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SUMMARY

Background: The periodontal pathogen Porphyromonas gingivalis (P. gingivalis) has been proven to accelerate the
development of atherosclerosis in apolipoprotein E (ApoE)-deficient mice. In this study, we used an ApoE knock-
out (ApoE-/-) mouse model with chronic intravenous infection with P. gingivalis to investigate the possible mecha-
nisms of P. gingivalis-induced atherosclerosis.

Methods: Eight-week-old ApoE-/- mice were randomly assigned to two groups: (a) ApoE-/- + PBS (n = 8); (b)
ApoE-/- + P. gingivalis (n = 8). Both of the groups received intravenous injections 3 times per week. After 4 weeks,
oxidative stress mediators in serum, heart, aorta, and liver tissues were analyzed by using histology, ELISA, real-
time PCR, and Western blot.

Results: Development of atherosclerosis as plaque formation in the aorta has been confirmed upon P. gingivalis in-
fection. An abnormal lipid profile was found in the serum [increased amounts of very low-density lipoprotein
(vLDL) and oxidized low-density lipoprotein (0oxLDL), and decreased amount of HDL] and in some organs includ-
ing heart, aorta or liver [increased mRNA levels of oxidized low-density lipoprotein receptor-1 (LOX-1) or fatty
acid synthase (FAS)]. Meanwhile, aggravated oxidative stress [higher level of reactive oxygen species (ROS) in the
serum, and increased mRNA levels of nicotinamide adenine dinucleotide phosphate oxidase (NOX)-2 and/or
NOX-4 in the three organs] was observed, as well as enhanced inflammatory responses [increased expression and
secretion of C-reactive protein (CRP) in the liver and serum, and increased mRNA levels of cyclooxygenase-2
(COX-2) and/or inducible nitric oxide synthase (iNOS) in the three organs]. Besides, inflammatory mediators in-
cluding nuclear factor of kappa B (NF-kB) and iNOS showed increased protein levels in the three organs after P.
gingivalis infection.

Conclusions: These results suggest that chronic intravenous infection with P. gingivalis in ApoE-/- mice could ac-
celerate the development of atherosclerosis, possibly associated with mediating oxidative stress as well as inflam-
matory responses and disturbing the lipid profile.
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LIST OF ABBREVIATIONS

ApoE - apolipoprotein E

COX-2 - cyclooxygenase-2

CRP - C-reactive protein

CVD - cardiovascular disease

FAS - fatty acid synthase

GAPDH - glyceraldehyde 3-phosphate dehydrogenase
HDL - high-density lipoprotein

iNOS - inducible nitric oxide synthase

LDL - low-density lipoprotein

LOX-1 - oxidized low-density lipoprotein receptor-1
LPS - lipopolysaccharide

MI - myocardial infarction

NF-kB - nuclear factor of kappa B

NOX-2 - NADPH (nicotinamide adenine dinucleotide
phosphate) oxidase-2

NOX-4 - NADPH (nicotinamide adenine dinucleotide
phosphate) oxidase-4

oxLDL - oxidized low-density lipoprotein

PBS - phosphate-buffered saline

ROS - reactive oxygen species

vLDL - very low-density lipoprotein

INTRODUCTION

Periodontal disease is a common disease affecting a
great proportion of the population. It is a chronic and
destructive disease that affects the tissues surrounding
and supporting the teeth and eventually causes tooth
loss if untreated. Periodontal disease is associated with
Gram-negative anaerobic bacteria in the dental biofilm.
Recent epidemiologic studies suggest a link between
periodontal infections and systemic diseases including
atherosclerosis and other cardiovascular diseases (CVD)
[1-6]. Mattila et al. discovered associations between
poor dental health and myocardial infarction (MI) in
1989 [5]. Ever since this first evidence, researchers
spent more and more efforts to investigate the link be-
tween periodontal disease and CVD. Some studies sug-
gest that the degree of coronary atherosclerosis corre-
lates with periodontal disease severity [1,6]. A meta-
analysis also indicated a positive association between
periodontal disease and CVD, and patients with peri-
odontal disease had a much higher risk of developing
CVD [2].

Several Gram-negative obligate anaerobes are involved
in gingivitis and periodontitis [7], such as Campylobac-
ter rectus [8), Prevotella melaninogenica [9], Tannerel-
la forsythensis [10], Prevotella intermedia [11], Aggre-
gatibacter actinomycetemcomitans [12], and Porphyro-

monas gingivalis [13]. Among them, P. gingivalis is
more thoroughly studied and with confirmed evidence
of its access to the systemic circulation and existence in
distant organs, as well as with confirmed association
with the development of atherosclerosis [14]. Through-
out the years, researchers have been focused on the
mechanisms of P. gingivalis-accelerated atherosclerosis,
especially in certain animal models such as apolipopro-
tein E (ApoE)-deficient mice. These animal models are
either infected intravenously by P. gingivalis [15] or
through the natural oral route [16], and they develop
lipid metabolism disorders resulting in vascular and mo-
lecular signs of accelerated atherosclerosis develop-
ment.

Inflammatory responses, oxidative stress, and transcrip-
tional changes are all candidates for the pathological
mechanisms of atherosclerosis induced by periodontal
diseases. These possible mechanisms associate with
each other and work together in the process of athero-
sclerosis development. Indeed, P. gingivalis lipopoly-
saccharides (LPS) not only induce the up-regulation of
the transcriptional nuclear factor kB (NF-kB; an inflam-
matory mediator), which in turn stimulates the gene ex-
pression of inflammatory mediators such as inducible
nitric oxide synthase (iNOS) and cyclooxygenase-2
(COX-2) [17-21], but also up-regulates CD36, one of
the scavenger receptors for low-density lipoprotein
(LDL) and oxidized LDL (oxLDL), which leads to the
accumulation of oxLDL in macrophages [22,23]. Both
of these mechanisms can work simultaneously to induce
proinflammatory changes in the blood vessels [24,25].
The aim of the present study was to investigate the path-
ological mechanisms underlying atherosclerosis devel-
opment in ApoE-knockout (ApoE -/-) mice after chron-
ic intravenous infection with P. gingivalis, with respect
to the involvement of the reactive oxygen species
(ROS) level, the oxidative stress mediators [nicotin-
amide adenine dinucleotide phosphate oxidase (NOX)-2
and NOX-4], the inflammatory marker [C-reactive pro-
tein (CRP)], the inflammatory mediators (NF-kB,
iNOS, and COX-2), the lipid profile [high-density lipo-
protein (HDL), very low-density lipoprotein (VLDL),
and oxLLDL] and the lipid metabolism regulatory factors
[oxLDL receptor-1 (LOX-1) and fatty acid synthase
(FAS)], all of which were reported to be associated with
the development of atherosclerosis [26]. The results
could have important implications for the management
of patients with periodontal diseases.

MATERIALS AND METHODS

Mice

All experiments were approved by the Institutional Ani-
mal Care and Use Committee of Peking University
Health Science Center (approval number LA201464).
Six-week-old male ApoE -/- mice (C57BL/6) were ob-
tained from Vital River Inc., (Beijing, China). The mice
were maintained under specific pathogen-free condi-

Clin. Lab. 10/2017



P. gingivalis Infection Accelerates Atherosclerosis

tions and fed regular chow and sterile water until infec-
tion at 8 weeks of age. The animals were divided into
two groups: the P. gingivalis infection group (n = 8) and
the sham control group that received the same injection
pattern but only with PBS (n = 8). Both groups received
intravenous injections three times per week for 4 weeks
starting at 8 weeks of age.

Bacterial cultures and infection

The P. gingivalis strain FDC381 was cultured in 5%
sheep blood anaerobic basal agar plates (Oxoid Ltd. En-
gland) under anaerobic conditions at 37°C for 3 to
5 days until reaching an optical density (OD600) of
1.0, corresponding to 10° CFU/mL. Bacterial suspen-
sions were centrifuged at 8,000 g for 20 minutes at 4°C
and diluted with PBS (final concentration of 10° CFU/
100 pL) for intravenous injection (100 pL) three times
per week for 4 weeks. The sham control group received
PBS only (100 pL/mouse). This dose of bacteria was
based on previous studies in rabbits [27,28] and tested
in a pilot study, which showed that this dose did not re-
sult in mouse death and did induce atherosclerosis (data
not shown).

Histological examination with Oil Red O staining
The animals were perfused through the left ventricle
with heparinized ice-cold 0.9% PBS for 10 minutes.
The heart (including the aortic root) was carefully dis-
sected and embedded in OCT for H&E staining and Oil
Red O staining. The other tissue and aortas were snap-
frozen in liquid nitrogen and kept at -80°C.

Cryosections of the aortic sinus were prepared for Oil
Red O staining, and atherosclerotic lesions were mea-
sured using a modified Paigen method [29]. Each sec-
tion was visualized under an optical microscope (Nikon
ECLIPSE-Ci, Japan) and converted to images with a
digital camera (Olympus Q Color 5, Japan). Total lesion
area and percent of aortic lumen occupied by lesions per
section (5-pm thickness) were calculated using the digi-
tal Pro-Plus Software 6.0 (Media Cybernetics, USA).
Values for 15 sections per animal were averaged and
expressed as the percentage of lumen of the proximal
aorta occupied by lesions per section per animal. The
slides were analyzed in a blinded manner, and the per-
centage of the aortic lumen occupied by lesions was av-
eraged over 15 sections per animal, expressed as the
percentage of the lumen of the proximal aorta occupied
by lesions per section, per animal at 12 weeks.

Enzyme-linked immunosorbent assay (ELISA)

After euthanasia, serum samples were isolated from
blood obtained by infraorbital puncture by centrifuga-
tion at 10,000 rpm for 5 minutes at 4°C. Reactive oxy-
gen species (ROS, TSZ Biosciences, USA), C-reactive
protein (CRP, TSZ Biosciences, USA) as well as high-
density lipoprotein (HDL, TSZ Biosciences, USA), oxi-
dized low-density lipoprotein (oxLDL, TSZ Biosci-
ences, USA), and very low-density lipoprotein (VLDL,
TSZ Biosciences, USA) were measured using comer-
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cial ELISA kits.

Western blots

Heart, liver, and aorta protein expressions of NF-«B
(p65) and iINOS were determined by western blots using
GAPDH as an internal control. Proteins were extracted
from frozen tissues with an ice-cold RIPA extraction
buffer (w/v = 1/10) containing a protease inhibitor
cocktail (Roche). Sample protein concentrations were
determined using the Bio-Rad protein assay using BSA
as a standard. Supernatant protein (32 pg) was separated
with 8% SDS-PAGE and then transferred to a PVDF
membrane (300 mA, 90 minutes). Membranes were in-
cubated in 5% BSA-TBST for 1 hour at room tempera-
ture and then incubated with primary antibodies against
NF-«xB (p65) (Abcam, England) or iNOS (Abcam, En-
gland) and GAPDH in blocking buffer over night at
4°C. After three washes (3 x 10 minutes) in TBST under
gentle agitation, membranes were incubated for 40 min-
utes with horseradish peroxidase-labeled antibody
(Jackson Lab, USA). After further washes, blots were
revealed by enhanced chemiluminescence detection re-
agents (Jackson Lab, USA). The films were scanned
and densitometric analyses using Gel Image system
(ver. 4.00, Tanon, China). The results were expressed as
the ratio between NF-«kB or iNOS and GAPDH.

Quantitative real-time PCR

Total RNA was purified from heart, aorta, and liver tis-
sues using an RNeasy Fibrous Tissue Kit (Qiagen, Ger-
many) and an RNeasy Plus Mini Kit (Qiagen). After re-
verse-transcribing with a Primescript RT Master Mix
Kit (Takara Bio, Japan) to generate cDNA, quantitative
real-time PCR analysis was performed using the Ap-
plied Biosystems 7500 Fast Real-time PCR System
(Life Technologies, USA), in accordance with the man-
ufacturer’s protocol. Briefly, the reactions contained
10 pL of 2 x SYBR Green (Takara Bio, Japan), 100 nM
of each primer, and 30 ng of reverse-transcribed RNA.
PCR conditions were: 95°C for 30 seconds, followed by
40 cycles at 95°C for 5 seconds, and 60°C for 34 sec-
onds. After that, dissociation curve analysis was per-
formed to confirm specificity. Each gene was tested in
triplicate, and the target RNA was normalized to
GAPDH mRNA. Primers are presented in Table 1.

Statistical analysis

The data were presented as mean + standard error. Un-
paired #-test was used to compare the two groups. P-val-
ues < 0.05 were considered significant. All analysis was
performed using SPSS version 11.5 (SPSS Inc., Chica-
go, IL, USA).
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RESULTS

Histological changes in aortic sinus after infection
with P. gingivalis

To confirm the histological changes in the aortic sinus
of this pathological model, both H&E and Oil Red O
staining were carried out on the samples from the two
groups. H&E staining of the aortic sinus showed that
the animals infected with P. gingivalis had severely in-
creased atherosclerotic cholesterol, characterized by
thickened intima and lipid deposition under the endo-
thelium (Figure 1A). When stained with Oil Red O
method, lipid depositions in the aortic sinus was stained
red and considered as atherosclerotic lesion develop-
ment. As shown in Figure 1B, the mice infected with
P. gingivalis developed much more lipid deposition in
the aortic sinus area compared to the control group (al-
most twice in percentage of the total area; n = 8§,
p <0.01, ¢-test).

ELISA assay of serum samples indicated abnormal
lipid profile together with oxidative stress and in-
flammation after P. gingivalis infection

The oxidative stress level, inflammatory marker, and
the lipid profile in the serum from the mice of both
groups were tested. ROS, CRP, HDL, oxLDL, and
vLDL were measured by ELISA. After 4 weeks of
P. gingivalis infection, the serum of the ApoE-/- mice
showed significantly increased ROS compared to the
PBS control group (45.87 + 391 wvs. 43.28
+ 3.15 IU/mL, n = 8, p < 0.05, t-test) (Figure 2A), sig-
nificantly increased CRP (615.56 + 57.66 vs. 451.19
+22.02 pg/L, n =8, p <0.01, #test) (Figure 2B), signif-
icantly decreased HDL (57.62 + 3.88 wvs. 71.85
+ 14.82 pmol/mL, n = §, p < 0.05, #-test) (Figure 2C),
significantly increased oxLDL (7.55 + 1.02 vs. 5.25
+ 0.43 umol/mL, n = §, p < 0.01, #-test) (Figure 2D),
and significantly increased vLDL (32.42 + 5.20 vs.
25.38 + 7.60 pg/ulL, n = 8, p < 0.05, t-test) (Figure 2E),
suggesting that the animals infected with P. gingivalis
had a redistribution of their lipid profile, showing in-
creased inflammatory responses and oxidative stress.

Increased oxidative stress mediators and inflamma-
tory mediators were detected in heart, aorta, and
liver tissues of the animals infected with P. gingivalis
The RNA levels of some oxidative stress mediators, in-
flammatory mediators, and lipid metabolism regulatory
factors were observed by real-time PCR in the heart,
aorta, and liver tissues from animals of both groups.
Each target mRNA was normalized to GAPDH. In the
hearts from the mice infected with P. gingivalis, there
were significant increases in the RNA levels of NOX-2
(3.11 £ 1.21 vs. 1.65 = 0.71, n = 8, p < 0.05, #test),
NOX-4 (422 £ 1.70 vs. 1.66 £ 0.84, n = 8, p < 0.01,
t-test), iNOS (4.95 = 2.01 vs. 1.12 = 040, n = 8§,
p < 0.001, t-test), COX-2 (1.64 + 0.65 vs. 1.00 £ 0.32,
n =28, p <0.05, t-test), and LOX-1 (2.65 £ 0.81 vs. 1.75
+0.72,n =8, p < 0.05, t-test), as compared to the PBS

control group (Figure 3A).

In the aorta, the RNA levels of NOX-4 (1.03 £ 0.55 vs.
0.50 £ 0.31, n = 8§, p < 0.05, #test), iNOS (0.88 £ 0.29
vs. 0.52 £ 0.31, n = §, p < 0.05, t-test), COX-2 (1.31
+0.60 vs. 0.66 = 0.34, n =8, p <0.05, t-test), and LOX-
1 (1.48 £ 0.75 vs. 0.58 £ 0.23, n = &, p < 0.01, r-test)
were significantly higher in the infected mice, as com-
pared with the control group; while the NOX-2 RNA
levels showed a tendency toward an increase (1.02
+ 0.46 vs. 0.76 = 0.40, n = 8, p > 0.05, #-test) (Figure
3B).

The mediators in the liver showed similar results: NOX-
2 (0.98 £ 0.15 vs. 0.64 £ 0.20, n = 8, p < 0.01, #-test),
iNOS (0.61 + 0.26 vs. 1.06 + 0.42, n = 8, p < 0.05,
t-test), CRP (1.08 + 0.25 vs. 0.62 + 0.25, n = 8,
p < 0.01, t-test), and FAS (1.04 + 0.09 vs. 0.75 + 0.26,
n =8, p < 0.05, r-test) were significantly higher in the
infected mice compared to the control group, except
that NOX-4 only showed a tendency to increase (0.73
+ 0.13 vs. 0.57 £ 0.21, n = 8§, p > 0.05, #-test) (Figure
30).

Taken together, these results indicated that P. gingivalis
infection leads to oxidative stress and inflammatory re-
sponses throughout the body, especially in the heart,
aorta, and liver, causing abnormalities in lipid metabo-
lism.

NF-xB/iNOS signaling might contribute to P. gingi-
valis-induced atherosclerosis

To further investigate the inflammation-related mecha-
nisms of atherosclerotic development caused by P. gin-
givalis infection, western blots for NF-kB and iNOS
protein levels were performed in the heart, liver, and
aorta from animals of both groups. In the heart, the pro-
tein levels of NF-kB were significantly higher in the
animals infected with P. gingivalis compared to the
control group (0.34 + 0.05 vs. 0.28 &+ 0.06 after normali-
zation to GAPDH protein levels, n = 8, p < 0.05, t-test,
Figure 4A), while the protein levels of iNOS also show-
ed a significant increase compared to the control group
(0.48 + 0.13 vs. 0.31 + 0.13 after normalization to
GAPDH protein levels, n = 8, p < 0.05, -test, Figure
4A). In the aorta, the protein levels of NF-kB showed
significant elevation when compared to the control
group (0.43 £ 0.12 vs. 0.32 + 0.06 after normalization to
GAPDH protein levels, n = 8, p < 0.05, #-test, Figure
4B), and the protein levels of iNOS were also signifi-
cantly increased in the infected group (0.35 + 0.04 vs.
0.18 £ 0.06 after normalization to GAPDH protein lev-
els, n = 8§, p <0.001, t-test, Figure 4B). In the liver, the
animals infected with P. gingivalis also showed signifi-
cantly increased protein levels of NF-xB (0.45 £+ 0.10
vs. 0.30 + 0.05 after normalization to GAPDH protein
levels, n = §, p < 0.01, #-test, as shown in Figure 4C)
and iNOS (0.50 + 0.08 vs. 0.38 £+ 0.13 after normaliza-
tion to GAPDH protein levels, n = 8, p < 0.05, #-test,
Figure 4C) compared to the control group. These results
suggest that NF-kB signaling (including the down-
stream target such as iNOS) was involved in the devel-
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Table 1. Primers used for quantitative real-time PCR.

Primer Forward Reverse
LOX-1 TGAAGCCTGCGAATGACGAG GTCACTGACAACACCCAGGCAGAG
COX-2 TGCCAGGCTGAACTTCGAAAC GCTCACGAGGCCACTGATACCTA
CRP GAACTGGCGGGCACTGAACTA GGAGGTGCTTCAGGGTTCACA
FAS AGCACTGCCTTCGGTTCAGTC AAGAGCTGTGGAGGCCACTTG
iNOS TCGAGCCCTGGAAGACCCACATCT GTTGTTCTTCTTCCAAGGTGTTTGCCTTAT
NOX-2 GCCCAAAGGTGTCCAAGC TCCCCAACGATGCGGATAT
NOX-4 ACCCTGTTGGATGACTGGAA ACCAACGGAAAGGACTGGATA
GAPDH TGTGTCCGTCGTGGATCTGA TTGCTGTTGAAGTCGCAGGAG

PBS

P. gingivalis

15

10

Percentage of lesion area (%)

PBS  P.gingivalis

Figure 1. Effects of chronic intravenous infection with P. gingivalis on aortic atherosclerosis in ApoE-/- mice.

(A) Representative aortic sinus cross-sections after H&E staining. Scale bar: 25 pm. (B) Representative aortic sinus cross-sections after Oil
Red O staining. Aortic atherosclerotic development was reflected by the percentage of lesion areas in aortic sinus. Results were expressed as
mean =+ standard error, n = 8 in each group, " - p < 0.01, -test.

opment of atherosclerosis in ApoE-/- mice caused by

P. gingivalis infection.
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DISCUSSION

The present study was designed to investigate the
changes in oxidative stress and inflammatory responses
during atherosclerotic development in ApoE-/- mice in-
fected with P. gingivalis, as the possible underlying
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Figure 2. Comparison of oxidative stress, inflammation, and lipid profile (A — ROS, B — CRP, C — HDL, D — oxLDL, E - vLDL)
in the serum between the control group and the infected group, as detected by ELISA.

Results were expressed as mean = standard error, n = 8 in each group, " - p < 0.05, " - p < 0.01, ¢-test.

mechanisms. The results confirmed that chronic intra-
venous infection with P. gingivalis significantly accel-
erated atherosclerosis development in the aortic sinus
and revealed significant changes in the lipid profile and
dramatic increases in oxidative stress in the serum as
well as in the liver, heart, and aorta. In addition, there
was activation of the NF-xB signaling (significant in-
crease of its targets iNOS and COX-2) in the liver,
heart, and aorta. The inflammatory marker CRP was up-
regulated in the liver and showed a higher level in the
serum. Taken together, the results suggested a possible
contribution of the oxidative stress and inflammatory
responses to the development of atherosclerosis upon
P. gingivalis infection.

Among the pathogens responsible for periodontal dis-
eases, P. gingivalis is the most common pathogen. It is
known to be involved in accelerating atherosclerosis
formation [15,16,30] and increasing systemic inflamma-
tory markers [16,31-33]. According to previous studies,
P. gingivalis, especially its LPS, can promote athero-
genesis by changing the serum lipid distribution to a
proatherogenic lipid profile. Indeed, LDL, vLDL, and

oxLDL could be induced to cause vascular inflamma-
tion and lipid accumulation in macrophages [14]. As
shown in the present study, chronic intravenous infec-
tion with P. gingivalis in ApoE -/- mice significantly
changed the serum lipid profile with a significant de-
crease in HDL, a significant increase in vLDL, and a
significant increase in oxLDL compared to the control
group. On one hand, P. gingivalis-derived LPS can
form assemblies with LDL and increase LDL uptake by
macrophages [34,35], leading to oxLDL accumulation
in macrophages by up-regulating the oxLDL receptor
[22,23]. On the other hand, LPS down-regulates lipid
catabolism by suppressing liver X receptors in macro-
phages [36]. With this disturbance of the lipid metabo-
lism and distribution, the macrophages will eventually
transform into foam cells. These morphological changes
in the blood vessel and lesion development were clearly
reflected by the H&E and Oil Red O staining in the
present study.

Besides the changes in lipid profile, we believe that oxi-
dative stress plays a major role in the development of
atherosclerosis in this animal model of P. gingivalis in-
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fection. Oxidative stress happens when the production
of ROS exceeds their clearance by antioxidant defenses.
It can cause damage to macromolecules and cells, and
plays an important role in the development of athero-
sclerosis. ROS caused by periodontal pathogens can en-
hance the oxidative modifications of LDL [37-40],
which also helps increase the cholesterol uptake by
macrophages and eventually leads to the formation of
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foam cells [41]. Besides oxLDL, there were dramatic
increases of other oxidative stress mediators, including
NOX-2 and NOX-4 in the heart, aorta, and liver, sug-
gesting that the oxidative stress caused by P. gingivalis
infection was a systemic reaction that affected multiple
organs.

On the other hand, western blotting showed that the up-
regulation of NF-«kB signaling was possibly triggered by
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Figure 4. Comparison of the protein levels of NF-kB and iNOS in the heart, aorta, and liver between the control and infected
groups.

The relative quantity of protein was normalized to the GAPDH protein. (A) Representative western blot of NF-kB and iNOS in the heart and
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comparison of the protein levels with GAPDH as the internal control. Results were expressed as mean * standard error; n = 8 in each group,
Top<0.05""-p<0.01,"" - p<0.001, test.
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P. gingivalis as well as the up-regulation of iNOS was
possibly triggered by NF-kB in the heart, aorta, and liv-
er. Some studies suggested that NF-xB could also regu-
late some enzymes that promote the production of ROS,
such as NOX-2 [17], iNOS [42-45], and COX-2 [46,
47]. Under physiological conditions, NF-kB exists as an
inactive complex with inhibitory proteins (IxB) and
stays in the cytosol [48]. When the triggers that can ac-
tivate NF-«kB enter the cell, IxB is phosphorylated,
ubiquitinated, and degraded [49-51], which will release
NF-kB to enter the nucleus to regulate the expression of
a number of target genes. As one of the transcription
factors whose binding sites are located in the promoter
region of the iNOS gene [19,52-55], NF-«xB has the po-
tential of regulating the expression of iNOS and other
inducible genes, such as COX-2 [21]. LPS derived by
P. gingivalis is a well-known exogenous inducer that
can stimulate the activation of NF-kB, accelerate the
transfer of NF-kB from the cytosol to the nucleus, and
therefore induce the gene expression of iNOS [18-20].
Normally, iNOS expressed by cells provides protection
against pathogens [56], but the expression of iNOS in
macrophages can lead to cell death and may contribute
to the development of inflammatory diseases including
atherosclerosis [57]. Based on the present study, the
pathway involving NF-kB and iNOS might play a major
role in the process of atherosclerosis accelerated by
P. gingivalis. Some studies suggested that oxidative
stress markers might also work as cellular messengers
and affect cell signaling, including NF-kB [58-60]. So,
in this case, NF-kB and oxidative stress mediators
might work as each other’s enhancer and accelerate the
development of atherosclerosis. The detailed interaction
between NF-kB signaling and oxidative stress media-
tors in ApoE-/- mice infected with P. gingivalis will be
the focus of our future studies.

Based on previous studies as well as the present one, it
can be surmised that pathogen infection could induce an
"oxidative burst", upon which the oxidative stress and
inflammatory responses will promote each other [40].
The aggravated oxidative stress and inflammation will
increase lipoprotein oxidation, which closely associated
with the development of atherosclerosis [40]. Our re-
sults show that P. gingivalis infection will evoke oxida-
tive stress and inflammatory responses, which might
have impacts on lipid metabolism, ultimately leading to
atherosclerosis. Nevertheless, a vast number of factors
are involved in the response to oxidative stress and in-
flammation, and additional studies with a more compre-
hensive panel of markers and factors are necessary to
improve our understanding of P. gingivalis-induced ath-
erosclerosis.

The present study suggests that the best way to prevent
P. gingivalis-induced atherosclerosis would be to pre-
vent the infection itself by promoting periodontal health
or by prophylaxis. If this is impossible or if it fails, then
interventions aiming to decrease oxidative stress, in-
flammation, and lipid abnormalities could be a good
way to achieve this. Due to their lipid-lowering and
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pleiotropic effects, statins could be a drug of choice in
this context [61-63], but additional studies are necessary
to assess their efficacy in the context of P. gingivalis in-
fection.

CONCLUSION

In summary, the present work showed that chronic in-
fection with P. gingivalis would accelerate the devel-
opment of atherosclerosis in ApoE-/- mice, possibly as-
sociated with mediating oxidative stress as well as in-
flammatory responses and disturbing the lipid profile.
These results provide a potential mechanism of peri-
odontal disease-induced atherosclerosis and a possible
pathway to interfere/prevent further development of the
disease.

Acknowledgement:

The Institutional Animal Care and Use Committee of
Peking University Health Science Center approved all
the animal protocols (approval number LA201464).

Funding:

This study was supported by grants from the National
Natural Science Foundation of China (No. 81271148;
No. 8140030482).

Authors' Contributions:

Y.X. and Q.X.L. designed and conducted the study. Y.
X and Y. C provided essential reagents and materials.
Y.X., Q.S., and G.J.L. analyzed the data. Y.X., Y.C,,
and Q.X.L. wrote the paper. Y.X. and Q.X.L. had the
primary responsibility for the final content and contrib-
uted equally to the study. All authors read and approved
the final manuscript. The authors thank Dr. Zhi-Bin
Chen for her kind assistance.

Author Disclosure Statement:
No competing financial interests exist.

Declaration of Interest:
Authors declared no conflict of interests.

References:

1. Beck J, Garcia R, Heiss G, Vokonas PS, Offenbacher S. Peri-
odontal disease and cardiovascular disease. J Periodontol 1996;
67:1123-37 (PMID: 8910831).

2. Blaizot A, Vergnes JN, Nuwwareh S, Amar J, Sixou M. Peri-
odontal diseases and cardiovascular events: meta-analysis of ob-
servational studies. Int Dent J 2009;59:197-209 (PMID: 19774
803).



10.

11.

12.

14.

15.

16.

17.

18.

Yan Xuan et al.

Grau AJ, Buggle F, Ziegler C, et al. Association between acute
cerebrovascular ischemia and chronic and recurrent infection.
Stroke 1997;28:1724-9 (PMID: 9303015).

Lockhart PB, Bolger AF, Papapanou PN, et al. Periodontal dis-
ease and atherosclerotic vascular disease: does the evidence sup-
port an independent association?: a scientific statement from the
American Heart Association. Circulation 2012;125:2520-44.
(PMID: 22514251).

Mattila KJ, Nieminen MS, Valtonen VV, et al. Association be-
tween dental health and acute myocardial infarction. BMJ 1989;
298:779-81 (PMID: 2496855).

Paunio K, Impivaara O, Tiekso J, Maki J. Missing teeth and is-
chaemic heart disease in men aged 45-64 years. Eur Heart J 1993;
14 Suppl K:54-6 (PMID: 8131789).

Moore LV, Moore WE, Cato EP, et al. Bacteriology of human
gingivitis. ] Dent Res 1987;66:989-95 (PMID: 3475328).

Gmur R, Wyss C, Xue Y, Thurnheer T, Guggenheim B. Gingival
crevice microbiota from Chinese patients with gingivitis or necro-
tizing ulcerative gingivitis. Eur J Oral Sci. 2004;112:33-41
(PMID: 14871191).

Mandell RL, Dirienzo J, Kent R, Joshipura K, Haber J. Microbi-
ology of healthy and diseased periodontal sites in poorly con-
trolled insulin dependent diabetics. J Periodontol 1992;63:274-9
(PMID: 1315389).

Yang HW, Huang YF, Chou MY. Occurrence of Porphyromonas
gingivalis and Tannerella forsythensis in periodontally diseased
and healthy subjects. J Periodontol 2004;75:1077-83 (PMID: 15
455734).

Yang NY, Zhang Q, Li JL, Yang SH, Shi Q. Progression of peri-
odontal inflammation in adolescents is associated with increased
number of Porphyromonas gingivalis, Prevotella intermedia, Tan-
nerella forsythensis, and Fusobacterium nucleatum. Int J Paediatr
Dent 2014;24:226-33 (PMID: 24025042).

Zambon JJ, Christersson LA, Slots J. Actinobacillus actinomy-
cetemcomitans in human periodontal disease. Prevalence in pa-
tient groups and distribution of biotypes and serotypes within
families. J Periodontol 1983;54:707-11 (PMID: 6358452).

. Socransky SS, Haffajee AD, Smith C, Dibart S. Relation of

counts of microbial species to clinical status at the sampled site. J
Clin Periodontol 1991;18:766-75 (PMID: 1661305).

Chistiakov DA, Orekhov AN, Bobryshev YV. Links between
atherosclerotic and periodontal disease. Exp Mol Pathol 2016;
100:220-35 (PMID: 26777261).

Li L, Messas E, Batista EL Jr, Levine RA, Amar S. Porphyromo-
nas gingivalis infection accelerates the progression of atheroscle-
rosis in a heterozygous apolipoprotein E-deficient murine model.
Circulation 2002;105:861-7 (PMID: 11854128).

Lalla E, Lamster IB, Hofmann MA, et al. Oral infection with a
periodontal pathogen accelerates early atherosclerosis in apolipo-
protein E-null mice. Arterioscler Thromb Vasc Biol 2003;23:
1405-11 (PMID: 12816879).

Anrather J, Racchumi G, ladecola C. NF-kappaB regulates
phagocytic NADPH oxidase by inducing the expression of gp9l
phox. J Biol Chem 2006;281:5657-67 (PMID: 16407283).

Huang KT, Kuo L, Liao JC. Lipopolysaccharide activates endo-
thelial nitric oxide synthase through protein tyrosine kinase. Bio-
chem Biophys Res Commun 1998;245:33-7 (PMID: 9535778).

10

19

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

. Marks-Konczalik J, Chu SC, Moss J. Cytokine-mediated tran-
scriptional induction of the human inducible nitric oxide synthase
gene requires both activator protein 1 and nuclear factor kappaB-
binding sites. J Biol Chem 1998;273:22201-8 (PMID: 9712833).

Obermeier F, Gross V, Scholmerich J, Falk W. Interleukin-1 pro-
duction by mouse macrophages is regulated in a feedback fashion
by nitric oxide. J Leukoc Biol 1999;66:829-36 (PMID: 10577
516).

Xia YF, Liu LP, Zhong CP, Geng JG. NF-kappaB activation for
constitutive expression of VCAM-1 and ICAM-1 on B lympho-
cytes and plasma cells. Biochem Biophys Res Commun 2001;
289:851-6 (PMID: 11735124).

Brown PM, Kennedy DJ, Morton RE, Febbraio M. CD36/SR-B2-
TLR2 Dependent Pathways Enhance Porphyromonas gingivalis
Mediated Atherosclerosis in the Ldlr KO Mouse Model. PLoS
One 2015;10:e0125126 (PMID: 25938460).

Li XY, Wang C, Xiang XR, Chen FC, Yang CM, Wu J. Porphy-
romonas gingivalis lipopolysaccharide increases lipid accumula-
tion by affecting CD36 and ATP-binding cassette transporter Al
in macrophages. Oncol Rep 2013;30:1329-36 (PMID: 23835
648).

Groeneweg M, Kanters E, Vergouwe MN, et al. Lipopolysaccha-
ride-induced gene expression in murine macrophages is enhanced
by prior exposure to oxLDL. J Lipid Res 2006;47:2259-67
(PMID: 16840796).

LeiL,LiH, YanF, Li Y, Xiao Y. Porphyromonas gingivalis lipo-
polysaccharide alters atherosclerotic-related gene expression in
oxidized low-density-lipoprotein-induced macrophages and foam
cells. J Periodontal Res 2011;46:427-37.(PMID: 21418223).

Schneider JG, Yang Z, Chakravarthy MV, et al. Macrophage fat-
ty-acid synthase deficiency decreases diet-induced atherosclero-
sis. J Biol Chem 2012;285:23398-409. (PMID: 20479009).

Lin G, Chen S, Lei L, You X, Huang M, et al. Effects of Intrave-
nous Injection of Porphyromonas gingivalis on Rabbit Inflamma-
tory Immune Response and Atherosclerosis. Mediators Inflamm
2015;2015:364391 (PMID: 26063970).

Zhang MZ, Li CL, Jiang YT, et al. Porphyromonas gingivalis in-
fection accelerates intimal thickening in iliac arteries in a balloon-
injured rabbit model. J Periodontol 2008;79:1192-9 (PMID: 1859
7601).

Paigen B, Morrow A, Holmes PA, Mitchell D, Williams RA.
Quantitative assessment of atherosclerotic lesions in mice. Ath-
erosclerosis 1987;68:231-40 (PMID: 3426656).

Gibson FC 3rd, Hong C, Chou HH, et al. Innate immune recog-
nition of invasive bacteria accelerates atherosclerosis in apolipo-
protein E-deficient mice. Circulation 2004;109:2801-6 (PMID:
15123526).

Loos BG, Craandijk J, Hoek FJ, Wertheim-van Dillen PM, van
der Velden U. Elevation of systemic markers related to cardiovas-
cular diseases in the peripheral blood of periodontitis patients. J
Periodontol 2000;71:1528-34.(PMID: 11063384).

Noack B, Genco RJ, Trevisan M, Grossi S, Zambon JJ, De Nar-
din E. Periodontal infections contribute to elevated systemic C-re-
active protein level. J Periodontol 2001;72:1221-7 (PMID: 11577
954).

Slade GD, Offenbacher S, Beck JD, Heiss G, Pankow JS. Acute-

phase inflammatory response to periodontal disease in the US
population. J Dent Res 2000;79:49-57 (PMID: 10690660).

Clin. Lab. 10/2017



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

P. gingivalis Infection Accelerates Atherosclerosis

Miyakawa H, Honma K, Qi M, Kuramitsu HK. Interaction of
Porphyromonas gingivalis with low-density lipoproteins: implica-
tions for a role for periodontitis in atherosclerosis. J Periodontal
Res 2004;39:1-9 (PMID: 14687221).

Qi M, Miyakawa H, Kuramitsu HK. Porphyromonas gingivalis
induces murine macrophage foam cell formation. Microb Pathog
2003;35:259-67 (PMID: 14580389).

Lakio L, Lehto M, Tuomainen AM, et al. Pro-atherogenic proper-
ties of lipopolysaccharide from the periodontal pathogen Actino-
bacillus actinomycetemcomitans. J Endotoxin Res 2006;12:57-64
(PMID: 16420744).

Bengtsson T, Karlsson H, Gunnarsson P, et al. The periodontal
pathogen Porphyromonas gingivalis cleaves apoB-100 and inc-
reases the expression of apoM in LDL in whole blood leading to
cell proliferation. J Intern Med 2008;263:558-71 (PMID: 18248
365).

Hashimoto M, Kadowaki T, Tsukuba T, Yamamoto K. Selective
proteolysis of apolipoprotein B-100 by Arg-gingipain mediates
atherosclerosis progression accelerated by bacterial exposure. J
Biochem 2006;140:713-23 (PMID: 17030507).

Kurita-Ochiai T, Yamamoto M. Periodontal pathogens and ath-
erosclerosis: implications of inflammation and oxidative modifi-
cation of LDL. Biomed Res Int 2014;2014:595981 (PMID: 2494
9459).

Peluso I, Morabito G, Urban L, Toannone F, Serafini M. Oxida-
tive stress in atherosclerosis development: the central role of LDL
and oxidative burst. Endocr Metab Immune Disord Drug Targets
2012;12:351-60 (PMID: 23061409).

Itabe H. Oxidative modification of LDL: its pathological role in
atherosclerosis. Clin Rev Allergy Immunol 2009;37:4-11 (PMID:
18987785).

Guo Z, Shao L, Du Q, Park KS, Geller DA. Identification of a
classic cytokine-induced enhancer upstream in the human iNOS
promoter. FASEB J 2007;21:535-42 (PMID: 17158780).

Hughes JE, Srinivasan S, Lynch KR, Proia RL, Ferdek P, Hedrick
CC. Sphingosine-1-phosphate induces an antiinflammatory phe-
notype in macrophages. Circ Res 2008;102:950-8 (PMID: 18323
526).

Kolyada AY, Savikovsky N, Madias NE. Transcriptional regula-
tion of the human iNOS gene in vascular-smooth-muscle cells
and macrophages: evidence for tissue specificity. Biochem Bio-
phys Res Commun 1996;220:600-5 (PMID: 8607810).

Morris KR, Lutz RD, Choi HS, Kamitani T, Chmura K, Chan
ED. Role of the NF-kappaB signaling pathway and kappaB cis-
regulatory elements on the IRF-1 and iNOS promoter regions in
mycobacterial lipoarabinomannan induction of nitric oxide. Infect
Immun 2003;71:1442-52 (PMID: 12595462).

Deng WG, Zhu Y, Wu KK. Up-regulation of p300 binding and
p50 acetylation in tumor necrosis factor-alpha-induced cyclooxy-
genase-2 promoter activation. J Biol Chem 2003;278:4770-7
(PMID: 12471036).

Inoue H, Tanabe T. Transcriptional role of the nuclear factor kap-
pa B site in the induction by lipopolysaccharide and suppression
by dexamethasone of cyclooxygenase-2 in U937 cells. Biochem
Biophys Res Commun 1998;244:143-8. (PMID: 9514889).

Baeuerle PA, Baltimore D. I kappa B: a specific inhibitor of the
NF-kappa B transcription factor. Science 1988;242:540-6 (PMID:
3140380).

Clin. Lab. 10/2017

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Brown K, Gerstberger S, Carlson L, Franzoso G, Siebenlist U.
Control of I kappa B-alpha proteolysis by site-specific, signal-in-
duced phosphorylation. Science 1995;267:1485-8 (PMID: 7878
466).

Henkel T, Machleidt T, Alkalay I, Kronke M, Ben-Neriah Y,
Baeuerle PA. Rapid proteolysis of I kappa B-alpha is necessary
for activation of transcription factor NF-kappa B. Nature 1993;
365:182-5 (PMID: 8371761).

Traenckner EB, Pahl HL, Henkel T, Schmidt KN, Wilk S, Bae-
uerle PA. Phosphorylation of human I kappa B-alpha on serines
32 and 36 controls I kappa B-alpha proteolysis and NF-kappa B
activation in response to diverse stimuli. EMBO J 1995;14:2876-
83 (PMID: 7796813).

Hecker M, Cattaruzza M, Wagner AH. Regulation of inducible
nitric oxide synthase gene expression in vascular smooth muscle
cells. Gen Pharmacol 1999;32:9-16 (PMID: 9888247).

Hecker M, Preiss C, Schini-Kerth VB. Induction by staurosporine
of nitric oxide synthase expression in vascular smooth muscle
cells: role of NF-kappa B, CREB and C/EBP beta. Br J Pharma-
col 1997;120:1067-74 (PMID: 9134219).

Kleinert H, Euchenhofer C, Ihrig-Biedert I, Forstermann U. In
murine 3T3 fibroblasts, different second messenger pathways re-
sulting in the induction of NO synthase II (iNOS) converge in the
activation of transcription factor NF-kappaB. J Biol Chem 1996;
271:6039-44 (PMID: 8626388).

Kleinert H, Wallerath T, Fritz G, et al. Cytokine induction of NO
synthase II in human DLD-1 cells: roles of the JAK-STAT, AP-1
and NF-kappaB-signaling pathways. Br J Pharmacol 1998;125:
193-201 (PMID: 9776360).

Bogdan C. Nitric oxide and the immune response. Nat Immunol
2001;2:907-16 (PMID: 11577346).

Luoma JS, Stralin P, Marklund SL, Hiltunen TP, Sarkioja T, Yla-
Herttuala S. Expression of extracellular SOD and iNOS in macro-
phages and smooth muscle cells in human and rabbit atheroscle-
rotic lesions: colocalization with epitopes characteristic of oxi-
dized LDL and peroxynitrite-modified proteins. Arterioscler
Thromb Vasc Biol 1998;18:157-67 (PMID: 9484979).

Morgan MJ, Liu ZG. Crosstalk of reactive oxygen species and
NF-kappaB signaling. Cell Res 2011;21:103-15 (PMID: 21187
859).

Perrotta I, Aquila S. The role of oxidative stress and autophagy in
atherosclerosis. Oxid Med Cell Longev 2015;2015:130315
(PMID: 25866599).

Siti HN, Kamisah Y, Kamsiah J. The role of oxidative stress, an-
tioxidants and vascular inflammation in cardiovascular disease (a
review). Vascul Pharmacol 2015;71:40-56 (PMID: 25869516).

Davignon J. Pleiotropic effects of pitavastatin. Br J Clin Pharma-
col 2012 Apr;73(4):518-35.(PMID: 22053916).

Davignon J. Emphasis on pleiotropic effects, a new paradigm
shift? Coron Artery Dis. 2004 Aug;15(5):223-5 (PMID: 15238
816).

Davignon J. Beneficial cardiovascular pleiotropic effects of stat-
ins. Circulation 2004 Jun 15;109(23 Suppl 1):11139-43 (PMID: 15
198965).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 (ISO Coated v2 \050ECI\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


