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Suppression of the TRIF-Dependent Signaling
Pathway of Toll-Like Receptors by Isoliquiritigenin in

RAW264.7 Macrophages

Se-Jeong Park', Ho-Yeon Song®*, and Hyung-Sun Youn

Toll-like receptors (TLRs) play an important role in host de-
fense by sensing invading microbial pathogens and initiat-
ing innate immune responses. The stimulation of TLRs by
microbial components triggers the activation of myeloid
differential factor 88 (MyD88)- and toll-interleukin-1 receptor
domain-containing adapter inducing interferon-f (TRIF)-
dependent downstream signaling pathways. Isoliquiritigenin
(ILG), an active ingredient of Licorice, has been used for
centuries to treat many chronic diseases. ILG inhibits the
MyD88-dependent pathway by inhibiting the activity of
inhibitor-xB kinase. However, it is not known whether ILG
inhibits the TRIF-dependent pathway. To evaluate the
therapeutic potential of ILG, we examined its effect on
signal transduction via the TRIF-dependent pathway of
TLRs induced by several agonists. ILG inhibited nuclear
factor-xB and interferon regulatory factor 3 activation in-
duced by lipopolysaccharide or polyinosinic-polycytidylic
acid. ILG inhibited the lipopolysaccharide-induced phos-
phorylation of interferon regulatory factor 3 as well as in-
terferon-inducible genes such as interferon inducible pro-
tein-10, and regulated activation of normal T-cell expressed
and secreted (RANTES). These results suggest that ILG can
modulate TRIF-dependent signaling pathways of TLRs, lead-
ing to decreased inflammatory gene expression.

INTRODUCTION

Toll-like receptors (TLRs) recognize diverse molecular products
derived from all the major classes of microbes including bacte-
ria, viruses, yeast, and fungi. TLRs induce innate immune re-
sponses that are essential for host defense against invading
microbial pathogens (Bjorkbacka et al., 2004a; Medzhitov et al.,
1997). TLRs are type | transmembrane receptors, consisting of
leucine-rich repeats (LRR) in the extracellular domain and a
Toll/interleukin (IL)-1R (TIR) homologous region in the cyto-
plasmic domain (Uematsu and Akira, 2007). The activation of
these receptors by their respective ligands recruits one or more
TIR domain-containing adapter molecules, such as myeloid

1,3

differentiation protein-88 (MyD88) or toll-interleukin-1 receptor
domain-containing adapter inducing interferon-g (TRIF).

MyD88, the first TIR-domain adapter molecule to be de-
scribed, is an essential molecule for signaling by all mammalian
TLRs except for TLR3 (Takeda and Akira, 2005). MyD88 re-
cruits IL-1 receptor-associated kinase (IRAK) to TLRs. Two
members of the IRAK family, IRAK-1 and IRAK-4, are activated
by phosphorylation and associate with tumor necrosis factor
(TNF) receptor-associated factor 6 (TRAF6) leading to the acti-
vation of the canonical | kappa B kinase (IKK) complex followed
by the activation of the nuclear factor-xB (NF-xB) transcription
factor. This signaling pathway, the MyD88-dependent pathway,
induces the expression of inflammatory cytokine genes include-
ing TNF-o,, IL-6, IL-12, and IL-1pB (Akira et al., 2006).

In addition to the proinflammatory signals, TLR3 and TLR4
have the ability to induce type | interferons (IFNs) in a MyD88-
independent pathway (Akira et al., 2006). TRIF is an essential
adapter molecule for the TLR3- and TLR4-mediated MyD88-
independent pathway. TRIF activates two noncanonical IKKs,
inducible IKK (IKKi)/IKKe and TRAF family member associated
NF-xB activator-binding kinase1 (TBK1)/NF-kB-activating kinase
(NAK)/TRAF2-associated kinase (T2K), leading to the activation
of interferon regulatory factor 3 (IRF3) (Fitzgerald et al., 2003).
The representative target genes regulated through TRIF-depen-
dent signaling pathway of TLRs include IFN-B and IFN-inducible
genes such as inducible nitric oxide synthase (INOS), interferon
inducible protein-10 (IP-10), and regulated on activation normal
T-cell expressed and secreted (RANTES) (Bjorkbacka et al.,
2004a; Gao et al., 1998; Kawai et al., 2001). The activation of the
TRIF pathway also leads to the delayed activation of NF-xB me-
diated through the association of TRIF with receptor-interacting
protein-1 (RIP1) (Takeda and Akira, 2005).

Licorice (Glycyrrhiza uralensis) has been used for centuries
as a flavoring agent in foods, beverages, and tobacco, and to
treat several diseases. Studies have revealed that licorice-
derived compounds that include glycyrrhizin, isoliquiritigenin
(ILG), licochalcone, and glabridin have a variety of pharmaceu-
tical effects. Of these, ILG, a flavonoid with chalcone structure
(4,2',4'-trihydroxychalcone) (Fig. 1), has been evaluated for its
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Fig. 1. The structure of isoliquiritigenin

various biological activities including anti-inflammatory and anti-
oxidant activity (Kakegawa et al., 1992; Vaya et al., 1997). In
particular, ILG was found to suppress lipopolysaccharide (LPS)-
induced cyclooxygenase-2 (COX-2) and iNOS expression in
RAW264.7 cells (Takahashi et al., 2004).

The activation of TLRs by agonists induces inflammatory re-
sponses that are key etiological conditions for the development
of many chronic inflammatory diseases. It is already known that
ILG inhibits MyD88-dependent signaling pathway of TLRs by
the inhibition of IKKB (Kumar et al., 2007). However, it is not
known whether ILG inhibits the TRIF-dependent signaling
pathway of TLRs. The present study was undertaken to inves-
tigate this.

MATERIALS AND METHODS

Reagents

Isoliquiritigenin was purchased from Sigma-Aldrich (USA). It
was dissolved in dimethyl sulfoxide prior to use. Purified LPS
was purchased from List Biologicals (USA) and dissolved in
endotoxin-free water. Polyinosinic-polycytidylic acid (poly[l:C])
was purchased from Amersham Biosciences (USA). All other
reagents were purchased from Sigma-Aldrich unless otherwise
described.

Cell culture

RAW 264.7 cells (a murine monocytic cell line) purchased from
the American Type Culture Collection (USA) were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) containing 10%
(v/v) heat-inactivated fetal bovine serum (FBS), 100 units/ml
Penicillin and 100 pug/ml Streptomycin (Invitrogen, USA). Cells
were maintained at 37°C in a 5% CO/air environment.

Plasmids

NF-xB (2x)-luciferase reporter construct was provided by Frank
Mercurio (Signal Pharmaceuticals, USA). Heat shock protein 70
(HSP70)-B-galactosidase reporter plasmid was from Robert Mod-
lin (University of California, Los Angeles, Worcester, USA). IFNB
PRDIII-I luciferase plasmid was kind gift from Katherine A. Fitz-
gerald (University of Massachusetts Medical School, Worcester,
USA). IP-10- and RANTES-luciferase reporter constructs were
from Dr. Daniel Hwang (University of California, Davis, USA). All
DNA constructs were prepared in large scale using EndoFree
Plasmid Maxi kit (Qiagen, USA) for transfection.

Transfection and luciferase assay

The assays were performed as described previously (Ahn et al.,
2009; Youn et al., 2009). Briefly, RAW264.7 cells were co-
transfected with a luciferase plasmid and HSP70-3-galactosidase
plasmid as an internal control using SuperFect transfection re-

agent (Qiagen, USA) according to the manufacturer’s instructions.

Luciferase and B-galactosidase enzyme activities were deter-
mined using commercial luciferase assay and p-galactosidase
enzyme systems (Promega, USA) according to the manufac-
turer's instructions. Luciferase activity was normalized by B-
galactosidase activity. Data were obtained from triplicate ex-
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Fig. 2. Isoliquiritigenin inhibits LPS-induced IRF3 activation and
phosphorylation. (A, B) RAW264.7 cells were transfected with NF-
kB (A) or IRF3 binding site (IFNB PRDIII-I) (B) luciferase reporter
plasmid and pre-treated with isoliquiritigenin (20, 50 uM) for 1 h and
then treated with LPS (10 ng/ml) for an additional 8 h. Cell lysates
were prepared and luciferase and B-galactosidase enzyme activi-
ties were measured as described in “Materials and Methods”. Rela-
tive luciferase activity (RLA) was normalized with B-galactosidase
activity. Values are mean + SEM (n = 3). *, Significantly different
from LPS alone (A), p < 0.05. +, Significantly different from LPS
alone (B), p < 0.05. (C) RAW264.7 cells were pretreated with
isoliquiritigenin (20, 50 pM) for 1 h and then further stimulated with
LPS (10 ng/ml) for 2 h. Cell lysates were analyzed for phospho-
IRF3 (S396) and IRF3 proteins by Western blotting. (D) RAW264.7
cells were pretreated with isoliquiritigenin (20, 50 uM) for 1 h and
then further stimulated with LPS (10 ng/ml) for 8 h. Cell lysates
were analyzed for INOS and actin proteins by Western blotting. Veh,
vehicle; ILG, isoliquiritigenin.

periments. Values are expressed as mean + standard error of
the mean (SEM).

Western blotting

These were performed the same as previously described (Youn
et al., 2006). Equal amounts of extracts were resolved on 8%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis and
separated proteins were electrotransferred to a polyvinylidene
difluoride membrane. The membrane was blocked with phos-
phate-buffered saline containing 0.1% Tween 20 and 3% nonfat
dry milk and were blotted with the indicated antibodies and sec-
ondary antibodies conjugated to horseradish peroxidase (Amer-
sham, USA). The reactive bands were visualized with an en-
hanced chemiluminescence system (Amersham Biosciences,
USA). To reprobe with different antibodies, the membrane was
stripped in 0.2 N of NaOH at room temperature for 10 min. IRF3
and phospho-IRF3 antibodies were purchased from Zymed
Laboratories (USA) and Cell Signaling (USA), respectively.

ELISA

For the measurement of IP-10 concentration, cells were pre-
treated with ILG (20.50 uM) for 1 h and then treated with LPS
(10 ng/ml) or poly[l:C] (10 pug/ml) for an additional 8 h. The lev-
els of IP-10 were determined with culture medium by using IP-
10 ELISA kit according to the manufacturer’s instruction (R&D
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Fig. 3. Isoliquiritigenin inhibits poly[l:C]-induced NF-xB and IRF3
activation. (A, B) RAW264.7 cells were transfected with NF-xB (A)
or IRF3 binding site (IFNf PRDIII-I) (B) luciferase reporter plasmid
and pre-treated with isoliquiritigenin (20, 50 uM) for 1 h and then
treated with poly[l:C] (10 pg/ml) for an additional 8 h. Cell lysates
were prepared and luciferase and B-galactosidase enzyme activi-
ties were measured as described in “Materials and Methods”. Rela-
tive luciferase activity (RLA) was normalized with B-galactosidase
activity. Values are mean + SEM (n = 3). *, Significantly different
from poly[l:C] alone (A), p < 0.05. +, Significantly different from
poly[l:C] alone (B), p < 0.05. Veh, vehicle; ILG, isoliquiritigenin.

Systems, USA).

Cell viability test

Cell viability was assessed by using MTS [3-(4,5-dimethyl-
thiazol-2-yl)-5(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium, inner salt] based colorimetric assay. Assays are
performed by adding a small amount of the CellTiter 96 AQueous
One Solution Reagent (Promega, USA) directly to culture wells,
incubating for 4 h and then recording the absorbance at 490
nm with a 96-well plate reader.

RESULTS AND DISCUSSION

ILG suppresses LPS-induced NF-xB and IRF3 activation
TLR signaling pathways trigger the activation of NF-xB medi-
ated through both MyD88- and TRIF-dependent pathways.
LPS (a TLR4 agonist) triggers both MyD88- and TRIF-de-
pendent pathways leading to the activation of NF-xB. Therefore,
the activation of NF-kB was used as the readout for LPS-
induced TLR4 activation. ILG inhibited LPS-induced NF-«xB ac-
tivation in RAW264.7 cells as determined by a luciferase re-
porter gene assay (Fig. 2A).

Next, we determined whether ILG could inhibit TRIF-depen-
dent signaling pathway of TLR4. This pathway induces the acti-
vation of downstream kinases such as TBK1 and IKKi, and then
phosphorylates IRF3 leading to the activation of IRF3 (Fitzgerald
et al., 2003). Therefore, IRF3 activation was used as the readout
for TRIF-dependent pathway. ILG inhibited LPS-induced IRF3
activation as determined by a reporter gene assay using the IFN
promoter domain containing the IRF3 binding site (IFNB PRDIII-I)
(Fig. 2B). ILG also inhibited the phosphorylation of IRF3 (Fig. 2C)
and the expression of iINOS (Fig. 2D) as determined by Western
blotting. These results suggest that ILG inhibits TRIF-dependent
signaling pathway derived from TLR4 activation.

ILG suppresses poly[l:Cl-induced NF-kB and IRF3
activation
Although the TLR4 signaling pathway can trigger NF-xB and
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Fig. 4. Isoliquiritigenin inhibits LPS or poly[l:Cl-induced IP-10 and
RANTES expression. (A, B) RAW264.7 cells were transfected with
IP-10-luciferase reporter plasmid and pre-treated with isoliquiritigenin
(20, 50 puM) for 1 h and then treated with LPS (10 ng/ml) (A) or
poly[l:C] (10 ug/ml) (B) for an additional 8 h. Cell lysates were pre-
pared and luciferase and f-galactosidase enzyme activiies were
measured as described in “Materials and Methods”. Relative
luciferase activity (RLA) was normalized with B-galactosidase activity.
Values are mean = SEM (n = 3). **, Significantly different from LPS
alone (A), p < 0.01. ++, Significantly different from poly[l:C] alone (B),
p<0.01. (C, D) RAW264.7 cells were pre-treated with isoliquiritigenin
(50 pM) for 1 h and then treated with LPS (10 ng/ml) (C) or poly[l:C]
(10 pg/ml) (D) for an additional 8 h. Protein concentrations from cell
culture supernatants were determined by ELISA as described in
“Materials and Methods”. Values are mean + SEM (n = 2). &, Signifi-
cantly different from LPS alone (C), p < 0.05. ¢ ¢, Significantly differ-
ent from poly[l:C] alone (D), p < 0.01. (E, F) RAW264.7 cells were
transfected with RANTES-luciferase reporter plasmid and pre-treated
with isoliquiritigenin (20, 50 uM) for 1 h and then treated with LPS (10
ng/ml) (E) or poly[l:C] (10 ug/ml) (F) for an additional 8 h. Cell lysates
were prepared and luciferase and B-galactosidase enzyme activities
were measured as described in “Materials and Methods”. Relative lu-
ciferase activity (RLA) was normalized with B-galactosidase activity.
Values are mean + SEM (n = 3). #, Significantly different from LPS
alone (E), p < 0.05. t, Significantly different from poly{l:C] alone (F), p
< 0.05. Veh, vehicle; ILG, isoliquiritigenin.

IRF3 activation mediated through both MyD88- and TRIF-
dependent pathways, TLR3 triggers NF-xB and IRF3 activa-
tion only through the TRIF-dependent pathway. Therefore,
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induction of NF-kB and IRF3 activation by poly[l:C] (a TLR3
agonist) can be used as the readout for the TRIF-dependent
pathway. ILG inhibited poly[l:C]-induced NF-xB and IRF3
activation as determined by luciferase reporter gene assay
(Figs. 3A and 3B).

ILG suppresses LPS or poly[l:C]-induced IP-10 and
RANTES expression

To further identify the inhibition of TRIF-dependent pathway by
ILG, the expression of genes associated with the TRIF-de-
pendent pathways such as IP-10 and RANTES were measured
by a luciferase reporter gene assay and ELISA. ILG inhibited
LPS or poly[l:C]-induced IP-10 and RANTES expression (Fig.
4). The results are consistent with ILG inhibition of the TRIF-
dependent signaling pathway of TLR3 and TLR4 for the inhibi-
tion of NF-xB and IRF3.

Recently, it was demonstrated that ILG effectively inhibits
LPS-induced iNOS and COX-2 expression and iNOS, COX-2,
TNFo, and IL-6 transcriptions by inhibiting the degradation and
phosphorylation of IkBa. in RAW264.7 macrophages (Kim et al.,
2008). The anti-inflammatory effects of ILG are also accom-
plished by reducing NF-«xB activation via IKK signaling pathway
on human endothelial cells and human lung epithelial cells
(Kumar et al., 2007). Therefore, the NF-«B inhibition by ILG is not
a cell type specific. ILG inhibited TNFa-induced NF-xB activation
but not AP-1 and Oct-1 transcription factors (Kumar et al., 2007).
Thus, the inhibitory activity of ILG is specific to NF-kB.

All TLR signaling pathways culminate in the activation of NF-
kB, which induces cytokine gene expression leading to pro-
inflammatory responses. In addition to NF-xB activation, TLR3
and TLR4 lead to IRF3 activation that is mediated through the
TRIF-dependent signaling pathway (Lin et al., 1998; Navarro
and David, 1999). The activation of TLR3 and TLR4 recruits
TRIF that activates the downstream kinases TBK1 and IKKe.
Their activation phosphorylates IRF3, resulting in IRF3 dimeri-
zation and subsequent translocation to the nucleus. IRF3 trans-
located into the nucleus binds to consensus DNA sequences
known as the IFN-stimulated response elements (ISRE) found
in the promoter regions of genes such as those encoding IFNB,
IP-10, and RANTES (Bjorkbacka et al., 2004a; Lin et al., 1999;
Schafer et al., 1998). Since more than 70% of LPS-inducible
genes are regulated through TRIF-dependent pathway
(Bjorkbacka et al., 2004b), the modulation of the TRIF-depen-
dent pathway of TLRs might be useful and novel anti-inflamma-
tory strategy. Our results showed that ILG suppressed IFNB
production induced by TLR3 or TLR4 agonists and the tran-
scriptional activation of IRF3 by inhibiting TRIF-dependent sig-
naling pathway.

In the present study, we demonstrate that ILG suppresses
TRIF-dependent pathways of TLR3 and TLR4. The suppres-
sion of TRIF pathway of TLR3 and TLR4 by ILG is accompa-
nied by the down-regulation of the activation of NF-xB and
IRF3, and of their target genes including IFNB, IP-10, and
RANTES. Our results further the understanding of the mecha-
nism of ILG for its anti-viral, anti-bacterial, and anti-inflammatory
activities.

Note: Supplementary information is available on the Molecules
and Cells website (www.molcells.org).

REFERENCES

Ahn, S.I, Lee, JK., and Youn, H.S. (2009). Inhibition of homo-
dimerization of toll-like receptor 4 by 6-shogaol. Mol. Cells 27,
211-215.

Akira, S., Uematsu, S., and Takeuchi, O. (2006). Pathogen recogni-
tion and innate immunity. Cell 124, 783-801.

Bjorkbacka, H., Fitzgerald, K.A., Huet, F., Li, X., Gregory, J.A,, Lee,
M.A., Ordija, C.M., Dowley, N.E., Golenbock, D.T., and Freeman,
M.W. (2004a). The induction of macrophage gene expression by
LPS predominantly utilizes Myd88-independent signaling cas-
cades. Physiol. Genomics 19, 319-330.

Bjorkbacka, H., Fitzgerald, K.A., Huet, F., Li, X., Gregory, J.A,, Lee,
M.A,, Ordija, C.M., Dowley, N.E., Golenbock, D.T., and Freeman,
M.W. (2004b). The induction of macrophage gene expression by
LPS predominantly utiizes Myd88-independent signaling cas-
cades. Physiol. Genomics 19, 319-330.

Fitzgerald, K.A., McWhirter, S.M., Faia, K.L., Rowe, D.C., Latz, E.,
Golenbock, D.T., Coyle, AJ., Liao, S.M., and Maniatis, T. (2003).
IKKepsilon and TBK1 are essential components of the IRF3 sig-
naling pathway. Nat. Immunol. 4, 491-496.

Gao, JJ., Filla, M.B., Fultz, M.J., Vogel, S.N., Russell, SW., and
Murphy, W.J. (1998). Autocrine/paracrine IFN-alphabeta mediates
the lipopolysaccharide-induced activation of transcription factor
Stat1alpha in mouse macrophages: pivotal role of Stattalpha in
induction of the inducible nitric oxide synthase gene. J. Immunol.
161, 4803-4810.

Kakegawa, H., Matsumoto, H., and Satoh, T. (1992). Inhibitory effects
of some natural products on the activation of hyaluronidase and
their anti-allergic actions. Chem. Pharm. Bull. 40, 1439-1442.

Kawai, T., Takeuchi, O., Fuijita, T., Inoue, J., Muhlradt, P.F., Sato, S.,
Hoshino, K., and Akira, S. (2001). Lipopolysaccharide stimulates
the MyD88-independent pathway and results in activation of IFN-
regulatory factor 3 and the expression of a subset of lipopolysac-
charide-inducible genes. J. Immunol. 167, 5887-5894.

Kim, J.Y., Park, S.J., Yun, K.J., Cho, Y.W., Park, H.J., and Lee, K.T.
(2008). Isoliquiritigenin isolated from the roots of Glycyrrhiza
uralensis inhibits LPS-induced iNOS and COX-2 expression via
the attenuation of NF-kappaB in RAW 264.7 macrophages. Eur. J.
Pharmacol. 584, 175-184.

Kumar, S., Sharma, A., Madan, B., Singhal, V., and Ghosh, B. (2007).
Isoliquiritigenin inhibits IkappaB kinase activity and ROS genera-
tion to block TNF-alpha induced expression of cell adhesion mole-
cules on human endothelial cells. Biochem. Pharmacol. 73, 1602-
1612.

Lin, R., Heylbroeck, C., Pitha, P.M., and Hiscott, J. (1998). Virus-
dependent phosphorylation of the IRF-3 transcription factor regu-
lates nuclear translocation, transactivation potential, and protea-
some-mediated degradation. Mol. Cell. Biol. 18, 2986-2996.

Lin, R., Heylbroeck, C., Genin, P., Pitha, P.M., and Hiscott, J. (1999).
Essential role of interferon regulatory factor 3 in direct activation of
RANTES chemokine transcription. Mol. Cell. Biol. 19, 959-966.

Medzhitov, R., Preston-Hurlburt, P., and Janeway, C.A., Jr. (1997). A
human homologue of the Drosophila Toll protein signals activation
of adaptive immunity. Nature 388, 394-397.

Navarro, L., and David, M. (1999). p38-dependent activation of in-
terferon regulatory factor 3 by lipopolysaccharide. J. Biol. Chem.
274, 35535-35538.

Schafer, S.L., Lin, R., Moore, P.A., Hiscott, J., and Pitha, P.M. (1998).
Regulation of type | interferon gene expression by interferon regu-
latory factor-3. J. Biol. Chem. 273, 2714-2720.

Takahashi, T., Takasuka, N., ligo, M., Baba, M., Nishino, H., Tsuda,
H., and Okuyama, T. (2004). Isoliquiritigenin, a flavonoid from lico-
rice, reduces prostaglandin E2 and nitric oxide, causes apoptosis,
and suppresses aberrant crypt foci development. Cancer Sci. 95,
448-453.

Takeda, K., and Akira, S. (2005). Toll-ike receptors in innate immunity.
Int. Immunol. 717, 1-14.

Uematsu, S., and Akira, S. (2007). Toll-like receptor and innate im-
munity. Seikagaku 79, 769-776.

Vaya, J., Belinky, P.A., and Aviram, M. (1997). Antioxidant constitu-
ents from licorice roots: isolation, structure elucidation and antioxi-
dative capacity toward LDL oxidation. Free Radic. Biol. Med. 23,
302-313.

Youn, H.S., Saitoh, S.I., Miyake, K., and Hwang, D.H. (2006). Inhibi-
tion of homodimerization of Toll-like receptor 4 by curcumin. Bio-
chem. Pharmacaol. 72, 62-69.

Youn, H.S., Ahn, S.I, and Lee, B.Y. (2009). Guggulsterone sup-
presses the activation of transcription factor IRF3 induced by
TLRS3 or TLR4 agonists. Int. Immunopharmacol. 9, 108-112.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


