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Inflammatory factors are known to play a key role in promoting tumorigenesis; therefore, it is a
promising strategy to inhibit the inflammation for cancer prevention. The current study was performed
to investigate the potential effects of chondroitin sulfate (CS) extracted from ascidian tunic on the
expression of inflammatory factors induced by treatment with 12-O-tetradecanoylphorbol-13-acetate
(TPA) and to elucidate the underlying molecular mechanism of CS action in mouse skin inflammation.
TPA was topically applied to the shaven backs of ICR mice with or without CS (1 or 2 mg) for 4 h.
The results demonstrated that CS suppressed TPA-induced edema and reduced the expression of
cyclooxygenase-2, vascular cell adhesion molecule-1, and Akt signaling in mouse skin. These studies
suggest that CS from ascidian tunic may be developed as an effective natural anti-inflammatory agent.
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INTRODUCTION

Inflammation is considered to be an important component of
tumorigenesis, although the underlying mechanisms remain
largely unknown (1). Interestingly, benign tumor cells induce
inflammatory response in the host and collaborate in establishing
the tumor through a process called desmoplasia (2). Essentially,
all of the elements that constitute the inflammatory response
participate in the host reaction, which could, therefore, have an
atrophic purpose for tumor cells (3).

Nuclear factor κB (NF-κB) is a ubiquitous and well-
characterized protein responsible for the regulation of complex

phenomena, with a pivotal role in controlling cell signaling in
the body under certain conditions. Among other functions, NF-
κB controls the expression of genes encoding the pro-inflam-
matory cytokines, for example, interlukin-1 (IL-1), tumor
necrosis factor-R (TNF-R), chemokines such as IL-8, macroph-
age inflammatory protein-1R (MIP-1R), and monocyte chemoat-
tractant protein-1 (MCP-1), adhesion molecules such as vascular
cell adhesion molecule (VCAM), and inducible enzymes such
as cyclooxygenase-2 (COX-2), all of which play critical roles
in controlling inflammatory processes (4). Because NF-κB
represents an important and very attractive therapeutic target
for treating many inflammatory diseases, much attention has
focused on the identification of compounds that selectively
interfere with this pathway (5). Recently, many natural sub-
stances have been evaluated as possible inhibitors of the NF-
κB pathway such as caffeic acid phenethyl ester, capsaicin, and
resveratrol (5).

Diverse cellular signaling components consisting of serine/
threonine kinases and redox-regulated transcription factors are
involved in the regulation of COX-2 and VCAM-1 expression
in response to pro-inflammatory stimuli (6, 7). Topical applica-
tion of a tumor promoter, 12-O-tetradecanoylphorbol-13-acetate
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(TPA) induced COX-2 and VCAM-1 mRNA transcription and
protein expression in mouse skin (8, 9). The genes of COX-2
and VCAM-1 contain several binding motifs for different
transcription factors including eukaryotic transcription factor NF-
κB (10). NF-κB, predominantly as a heterodimer of p65 and
p50, binds to the κB consensus sequence located in the COX-2
and VCAM-1 gene promoter, thereby regulating protein
expressions (10, 11). In physiologic state, NF-κB is retained in
cytosol as an inactive complex with its inhibitory protein IκBR,
which blocks nuclear translocation of NF-κB (12). Phosphory-
lation of IκBR and its subsequent ubiquitination and proteasomal
degradation upon inflammatory stimuli make NF-κB free to
translocate into nucleus and bind to κB regulatory elements (13).
The IκBR phosphorylation is triggered by the activation of the
IκB kinase (IKK) complex (14). Recent studies indicate that
IKK�-dependent NF-κB activation creates an essential link
between inflammation and cancer (14, 15). Besides IKKs,
several other protein kinases are also reported to regulate NF-
κB activation. Of these upstream kinases, the role of mitogen-

activated protein kinases (MAPKs), such as p38 MAPK, in
regulating NF-κB activation has been well-documented (16).
Another serine/threonine kinase, Akt, which promotes cell
survival by preventing apoptosis (17), has also been reported
to regulate COX-2 expression through the NF-κB/IκB pathway
(18).

Chondroitin sulfate (CS) is a glycosaminoglycan (GAG),
which is naturally present in the extracellular matrix of articular
cartilage (19). Recently, several studies indicated that CS played
an important role in anti-inflammation and anticancer, and a
few studies were performed to elucidate the underlying molec-
ular mechanism. Legendre et al. reported that CS inhibited pro-
inflammatory gene expression such as COX-2 and iNOS in
chondrocytes (20); however, they did not provide detailed
information of how CS suppresses the pro-inflammatory factor
expression. Recently Campo et al. found that CS inhibited
collagen-induced NF-κB activation (21). However, the precise
mechanism of CS was not investigated thoroughly either. In
this study, therefore, we investigated anti-inflammatory effects
of CS on TPA-induced inflammation in mouse skin in vivo and
explored the underlying molecular mechanism.

MATERIALS AND METHODS

Materials. Ascidians were collected from Tongyoung, South Korea.
TPA, chondroitin AC lyase (EC 4.2.2.5) from Arthrobacter aurenses,
and chondroitin ABC lyase (EC 4.2.2.4) from Proteus Vulgaris were
purchased from Sigma-Aldrich (St. Louis, MO). Standard disaccharides
R-∆UA-1 f 3-GalNAc, R-∆UA-1 f 3-GalNAc(6diSO4), R-∆UA-1
f 3-GalNAc(4diSO4), R-∆UA(2SO4)-1f 3-GalNAc(6diSO4), R-∆UA-1
f 3-GalNAc(4,6-diSO4), R-∆UA(2SO4)-1f 3-GalNAc(4diSO4), and
R-∆UA(2SO4)-1f 3-GalNAc(4,6-diSO4) were purchased from Seika-
gaku (Tokyo, Japan); DEAE-Sepharose was from GE Healthcare Bio-
Sciences AB (Uppsala, Sweden); 1,9-dimethylmethylene blue was from
Sigma-Aldrich. Antiphospho-Akt (Ser473) and phospho-p65 (Ser536)
antibodies were purchased from Cell Signaling Technology (Beverly,
MA). Primary antibodies for VCAM-1, COX-2, NF-κB p65, IκBR,
p-IκBR, IKK�, phospho-IKK�, p38, phospho-p38, nucleoporin, and
actin were purchased from Santa Cruz Biotechnology (Santa Cruz, CA).
Monoclonal antibodies against Akt1 and phosphor-Akt at Thr308 were
produced using a general method described elsewhere (22). Anti-rabbit,
anti-mouse, and anti-goat horseradish peroxidase-conjugated secondary
antibodies were purchased from Zymed Laboratories (San Francisco,
CA).

Isolation and Characterization of GAGs. The tunics were separated
from the ascidian bodies and frozen at -40 °C until further analysis.
One kilogram of tunics was extracted under pressure at 121 °C for 3 h
with 0.01 M sodium phosphate buffer and concentrated in a vacuum
evaporator until a Brix value of 9-10 was obtained. The extracts were

Figure 1. Strong anion-exchange HPLC analysis of the disaccharides
formed by specific lyases on the ascidian glycosaminoglycans. A mixture
of chondroitin standard disaccharides and the disaccharides formed by
the exhaustive action of chondroitinase ABC (A, subscript abc) and AC
(B, subscript ac) on the glycans for fractions was applied to a 25 cm ×
4.6 mm Phenosphere-SAX column linked to an HPLC system. The column
was eluted with a linear gradient of NaCl. The eluent was monitored for
UV absorbance at 232 nm. The chondroitin sulfate disaccharide standards
used were as follows: peak 1, OS, R-∆UA-1f 3-GalNAc; peak 2 (CSA),
6S, R-∆UA-1 f 3-GalNAc(6diSO4); peak 3 (CSC), 4S, R-∆UA-1 f
3-GalNAc(4diSO4); peak 4, SD, R-∆UA(2SO4)-1 f 3-GalNAc(6diSO4);
peak 5, SE, R-∆UA-1 f 3-GalNAc(4,6-diSO4); peak 6, SB,
R-∆UA(2SO4)-1f 3-GalNAc(4diSO4); peak 7, TriS, R-∆UA(2SO4)-1f
3-GalNAc(4,6-diSO4). Please note that the upper chromatograms in A
and B, respectively, represent the internal standards, whereas the lower
chromatograms are generated from the CS mixture, indicating that the
CS mixture contains only two fractions of peaks 2 (CSA) and 3 (CSC).

Table 1. Disaccharide Composition of the GAGs Fractionf

proportion of the disaccharidesc (% total)

peaka disaccharide tRb (min) Aabc
d Aac

e

1 Di-OS 27.35 ND ND
2 Di-6S 47.79 49.32 43.10
3 Di-4S 51.40 50.68 56.90
4 Di-SD 74.93 ND ND
5 Di-SE 77.95 ND ND
6 Di-SB 78.49 ND ND
7 Di-TriS 85.66 ND ND

a Standard peak number in order of elution; see Figure 1. b Retention time of
the disaccharides on a Phenosphere-SAX column linked to an HPLC system.
c Areas under the peaks in Figure 1 were integrated to obtain the disaccharide
composition. ND, not detected. d Ascidian fraction treated with chondroitinase ABC.
e Ascidian fraction treated with chondroitinase AC. f Average peak area of peak 2
(Di-6S, CSA) is 46.21 [{49.32(Aabc) + 43.10(Aac)}/2]; average peak area of peak
3 (Di-4S, CSC) is 53.79 [{50.68(Aabc) + 56.90(Aac)}/2] in HPLC chromatogram.
Together, approximate ratio between CSA and CSC is 46:54 (v/v).
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Figure 2. Inhibitory effects of CS on TPA-induced edema and expression of VCAM-1 and COX-2 in mouse skin. Mice were treated topically with TPA
(200 µL of 10 nmol of TPA dissolved in acetone) in the presence or absence of CS (1 or 2 mg). Control animals were treated with acetone alone. (A)
Skin section was stained with hematoxylin and eosin (original magnification, ×100; bar, 100 µm); (B) thickness of the skin (the thickness of the ear of
each mouse was determined by averaging the values measured at five independent regions of the cross-section); (C) Western blot analysis of VCAM-1
expression in mouse skin; (D) bands of interests were further analyzed by densitometer; (E) immunohistochemical measurement of COX-2 in the mouse
skin (dark brown color indicates COX-2 expression (original magnification, ×200; bar, 100 µm); (F) comparison of COX-2 labeling index in the mouse
skin (COX-2-positive staining was determined by counting five randomly chosen fields per section, determining the percentage of DAB-positive cells per
100 cells at ×400 magnification. Different letters (a-c) denote statistical difference (P < 0.05). Each bar represents the mean ( SE (n ) 3). CON,
control; TPA, TPA-treated group; TPA + CS, TPA-treated mice in the presence of CS (1 or 2 mg).
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then precipitated with 2 volumes of 95% ethanol for 2 h at 4 °C and
centrifuged for 30 min at 8000 rpm. The precipitates were lyophilized
and applied (∼250 mg) to a DEAE-Sepharose. A fast flow column (30
× 5 cm) was equilibrated with 0.5 M sodium acetate buffer (pH 6.0).
The column was developed by a linear gradient of 0-1.5 NaCl in the
same buffer. The flow rate of the column was 5 mL/min, and fractions
of ∼25 mL were collected and assayed by metachromasia using 1,9-
dimethylmethylene blue and by carbazole reaction for hexouronic acid.
The positive fractions were pooled, dialyzed against distilled water,
and lyophilized. The samples were reapplied to a newly packed DEAE-
Sepharose. Again, the sample was repurified by the fast flow column
as described above. The fractions of this second column containing
GAGs were pooled, dialyzed against distilled water, and lyophilized
(purity was 92.4%).

In addition, the purified GAGs were characterized with HPLC.
Briefly, GAGs were treated with chondroitin ABC and /or AC lyase,
and the digestive products were analyzed by HPLC on a Supelco
4.5 mm × 25 cm Spherisorb SAX column (Sigma-Aldrich), using
a linear gradient of 0-1.0 M aqueous NaCl (pH 3.5) at a flow rate
of 0.3 mL/min. Please note that chondroitin AC lyase cleaves only
at glucuronate-containing disaccharides, that is, chondroitin sulfate;
chondroitin B lyase cleaves only at iduronate-containing disaccha-
rides, that is, dermatan sulfate, whereas chondroitin ABC lyase
cleaves at either. With the aid of chondroitin AC and ABC lyase,
therefore, classification of GAGs can be achieved efficiently. The

elution of the disaccharide was followed by absorbance at 232 nm,
and they were identified by comparison with the elution positions
of known disaccharide standards.

Animal Treatment. Female 5-week-old ICR mice purchased from
Joongang Laboratory Animal (Seoul, Korea) were housed in the
laboratory animal facility with temperature and relative humidity
maintained at 23 ( 2 °C and 50 ( 20%, respectively, and were kept
on a 12-h light/dark cycle. Mice were randomly divided into four groups
(three mice per group) and CS (1 or 2 mg of CS dissolved in 200 µL
of distilled water) was topically applied to their shaven backs (about
200 mm2/site) after TPA treatment (10 nmol dissolved in acetone).
Control animals were treated with acetone (200 µL) alone. Four hours
after treatment, mice were sacrificed, and the skin was collected for
further analysis because topical application of TPA is known to induce
COX-2 expression maximally at 4 h in mouse skin (8). Skin thickness
was measured with digital thickness gauge (Mitutoyo Corp.). All
methods used in this study were approved by the Animal Care and
Use Committee at Seoul National University (SNU-061116-2).

Western Blot Analysis. Total cellular proteins were prepared from
skin tissue as described in Hwang et al.’s method (23). After the protein
concentration of homogenized lysates had been measured by using a
Bradford kit (Bio-Rad, Hercules, CA), 30 µg of protein was separated
on SDS-PAGE and transferred to nitrocellulose membranes. The
membranes were blocked for 1 h in TTBS containing 5% skim milk,
and immunoblotting was done by incubating the membranes overnight

Figure 3. Inhibitory effects of CS on TPA-induced NF-κB activation in mouse skin. Mice were treated topically with TPA (200 µL of 10 nmol of TPA
dissolved in acetone) in the presence or absence of CS (1 or 2 mg). Control animals were treated with acetone only. (A) NF-κB p65 DNA binding activity;
(B) Western blot analysis of p65 protein level in nuclear extract from mouse skin; (C) densitometric analysis of p65; (D) Western blot analysis of p-p65
protein level in mouse skin; (E) densitometric analysis of p-p65. Different letters (a-c) denote statistical difference (P < 0.05). Each bar represents the
mean ( SE (n ) 3). CON, control; TPA, TPA-treated group; TPA + CS, TPA-treated mice in the presence of CS (1 or 2 mg).
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Figure 4. Inhibitory effects of CS on TPA-induced IκBR phosphorylation in mouse skin. Mice were treated topically with TPA (200 µL of 10 nmol of TPA
dissolved in acetone) in the presence or absence of CS (1 or 2 mg). Control animals were treated with acetone only. (A) Western blot analysis of IκBR
and p-IκBR expression; (B) bands of interest were further analyzed by densitometer. Different letters (a-c) denote statistical difference (P < 0.05). Each
bar represents the mean ( SE (n ) 3). CON, control; TPA, TPA-treated group; TPA + CS, TPA-treated mice in the presence of CS (1 or 2 mg).

Figure 5. Inhibitory effects of CS on TPA-induced IKK� phosphorylation in mouse skin. Mice were treated topically with TPA (200 µL of 10 nmol of TPA
dissolved in acetone) in the presence or absence of CS (1 or 2 mg). Control animals were treated with acetone only. (A) Western blot analysis of IKK�
and p-IKK� expression level in mouse skin; (B) bands of interests were further analyzed by densitometer. Different letters (a-c) denote statistical
difference (P < 0.05). Each bar represents the mean ( SE (n ) 3). CON, control; TPA, TPA-treated group; TPA + CS, TPA-treated mice in the
presence of CS (1 or 2 mg).
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with primary antibodies in 5% skim milk at 4 °C and then with
secondary antibodies conjugated to horseradish peroxidase for 3 h at
room temperature or overnight at 4 °C. After washing, the bands of
interest were analyzed by luminescent image analyzer LAS-3000
(Fujifilm, Tokyo, Japan), and quantification of Western blot analysis
was done by using Multi Gauge version 2.02 program (Fujifilm).

Nuclear Extract Separation and NFKB p65 DNA Binding Assay.
The nuclear fractions were prepared using a commercially available
nuclear extract kit from Active Motif (Carlsbad, CA), and the nuclear
extract was used to assess NFκB p65 DNA binding by using the ELISA-
based TransAM NF-κB family transcription factor assay kit (Active
Motif) following the manufacturer’s instructions.

Immunohistochemistry (IHC). The skin tissues were fixed in 10%
neutral buffered formalin, routinely processed, embedded in paraffin,
and sectioned at 4 µm. For IHC, the tissue sections were deparaffinized
in xylene and rehydrated through alcohol gradients, then washed and
incubated in 3% hydrogen peroxide (AppliChem, Darmstadt, Germany)
for 30 min to quench endogenous peroxidase activity. After washing
in PBS, the tissue sections were incubated with 5% BSA in PBS for
1 h at room temperature to block nonspecific binding. Primary
antibodies were applied on tissue sections overnight at 4 °C. The
following day, the tissue sections were washed and incubated with
secondary HRP-conjugated antibodies (1:50) for 1 h at room temper-
ature. After careful washing, tissue sections were counterstained with
Mayer’s Hematoxylin (Dako, Carpinteria, CA) and washed with xylene.
Coverslips were mounted using Permount (Fisher, Pittsburgh, PA), and
the slides were examined using a light microscope (Carl Zeiss,
Thornwood, NY).

Statistical Analysis. All results are given as mean ( SE, and
statistical differences among treatment groups were analyzed by one-
way analysis of variance and Duncan‘s multiple-range test using
SAS statistical software package version 6.12 (SAS Institute, Cary,
NC).

RESULTS

Characterization of Isolated GAGs. CS can be divided into
several kinds such as chondroitin sulfate A (CSA), chondroitin
sulfate B (CSB), and chondroitin sulfate C (CSC), etc., in which
CSA and CSC are the major ingredients in almost any animal
species and tissue. CSA is the alternative name for chondroitin-
6-sulfate, that is, chondroitin sulfate which is sulfated on the
C6 position of the GlcNAc; however, CSC is sulfated at the
4-position (24). Our analytical results showed that CS isolated
from ascidian tunic was a mixture of CSA and CSC (peak 2
for CSA and peak 3 for CSC; please see figure legends for
detailed information; Figure 1), and peak area analysis in
HPLC demonstrated that the ratio of CSA and CSC was 46:54
(see detailed calculation method in Table 1).

Effects of CS on TPA-Induced Edema and Expression of
COX-2 and VCAM-1 in Mouse Skin. Because skin edema
and inflammatory factors expression were evident from 3 h after
TPA treatment in mouse skin (8, 25), potential effects of CS
on TPA-induced skin edema and expression of inflammatory
factors were measured. Our results showed that CS suppressed
the TPA-induced edema (Figure 2A,B) and VCAM-1 expres-
sion (Figure 2C). Such suppression of VCAM-1 was clearly
observed by densitometric analysis (Figure 2D). CS also
suppressed TPA-induced COX-2 expression significantly, which
was confirmed by IHC (Figure 2E) and by scoring COX-2
labeling index (Figure 2F) in skin of mice as well.

TPA-Induced NF-KB Activation Was Negated by CS in
the Mouse Skin. The promoter region for COX-2 and VCAM-1
genes contains binding sites for various transcription factors
including NF-κB (10). Our result clearly showed that both TPA-

Figure 6. Inhibitory effects of CS on TPA-induced p38 phosphorylation in mouse skin. Mice were treated topically with TPA (200 µL of 10 nmol of TPA
dissolved in acetone) in the presence or absence of CS (1 or 2 mg). Control animals were treated with acetone only. (A) Western blot analysis of p38
and p-p38 expression level in mouse skin; (B) bands of interests were further analyzed by densitometer. Different letters (a, b) denote statistical difference
(P < 0.05). Each bar represents the mean ( SE (n ) 3). CON, control; TPA, TPA-treated group; TPA + CS, TPA-treated mice in the presence of CS
(1 mg or 2 mg).
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induced NF-κB p65 protein nuclear translocation and DNA
binding were significantly suppressed by CS treatment in mouse
skin (Figures 3A-C). The transcriptional activation of NF-κB
is regulated by the phosphorylation of its functionally active
subunit p65 in its transcriptional activation domain (26). Our
results also showed that CS suppressed TPA-induced phospho-
rylation of p65 in mouse skin (Figures 3D,E). Because nuclear
translocation of NF-κB is dependent on the phosphorylation and
subsequent degradation of IκBR (27), we also analyzed IκBR
expression and its phosphorylation status. CS treatment signifi-
cantly reduced TPA-stimulated phosphorylation of IκBR and
subsequent degradation of IκBR (Figure 4).

TPA-Induced Phosphorylation of IKB Kinase (IKK) Was
Suppressed by CS in Mouse Skin. The phosphorylation and
degradation of IκBR are regulated by IKK, and the activation
of IKK depends on the phosphorylation of its subunit IKK�
(27). As shown in Figure 5, topical application of TPA
increased the phosphorylation of IKK�, which was significantly
inhibited by CS treatment.

Effects of CS Treatment on TPA-Induced Phosphorylation
of p38 in Mouse Skin. MAPK is an important regulator of NF-
κB and subsequent VCAM-1 and COX-2 expressions (8, 28).
Thus, we examined the effect of CS on TPA-induced phospho-

rylation of p38 MAPK by Western blot analysis. As shown
Figure 6, CS treatment significantly suppressed TPA-induced
p38 phosphorylation.

Effects of CS Treatment on TPA-Induced Phosphorylation
of Akt in Mouse Skin. Because Akt is known to regulate NF-
κB activation (18) and COX-2 expression in mouse skin treated
with TPA (23), we were interested in the potential effects of
CS on Akt activation. Our result demonstrated that CS treatment
significantly suppressed TPA-induced Akt phosphorylation both
at Ser473 and at Thr308 (Figure 7A,B).

DISCUSSION

There is a growing evidence of a supporting relationship
between chronic inflammation and multistage carcinogenesis (3).
Improper activation of inflammatory mediators has been shown
to be associated with human cancers as well as inflammatory
disorders (29). Therefore, a strategy to suppress the expression
of pro-inflammatory factors may reduce the tumor incidence.
In this regard, the present study showed anti-inflammatory
effects of CS extracted from ascidian tunic on TPA-induced
inflammation in mouse skin.

Recent study has indicated that COX-2 is involved in the
causal relationship between inflammation and skin carcinogen-

Figure 7. Inhibitory effects of CS on TPA-induced Akt phosphorylation in mouse skin. Mice were treated topically with TPA (200 µL of 10 nmol of TPA
dissolved in acetone) in the presence or absence of CS (1 or 2 mg). Control animals were treated with acetone only. (A) Western blot analysis of Akt
and p-Akt expression level in mouse skin; (B) bands of interest were further analyzed by densitometer. Different letters (a-c) denote statistical difference
(P < 0.05). Each bar represents the mean ( SE (n ) 3). CON, control; TPA, TPA-treated group; TPA + CS, TPA-treated mice in the presence of CS
(1 or 2 mg).
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esis as a key factor; thus, COX-2 would be a potential target
for cancer prevention and treatment (1). Although several
COX-2 inhibitors have been reported as anti-inflammatory
agents, substantial warning against consumption of COX-2 is
issued by regulatory agencies such as the U.S. FDA (23).
VCAM-1 is another important inflammatory factor, and its role
is also suggested in carcinogenesis, tumor angiogenesis, and
metastasis (29). Therefore, development of safe VCAM-1 and
COX-2 inhibitors retaining high efficacy is needed. This is why
many scientists continue to search for safe anti-inflammatory
chemicals from natural diet sources. The inhibition of TPA-
induced COX-2 and VCAM-1 protein expressions by CS in
mouse skin (Figure 2), thus, may provide a rational anti-
inflammatory agent applicable to humans in the future. More-
over, information on the CS, demonstrating that CS isolated
from ascidian tunic was a mixture of CSA and CSC (Figure 1)
and that the ratio of CSA and CSC was 46:54 (Table 1), also
supports the reproducibility of current work.

The activity of COX-2 and VCAM-1 is known to be regulated
by the well-known transcription factor NF-κB, which plays an
important role in inflammation-associated carcinogenesis (4).
Treatment of mouse skin with CS negated the TPA-induced
p65 activation, IκBR phosphorylation, and IKK� phosphory-
lation, thus suggesting that CS suppressed COX-2 and VCAM-1
protein expressions through inactivation of NF-κB. Our finding
is supported by a recent report that conjugated linoleic acid
inhibited mouse skin carcinogenesis by blocking NF-κB trans-
location into the nucleus through suppression of phosphorylation
and subsequent degradation of IκBR (23). Another line of
evidence also suggests that p38 MAPK may regulate the
transcriptional activity of NF-κB (16). In our study, treatment
of CS suppressed the phosphorylation of p38 significantly
(Figure 6), suggesting that CS ablated TPA-induced NF-κB
activation through regulating upstream kinase p38, thus leading
to reduction of COX-2 and VCAM-1 proteins.

Akt has been reported to regulate COX-2 and VCAM-1
expressions through the NF-κB/IκB pathway (18, 30). Many
studies have shown that Akt regulated COX-2 protein expression
in several different tissues such as skin and endometrial
cancer (18, 23). Several lines of evidence demonstrated that
Akt regulated COX-2 expression through IκBR phosphoryla-
tion (18, 23). This is consistent with our findings that TPA-
induced Akt activation was suppressed by CS treatment (Figure
7). Taken together, CS appears to suppress TPA-induced COX-2
and VCAM-1 expressions partly through ablation of Akt
activity.

In conclusion, CS inhibited TPA-induced NF-κB activation
and subsequent COX-2 and VCAM-1 expression by blocking
IKK� and Akt/PKB signaling in mouse skin in vivo, thus
suggesting that CS from ascidian tunic may be developed as
an effective natural anti-inflammatory agent in the future.
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