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Annexin-1 (ANX1) is an anti-inflammatory protein as well as 
an important modulator in inflammation. However, the precise 
action of ANX1 remains unclear. To elucidate the protective 
effects of ANX1 on lipopolysaccharide (LPS)-induced murine 
macrophage Raw 264.7 cells, we constructed a cell-permeable 
Tat-ANX1 protein. The transduced Tat-ANX1 protein markedly 
inhibited the expression of cyclooxygenase-2, production of 
prostaglandin E2, and generation of pro-inflammatory cyto-
kines in the cells. Furthermore, transduced Tat-ANX1 protein 
caused a significant reduction in the activation of nuclear fac-
tor-kappa B (NF-kB) and mitogen-activated protein kinase 
(MAPK). The results indicate that Tat-ANX1 inhibits the pro-
duction of inflammatory response cytokines and enzymes by 
blocking NF-kB and MAPK. Therefore, Tat-ANX1 protein may 
be useful as a therapeutic agent against various inflammatory 
diseases. [BMB reports 2011; 44(7): 484-489]

INTRODUCTION

Macrophages play an important role in inflammatory diseases by 
producing nitric oxide (NO), prostaglandins, cytokines such as 
interleukin-1 beta (IL-1β), tumor necrosis factor-alpha (TNF-α), 
and other inflammatory mediators. The overproduction of in-
flammatory mediators is associated with numerous diseases, 
such as rheumatoid arthritis, atherosclerosis, chronic hepatitis, 
pulmonary fibrosis, and the development of cancer (1-3). Prosta-
glandins (PGs) are potent pro-inflammatory mediators derived 

from arachidonic acid metabolism by cyclooxygenase (COX) 
and play an important role in modulating a number of pathophy-
siological conditions, including inflammatory and allergic im-
mune responses (4). The two isoforms of COX have been well 
studied. COX-1 is constitutively expressed and plays an im-
portant role in maintaining the normal physiological function of 
cells. COX-2 is markedly induced by a number of stimuli, includ-
ing cytokines, during the inflammatory response (5, 6).

Nuclear factor-kB (NF-kB), a nuclear transcription factor, regu-
lates the expression of various genes, including IL-1β, TNF-α, and 
COX-2, that play critical roles in apoptosis, tumorigenesis, various 
autoimmune diseases, and inflammation (7, 8). NF-kB is currently 
a target for treating various diseases due to its ubiquitous role in 
the pathogenesis of inflammatory gene expression (9, 10).

Annexin-1 (ANX1) is a calcium-dependent, phospholipid-bin-
ding protein originally identified as a glucocorticoid-inducible 
37 kDa protein and lipocortin. ANX1 inhibits phospholipase ac-
tivity and regulates diverse cellular functions such as cellular pro-
liferation, anti-inflammatory effects, and cell differentiation (11- 
13). Although the biological function and molecular mechanism 
of ANX1 protein in inflammation remain unclear, it may be a 
novel anti-inflammatory therapeutics agent. 

The successful delivery of full-length Tat fusion proteins by pro-
tein transduction technology has been amply demonstrated pre-
viously (14). Several small regions of proteins, called protein trans-
duction domains (PTDs), have been developed to allow the deliv-
ery of exogenous proteins into living cells. In a previous study, we 
used this technology to show that various fusion proteins efficiently 
protect against cell death in vitro and in vivo (15-20). In the present 
study, we examined the inhibitory effects of Tat-ANX1 protein 
against LPS-induced inflammation-associated gene expression in 
murin macrophage Raw 264.7 cells. 

RESULTS AND DISCUSSION

Construction, purification, and transduction of Tat-ANX1 protein
Annexin-1 (ANX1) has been shown to play anti-inflammatory 
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Fig. 1. Construction, purification, and transduction of Tat-ANX1 protein.
Construction of pTat-ANX1 expression vector as described in Materials
and Methods (A). Protein extracts of cells and purified protein were
analyzed by 12% SDS-PAGE (B) and subjected to Western blot analysis 
with an anti-rabbit polyhistidine antibody (C). Lanes in A and B are 
as follows: lane 1, non-induced Tat-ANX1; lane 2, induced Tat-ANX1; 
lane 3, purified Tat-ANX1. Transduction of Tat-ANX1 protein into Raw
264.7 cells (D). Tat-ANX1 protein (0.5 μM) was added to the culture
medium for 10-60 min. Tat-ANX1 (0.1-0.5 μM) was added to the culture
media for 1 h. Cells pretreated with 0.5 μM Tat-ANX1 were incubated
for various times prior to Western blotting. The distribution of transduced
with Tat-ANX1 was observed by fluorescence microscopy (E).

Fig. 2. Inhibitory effect of Tat-ANX1 protein on LPS-induced COX-2 
expression and PGE2 production in Raw 264.7 cells. Raw 264.7 cells
were stimulated with LPS (100 ng/ml) for 12 h with or without pre-
treatment with Tat-ANX1 for 1 h. Cells lysates were prepared and ana-
lyzed for COX-2 protein expression by Western blotting (A). Total 
RNA was extracted. COX-2 mRNA was analyzed by RT-PCR using 
specific primers (B). Production of PGE2 in the supernatant was eval-
uated by ELISA (C).

roles. However, the biological function and molecular mecha-
nism of ANX1 protein in inflammation are still unclear. 
Therefore, to investigate the functional roles and mechanism 
of this protein, we delivered ANX1 protein into cells using pro-
tein transduction technology.

To generate a cell-permeable expression vector, Tat-ANX1, 
human ANX1 cDNA was subcloned into a pET-15b plasmid 
that had been reconstructed to contain Tat peptide. The 
Tat-ANX1 expression vector contained consecutive cDNA se-
quences encoding human ANX1, a Tat peptide, and six histi-
dine residues at the amino-terminus (Fig. 1A). Following in-
duction of expression, Tat-ANX1 was purified using a Ni2+-ni-
trilotriacetic acid Sepharose affinity column and PD-10 col-
umn chromatography. SDS-PAGE and Western blot analysis of 
purified Tat-ANX1 protein were performed. Tat-ANX1 was 
highly expressed, and purified Tat-ANX1 had an estimated mo-
lecular mass of approximately 39 kDa. The fusion proteins 
were confirmed by Western blot analysis using an anti-rabbit 
polyhistidine antibody (Fig. 1B, C). 

To evaluate the transduction ability of Tat-ANX1, we trans-
duced Tat-ANX1 into Raw 264.7 macrophage cell culture me-
dium either at 0.5 μM for various periods of time (10-60 min) 
or at various concentrations (0.1-0.5 μM) for 60 min. The lev-
els of transduced Tat-ANX1 were measured by Western 
blotting. As shown in Fig. 1D, Tat-ANX1 was efficiently trans-
duced into Raw 264.7 cells in a time- and dose-dependent 
manner. Further, we examined the intracellular stability of 
transduced Tat-ANX1 in Raw 264.7 cells. Significant levels of 
transduced Tat-ANX1 persisted in the cells for 36 h (Fig. 1D). 
To further clarify the cellular localization of transduced pro-
teins in the cells, transduced cells were double-stained with 
the nucleus-specific marker DAPI. Tat-ANX1 protein was de-
tected in the cytoplasm and nuclei of transduced cells. 
However, control ANX1 was not transduced into the cells (Fig. 
2E). These results indicate that purified Tat-ANX1 was effi-
ciently transduced into Raw 264.7 cells.

Protein delivery into cells is difficult due to their size and bi-
ochemical properties. Therefore, application of therapeutic 
agent proteins is problematic (21). This problem was over-
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Fig. 3. Inhibitory effect of Tat-ANX1 protein on LPS-induced pro-infla-
mmatory cytokines production in Raw 264.7 cells. Raw 264.7 cells 
were stimulated with LPS (100 ng/ml) for 12 h with or without pretreat-
ment with Tat-ANX1 for 1 h. The production of pro-inflammatory cyto-
kines in the supernatant was evaluated by ELISA (A). Total RNA was
extracted from the cells. IL-1β, IL-6, TNF-α, MCP-1, MIP-2, and β-actin
mRNA were analyzed by RT-PCR using specific primers (B).

come using HIV-1 Tat protein transduction domain (PTD) or 
cell-penetrating peptides (CPP), which are capable of deliver-
ing proteins into cells. PTD can deliver exogenous target pro-
teins into cells regardless of protein size and thus has been de-
veloped for therapeutic applications (22). Previously, we ex-
tensively studied PTD fusion proteins in vitro and in vivo and 
showed them to be beneficial in several diseases such as in-
flammation, Parkinson’s disease, diabetes, and ischemia (15-20).

Effect of transduced Tat-ANX1 protein on LPS-induced COX-2 
expression, PGE2 production, and cytokine expression in 
Raw 264.7 cells
LPS is the main component of bacterial endotoxin and activates 
macrophages to produce pro-inflammatory factors, which play 
important roles in the immune response (23, 24).

To examine the effects of Tat-ANX1 on COX-2 expression 
and PGE2 production levels upon LPS exposure, Raw 264.7 
cells were incubated for 12 h with LPS (100 ng/ml) in the pres-
ence or absence of Tat-ANX1. Tat-ANX1 suppressed LPS-in-
duced COX-2 protein and mRNA expression in a dose-de-
pendent manner (Fig. 2A, B). Further, we examined PGE2 pro-
duction levels under the same conditions. After treatment with 
LPS, the medium concentration of PGE2 was elevated sig-
nificantly (27 ng/ml). This increase was markedly inhibited by 
transduced Tat-ANX1 (Fig. 2C).

Hannon et al. (2003) previously demonstrated that COX-2 
protein and mRNA expression are constitutively increased in 
ANX1 knockout mice models (25). Further, other studies 
showed that ANX1 inhibits dexamethason-induced TNF-α and 
PGE2 release in human peripheral blood mononuclear cells as 
well as LPS-induced nitric oxide production in J774 murine 
macrophages (26-28). These results suggest that ANX1 protein 
regulates anti-inflammatory functions.

We further examined the effects of Tat-ANX1 on pro-in-
flammatory cytokine production in LPS-stimulated Raw 264.7 
cells. As shown in Fig. 3A and B, cytokine levels increased af-
ter treatment with LPS alone. However, transduced Tat- ANX1 
significantly reduced production of TNF-α, IL-1β, and IL-6. 
Tat-ANX1 markedly inhibited LPS-induced mRNA expression 
of these cytokines in a dose-dependent manner. 

It was reported that IL-1β release is increased in ANX1-defi-
cient mice, and most of the anti-inflammatory activities of 
ANX1 protein are mediated by ANX12-26, which are N-termi-
nus-derived peptides. Further, exogenous treatment with 
ANX12-26 inhibits nociceptive transmission associated with in-
flammatory processes in a formalin test, suggesting that ANX1 
reduces paw oedema and inflammation (25, 29-32). Several 
studies have suggested that inhibition of COX-2 and cytokine 
production is important for alleviating inflammation, since in-
flammatory cytokines and COX-2 play important roles in the 
modulation of inflammation (33-35). Our results show that 
Tat-ANX1 inhibits LPS-induced COX-2, PGE2, and cytokine 
expression. Thus, Tat-ANX1 may be an effective new ther-
apeutic agent for the treatment of skin inflammation.

Effect of Tat-ANX1 on LPS-induced NF-kB and MAPK 
activation in Raw 264.7 cells 
NF-kB is a transcription factor that controls a number of genes 
that are important for immunity and inflammation (36, 37). 
LPS stimulation of macrophages activates NF-kB as well as sev-
eral intracellular signaling pathways, including three MAPK 
pathways: ERK1/2, p38, and SAPK/JNK. Therefore, NF-kB and 
MAPK are current targets in the treatment of various diseases 
due to their ubiquitous roles in the pathogenesis of in-
flammatory gene expression (9, 10).

We therefore examined the regulatory effect of Tat-ANX1 on 
the LPS-induced signal cascade of NF-kB. Tat-ANX1 inhibited 
LPS-induced IkBα phosphorylation and degradation in cells 
(Fig. 4A). In addition, we further investigated the regulatory ef-
fect of Tat-ANX1 on the activity of MAPKs such as p38, 
stress-activated protein kinase/c-Jun N-terminal kinase (SAPK/ 
JNK), and extracellular signal-regulated kinase (ERK). To exam-
ine the effect of Tat-ANX1 on LPS-induced MAPK activation, 
Raw 264.7 cells were incubated for 30 min with LPS (100 
ng/ml) in the presence or absence of Tat-ANX1 and then ana-
lyzed by Western blot analysis using phospho-specific anti-
bodies against the aforementioned MAPK proteins (Fig. 4B). 
Tat-ANX1 decreased LPS-induced phosphorylation of p38, 
ERK, and SAPK/JNK in a dose-dependent manner. These re-
sults suggest that the NF-kB and MAPK pathways could modu-
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Fig. 4. Inhibitory effect of Tat-ANX1 protein on LPS-induced NF-kB 
and MAPK activation in Raw 264.7 cells. Raw 264.7 cells were 
stimulated with LPS (100 ng/ml) for 30 min with or without pre-
treatment with Tat-ANX1 for 1 h. Phosphorylation and degradation 
of IkBα were analyzed by Western blotting (A). Extracts from the 
cells were prepared and analyzed for MAPK protein activation by 
Western blotting (B).

late the suppression of LPS-induced cytokine expression by 
Tat-ANX1. Therefore, we suggest that Tat-ANX1 can be used 
as a new therapeutic strategy for the treatment of inflammation 
and in the prevention of inflammatory reactions and diseases. 

In summary, we demonstrated that human ANX1 fused with 
Tat peptide (Tat-ANX1) inhibits the production of pro-in-
flammatory enzymes and cytokines in murine macrophage 
Raw 264.7 cells. The anti-inflammatory effect of Tat-ANX1 is 
mediated by the down-regulation of pro-inflammatory gene ex-
pression via the suppression of NF-kB and MAPK. Our success 
suggests that transduced Tat-ANX1 may be a potential ther-
apeutic agent for clinical treatment of inflammatory diseases. 

MATERIALS AND METHODS 

Materials
Fetal bovine serum (FBS), DMEM, and penicillin-streptomycin 
antibiotics were purchased from Gibco BRL (Grand Island, 
USA). Antibodies against histidine, COX-2, and β-actin were 

purchased from Santa Cruz Biotechnology (Santa Cruz, CA, 
USA). Antibodies and phospho-specific antibodies against JNK/ 
SAPK, p38, ERK, p65, p50, and IkB were obtained from Cell 
Signaling Technology (Beverly, MA, USA).

Expression and purification of Tat-ANX1 proteins
An HIV-1 Tat expression vector was prepared in our laboratory 
as described previously (38). Next, based on the cDNA se-
quence of human ANX1, two primers were synthesized from 
custom primers (Gibco BRL, Grand Island, NY, USA). The 
sense primer 5’-CTCGAGATGGCAATGGTATCAGAA-3’ con-
tains an XhoI site, and the antisense primer 5’-GGATCCTTA-
GTTTCCTCCACAAAG-3’ contains a BamHI restriction site. 
Polymerase chain reaction (PCR) was performed, and the PCR 
product was excised with XhoI and BamHI, eluted, ligated into 
a TA-cloning vector and a pTat vector using T4 DNA ligase 
(Promega, Madison, WI, USA), and cloned into Escherichia 
coli DH5α. The human ANX1 gene was fused with a nine ami-
no acid Tat peptide in the bacterial expression vector to pro-
duce a genetic in-frame Tat-ANX1 protein.

To produce the Tat-ANX1 proteins, the plasmid was trans-
formed into E. coli BL21 cells (Novagen). The transformed bac-
terial cells were grown in 100 ml of LB media at 37oC to a 
D600 value of 0.5-1.0 and then induced with 0.5 mM of iso-
propyl-beta-D-thiogalactopyranoside (Duchefa, Budapest, Hun-
gary) at 37oC for 3-4 h. Harvested cells were disrupted by soni-
cation in binding buffer. After centrifugation, the supernatant 
was immediately loaded onto a Ni2+-nitrilotriacetic acid Se-
pharose affinity column. The protein containing the Tat-ANX1 
fraction was combined, and the salts were removed using 
PD-10 column chromatography (Amersham, Piscataway, NJ, 
USA). The protein concentration was estimated using bovine 
serum albumin as a standard (39).

Cell culture and transduction of Tat-ANX1 protein
Raw 264.7 macrophages cells were cultured in Dulbecco’s 
modified Eagle’s medium containing 20 mM HEPES/NaOH 
(pH 7.4), 5 mM NaHCO3, 10% fetal bovine serum (FBS), and 
antibiotics (100 μg/ml of streptomycin, 100 U/ml of penicillin) 
at 37oC under humidified conditions of 95% air and 5% CO2.

For transduction of Tat-ANX1, Raw 264.7 cells were grown 
to confluence in the wells of a six-well plate. The culture me-
dium was replaced with 1 ml of fresh solution. After the cells 
were treated with various concentrations of Tat-ANX1 for 1 h, 
the cells were treated with trypsin-EDTA (Gibco BRL) and 
washed with phosphate-buffered saline (PBS). The cells were 
then harvested for the preparation of cell extracts to perform 
Western blot analysis.

Western blot analysis
Proteins in the cell lysates were resolved by 12% sodium do-
decyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). 
The proteins were electrotransferred to a nitrocellulose mem-
brane, which was then blocked with 5% nonfat dry milk in 
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PBS. The membrane was probed with the indicated antibodies, 
and immunoreactive bands were visualized by enhanced che-
miluminescence according to the manufacturer’s instructions 
(Amersham).

Determination of COX-2 expression levels 
Raw 264.7 macrophages were incubated in six-well plates for 
12 h to achieve 70% confluence. The cells were then pre-
treated with Tat-ANX1 protein (0.1-0.5 μM) for 1 h before 
treatment with LPS (100 ng/ml) for 12 h, after which the cul-
ture medium was harvested. The expression levels of COX-2 
protein and RNA were determined by Western blotting and re-
verse transcription (RT)-PCR.

Measurement of cytokines and PGE2

Raw 264.7 macrophages were incubated in six-well plates for 
12 h to achieve 70% confluence. The cells were then pre-
treated with Tat-ANX1 protein (0.1-0.5 μM) for 1 h before treat-
ment with LPS (100 ng/ml) for 12 h, after which the culture me-
dium was harvested. Levels of TNF-α, IL-1β, IL-6, and PGE2 in 
the supernatants were measured using an enzyme-linked im-
munosorbant assay kit (R&D Systems, Minneapolis, MN, USA) 
according to the manufacturer’s instructions.

RT-PCR analysis
Total RNA was isolated from Raw 264.7 cells using a Trizol re-
agent kit (Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. RNA (2 μg) was reversibly tran-
scribed with 10,000 U of reverse transcriptase and 0.5 μg/μl of 
oligo-(dT) primer. PCR amplification of cDNA aliquots were 
performed with the following sense and antisense primers: 
COX-2 antisense, 5’-TGGACGAGGTTTTTCCACCAG-3’; COX-2 
sense, 5’-CAAAGGCCTCCATTGACCAGA-3’; TNF-α antisense, 
5’-TGGCACCACTAGTTGGTTGTCTTT-3’; TNF-α sense, 5’- 
AAGTTCCCAAATGGCCTCCC-3’; IL-1β antisense, 5’-GTGCT-
GCCTAATGTCCCCTTGAATC-3’; IL-1β sense, 5’-TGCAGAGT-
TCCCCAACTGGTACATC-3’; IL-6 antisense, 5’-TGGATGGTC-
TTGGTCCTTAGCC-3’; IL-6 sense, 5’-CAAGAAAGACAAAGC-
CAGAGTCCTT-3’; monocyte chemotactic protein-1 (MCP-1) 
antisense, 5’-TTCCTTCTTGGGCTTCAGCACAGAC-3’; MCP-1 
sense, 5’-ACTGAAGCCAGCTCTCTCTTCCTC-3’; macrophage 
inflammatory protein-2 (MIP-2) antisense, 5’-AACATAACAAC-
ATCTGGGCAA-3’; MIP-2 sense, 5’-GAACAACGGCAAGGCT-
AACTG-3’; and β-actin antisense, 5’-GGACAGTGAGGCCA-
GGATGG-3’; β-actin sense, 5’-AGTGTGACGTTGACATCCG 
TAAAGA-3’. After PCR was performed, PCR products were re-
solved on 1% agarose gel and visualized with ultraviolet light 
after ethidium bromide staining. 

Statistical analysis
The results are expressed at the mean ± S.E.M. The values 
were evaluated via one-way ANOVA, followed by Duncan’s 
multiple range tests using GraphPad Prism 4.0 software 
(GraphPad Software, San Diego, CA, USA). Differences were 

considered to be significant at *P ＜ 0.05 and **P ＜ 0.01 
compared with LPS alone.

Acknowledgements
This work was supported by a Regional Research Universities 
Program/Medical & Bio-material Research Center grant and in 
part by the Priority Research Centers Program grant (2009- 
0093812) through the National Research Foundation of Korea 
funded by the Ministry of Education, Science and Technology.

REFERENCES

1. Bertolini, A., Ottani, A. and Sandrini, M. (2002) Selective 
COX-2 inhibitors and dual acting anti-inflammatory drugs: 
critical remarks. Curr. Med. Chem. 9, 1033-1043.

2. Korhonen, R., Lathi, A., Kankaanranta, H. and Moilanen, 
E. (2005) Nitric oxide production and signaling in inflam-
mation. Curr. Drug Targets Inflamm. Allergy 4, 471-479.

3. Libby, P., Ridker, P. M. and Maseri, A. (2000) Inflammat-
ion and atherosclerosis. Circulation 105, 1135-1143.

4. Tilley, S. L., Coffman, T. M. and Koller, B. A. (2001) Mixed 
message gene: modulation of inflammation and immune re-
sponses by prostaglandins and thromboxanes. J. Clin. 
Invest. 107, 191-195.

5. Carey, M. A., Germolec, D. R., Langenbach, R. and Zeldin, 
D. C. (2003) Cyclooxygenase enzymes in allergic infla-
mmation and asthma. Prostaglandins Leukot. Essent. Fatty 
Acids 69, 157-162.

6. Vancheri, C., Mastruzzo, C., Sortino, M. A. and Crimi, N. 
(2004) The lung as a privileged site for the beneficial ac-
tions of PEG2. Trends Immunol. 25, 40-46.

7. Lawrence, T., Gilroy, D. W., Colville-Nash, P. R. and 
Willoughby, D. A. (2001) Possible new role for NF-kB in 
the resolution of inflammation. Nat. Med. 7, 1291-1297.

8. Rietschel, E. T., Kirikae, T., Schade, F. U., Mamat, U., Schmidt, 
G., Loppnow, H., Ulmer, A. J., Zahringer, U., Seydel, U. and 
Di Padova, F. (1994) Bacterial endotoxin: molecular relation-
ships and structure to activity and function. FASEB J. 8, 
217-225.

9. Mararov, S. S. (2000) NF-kB as a therapeutic target in 
chronic inflammation: recent advances. Mol. Med. Today 
6, 441-448.

10. Renard, P. and Raes, M. (1999) The proinflammatory tran-
scription factor NF-kB: a potential target for novel ther-
apeutical strategies. Cell Biol. Toxicol. 15, 341-344.

11. Babbin, B., Laukoetter, M. G., Nava, P., Koch, S., Lee, W. 
Y., Capaldo, C. T., Peatman, E., Severson, E. A., Flower, 
R. J., Perretti, M., Parkos, C. A. and Nusrat, A. (2008) 
Annexin A1 regulates intestinal mucosal injury, inflam-
mation, and repair. J. Immunol. 181, 5035-5044.

12. Kamal, A. M., Flower, R. J. and Perretti, M. (2005) An 
overview of the effects of annexin 1 on cells involved in 
the inflammatory process. Mem. Inst. Oswaldo Cruz. Rio 
de Janeiro. 100 (Suppl 1), 39-48.

13. Perretti, M. and D`Acquisto, F. (2009) Annexin A1 and 
glucocorticoids as effectors of the resolution of inflammat-
ion. Nat. Rew. Immunol. 9, 62-70.

14. Wadia, J. and Dowdy, S. F. (2002) Protein transduction 



LPS-induced inflammation prevented by Tat-ANX1
Sun Hwa Lee, et al.

489http://bmbreports.org BMB reports

technology. Curr. Opin. Biotechnol. 13, 52-56.
15. Ahn, E. H., Kim, D. W., Kang, H. W., Shin, M. J., Won, 

M. H., Kim, J., Kim, D. J., Kwon, O. S., Kang, T. C., Han, 
K. H., Park, J., Eum, W. S. and Choi, S. Y. (2010) 
Transduced PEP-1-ribosomal protein S3 (rpS3) ameliorates 
12-O-tetradecanoylphorbol-13-acetate-induced inflamma-
tion in mice. Toxicol. 276, 192-197.

16. An, J. J., Lee, Y. P., Kim, S. Y., Lee, S. H., Lee, M. J., 
Jeong, M. S., Kim, D. W., Jang, S. H., Yoo, K. Y., Won, M. 
H., Kang, T. C., Kwon, O. S., Cho, S. W., Lee, K. S., Park, 
J., Eum, W. S. and Choi, S. Y. (2008) Transduced human 
PEP-1-heat shock protein 27 efficiently protects against 
brain ischemic insult. FEBS J. 275, 1296-1308.

17. Choi, H. S., An, J. J., Kim, S. Y., Lee, S. H., Kim, D. W., 
Yoo, K. Y., Won, M. H., Kang, T. C., Kwon, H. J., Kang, J. 
H., Cho, S. W., Kwon, O. S., Park, J., Eum, W. S. and 
Choi, S. Y. (2006) PEP-1-SOD fusion protein efficiently 
protects against paraquat-induced dopaminergic neuron 
damage in a Parkinson disease mouse model. Free Radic. 
Biol. Med. 41, 1058-1068.

18. Eum, W. S., Choung, I. S., Li, M. Z., Kang, J. H., Kim, D. 
W., Park, J., Kwon, H. Y. and Choi, S. Y. (2004) HIV-1 
Tat-mediated protein transduction of Cu,Zn-superoxide 
dismutase into pancreatic β cells in vitro and in vivo. Free 
Radic. Biol. Med. 37, 339-349.

19. Kim, D. W., Jeong, H. J., Kang, H. W., Shin, M. J., Sohn, 
E. J., Kim, M. J., Ahn, E. H., An, J. J., Jang, S. H., Yoo, K. 
Y., Won, M. H., Kang, T. C., Hwang, I. K., Kwon, O. S., 
Cho, S. W., Park, J., Eum, W. S. and Choi, S. Y. (2009) 
Transduced PEP-1-catalase fusion protein attenuates ische-
mic neuronal damage. Free Radic. Biol. Med. 47, 941- 
952.

20. Lee, S. H., Jeong, H. J., Kim, D. W., Sohn, E. J., Kim, M. J., 
Kim, D. S., Kang, T. C., Lim, S. S., Kang, I. J., Cho, S. W., 
Lee, K. S., Park, J., Eum, W. S. and Choi, S. Y. (2010) 
Enhancement of HIV-1 Tat fusion protein trasnduction effi-
ciency by bog blueberry anthocyanins. BMB Rep. 43, 
561-566.

21. Egleton, R. D. and Davis, T. P. (1997) Bioavailability and 
transport of peptides and peptide drugs into the brain. 
Peptides 18, 1431-1439.

22. Dietz, G. P. (2010) Cell-penetrating peptide technology to 
delivery chaperones and associated factors in diseases and 
basic research. Curr. Pharm. Biotechnol. 11, 167-174.

23. Adams, D. O. and Hamilton, T. A. (1984) The cell biology 
of macrophage activation. Annu. Rev. Immunol. 2, 283- 
318.

24. Morrison, D. C. and Ryan, J. L. (1987) Endotoxins and dis-
ease mechanisms. Annu. Rev. Med. 38, 417-432.

25. Hannon, R., Croxtall, J. D., Getting, S. J., Roviezzo, F., 
Yona, S., Paul-Clark, M. J., Gavins, F. N., Perretti, M., 
Morris, J. F., Buckingham, J. C. and Flower, R. J. (2003) 
Aberrant inflammation and resistance to glucocorticoids 
in annexin1-/- mouse. FASEB J. 17, 253-255.

26. Sudlow, A. W., Carey, F., Forder, R. and Rothwell, N. J. 
(1996) The role of lipocortin-1 in dexamethasone-induced 
suppression of PGE2 and TNF-α release from human pe-
ripheral blood mononuclear cells. Br. J. Pharmacol. 117, 

1449-1456.
27. D’Acquisto, F., Cicatiello, L., Iuvone, T., Ialenti, A., 

Ianaro, A., Esumi, H., Weisz, A. and Carnuccio, R. (1997) 
Inhibition of inducible nitric oxide synthase gene ex-
pression by glucocorticoid-induced proteins in lipopoly-
saccharide-stimulated J774 cells. Eur. J. Pharmacol. 339, 
87-95.

28. Ferlazzo, V., D’agostino, P., Milano, S., Caruso, R., Fes, 
S., Cillari, E. and Parente, L. (2003) Anti-inflammatory ef-
fects of annexin-1: stimulation of IL-10 release and in-
hibition of nitric oxide synthase. Int. Immunopharmacol. 
3, 1363-1369.

29. Pieretti, S., Giannuario, A. D., Felice, M. D., Perretti, M. 
and Cirino, G. (2004) Stimulus-dependent specificity for 
annexin 1 inhibtion of the inflammatory nociceptive re-
sponse: the involvement of the receptor for formylated 
peptides. Pain 109, 52-63.

30. Porro, C. A. and Cavazzuti, M. (1993) Spatial and tempo-
ral aspects of spinal cord and brainstem activation in the 
formalin pain model. Prog. Neurobiol. 41, 565-607.

31. Perretti, M. (1997) Endogenous mediators that inhibit the 
leukocyote-endothelium interaction. Trends Pharmacol. 
Sci. 18, 418-425.

32. Cirino, G., Cicala, C., Sorrentino, L., Ciliberto, C., Arpaia, 
G., Perretti, M. and Flower, R. J. (1993) Anti-inflammatory 
actions of an N-terminal peptide from human lipocortin 1. 
Br. J. Pharmacol. 108, 573-574.

33. Gayathri, B., Manjula, N., Vinaykumar, K. S., Lakshmi, B. 
S. and Balakrishnan, A. (2007) Pure compound from 
Boswellia serrata extract exhibits anti-inflammatory prop-
erty in human PBMCs and mouse macrophages through 
inhibition of TNFα, IL-1β, NO and MAP kinases. Int. 
Immunopharmacol. 7, 473-482.

34. Medicherla, S., Ma, J. Y., Reddy, M., Esikova, I., Kerr, I., 
Movius, F., Higgins, L. S. and Protter, A. A. (2010) Topical 
alpha-selective p38 MAP kinase inhibition reduces acute 
skin inflammation in guinea pig. J. Inflamm. Res. 3, 9-16.

35. Lebwohl, M. (2005) A clinician’s paradigm in the treat-
ment of psoriasis. J. Am. Acad. Dermatol. 53, 59-69.

36. Barnes, P. J. and Karin, M. (1997) Nuclear factor-kappaB: 
a pivotal transcription factor in chronic inflammatory 
diseases. N. Engl. J. Med. 336, 1066-1071.

37. Yun, K. J., Kim, J. Y., Kim, J. B., Lee, K. W., Jeong, S. Y., 
Park, H. J., Jung, H. J., Cho, Y. W., Yun, K. and Lee, K. T. 
(2008) Inhibition of LPS-induced NO and PGE2 pro-
duction by asiatic acid via NF-kB inactivation in Raw 
264.7 macrophages: Possible involvement of the IKK and 
MAPK pathways. Int. Immunopharmacol. 8, 431-441.

38. Kwon, H. Y., Eum, W. S., Jang, H. W., Kang, J. H., Ryu, J. 
Y., Lee, B. R., Jin, L. H., Park, J. and Choi, S. Y. (2000) 
Transduction of Cu,Zn-superoxide dismutase mediated by 
an HIV-1 Tat protein basic domain into mammalian cells. 
FEBS Lett. 485, 163-167.

39. Bradford, M. A. (1976) A rapid and sensitive method for 
the quantification of microgram quantities of protein uti-
lizing the principle of protein-dye binding. Anal. Bio-
chem. 72, 248-254.


