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Introduction

Clostridium difficile toxin A causes acute gut inflammation in animals and humans. It is known
to downregulate the tight junctions between colonic epithelial cells, allowing luminal contents
to access body tissues and trigger acute immune responses. However, it is not yet known
whether this loss of the barrier function is a critical factor in the progression of toxin A-
induced pseudomembranous colitis. We previously showed that NADH:quinone
oxidoreductase 1 (NQO1) KO (knockout) mice spontaneously display weak gut inflammation
and a marked loss of colonic epithelial tight junctions. Moreover, NQO1 KO mice exhibited
highly increased inflammatory responses compared with NQO1 WT (wild-type) control mice
when subjected to DSS-induced experimental colitis. Here, we tested whether toxin A could
also trigger more severe inflammatory responses in NQO1 KO mice compared with NQO1 WT
mice. Indeed, our results show that C. difficile toxin A-mediated enteritis is significantly
enhanced in NQO1 KO mice compared with NQO1 WT mice. The levels of fluid secretion,
villus disruption, and epithelial cell apoptosis were also higher in toxin A-treated NQO1 KO
mice compared with WT mice. The previous and present results collectively show that NQO1
is involved in the formation of tight junctions in the small intestine, and that defects in NQO1
enhance C. difficile toxin A-induced acute inflammatory responses, presumably via the loss of

epithelial cell tight junctions.

Keywords: Clostridium difficile, bacterial toxins, enteritis, NQO1, gut epithelial cell tight junction,
barrier function

antibiotics kill normal flora, making room for the
colonization of C. difficile [19, 20]. This leads to the release

Clostridium difficile is the major cause of pseudomembranous
colitis, which is characterized by inflammation and severe
diarrhea [9, 24]. Studies have shown that in recent years,
C. difficile infection rates have risen greatly, and the disease
has gradually become more difficult to treat [12-14, 20].
Half the infections occur in those older than 65 years, but
they account for 90% of the deaths [10, 12—14, 20]. However,
few therapeutics are available to treat the disease.

The use of antibiotics is associated with C. difficile
infection-induced pseudomembranous colitis because oral
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of toxins (toxin A and toxin B) that display cytotoxicity
against various mucosal cells (e.g., epithelial and immune
cells) [12—-14, 16, 24]. These toxins trigger the loss of
epithelial cell junctions; this is believed to promote disease
progression, as these tight junctions in the gut prevent
tissues from being exposed to luminal contents, and their
loss triggers immune responses [19, 20]. However, the
importance of mucosal barrier function in toxin-induced
gut inflammation has not yet been fully elucidated.
NADH:quinone oxidoreductase 1 (NQO1), which catalyzes



the reduction of quinone metabolites by using nicotinamide
adenine dinucleotide (NADH) as an electron donor, is
known to regulate the intracellular ratio of NAD and
NADH (two fundamental mediators of energy metabolism)
in various cell systems [3, 5, 18]. NQO1 is an antioxidant
flavoprotein that scavenges reactive oxygen species (ROS)
[1, 8, 15, 21], and it has been associated with cancer [25],
diabetes [4, 26], and obesity [6]. We recently reported that a
defect in NQOIL triggered a severe loss of tight junctions in
the gut epithelial cells of mice [17]. Moreover, in the
chronic mouse colitis model induced by DSS treatment,
NQOL1 knockout (KO) mice exhibited highly increased
colonic inflammation compared with NQO1 wild-type
(WT) mice [17].

Here, we tested whether C. difficile toxin A triggers greater
inflammatory responses in NQO1 KO mice compared with
NQO1 WT mice. Our findings support the notion that
NQO1 contributes to the regulating epithelial cell tight
junctions, and promotes the ability of the mucosal barrier
to protect against toxin-mediated inflammation.

Materials and Methods

C. difficile Toxin A

Toxin A was purified from culture supernatants of C. difficile
strain VPI 10463 (American Type Culture Collection, USA)
using anion-exchange chromatography and fast protein liquid
chromatography as previously described [12].

Reagents

The polyclonal antibody against caspase-3 was obtained from
Cell Signaling Technology (USA). The polyclonal antibody against
NQO1 was obtained from Santa Cruz Biotechnology (USA). The
p-actin antibody was purchased from Sigma Aldrich (USA).

C. difficile Toxin A-Induced Acute Mouse Enteritis

NQO1 WT and NQO1 KO mice were kindly provided by Dr.
Shong (Chungnam National University, Korea). All mice were
bred and maintained in conventional mouse facilities at Daejin
University (Korea), housed four per cage in a room maintained at
a constant temperature (25°C). All protocols conformed to the
guidelines of the institute’s Animal Care and Use Committee. NQO1
WT and NQO1 KO mice were anesthetized by intraperitoneal
injection of sodium pentobarbital (50 mg/kg), and ileal loops
(2 cm) were prepared and injected with control buffer or C. difficile
toxin A (3 pg) in a volume of 100 ul PBS. After 4 h, animals were
sacrificed and ileal loop tissues were collected. The ileal loops
were weighed and their lengths were measured. Fluid secretion
was expressed as the loop weight-to-length ratio (mg/cm), as
previously reported [13].
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Immunohistochemistry

Small intestines were isolated from NQO1 WT mice and were
fixed for 12h at 4°C in 4% buffered formalin and routinely
processed for paraffin embedding at 56°C. Paraffin sections were
cut and stretched at 45°C, allowed to dry, and stored at 4°C until
use. Sections were deparaffinized and rehydrated via xylene and a
graded series of ethyl alcohol, and treated with 0.1% trypsin
(Sigma Chemical Co.) in distilled water for 5-10 min at 37°C.
Sections were incubated for 30 min with 0.3% hydrogen peroxide
in methanol to inhibit endogenous peroxidases and then for
30 min at room temperature with non-immune serum. Afterwards,
the sections were incubated overnight at 4°C with antibody
against NQOL1 diluted 1:200 (v/v). After washing with PBS, the
bound antibody was visualized by the peroxidase ABC method.
Non-immune serum was used as a negative control [17].

Measurement of Mucosal Macromolecular Permeability

NQO1 WT and NQO1 KO mice were starved for 36 h prior to
experiments, to reduce the luminal contents of their intestines.
Each mouse was anesthetized with an intraperitoneal injection of
Avertin (250 mg/kg; Sigma Aldrich). Both renal pedicles were
ligated with 5-0 silk to prevent urinary excretion of the fluorescent
probe. Ileal loops (3—4 cm) were prepared by silk ligation, and
then lumenally injected with normal saline (0.3 ml, PBS) containing
fluorescein-labeled dextran (MW 4,000; 25 mg/ml; Sigma, Canada)
using a 0.5 ml U-100 insulin syringe. To keep the animals warm
and protect the dye from light exposure, we covered each mouse
with an aluminum foil blanket. After 3 h, 0.5 ml of blood was
collected by cardiac puncture. The blood was centrifuged at 5,000
rpm for 10 min, and the supernatant was diluted 1:2 in PBS
(pH 7.3). The concentration of fluorescein-labeled dextran was
determined with GloMax 20/20 (Promega, USA), as previously
described [2].

Histopathology Assessment

H&E-stained ileal sections were coded for blind microscopic
assessment of inflammation. Histological scoring was based on
two parameters. Severity of inflammation was scored as follows:
0, rare inflammatory cells in the lamina propria; 1, increased
numbers of granulocytes in the lamina propria; 2, confluence of
inflammatory cells extending into the submucosa; 3, transmural
extension of the inflammatory infiltrate. Epithelial damage was
scored as follows: 0, intact crypts; 1, loss of the basal one-third; 2,
loss of the basal two-thirds; 3, entire crypt loss. The histological
severity of colitis was graded in a “blinded” fashion [22].

Measurement of Mouse IL-6 and TNF-o

Ileal loops were homogenized (40sec) in PBS and then
centrifuged (11,000 xg, 10 min at 4°C), and the supernatant was
collected for protein concentration determination. Mouse IL-6 and
TNF-a were measured by ELISA kits (R&D Systems, USA), and
standardized with protein concentrations of each sample [22].
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Immunoblot Analysis

Mouse tissues were washed with cold PBS and lysed in buffer
(150 mM NaCl, 50 mM Tris-HCI, pH 8.0, 5 mM EDTA, 1% Nonidet
P-40), and equal amounts of protein were fractionated by SDS-
polyacrylamide gel electrophoresis (SDS-PAGE). The appropriate
antibodies were applied, and antigen-antibody complexes were
detected with the LumiGlo reagent (New England Biolabs, USA)
[11].

Statistical Analysis

The results are presented as mean values + SEM. Data were
analyzed using the SIGMA-STAT professional statistics software
program (Jandel Scientific Software, USA). Analyses of variance
with protected ¢ tests were used for intergroup comparisons [11].

Results and Discussion

NQO1 KO Mice Show Increased Mucosal Permeability
and Inflammation in the Small Intestine

Given our previous findings that NQO1 expression is
relatively high in various regions of the gut (e.g., the small
intestine and colon), and that NQO1 contributes to
regulating epithelial cell tight junction formation [17], we
first used immunohistochemistry with an antibody against
NQOL1 to identify the specific cells that mainly express this
protein in the mouse small intestine. As shown in Fig. 1A,
the NQO1 protein was mainly detected in epithelial cells of
the small intestine (ileum), but not in lamina propria cells
(immune cells, fibroblasts, and other connective tissue
cells) or muscle cells. This indicates that the main NQO1-
expressing cells are the epithelial cells that form the mucosal
barrier through cell-cell tight junctions. A macromolecular
permeability test revealed that the ileums of NQO1 KO
mice were much more permeable than those of NQO1
WT mice (Fig. 1B). Moreover, the concentrations of the
proinflammatory cytokine IL-6 [14] were significantly
higher in the ileums of NQO1 KO mice compared with
those of NQO1 WT mice (Fig. 1C). These results suggest
that the defect in NQO1 markedly reduced epithelial cell
tight junctions and slightly increased inflammation in the
small intestine.

C. difficile Toxin A-Induced Fluid Secretion in the Small
Intestine Is Higher in NQO1 KO Mice than in NQO1 WT
Mice

We previously observed that, when subjected to DSS-
induced colitis, NQO1 KO mice showed significantly higher
lethality rates, inflammatory responses (TNF-o and IL-6
production), and mucosal damage in the colon compared
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Fig. 1. NQO1 KO increases mucosal permeability and
inflammation in the mouse small intestine.

(A) Immunohistochemistry with an antibody against NQO1 was used
to elucidate the distribution of this protein in the small intestine
(ileum) of NQO1 WT mice. The presented results are representative
of those obtained from three independent experiments (arrows
indicate cells expressing NQO1). (B) Ileal loops of NQO1 WT and
NQOI1 KO (deficient) mice were lumenally injected with fluorescein-
labeled dextran, and blood fluorescence was determined. The results
shown are representative of three independent experiments; *, p <
0.05 vs. NQO1 WT mice (1 = 12 per group). (C) The concentrations of
IL-6 were measured in the small intestines. The bars represent the
mean + SEM of three independent experiments, each with triplicate
determinations; *, p < 0.005 vs. NQO1 WT mice.
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Fig. 2. C. difficile toxin A-induced fluid secretion is higher in
NQO1 KO mice than in NQO1 WT mice.

NQO1 WT and NQO1 KO mice were anesthetized and ileal loops
(2 cm) were prepared and injected with PBS buffer containing toxin A
(Tx, 3 ng). After 4h, the ileal loops were collected, weighed, and
measured for their lengths. Fluid secretion is expressed as the loop
weight-to-length ratio (mg/cm). The bars represent the mean + SEM
of three independent experiments, each with triplicate determinations;
*,p <0.05 (1 = 8 per group).

with NQO1 WT mice [17]. In the present study, we assessed
whether the small intestines of NQO1 KO mice are also
more sensitive to C. difficile toxin A-induced inflammation,
which is a model of acute enteritis in which a massive
amount of fluid is secreted to the lumen [16]. Briefly, NQO1
WT and NQO1 KO mice were anesthetized, and ileal loops
were prepared and injected with C. difficile toxin A (3 pg)
[16]. After 4 h, the mice were sacrificed, and fluid secretion
levels in the ileal loop tissues were measured. As shown in
Fig. 2, the level of toxin A-induced fluid secretion was
significantly higher in NQO1 KO mice than in NQO1 WT
mice. This suggests that the defect in NQO1 enhances
C. difficile toxin A-induced fluid secretion, presumably via
the loss of tight junctions.

Toxin A is known to cause severe paracellular permeability,
followed by massive exposure of lumenal pathogens to the
human body, leading to gut inflammation and weight loss
[12, 13, 16, 20]. Thus, the increase in paracellular permeability
that is associated with NQO1 KO and the well-known
mucosal damage induced by toxin A may synergistically
aggravate inflammatory responses in the tested NQO1 KO
mice. Our results also strongly support the physiological
role of NQOL1 in mediating tight junction integrity in the
gut.
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Fig. 3. C. difficile toxin A-induced inflammatory cytokine levels
in the ileum are higher in NQO1 KO mice than in NQO1 WT
mice.
NQO1 WT and NQO1 KO mice were anesthetized, and ileal loops
were prepared and injected with toxin A (Tx). The ileal loops were
collected, and the concentrations of IL-6 (A) and TNF-a (B) were
measured. The bars represent the mean + SEM of three independent
experiments, each with triplicate determinations; *, p < 0.005 vs.
NQO1 WT mice (n = 8 per group).

C. difficile Toxin A-Mediated Inflammation Is Higher in
NQO1 KO Mice than in NQO1 WT Mice

Next, we assessed whether the NQO1 defect aggravates
inflammatory responses in the C. difficile toxin A-induced
acute enteritis model. To test this, ileal loops were
homogenized, supernatants were collected, and the
concentrations of IL-6 and TNF-a (proinflammatory
cytokines) [16] were measured by ELISA. As shown in
Fig. 3A, NQO1 KO mice exhibited highly increased IL-6
production compared with NQO1 WT mice. Very similar
results were obtained for TNF-o (Fig. 3B). These results
indicate that the tight junction loss caused by NQO1 KO is
also highly sensitive to C. difficile toxin A-induced inflammatory
responses.

NQOT1 is known to be involved in innate and adaptive
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Fig. 4. C. difficile toxin A-induced gut mucosal damage in the
ileum is higher in NQO1 KO mice than in NQO1 WT mice.
NQO1 WT and NQO1 KO mice (1 = 8 per group) were anesthetized,
and ileal loops were prepared and injected with PBS buffer
containing C. difficile toxin A (Tx). After 4h, the ileal loops were
collected and inflammatory parameters were evaluated. (A) Light
micrographs of mouse ileums (1 = 8 per group; H&E staining, x200).
(B) Epithelial cell extracts (extracts of ileal scrapings) were isolated
from ileums of NQO1 WT and NQO1 KO mice and resolved on
polyacrylamide gels. Blots were probed with antibodies against
caspase-3 and B-actin. The presented results are representative of
three independent experiments. (C) Histological scores (1 = 8 per
group; ¥, p < 0.005; #, p < 0.01).

immune responses. For example, the LPS-induced activation
of monocytes is highly dependent on the upregulation of
NQO1 [7]. In addition, NQOT1 null mice exhibit decreased
levels of B cells and a high susceptibility to autoimmune
disease [23], suggesting that NQO1 may play a pivotal role
in immune regulation. Thus, the increased inflammation
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we observed in toxin A-treated NQO1 KO mice may reflect
the ability of NQOL1 to regulate immune responses. If this is
the case, such finding would suggest that the function of
NQOIL1 in the gut mucus is anti-inflammatory in nature.
However, we conclude that gut-expressed NQO1 also
critically regulates epithelial cell tight junctions (and thus
the mucosal barrier), as shown by the following results:
NQOL1 levels are lower in the spleen (an organ containing
numerous immune cells) than in other gut organs [17];
NQO1 KO causes loss of mucosal barrier function [17]; and,
in the gut, NQO1 is mainly expressed by epithelial cells,
not immune cells (this study). Taken together, the previous
and present findings suggest that the NQO1 KO-dependent
reduction of epithelial cell tight junctions can enhance toxin
A-induced inflammation in the mouse small intestine.

C. difficile Toxin A-Mediated Villus Disruption and Apoptosis
Are Increased in NQO1 KO Mice Compared with NQO1
WT Mice

We also tested whether NQO1 KO highly increased villus
disruption and gut epithelial cell apoptosis, which are two
markers of mucosal damage that have been associated with
C. difficile toxin A-induced acute enteritis in mice [13, 14,
16, 20]. As shown in Fig. 4A, toxin A exposure triggered
villus disruption in NQO1 WT mice, and this disruption
was greatly enhanced in NQO1 KO mice. As shown in
Fig. 4B, our assessment of apoptosis in ileal scrapings
revealed that toxin A-induced mucosal apoptosis was
much higher in NQO1 KO mice than in NQO1 WT mice.
These results indicate that the expression of NQOI in
epithelial cells may help protect against harmful agents.
Many of the existing reports have indicated that the main
function of NQOL1 is to decrease ROS production as an
antioxidant [1, 8, 15, 21]. Conversely, toxin A is known to
cause rapid ROS generation and subsequent toxicity in
various mammalian cells [13]. We thus speculate that the
lack of NQO1-mediated antioxidant activity in NQO1 KO
mice may result in the massive accumulation of ROS,
potentially accelerating the toxin A-induced damage to
epithelial cells.

Finally, the toxin A-induced inflammation score (in
terms of epithelial damage and neutrophil infiltration) was
higher in NQO1 KO mice than in NQO1 WT mice (Fig. 4C).
Similar to our previous findings in the DSS-induced colitis
model, this indicates that NQO1 KO mice are very sensitive
to C. difficile toxin A-induced acute enteritis, likely due to
their lack of mucosal barrier function. Our present results
also strongly support the notion that disruption of mucosal
integrity could be a critical factor in the disease progression



of C. difficile toxin A-induced gut inflammation.

Acknowledgments

This work was supported by a grant from the Next-
Generation BioGreen 21 Program (No. PJ011043022016),
Rural Development Administration, Republic of Korea.

References

1. Alcendor RR, Gao S, Zhai P, Zablocki D, Holle E, Yu X, et
al. 2007. Sirtl regulates aging and resistance to oxidative
stress in the heart. Circ. Res. 100: 1512-1521.

2. Alscher KT, Phang PT, McDonald TE, Walley KR. 2001.
Enteral feeding decreases gut apoptosis, permeability, and
lung inflammation during murine endotoxemia. Am. J.
Physiol. Gastrointest. Liver Physiol. 281: G569-G576.

3. Berger F, Ramirez-Hernandez MH, Ziegler M. 2004. The
new life of a centenarian: signalling functions of NAD(P).
Trends Biochem. Sci. 29: 111-118.

4. Cheng X, Chapple SJ, Patel B, Puszyk W, Sugden D, Yin X,
et al. 2013. Gestational diabetes mellitus impairs Nrf2-
mediated adaptive antioxidant defenses and redox signaling
in fetal endothelial cells in utero. Diabetes 62: 4088-4097.

5. Guarente L, Picard F. 2005. Calorie restriction — the SIR2
connection. Cell 120: 473-482.

6. Hwang JH, Kim DW, Jo EJ, Kim YK, Jo YS, Park JH, et al.
2009. Pharmacological stimulation of NADH oxidation
ameliorates obesity and related phenotypes in mice. Diabetes
58: 965-974.

7. Iskander K, Li J, Han S, Zheng B, Jaiswal AK. 2006. NQO1
and NQO2 regulation of humoral immunity and autoimmunity.
J. Biol. Chem. 281: 30917-30924.

8. Jaiswal AK. 2000. Regulation of genes encoding NAD(P)H:quinone
oxidoreductases. Free Radic. Biol. Med. 29: 254-262.

9. Kelly CP, Pothoulakis C, LaMont JT. 1994. Clostridium
difficile colitis. N. Engl. ]. Med. 330: 257-262.

10. Khanna S, Pardi DS. 2012. Clostridium difficile infection: new
insights into management. Mayo Clin. Proc. 87: 1106-1117.

11. Kim DH, Lee IH, Nam ST, Hong J, Zhang P, Lu LF, et al.
2015. Antimicrobial peptide, lumbricusin, ameliorates motor
dysfunction and dopaminergic neurodegeneration in a
mouse model of Parkinson’s disease. ]. Microbiol. Biotechnol.
25: 1640-1647.

12. Kim H, Kokkotou E, Na X, Rhee SH, Moyer MP,
Pothoulakis C, et al. 2005. Clostridium difficile toxin A-induced
colonocyte apoptosis involves p53-dependent p21(WAF1/
CIP1) induction via p38 mitogen-activated protein kinase.
Gastroenterology 129: 1875-1888.

13. Kim H, Rhee SH, Kokkotou E, Na X, Savidge T, Moyer MP,
et al. 2005. Clostridium difficile toxin A regulates inducible
cyclooxygenase-2 and prostaglandin E2 synthesis in colonocytes
via reactive oxygen species and activation of p38 MAPK. J.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Role of NQOT1 in Toxin A-Induced Enteritis 1451

Biol. Chem. 280: 21237-21245.

Kim H, Rhee SH, Pothoulakis C, Lamont JT. 2007. Inflammation
and apoptosis in Clostridium difficile enteritis is mediated by
PGE2 up-regulation of Fas ligand. Gastroenterology 133: 875-886.
Long D], Iskander K, Gaikwad A, Arin M, Roop DR, Knox R,
et al. 2002. Disruption of dihydronicotinamide riboside:quinone
oxidoreductase 2 (NQO2) leads to myeloid hyperplasia of
bone marrow and decreased sensitivity to menadione
toxicity. J. Biol. Chem. 277: 46131-46139.

Nam HJ, Kang JK, Kim SK, Ahn K], Seok H, Park SJ, et al.
2010. Clostridium difficile toxin A decreases acetylation of
tubulin, leading to microtubule depolymerization through
activation of histone deacetylase 6, and this mediates acute
inflammation. J. Biol. Chem. 285: 32888-32896.

Nam ST, Hwang JH, Kim DH, Park M], Lee IH, Nam H]J, ef al.
2014. Role of NADH: quinone oxidoreductase-1 in the tight
junctions of colonic epithelial cells. BMB Rep. 47: 494-499.
Pollak N, Dolle C, Ziegler M. 2007. The power to reduce:
pyridine nucleotides — small molecules with a multitude of
functions. Biochem. |. 402: 205-218.

Pothoulakis C, Castagliuolo I, LaMont JT, Jaffer A, O’Keane
JC, Snider RM, et al. 1994. CP-96,345, a substance P
antagonist, inhibits rat intestinal responses to Clostridium
difficile toxin A but not cholera toxin. Proc. Natl. Acad. Sci.
USA 91: 947-951.

Pothoulakis C, Lamont JT. 2001. Microbes and microbial
toxins: paradigms for microbial-mucosal interactions II. The
integrated response of the intestine to Clostridium difficile
toxins. Am. J. Physiol. Gastrointest. Liver Physiol. 280: G178-G183.
Radjendirane V, Joseph P, Lee YH, Kimura S, Klein-Szanto
AJ, Gonzalez F], Jaiswal AK. 1998. Disruption of the DT
diaphorase (NQO1) gene in mice leads to increased menadione
toxicity. J. Biol. Chem. 273: 7382-7389.

Rhee SH, Im E, Riegler M, Kokkotou E, O’Brien M,
Pothoulakis C. 2005. Pathophysiological role of Toll-like
receptor 5 engagement by bacterial flagellin in colonic
inflammation. Proc. Natl. Acad. Sci. USA 102: 13610-13615.
Rushworth SA, MacEwan DJ], O’Connell MA. 2008.
Lipopolysaccharide-induced expression of NAD(P)H:quinone
oxidoreductase 1 and heme oxygenase-1 protects against
excessive inflammatory responses in human monocytes. J.
Immunol. 181: 6730-6737.

Solomon K, Webb ], Ali N, Robins RA, Mahida YR. 2005.
Monocytes are highly sensitive to Clostridium difficile toxin
A-induced apoptotic and nonapoptotic cell death. Infect.
Immun. 73: 1625-1634.

Winski SL, Koutalos Y, Bentley DL, Ross D. 2002.
Subcellular localization of NAD(P)H:quinone oxidoreductase
1 in human cancer cells. Cancer Res. 62: 1420-1424.

Yeo SH, Noh JR, Kim YH, Gang GT, Kim SW, Kim KS, et al.
Increased vulnerability to beta-cell destruction and diabetes
in mice lacking NAD(P)H:quinone oxidoreductase 1. Toxicol.
Lett. 219: 35-41.

August 2016 | Vol. 26 | No. 8




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


