. Therefore, 
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these results suggest that lobaric acid inhibits TNF-R1 expres-
sion and this inhibition subsequently suppresses MAPK acti-
vation in TNF-α-stimulated VSMCs. 

Activated MAPKs have been known to stimulate various 
transcription factors such as NF-kB, which has been shown 
to control inflammatory responses. In addition, activation of 
the transcription factor NF-kB is required for the transcription-
al activation of cell adhesion molecules by TNF-α (Angel and 
Karin, 1991; Beg et al., 1993; Collins et al., 1995). Previous 
reports have been suggested that NF-kB activation is related 
to the phosphorylation and degradation of IkBα, and the nu-
clear translocation of p65 (Pahl, 1999; Waddick and Uckun, 
1999). In addition, it has been suggested that NF-kB is es-
sential to the gene expression of cell adhesion molecules, in-
cluding VCAM-1 (Ledebur and Parks, 1995). Accordingly, the 
suppressed expression of adhesion molecules prompted us to 
examine the effect of lobaric acid on NF-kB activity. The pres-
ent data showed that treatment with lobaric acid suppressed 
TNF-α-induced NF-kB activation through the inhibition of 
IkB kinase (IKK) activation. Further support for this conclu-
sion comes from observation that lobaric acid could inhibit 
the TNF-α-induced NF-kB p65 nuclear translocation. Thus, 
our data implicated that MAPK and NF-kB pathways provide 
a novel insight into the mechanism of lobaric acid effects on 
VCAM-1 expression in VSMCs.

In summary, the results of the present study demonstrate 
that lobaric acid is capable of inhibiting the expression of 
VCAM-1 in VSMCs. This action results from suppression of 
MAPK pathways and NF-kB activation by blocking the expres-
sion of TNF-R1 (Fig. 7). The present data might account, at 
least in part, for the anti-inflammatory activities of lobaric acid. 
In addition, lobaric acid has been reported to have the anti-in-
flammatory effect by inhibiting the 5-lipoxygenase (Ogmunds-
dóttir et al., 1998).Thus, based on these findings, lobaric acid 
is proposed as an effective anti-inflammatory agent that may 
have potential therapeutic use in preventing the advancement 
of atherosclerotic lesions and other inflammatory diseases. 
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