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INTRODUCTION

The immigration and infi ltration of monocytes and T cells 
into the vascular wall, which is guided by endothelial leukocyte 
adhesion molecules and chemokines, are prominent features 
in both human and experimental atherosclerotic disease (Lib-
by, 2002; Aukrust et al., 2008). Chemokines are divided into 
four families (CC, CXC, CX3C, XC) based on the position of 
the fi rst two cysteine residues. Among them, the CC chemo-
kine family is detected within atherosclerotic lesions, where it 
controls homeostasis and other activities of emigrated cells 
(Liehn et al., 2006). CC chemokine ligand 3 (CCL3), also 
known as macrophage infl ammatory protein-1α, is expressed 
at higher levels in human arteriosclerotic lesions than in nor-
mal aortic tissue (Hayes et al., 1998). As CCL3 is involved in 
the acute infl ammatory state in the recruitment and activation 
of polymorphonuclear leukocytes (Menten et al., 2002), clini-
cal and animal studies have linked CCL3 to atherosclerosis. 
Enhanced CCL3 expression in ApoE −/− mice is associated 
with progression and stability of atherosclerotic plaques (Lut-
gens et al., 2005). Peripheral blood mononuclear cells from 
patients with familial hypercholesterolemia spontaneously re-
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Abstract

lease high level of CCL3 (Holven et al., 2003). In addition, 
drugs with anti-atherogenic properties, such as hydroxymeth-
ylglutaryl-CoA reductase inhibitors, down-regulate CC chemo-
kine ligands and receptors. Simvastatin suppresses expres-
sion of the chemokines CCL2, CCL3, and CCL4, as well as 
the chemokine receptors CCR1, CCR2, CCR4, and CCR5, 
in endothelial cells and macrophages (Veillard et al., 2006). 
Therefore, it is important to understand the regulation of CCL3 
expression because of its close association with atheroscle-
rosis.

High serum levels of cholesterol, like oxidized low density 
lipoprotein, play an important role in the proinfl ammatory pro-
cess that triggers initiation of atherosclerosis (Libby, 2002). In 
addition, the overall cumulative infectious burden can act as 
an additional factor accelerating disease progression (Espino-
la-Klein et al., 2002). Infectious pathogens including Chlamyd-
ia pneumoniae, Porphyromonas gingivalis, and cytomegalovi-
rus are detected in atherosclerotic lesions (Espinola-Klein et 
al., 2002; Taniguchi et al., 2003). Peptidoglycan (PGN), the 
major constituent of the cell wall of Gram-positive bacteria and 
a component of the outer membrane of Gram-negative bacte-
ria, is a pathogen-associated molecular pattern (PAMP) that 
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has been detected in human atherosclerotic lesions (Laman 
et al., 2002). At nonmucosal sites like vasculature, PGN is rec-
ognized by Toll-like receptors (TLRs) expressed by immune 
cells (e.g. macrophages) (Yoshimura et al., 1999), which trig-
gers intracellular signal transduction pathways, resulting in the 
production of pro-infl ammatory cytokines (Langer et al., 2008) 
and chemokines (Wang et al., 2000). Since PGN is presumed 
to be an additional proinfl ammatory factor in atherosclerotic 
lesions (Laman et al., 2002), elucidation of the mechanism of 
action of PGN-induced infl ammatory responses will broaden 
current knowledge of the roles of bacterial PAMPs in athero-
genesis.

In the present study, we investigated whether PGN affected 
the secretion of CC chemokines involved in the acute infl am-
matory state in the recruitment and activation of polymorpho-
nuclear leukocytes. PGN signifi cantly enhanced the secretion 
of CCL3 by THP-1 cells. Moreover, cellular molecules involved 
in PGN-mediated CCL3 expression were identifi ed; TLR2, Akt, 
mammalian target of rapamycin (mTOR), mitogen-activated 
protein kinases (MAPKs), and reactive oxygen species (ROS) 
were shown to be involved in PGN-mediated CCL3 up-regu-
lation.

MATERIALS AND METHODS

Cell culture and materials
The THP-1 human acute monocytic leukemia cell line 

was purchased from the American Type Culture Collection 
(ATCC; Manassas, VA). The cells were maintained as sug-
gested by ATCC. PGN isolated from Staphylococcus aureus, 
polymyxin B and oxidized 1-palmitoyl-2-arachidonosyl-sn-
phosphatidylcholine (OxPAPC) were purchased from Invivo-
Gen (San Diego, CA). Endotoxin-free bovine serum albumin 
(BSA), RO318220, GF109203X, LY294002, diphenyleneiodo-
nium chloride (DPI), N-acetylcysteine (NAC), rapamycin, and 
SP600125 were purchased from Sigma-Aldrich (St. Louis, 
MO). U0126, SB202190, and Akt inhibitor IV (Akti IV) were 
purchased from Cell Signaling Technology (Danvers, MA). For 
inhibition experiments, THP-1 cells were treated for 1 h with 
indicated chemicals prior to stimulation for 9 h with PGN (1 
μg/ml). CCL3 released into the medium was measured by an 
enzyme linked immunosorbent assay (ELISA) and CCL3 gene 
transcript was amplifi ed by reverse transcription-polymerase 
chain reaction (RT-PCR).

CCL3 ELISA
The amount of secreted CCL3 was determined using com-

mercially available ELISA kits, according to the manufacturer’s 
instructions (BD Biosciences, San Diego, CA). THP-1 cells in-
cubated with 0.1% BSA in RPMI medium 1640 overnight were 
exposed to PGN and the cell culture medium was collected. 
The medium and standards for CCL3 were added to a microti-
ter plate precoated with monoclonal antibody against CCL3. 
After incubation for 2 h, the plate was washed and incubated 
with an enzyme-conjugated polyclonal antibody specifi c for 
CCL3. The substrate was added after several plate washes, 
and color intensity was measured. The amount of CCL3 pres-
ent in the medium was determined from a standard curve. 
Data are expressed as mean ± SD.

RT-PCR
THP-1 cells incubated with 0.1% BSA in RPMI medium 

1640 overnight were exposed to PGN. Total RNAs were ex-
tracted from cells and reverse-transcribed for 1 h at 42oC with 
Moloney murine leukemia virus reverse transcriptase. PCR 
amplifi cation was performed for 25 cycles (94oC for 30 s, 55oC 
for 30 s, 72oC for 30 s) in the presence of primers. The prim-
ers for CCL3 were 5-TTTCTGGACCCACTCCTCAC-3 (for-
ward) and 5-GGCTCTCTGCAACCAGTTCT-3 (reverse), and 
the primers for glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) were 5-AAGCTCTGCGTGACTGTCCT-3 (forward) 
and 5-GCTTGCTTCTTTTGGTTTGG-3 (reverse). PCR prod-
ucts were separated by electrophoresis in a 2% agarose gel 
and visualized by ethidium bromide staining.

Statistical analysis
Statistical analysis (1-way ANOVA) was performed using 

PRISM, version 5.0 (GraphPad Software, San Diego, CA). 
p<0.05 was considered statistically signifi cant.

RESULTS

Up-regulation of CCL3 expression by PGN at messenger 
and protein levels

In order to investigate the effects of PGN on CCL3 expres-
sion in macrophages, we examined the level of CCL3 gene 
transcript by RT-PCR (Fig. 1A, B). The CCL3 gene transcript 

Fig. 1. Expression of CCL3 at the messenger and protein levels 
in response to PGN. THP-1 cells (1×106 cells/ml) were incubated 
for indicated time periods with 1 μg/ml PGN or for 9 h with the in-
dicated amount of PGN (A, B). CCL3 gene transcripts were ampli-
fi ed by RT-PCR. THP-1 cells (1×106 cells/ml) were stimulated for 9 
h with or without (control) PGN (1 μg/ml). (C) The amount of CCL3 
released into the medium was measured by ELISA. ***p<0.001 vs. 
control.
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from THP-1 cells was barely detected in the absence of PGN. 
However, PGN signifi cantly induced transcription of CCL3 as 
early as 6 h post-treatment and persisted up to 24 h post-
treatment. The PGN-mediated induction of CCL3 gene tran-
script occurred in the presence of as low as 0.2 μg/ml of PGN. 
We investigated whether PGN had any effect on the release 
of the chemokine (Fig. 1C). ELISA revealed that THP-1 cells 
secreted a low amount of CCL3 in the absence of PGN (70 
pg/ml), while CCL3 release was remarkably increased in re-
sponse to PGN (2,630 pg/ml). We examined if TLRs medi-
ated CCL3 expression in response to PGN using OxPAPC, 
a TLR2/4 inhibitor (Fig. 2). Treatment with OxPAPC inhibited 
PGN-mediated expression of CCL3 at the mRNA and protein 
levels. PGN-mediated secretion of CCL3 was almost com-
pletely blocked and reduced to that of the control cells in the 
presence of OxPAPC, and PGN-induced expression of CCL3 
transcripts was also abrogated in the presence of OxPAPC. 
Since it is conceivable that PGN preparations could be con-
taminated with lipopolysaccharide (LPS), which increases the 
secretion of pro-infl ammatory cytokines and chemokines, we 
examined whether LPS contributed to PGN-mediated CCL3 
up-regulation using polymyxin B, a potent inhibitor of LPS. 
Polymyxin B did not attenuate PGN-mediated CCL3 secretion 
or expression of its transcript (Fig. 2).

Roles Akt and mTOR in PGN-induced CCL3 expression
PGN activates Akt pathway as it enhances Akt phosphory-

lation (Lee et al., 2011). To investigate if Akt might participate 
in PGN-mediated CCL3 expression, we used two inhibitors, 
LY294002 and Akti IV (Fig. 3). LY294002, a morpholine de-
rivative of quercetin, is a potent reversible inhibitor of phos-

phoinositide 3-kinases (PI3Ks), an Akt activator. Akti IV is an in-
hibitor of Akt protein kinase. Akti IV signifi cantly affected CCL3 
expression at the mRNA and protein levels. Akti IV markedly 
attenuated PGN-mediated induction of CCL3 gene expression 
and completely blocked CCL3 secretion. LY294002 did not af-
fect PGN-induced gene transcription and secretion of CCL3. 
Akt exerts its biological effects through the activation of mTOR 
(Hahn-Windgassen et al., 2005). Therefore, we investigated 
whether mTOR participated in PGN-mediated CCL3 expres-
sion using rapamycin, an inhibitor of mTOR (Fig. 4). Rapamy-
cin affected CCL3 expression. PGN-mediated CCL3 secretion 
was signifi cantly reduced in the presence of rapamycin with 
attenuation of PGN-induced CCL3 gene transcription.

Roles of PKC in PGN-induced CCL3 expression
We have reported that PGN activates PKC in THP-1 cells 

(Lee et al., 2011). To assess the roles of PKC in PGN-mediat-
ed CCL3 up-regulation, we used two different PKC inhibitors, 
GF109203X and RO318220. Of the two inhibitors, RO318220 
not only remarkably attenuated PGN-induced CCL3 gene 
transcription but also almost completely blocked PGN-me-
diated CCL3 secretion. GF109203X, however, only slightly 
attenuated PGN-mediated CCL3 up-regulation at the mRNA 
and protein levels (Fig. 5).

Roles of MAPKs and ROS in PGN-induced CCL3 expression
PGN enhances phosphorylation of extracellular signal-

regulated kinase (ERK), p38 MAPK, and c-jun N-terminal ki-
nase (JNK) (Lee et al., 2011). To assess the roles of MAPKs 
in PGN-induced CCL3 up-regulation, we used the following 
MAPK inhibitors: SB202190 (p38 MAPK inhibitor), SP600125 

Fig. 2. Effects of OxPAPC and polymyxin B on PGN-mediated 
CCL3 up-regulation. THP-1 cells were stimulated for 9 h with or 
without PGN (1 μg/ml) after treatment for 1 h with OxPAPC (30 μg/
ml) or polymyxin B (10 mg/ml). CCL3 gene transcript was amplifi ed 
(A), and amount of CCL3 released into the medium was measured 
(B). ***p<0.001 vs. control, ###p<0.001 vs. PGN.

Fig. 3. Effects of LY294002 and Akti IV on PGN-mediated CCL3 
up-regulation. THP-1 cells were stimulated for 9 h with or without 
PGN (1 μg/ml) after pretreatment with LY294002 and Akti IV (10 
μM each). CCL3 gene transcript was amplifi ed (A), and amount of 
CCL3 released into the medium was measured (B). ***p<0.001 vs. 
control, ###p<0.001 vs. PGN.
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(JNK inhibitor), and U0126 (ERK inhibitor) (Fig. 6). U0126 and 
SP600125 signifi cantly blocked PGN-mediated CCL3 secre-
tion as well as profoundly inhibiting PGN-induced CCL3 gene 
transcription. SB202190 slightly attenuated PG-induced CCL3 
gene transcription without infl uencing secretion of the chemo-
kine. We also investigated whether ROS infl uenced CCL3 
expression using NAC and DPI (Fig. 7). DPI signifi cantly in-
hibited PGN-mediated CCL3 secretion as well as attenuating 
PGN-induced CCL3 gene transcription. NAC affected CCL3 
expression at the protein level as NAC signifi cantly inhibited 
PGN-mediated CCL3 secretion, with little infl uence on CCL3 
transcription.

DISCUSSION

The present study demonstrates that PGN, a bacterial com-
ponent present in atherosclerotic lesions, up-regulates CCL3 
expression both at the mRNA and protein levels in human 
macrophage THP-1 cells. This fi nding is consistent with the 
reported induction of  CCL2, CCL3, CCL4, and CXCL8 ex-
pression by PGN and LPS in human blood monocytes (Wang 
et al., 2000). It is possible that LPS contamination occurring 
during PGN preparation contributes to, or may be responsible 
for, the production of chemokines through activation of TLR4. 
To specifi cally investigate whether LPS contributed to PGN-
mediated CCL3 expression, we used polymyxin B, which ab-
rogates the biological effects of LPS by binding to it (Cardoso 
et al., 2007). Polymyxin B had no infl uence on PGN-mediated 

Fig. 4. Effects of rapamycin on PGN-mediated CCL3 up-regula-
tion. THP-1 cells were stimulated for 9 h with or without PGN (1 
μg/ml) after pretreatment with rapamycin (100 nM). CCL3 gene 
transcript was amplifi ed (A), and amount of CCL3 released into the 
medium was measured (B). ***p<0.001 vs. control, ###p<0.001 vs. 
PGN.

Fig. 5. Effects of PKC inhibitors on PGN-mediated CCL3 up-
regulation. THP-1 cells were stimulated for 9 h with or without PGN 
(1 μg/ml) after pretreatment with RO318220 (1 μM) or GF109203X 
(3 μM). CCL3 gene transcript was amplified (A), and amount of 
CCL3 released into the medium was measured (B). ***p<0.001 vs. 
control, ###p<0.001 vs. PGN.

Fig. 6. Effects of inhibitors of MAPKs on PGN-mediated CCL3 up-
regulation. THP-1 cells were stimulated for 9 h with or without PGN 
(1 μg/ml) after pretreatment with indicated MAPKs inhibitors (10 
μM each). CCL3 gene transcript was amplifi ed (A), and amount of 
CCL3 released into the medium was measured (B). ***p<0.001 vs. 
control, ###p<0.001 vs. PGN.
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CCL3 expression at both the mRNA and protein levels, which 
indicates that the up-regulation of CCL3 observed in this study 
was due to induction by PGN.

Even though it is evident that PGN induces expression of 
CCL3 chemokine, cellular molecules involved in CCL3 expres-
sion have not yet been clarifi ed. In the present study, we tried 
to identify the cellular factors that contribute to PGN-mediated 
CCL3 expression. Because PGN is a bacterial PAMP recog-
nized by TLR2 (Kawai and Akira, 2006), we investigated re-
ceptor-mediated CCL3 expression using OxPAPC, an inhibitor 
of TLR2/4. OxPAPC blocked the secretion of the chemokine 
and transcription of its gene. The complete inhibition of PGN-
mediated CCL3 expression by OxPAPC, but not by polymyxin 
B, indicates that TLR2 is responsible for PGN-induced CCL3 
expression.

We previously reported the enhanced Akt phosphorylation 
in response to PGN (Lee et al., 2011). Since this indicates 
PGN-mediated activation of the kinase, we presently investi-
gated if Akt and PI3K were involved in PGN-mediated CCL3 
expression. Akt inhibition completely blocked the secretion of 
CCL3 and also inhibited transcription of its gene, which in-
dicated that Akt activity is required for PGN-mediated CCL3 
expression. In contrast, PI3K inhibition with LY294002 did not 
attenuate CCL3 expression, suggesting that PI3K is unneces-
sary for CCL3 expression in response to PGN. We assumed 
the possibility that the concentration of LY294002 employed 
in this study was not suffi cient for blockage of PI3K. Further 
investigation with wortmannin, which inhibits PI3K irrevers-
ibly, or high doses of LY294002 will help to clarify the roles of 
PI3K in CCL3 expression in response to PGN. Akt achieves 
its biological effects through protein targets including mTOR 
(Manning and Cantley, 2007). We investigated if mTOR was 
involved in PGN-mediated CCL3 expression. Rapamycin in-
hibition of mTOR resulted in signifi cant reduction of CCL3 

secretion as well as attenuation of CCL3 gene transcription. 
These results indicate that rapamycin inhibits PGN-mediated 
CCL3 expression at the mRNA and protein levels. Taken to-
gether, these results indicate that Akt/mTOR pathway plays a 
crucial role in PGN-mediated CCL3 up-regulation.

PGN elevates phosphorylation of MAPKs, and MAPKs me-
diate chemokine production in TLR2, 4, and 9 signaling, which 
indicates the involvement of the kinases in CCL3 expression 
(Thobe et al., 2007; Lee et al., 2011). Appropriately, we inves-
tigated if MAPKs played roles in the expression of the che-
mokine. Selective inhibition of ERK and JNK, but not of p38 
MAPK, resulted in signifi cant attenuation of CCL3 expression. 
These results indicate that activation of MAPKs, particularly 
ERK and JNK, is required for PGN-mediated CCL3 expres-
sion. Since PGN causes increased ROS production in human 
blood leukocytes (Saetre et al., 2000), DPI and NAC were 
used to investigate the involvement of ROS in CCL3 expres-
sion. DPI is an inhibitor of NADPH oxidase, which produces 
ROS. Thus, DPI inhibits ROS formation (Miesel et al., 1995). 
NAC, a thiol compound that can act as a cysteine source 
for the repletion of intracellular glutathione, acts as a direct 
scavenger of ROS (Spagnuolo et al., 2006). Presently, DPI 
and NAC signifi cantly attenuated PGN-mediated secretion of 
CCL3 by THP-1 cells, which suggests that ROS have a role in 
CCL3 expression. Of the two ROS quenchers, DPI markedly 
attenuated CCL3 expression at the messenger level. These 
results indicate that ROS actively participate in PGN-mediated 
CCL3 up-regulation.

We assumed that PKC would play roles in PGN-mediated 
CCL3 expression based on the knowledge that THP-1 cells 
express PKC-βI, -βII, -λ, -η, and -θ subtypes and that PKC is 
able to activate Akt in a TLR2-dependent fashion (Asehnoune 
et al., 2005). Appropriately, we investigated the roles of PKC 
in PGN-mediated CCL3 expression using PKC inhibitors. 
RO318220 attenuated CCL3 expression, but GF109203X did 
not. These two inhibitors are bisindolylmaleimide derivatives of 
staurosporine and inhibit mixed isoforms of PKC. RO318220 
inhibits Akt, c-Raf, MAPKK-1, and p42 MAPK in addition to 
PKC, but GF109203X does not (Sipma et al., 1996). We found 
that activities of Akt and p44/42 MAPK are required for CCL3 
expression. Therefore, it seems plausible to think that the ad-
ditional inhibitory activity of other enzymes by RO318220 may 
lead to the difference between the two inhibitors in their effects 
on CCL3 expression. We think that drawing a conclusion on 
the roles of PKC should be reconsidered when experiments 
are performed with RO318220 or GF109203 alone. Further 
studies are needed to clarify whether PKC plays roles in PGN-
mediated CCL3 expression.

ACKNOWLEDGMENTS

This work was supported by the Basic Science Research 
Program through the National Research Foundation of Korea 
(NRF) funded by the Ministry of Education, Science, and Tech-
nology (MEST) (KRF-2007-314-E00223).

REFERENCES

Asehnoune, K., Strassheim, D., Mitra, S., Kim, J. Y. and Abraham, E. 
(2005) Involvement of PKCalpha/beta in TLR4 and TLR2 depen-

Fig. 7. Effects of ROS quenchers on PGN-mediated CCL3 up-
regulation. THP-1 cells were stimulated for 9 h with or without PGN 
(1 μg/ml) after pretreatment with DPI (10 μM) or NAC (5 mM). 
CCL3 gene transcript was amplifi ed (A), and amount of CCL3 re-
leased into the medium was measured (B). ***p<0.001 vs. control, 
###p<0.001 vs. PGN.



307

Kim et al.   CCL3 Expression in Response to Peptidoglycan

www.biomolther.org

dent activation of NF-kappaB. Cell Signal. 17, 385-394.
Aukrust, P., Halvorsen, B., Yndestad, A., Ueland, T., Oie, E., Otterdal, 

K., Gullestad, L. and Damas, J. K. (2008) Chemokines and car-
diovascular risk. Arterioscler. Thromb. Vasc. Biol. 28, 1909-1919.

Cardoso, L. S., Araujo, M. I., Goes, A. M., Pacifi co, L. G., Oliveira, 
R. R. and Oliveira, S. C. (2007) Polymyxin B as inhibitor of LPS 
contamination of Schistosoma mansoni recombinant proteins in 
human cytokine analysis. Microb. Cell. Fact. 6, 1.

Espinola-Klein, C., Rupprecht, H. J., Blankenberg, S., Bickel, C., 
Kopp, H., Rippin, G., Victor, A., Hafner, G., Schlumberger, W. and 
Meyer, J. (2002) Impact of infectious burden on extent and long-
term prognosis of atherosclerosis. Circulation 105, 15-21.

Hahn-Windgassen, A., Nogueira, V., Chen, C. C., Skeen, J. E., Sonen-
berg, N. and Hay, N. (2005) Akt activates the mammalian target of 
rapamycin by regulating cellular ATP level and AMPK activity. J. 
Biol. Chem. 280, 32081-32089.

Hayes, I. M., Jordan, N. J., Towers, S., Smith, G., Paterson, J. R., 
Earnshaw, J. J., Roach, A. G., Westwick, J. and Williams, R. J. 
(1998) Human vascular smooth muscle cells express receptors for 
CC chemokines. Arterioscler. Thromb. Vasc. Biol. 18, 397-403.

Holven, K. B., Myhre, A. M., Aukrust, P., Hagve, T. A., Ose, L. and Ne-
nseter, M. S. (2003) Patients with familial hypercholesterolaemia 
show enhanced spontaneous chemokine release from peripheral 
blood mononuclear cells ex vivo. Dependency of xanthomas/xan-
thelasms, smoking and gender. Eur. Heart J. 24, 1756-1762.

Kawai, T. and Akira, S. (2006) TLR signaling. Cell Death Differ. 13, 
816-825.

Laman, J. D., Schoneveld, A. H., Moll, F. L., van Meurs, M. and Paster-
kamp, G. (2002) Signifi cance of peptidoglycan, a proinfl ammatory 
bacterial antigen in atherosclerotic arteries and its association with 
vulnerable plaques. Am. J. Cardiol. 90, 119-123.

Langer, M., Malykhin, A., Maeda, K., Chakrabarty, K., Williamson, K. 
S., Feasley, C. L., West, C. M., Metcalf, J. P. and Coggeshall, K. M. 
(2008) Bacillus anthracis peptidoglycan stimulates an infl ammatory 
response in monocytes through the p38 mitogen-activated protein 
kinase pathway. PLoS One 3, e3706.

Lee, S. A., Kim, S. M., Son, Y. H., Lee, C. W., Chung, S. W., Eo, S. 
K., Rhim, B. Y. and Kim, K. (2011) Peptidoglycan enhances secre-
tion of monocyte chemoattractants via multiple signaling pathways. 
Biochem. Biophys. Res. Commun. 408, 132-138.

Libby, P. (2002) Infl ammation in atherosclerosis. Nature 420, 868-874.
Liehn, E. A., Zernecke, A., Postea, O. and Weber, C. (2006) Chemo-

kines: infl ammatory mediators of atherosclerosis. Arch. Physiol. 
Biochem. 112, 229-238.

Lutgens, E., Faber, B., Schapira, K., Evelo, C. T., van Haaften, R., 
Heeneman, S., Cleutjens, K. B., Bijnens, A. P., Beckers, L., Porter, 
J. G., Mackay, C. R., Rennet, P., Bailly, V., Jarpe, M., Dolinski, B., 
Koteliansky, V., de Fougerolles, T., Daemen, M. J. (2005) Gene 

profi ling in atherosclerosis reveals a key role for small inducible cy-
tokines: validation using a novel monocyte chemoattractant protein 
monoclonal antibody. Circulation 111, 3443-3452.

Manning, B. D. and Cantley, L. C. (2007) AKT/PKB signaling: navigat-
ing downstream. Cell 129, 1261-1274.

Menten, P., Wuyts, A. and Van Damme, J. (2002) Macrophage infl am-
matory protein-1. Cytokine Growth Factor Rev. 13, 455-481.

Miesel, R., Sanocka, D., Kurpisz, M. and Kroger, H. (1995) Antiinfl am-
matory effects of NADPH oxidase inhibitors. Infl ammation 19, 347-
362.

Saetre, T., Kahler, H., Foster, S. J. and Lyberg, T. (2000) Peptidoglycan 
and lipoteichoic acid, components of the streptococcal cell wall, 
have marked and differential effects on adhesion molecule expres-
sion and the production of reactive oxygen species in human whole 
blood leukocytes. Scand. J. Clin. Lab. Invest. 60, 311-321.

Sipma, H., van der Zee, L., van den Akker, J., den Hertog, A. and Nele-
mans, A. (1996) The effect of the PKC inhibitor GF109203X on the 
release of Ca2+ from internal stores and Ca2+ entry in DDT1 MF-2 
cells. Br. J. Pharmacol. 119, 730-736.

Spagnuolo, G., D'Anto, V., Cosentino, C., Schmalz, G., Schweikl, H. 
and Rengo, S. (2006) Effect of N-acetyl-L-cysteine on ROS pro-
duction and cell death caused by HEMA in human primary gingival 
fi broblasts. Biomaterials 27, 1803-1809.

Taniguchi, A., Nishimura, F., Murayama, Y., Nagasaka, S., Fukushima, 
M., Sakai, M., Yoshii, S., Kuroe, A., Suzuki, H., Iwamoto, Y., Soga, 
Y., Okumura, T., Oqura, M., Yamada, Y., Seino, Y. and Nakai, Y. 
(2003) Porphyromonas gingivalis infection is associated with carot-
id atherosclerosis in non-obese Japanese type 2 diabetic patients. 
Metabolism 52, 142-145.

Thobe, B. M., Frink, M., Hildebrand, F., Schwacha, M. G., Hubbard, W. 
J., Choudhry, M. A. and Chaudry, I. H. (2007) The role of MAPK in 
Kupffer cell toll-like receptor (TLR) 2-, TLR4-, and TLR9-mediated 
signaling following trauma-hemorrhage. J. Cell Physiol. 210, 667-
675.

Veillard, N. R., Braunersreuther, V., Arnaud, C., Burger, F., Pelli, G., 
Steffens, S. and Mach, F. (2006) Simvastatin modulates chemo-
kine and chemokine receptor expression by geranylgeranyl iso-
prenoid pathway in human endothelial cells and macrophages. 
Atherosclerosis 188, 51-58.

Wang, Z. M., Liu, C. and Dziarski, R. (2000) Chemokines are the 
main proinfl ammatory mediators in human monocytes activated 
by Staphylococcus aureus, peptidoglycan, and endotoxin. J. Biol. 
Chem. 275, 20260-20267.

Yoshimura, A., Lien, E., Ingalls, R. R., Tuomanen, E., Dziarski, R. and 
Golenbock, D. (1999) Cutting edge: recognition of Gram-positive 
bacterial cell wall components by the innate immune system occurs 
via Toll-like receptor 2. J. Immunol. 163, 1-5.

 


