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The effects of intravenous injection of Porphyromonas gingivalis (Pg) on rabbit inflammatory immune response and atherosclerosis
were evaluated by establishing a microamount Pg bacteremia model combined with high-fat diet. Twenty-four New Zealand rabbits
were randomly divided into Groups A-D (n = 6). After 14 weeks, levels of inflammatory factors (C-reactive protein (CRP),
tumor necrosis factor-a (TNF-«), interleukin-6 (IL-6), and monocyte chemoattractant protein-1 (MCP-1)) in peripheral blood
were detected by ELISA. The aorta was subjected to HE staining. Local aortic expressions of toll-like receptor-2 (TLR-2), TLR-4,
TNF-a, CRP, IL-6, matrix metallopeptidase-9, and MCP-1 were detected by real-time PCR, and those of nuclear factor-xB (NF-«xB)
P65, phospho-p38 mitogen-activated protein kinase (MAPK), and phospho-c-Jun N-terminal kinase (JNK) proteins were detected
by Western blot. Intravenous injection of Pg to the bloodstream alone induced atherosclerotic changes and significantly increased
systemic and local aortic expressions of inflammatory factors, NF-xB p65, phospho-p38-MAPK, and JNK, especially in Group D.
Injection of microamount Pg induced inflammatory immune response and accelerated atherosclerosis, in which the NF-«B p65,
p38-MAPK, and JNK signaling pathways played important roles. Intravenous injection of Pg is not the same as Pg from human
periodontitis entering the blood stream. Therefore, our results cannot be extrapolated to human periodontitis.

1. Introduction In the current study, asymptomatic bacteremia was
induced several times by intravenous injection with low-
concentration Pg suspension to observe inflammatory
response and progression of atherosclerosis. The expressions
of molecules in inflammation-related signaling pathways
were detected to clarify the relationship between period-

ontitis and atherosclerosis.

Epidemiological studies have associated periodontitis with
atherosclerosis [1-3], and a multivariate analysis showed that
periodontal pathogen load was positively correlated with
the incidence rate of cardiovascular disease [4]. Pathogenic
bacteria and products in the periodontal pocket can invade
systemic circulation through inflammation-injured epithelial
structure [5, 6]. Porphyromonas gingivalis (Pg), as one of

the main pathogenic bacteria for periodontitis, expresses
significantly more specific IgG in the serum of patients with
severe periodontitis [7]. Besides, Pg DNA was once detected
in atherosclerotic plaque tissues [8], and Pg promoted the
onset of early atherosclerosis in apolipoprotein E-deficient
mice through oral infection [7]. Therefore, Pg participates in
the onset of atherosclerosis by invading the circulatory system
through periodontal tissues.

2. Materials and Methods

2.1. Experimental Animals. Adult male New Zealand rabbits
weighing (2.5 + 0.5)kg were with complete permanent
dentition, integral teeth, and healthy periodontal structures,
purchased from Shanghai Laboratory Animal Center, Chi-
nese Academy of Sciences [License: SCXK (Shanghai) 2007-
0007], and were fed in Department of Comparative Medicine,
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FIGURE 1: Experimental procedure. ND: normal diet; HD: high-fat diet.

Fuzhou General Hospital of Nanjing Military Region. Under
aseptic conditions, the rabbits were fed in individual cages
with the dark/light cycle of 12h/12h at 19-29°C, with free
access to drinking and eating. This study has been approved
by the Institutional Animal Care and Use Committee of
Fujian Medical University and was performed according to
the ARRIVE (Animal Research: Reporting in Vivo Experi-
ments) guideline.

2.2. Experimental Strain. Pg was cultured overnight under
anaerobic conditions in culture medium containing 37 g/L
bovine brain-heart infusion broth, 5 g/L yeast extract, 5 mg/L
hemin, and 0.2 mg/L menadione.

2.3. Main Reagents. Ketamine hydrochloride injection was
purchased from Fujian Gutian Pharmaceutical Co., Ltd.
(China). Bovine brain-heart infusion broth was bought from
OXIOD (UK). BASO rapid Gram stain was obtained from
Zhuhai Beisuo Biological Technology Co., Ltd. (China). Rb
antinuclear factor-«B (NF-xB) p65, Rb antiphospho-c-Jun N-
terminal kinase (JNK), and Rb antiphospho-p38 mitogen-
activated protein kinase (MAPK) were purchased from Bio
Basic Inc. Mouse-anti-rabbit HRP was bought from Jackson.
ELISA kit was obtained from Uscn Life Science, Inc. (China).
Real-time PCR reagent was purchased from Invitrogen Life
Technologies (USA).

2.4. Main Apparatus. The main apparatus included EQU307
small transfer electrophoresis tanks (BBI, USA), elec-
trophoresis system (Bio-Rad, USA), qPCR system (Applied
Biosystems7500 Fast, USA), AV2700 Automatic Biochemical
Analyzer (Olympus, Japan), High-speed refrigerated cen-
trifuge (Heraeus, Germany), ultracentrifuge (Hitachi, Japan),
tissue paraffin slicer (Thermo, USA), automated enzyme
immunoassay analyzer (Human, Germany), ultra-pure water
system (Millipore, France), and AnaeroPack anaerobic cul-
ture equipment (Mitsubishi, Japan).

2.5. Experimental Procedure. The experimental procedure is
shown in Figure 1.

2.5.1. Animal Grouping. After at least two weeks of adaptive
feeding, 24 New Zealand rabbits were randomly divided into
four groups (n = 6).

2.5.2. Establishment of High-Fat Diet Animal Model. For 14
consecutive weeks, Group A and Group C were given normal
diet (150-200g), and Group B and Group D were fed with
high-fat diet (150-200g), all with free access to water. The
high-fat diet consisted of basic feed, 15% fresh egg yolk, 1%
cholesterol, and 5% lard.
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2.5.3. Establishment of Chronic Subclinical Pg Bacteremia
Model. Pg was passaged in contamination-free single
colonies, centrifuged, and prepared into a 1.0 x 10* CFU/mL
suspension with PBS by using McFarland standard tubes as
the reference.

After six weeks of normal or high-fat diet feeding, Group
A and Group B were injected with PBS (0.1 mL/kg), while
Group C and Group D were injected with Pg suspension into
the marginal ear vein (10° CFU, 0.1 mL/kg). The injection was
performed three times per week for eight consecutive weeks
[9]. Group C and Group D were also subjected to periodontal
ligature.

2.5.4. Execution of Experimental Animals. After 14 weeks,
the rabbits were euthanized by injecting 120 mg/kg ketamine
hydrochloride.

2.6. Blood Examination. Blood (10 mL) was collected after
12h of fasting from the central ear artery on the Ist day of
experiment and before execution and centrifuged at 3000 g
for 5min, from which the supernatant was obtained. Levels
of interleukin-6 (IL-6), tumor necrosis factor-a (TNF-«),
C-reactive protein (CRP), and monocyte chemoattractant
protein-1 (MCP-1) in the peripheral blood were determined
by ELISA Kkits, and those of total cholesterol (TC), triglyc-
eride (TG), low-density lipoprotein-cholesterol (LDL-C),
and high-density lipoprotein-cholesterol (HDL-C) were mea-
sured by OLYMPUS AV2700 Automatic Biochemical Ana-
lyzer.

2.7. Aortic Morphology and Detection of
Inflammation-Related Indices

2.71. Preparation of Tissue Sections. About1.5 cm of the prox-
imal aortic segment was collected and rinsed roughly with
normal saline. Ultrathin sections (4 ym) were prepared and
dried overnight in a 60°C oven. Then they were deparaffinized
in turpentine I and turpentine II for 10 min and hydrated
in absolute ethanol I for 10 min, in absolute ethanol II for
5min, in 95% ethanol for 5min, in 80% ethanol for 5 min,
and in 70% ethanol for 5min. After cleaning, the sections
were stained by hematoxylin for 10 min, washed by running
water for 10 min, stained by eosin for 20s, and dehydrated
by 95% ethanol I, 95% ethanol II, absolute ethanol I, and
absolute ethanol II sequentially (2min each). The sections
were thereafter rendered transparent by using xylene and
sealed with neutral gum.

2.72. Observation and Quantitative Morphological Analysis.
Three sections of the aorta separated by 80 ym were subjected
to HE staining. With 100x magnification, four visual fields
were selected for each section to determine the thicknesses of
tunica intima and tunica media and their ratios. The average
of three replicates was finally used.

Within 10 min after the rabbits died, aortic tissues not
thicker than 0.5cm were sampled after blood stains and
contaminants were removed. They were then dried with
sterile gauze and rapidly stored in liquid nitrogen. Levels
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TaBLE 1: PCR primer sequences.

Gene Primer
IL-6-F1 CCTGAGGCCAAAGGTCAAGAA
IL-6-R1 GTGGTCGTCTTCAGCCACTG
MCP-1-F1 GCCCAGGCTGAGCACG
MCP-1-R1 CCCAGCACGACGTTCCC
CRP-F1 GCTGCTGTGGTGTTTCCTGA
CRP-R1 CTTCTTGTGCATGCCTGCCT
TNF-a-F1 CCCACGTAGTAGCAAACCCG
TNF-a-R1 TTGTCCGTGAGCTTCATGCC

of TLR-2, TLR-4, MCP-1, TNF-«, IL-6, CRP, and MMP-9
were detected by real-time PCR, and those of NF-«xB p65,
phospho-p38-MAPK, and phospho-JNK were detected by
Western blotting.

2.7.3. Real-Time PCR. In liquid nitrogen, 10 mg aortic tissues
were homogenized, put in 1.5mL centrifuge tubes, added
1000 uL of Trizol, and left still for 5 min. After addition of
chloroform, the tubes were votexed for 10 s, left still for 5 min,
and centrifuged at 12000 g and 4°C for 15 min, from which
the supernatant was transferred into a 1.5mL centrifuge
tube, added to equal volume of isopropanol, shaken, and left
still at —20°C for 1h and at room temperature for 10 min.
After the solution was centrifuged at 12000 g and 4°C for
10 min, the supernatant was discarded and isopropanol was
removed, into which 1 mL of absolution ethanol was added.
After another centrifugation at 12000 g and 4°C for 5min,
the supernatant was discarded and diethylpyrocarbonate-
(DEPC-) treated water was added when the precipitate was
dry. The product was stored at —80°C prior to use.

Mix 1 was obtained by adding the following compounds
in a sterile RNase-free Eppendorf tube: 5 yL of DEPC-treated
water, 1uL of 10 mM dNTP Mix, 0.5uL of random primer,
0.5 uL of primer (50 uM oligio(dt)), and 5 uL of up to 5ug
total RNA, 12 L in total; then mix 1 was heated at 65°C for
5min and cooled on ice for 1 min, and mix 2 was prepared
by adding the following compounds: 12 yuL of Mix 1, 1uL
of SuperScrip III RT (200 U/uL), 2 uL of 0.1M dTT, 1 uL of
40 U/uL RNaseout, and 4 uL of 5x first-strand buffer, 20 uL
in total; after reaction at 25°C for 5min, 50°C for 60 min,
and 70°C for 15 min, the cDNA product was cooled on ice
immediately and stored at —20°C prior to use.

PCR system consisted 0f 12.3 yL of ultrapure water, 0.2 uL
of Taq polymerase (5U/uL), 0.5 uL of downstream primer
(10 uM), 2 uL of Mg®" (25 mM), 1 4L of SYBR (20x), 0.5 uL
of upstream primer (10 M), 0.5 yuL of ANTPs (25 mM), 2 uL
of 10x PCR buffer, and 1.0 uL of template, 20 uL in total. PCR
was performed at 95°C for 2 min and cycled in 40 repeats:
95°C for 10's, 60°C for 30, 70°C for 45 s, and melting at 70—
95°C.

Total-length ¢cDNA sequences of TNF-a, CRP, IL-6,
and MCP-1 were obtained from http://www.ensemble.org/
index.html, based on which specific primers for real-time
PCR were synthesized (Table 1).



After real-time PCR of target and housekeeping genes
of each sample, their levels were directly generated by the
analysis system, providing a standard curve simultaneously.
Relative expression level F = 274!, where —AAct = (average
ct of target gene — average ct of housekeeping gene) e —
(average ct of target gene — average ct of housekeeping

gene)reference .

2.74. Western Blotting. Aortic tissues were rinsed twice to
three times with cold TBS, added to 10 equiv. extractant
(phosphorylated protease inhibitors cocktail and PMSF were
added several minutes before), homogenized on ice, trans-
ferred in a centrifuge tube, shaken, put on ice for 30 min, and
centrifuged at 12000 g for 5 min, from which the supernatant
was collected as the total protein solution.

Sample protein levels were determined with the Bradford
method by plotting a standard curve and measuring the
absorbance at 595nm after adding 900 uL of Bradfords
reagent into 1 yL of protein and 99 puL of 0.9% normal saline.

Protein sample (40 ug) was then loaded for Western
blotting and transferred to a PVDF membrane that was sub-
sequently blocked in 5% skimmed milk prepared with 0.5%
TBST. Afterwards, the membrane was incubated overnight
with diluted primary antibodies (5% skimmed milk dissolved
with TBST) at 4°C, washed three times with TBST (5 min each
time), incubated with TBST-diluted secondary antibodies
(1:3000) at room temperature for 30 min, washed three
times again (5 min each), and subjected to chemiluminescent
detection, developing, and fixing. After gel imaging and
scanning, the optical densities of target bands were detected
by Alpha software.

2.8. Statistical Analysis. All data were analyzed by SPSS
19.0. All indices were subjected to normality test, and those
conforming to normal distribution were expressed as mean +
standard deviation. Means of multiple groups were compared
by one-way analysis of variance, and intergroup comparisons
were performed by LSD-f test. Pearson’s correlation analysis
was used. P < 0.05 was considered statistically significant.

3. Results

3.1. Aortic Morphology. Group A: endothelial cells were intact
and adhesive to the internal elastic lamina in single layers,
and smooth muscle cells in the tunica media were arranged
orderly (Figure 2(a)). Group B: the tunica intima thickened
and had edema, and there were 4-5 layers of foam cells
and infiltrated inflammatory cells. Meanwhile, the arrange-
ment of elastic fibers in the tunica media was disordered
(Figure 2(c)). Group C: there were 1-2 layers of foam cells
and infiltrated inflammatory cells, and smooth muscle cells
were arranged relatively orderly (Figure 2(b)). Group D:
the tunica intima experienced more evident thickening and
edema with 8-9 layers of foam cells. Smooth muscle cells
obviously decreased in the tunica media, which were accom-
panied by disorganized, twisted, and structurally undefined
elastic fibers, and there were scattered atherosclerotic plaques
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TABLE 2: Thicknesses of tunica intima and tunica media and their
ratios (mean + SD).

Group (n = 6) Id (ym) Md (pm) /M
Group A 21.74 + 8.05 129.93 + 17,01 0.16 + 0.03
Group B 23712 +13.77° 20233 +21.34° 117+ 0.63°
Group C 8315+ 6.76°  132.09+38.37  0.25+ 0.05"
Group D 37732 £1157% 25237 £26.37% 149 + 0.85%
F value 24.341 19.541 17.753
P value <0.01 <0.01 <0.01

*Significant difference compared with Group A; *significant difference
compared with Groups A and C; ¥significant difference compared with
Groups A-C.

(Figure 2(d)). In short, high-fat diet alone presented more
severe changes in intima and media.

3.2. Quantitative Morphological Analysis. Compared with
Group A, Group C had significantly thicker tunica intima
and significantly higher tunica intima/tunica media ratio, but
their tunica media thicknesses were similar. Compared with
Group B, however, the two thicknesses and the ratio of Group
D all increased significantly (Table 2).

3.3. Expressions of Serum Inflammatory Factors. The levels of
serum CRP, IL-6, TNF-«, and MCP-1 of Group C and Group
D, especially those of Group D, were significantly higher than
those of Group A and Group B, respectively. Compared with
Group A, the serum IL-6, TNF-«, and MCP-1 levels were
significantly higher in the other three groups, but their CRP
levels were similar (Figure 3).

3.4. Real-Time PCR Detection Results. Groups B-D had
significantly higher expression levels of TLR-2, TLR-4, TNF-
«, CRP, IL-6, MMP-9, and MCP-1, following a descending
order of Group D > Group C > Group B and with significant
intergroup differences (Figure 4).

3.5. Blood Lipid Detection Results. The TCHO and LDL-C
levels in Group C significantly exceeded those in the Group
A, whereas the HDL-C level was significantly lower. The
two high-fat diet groups had significantly higher TG, TCHO,
LDL-C, and HDL-C levels than those of the two normal diet
groups. The TCHO and LDL-C levels in Group D were also
significantly higher than those in Group B, but the HDL-C
level was significantly lower (Table 3).

3.6. Western Blotting Results of the NF-kB p65 Pathway. The
levels of NF-«B p65 in Groups B-D were significantly higher
than that of Group A, following a descending order of Group
D > Group C > Group B and with significant intergroup
differences (P < 0.05) (Figure 5).

3.7. Western Blotting Results of the p38-MAPK Pathway.
Group C and Group D had significantly higher levels of
phospho-p38-MAPK than those of Group A and Group B,
respectively. Meanwhile, there were no differences between
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FIGURE 2: Aortic pathological changes (x100). (a) Group A; (b) Group B; (¢) Group C; (d) Group D.

TABLE 3: Expressions of blood lipid indices (x + s, mmol/L).

Group TG TCHO LDL-C HDL-C

Group A 0.78+0.21 128+0.12  0.27+0.03 0.64 +0.14
Group B 3.94+1.36" 16.67 +790" 15.01+9.04" 2.06 + 0.07"
Group C 0.72+0.52 837+ 1.67° 951+ 1.39" 039+ 0.21"

Group D 413 +0.81° 25.07 +527% 26.37 +721% 1.02 + 0.31%
Fvalue 21125 19.522 22312 14.745
P value <0.01 <0.01 <0.01 <0.05

*Significant difference compared with Group A; *significant difference com-
pared with Groups A and C; ®significant difference compared with Groups
A-C.

Group C and Group D or between Group A and Group B
(Figure 6).

3.8. Western Blotting Results of the JNK Pathway. Group C
and Group D had significantly higher levels of phospho-
JNK than those of Group A and Group B, respectively, and
the increase in Group D was most evident. There were no
differences between Group A and Group B (Figure 7).

4. Discussion

Atherosclerosis is a chronic inflammatory disease in which
various inflammatory cells and factors are involved [10].
Bacterial infections promote the onset and progression of
atherosclerosis by injuring the vascular endothelium and

by activating systemic and local inflammatory immune
responses [11, 12]. However, the randomized trials to mitigate
the inflammatory contribution of these infections (Chlamy-
dia and Helicobacter) did not reduce atherosclerotic out-
comes suggesting potential confounding [13]. On the other
hand, metabolic inflammation is one of the main causes of
coronary heart disease [14], and the link between oral bacteria
and metabolic inflammation has attracted much attention in
the research community [15].

Periodontitis has been closely associated with atheroscle-
rosis [16] because the former allows periodontal pathogenic
bacteria to enter blood circulation and finally the cardiovas-
cular system through exposed areas by local gingival epithe-
lial inflammation, ulceration, chewing, tooth-brushing, peri-
odontal treatment, and surgery [17-19]. By inducing a contin-
uous, mild systemic inflammatory response, Pg invades the
circulatory system through periodontal tissues.

Since Group C suffered from atherosclerotic changes,
Pg injection alone was enough to initiate atherosclerosis. In
addition, the expressions of inflammatory factors increased
in peripheral blood and local aorta. Due to limited experi-
mental conditions, the environment of human periodontitis
was not fully simulated. For instance, intravenous injection
of Pg did not resemble Pg from human periodontitis entering
the blood stream. The results herein suggested that injection
of microamount Pg may induce systemic and local aortic
inflammatory immune responses, probably being associated
with the progression of atherosclerosis. However, injection
of Pg is not the same as the condition where human
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FIGURE 3: Expressions of inflammatory factors in peripheral blood. A: difference before and after Pg stimulation, P < 0.05; B: difference
before and after high-fat diet, P < 0.05. ND: normal diet; HD: high-fat diet.

periodontitis affects the pathogenesis of atherosclerosis.
Therefore, we cannot translate our results as the simulation
of human periodontitis and atherosclerosis relationship.

Groups B-D all underwent atherosclerotic changes,
among which the symptom of Group D was most apparent,
suggesting that Pg injection in combination with hyperlipi-
demia accelerated the progression of atherosclerosis. High-
fat diet easily accumulates lipids that aggregate macrophages
and secret inflammatory cytokines, thus damaging adja-
cent tissues and organs to trigger a cascade reaction by
secreting more inflammatory factors [20-22]. In Group B,
the expression levels of TG, TCHO, LDL-C, and HDL-C
all significantly increased, and those of most inflammatory
factors in the peripheral blood and local aorta were also
significantly elevated. Therefore, it is reasonable to postu-
late that individual high-fat diet sufficed to induce lipid
metabolic disorder, and the resulting lipid accumulation
results in chronic inflammation. LDL can stimulate mono-
cytes/macrophages to significantly induce the expressions of
inflammatory factors and can enhance the proinflammatory
activity of monocytes [23]. Hence, high-fat diet induced more
obvious inflammatory response than normal diet did under
identical stimulation with Pg.

TLRs, especially TLR-4 and TLR-2, are widely expressed
in the arteries of atherosclerotic patients [24], and the two
receptors are related with Pg and the mechanism of its toxic
effects. Pg can also upregulate the expressions of TLR-2, TLR-
3, TLR-4, TLR-6, and TLR-9 in vascular endothelial cells
and affect the functions of these cells [25]. When TLR-2
expression is blocked, monocytes no longer readily adhere to
vascular endothelial cells due to weakened stimulating effects
of Pg-LPS and pili [26, 27]. Moreover, Pg-LPS produces
inflammatory cytokines by activating vascular endothelial
cells through TLR-2 [28]. Macrophages play crucial, versatile
roles in the onset and progression of atherosclerosis [29].
Zhou et al. reported that Pg-LPS and pili transduced signals
mainly through TLR-2, and Pg per se did so through TLR-
2 and TLR-4 [30]. Since Pg, Pg-LPS, and pili can induce
upregulation of TLR-2 on macrophage surface, Pg infection
activated macrophages through TLR-2 [31]. Accordingly,
TLRs are essential parts of the signaling of Pg infection-
accelerated atherosclerosis, which vary depending on the
target cells and Pg virulence factors. Pg injection herein
significantly increased local aortic expressions of TLR-2 and
TLR-4, indicating that Pg stimulated systemic inflammatory
immune response through TLR-2 and TLR-4, finally leading
to atherosclerosis.
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Although there are numerous types of proinflamma-
tory factors for atherosclerosis, only the MAPK and NF-
kB signaling pathways are mainly responsible for regulating
these factors, the blockage of which may be able to hinder
atherosclerotic progression.

Opveractivation of the NF-«xB pathway that regulates target
genes involved in inflammatory response is closely related
with the progression of atherosclerosis [32]. In this study,
microamount Pg stimulation significantly increased NF-«B,
suggesting that the NF-xB pathway predominantly controlled
Pg-induced inflammatory immune response and exerted
chain amplifying effects on proinflammatory factors for
atherosclerosis [33]. Thus, Pg and its virulent factors as well
as high-fat diet-induced high-concentration LDL stimulation
can induce systemic inflammatory response that activates the
NF-«B pathway in artery endothelial cells and subendothelial
inflammatory cells, which further increases inflammatory
factors and leads to a vicious circle as the pathogenesis of Pg-
induced atherosclerosis.

The MAPK pathway mediates extracellular signals to
induce nuclear reactions and regulates cytokines, adhesion
molecules, and chemokines, critically controlling the reg-
ulation of systemic inflammatory response. Besides being
widely related with the NF-xB pathway, the JNK and p38-
MAPK pathways are also closely associated with inflamma-
tory response. Pg stimulation herein significantly elevated
the local aortic expression levels of phospho-p38-MAPK and
JNK, so the JNK and p38-MAPK pathways essentially partic-
ipated in Pg-induced local inflammatory immune response.
Similarly, Pg pili can activate the p38-MAPK pathway in
human peripheral blood monocytes and release IL-6 to
participate in inflammatory response by activating the NF-xB
pathway [34]. Moreover, Pg-LPS can activate the p38-MAPK
pathway in human monocytes but not in endothelial cells
[35]. Furthermore, Pg is able to activate the JNK pathway
in gingival epithelial cells [36], which, however, has never
been reported to be activated in monocytes/macrophages or
vascular endothelial cells. NF-xB pathway, MAPK pathway,
and JNK pathway are universal inflammatory pathways.
Thus, any biochemical reaction that involves inflammation
will activate these pathways.

5. Conclusion

In summary, stimulation by injecting microamount Pg into
the bloodstream induced inflammatory immune response
and further accelerated atherosclerotic progression, on which
TLR-2, TLR-4, and the NF-«B p65, p38-MAPK, and JNK
signaling pathways exerted bridging effects.

Conflict of Interests

The authors have no conflict of interests to disclose.

Acknowledgment

This study was supported by the National Natural Science
Foundation of China (Grant nos. 81170973 and 81371152).

References

[1] J. H. Meurman, S.-J. Janket, M. Qvarnstrom, and P. Nuutinen,
“Dental infections and serum inflammatory markers in patients
with and without severe heart disease,” Oral Surgery, Oral
Medicine, Oral Pathology, Oral Radiology, and Endodontics, vol.
96, no. 6, pp. 695700, 2003.

[2] Y.-W. Chen, M. Umeda, T. Nagasawa et al., “Periodontitis
may increase the risk of peripheral arterial disease,” European
Journal of Vascular and Endovascular Surgery, vol. 35, no. 2, pp.
153-158, 2008.

[3] H. Mochari, J. T. Grbic, and L. Mosca, “Usefulness of self-
reported periodontal disease to identify individuals with ele-
vated inflammatory markers at risk of cardiovascular disease,”
The American Journal of Cardiology, vol. 102, no. 11, pp. 1509-
1513, 2008.

[4] A. Spahr, E. Klein, N. Khuseyinova et al., “Periodontal infec-
tions and coronary heart disease: role of periodontal bacteria
and importance of total pathogen burden in the Coronary Event
and Periodontal Disease (CORODONT) study,” Archives of
Internal Medicine, vol. 166, no. 5, pp. 554-559, 2006.

[5] R. C. Page, “The pathobiology of periodontal diseases may
affect systemic diseases: inversion of a paradigm,” Annals of
Periodontology, vol. 3, no. 1, pp. 108-120, 1998.

[6] C.G. Daly, D. H. Mitchell, J. E. Highfield, D. E. Grossberg, and
D. Stewart, “Bacteremia due to periodontal probing: a clinical
and microbiological investigation,” Journal of Periodontology,
vol. 72, no. 2, pp. 210-214, 2001.

[7] E C. Gibson III, C. Hong, H.-H. Chou et al., “Innate immune
recognition of invasive bacteria accelerates atherosclerosis in
apolipoprotein E-deficient mice,” Circulation, vol. 109, no. 22,
pp. 2801-2806, 2004.

[8] T.Iwai,Y.Inoue, M. Umeda et al., “Oral bacteria in the occluded
arteries of patients with Buerger disease,” Journal of Vascular
Surgery, vol. 42, no. 1, pp. 107-115, 2005.

[9] M.-Z. Zhang, C.-L. Li, Y.-T. Jiang et al., “Porphyromonas gingi-
valis infection accelerates intimal thickening in iliac arteries in
a balloon-injured rabbit model,” Journal of Periodontology, vol.
79, no. 7, pp. 1192-1199, 2008.

[10] G. K. Hansson and G. P. Berne, “Atherosclerosis and the
immune system,” Acta Paediatrica, vol. 93, no. 446, supplement,
pp. 63-69, 2004.

[11] M.Mayr, S. Kiechl, M. A. Mendall, J. Willeit, G. Wick, and Q. Xu,
“Increased risk of atherosclerosis is confined to CagA-positive
Helicobacter pylori strains: prospective results from the Bruneck
study;” Stroke, vol. 34, no. 3, pp. 610-615, 2003.

[12] T.Huittinen, M. Leinonen, L. Tenkanen et al., “Synergistic effect
of persistent Chlamydia pneumoniae infection, autoimmunity,
and inflammation on coronary risk,” Circulation, vol. 107, no.
20, pp. 2566-2570, 2003.

[13] M. Kaplan, S. S. Yavuz, B. Cinar et al., “Detection of Chlamydia
pneumoniae and Helicobacter pylori in atherosclerotic plaques
of carotid artery by polymerase chain reaction,” International
Journal of Infectious Diseases, vol. 10, no. 2, pp. 116-123, 2006.

[14] R. G. Conway, E. Chernet, D. C. de Rosa et al., “Glucose
metabolic trapping in mouse arteries: nonradioactive assay of
atherosclerotic plaque inflammation applicable to drug discov-
ery; PLoS ONE, vol. 7, no. 11, Article ID 50349, 2012.

[15] Y. W. Han and X. Wang, “Mobile microbiome: oral bacteria
in extra-oral infections and inflammation,” Journal of Dental
Research, vol. 92, no. 6, pp. 485-491, 2013.



10

[16] V.E.Friedewald, K. S. Kornman, J. D. Beck et al., “The American
journal of cardiology and journal of periodontology Editors’
consensus: periodontitis and atherosclerotic cardiovascular dis-
ease,” The American Journal of Cardiology, vol. 104, no. 1, pp. 59—
68, 2009.
S. Piconi, D. Trabattoni, C. Luraghi et al., “Treatment of peri-
odontal disease results in improvements in endothelial dysfunc-
tion and reduction of the carotid intima-media thickness,” The
FASEB Journal, vol. 23, no. 4, pp. 1196-1204, 2009.
P.B. Lockhart, M. T. Brennan, M. L. Kent, H. J. Norton, and D. A.
Weinrib, “Impact of amoxicillin prophylaxis on the incidence,
nature, and duration of bacteremia in children after intubation
and dental procedures,” Circulation, vol. 109, no. 23, pp. 2878-
2884, 2004.
A. Rajasuo, S. Nyfors, A. Kanervo, H. Jousimies-Somer, C.
Lindqvist, and R. Suuronen, “Bacteremia after plate removal
and tooth extraction,” International Journal of Oral and Max-
illofacial Surgery, vol. 33, no. 4, pp. 356-360, 2004.
T. Suganami, J. Nishida, and Y. Ogawa, “A paracrine loop
between adipocytes and macrophages aggravates inflammatory
changes: role of free fatty acids and tumor necrosis factor alpha,”
Arteriosclerosis, Thrombosis, and Vascular Biology, vol. 25, no.
10, pp. 2062-2068, 2005.
H. Xu, G. T. Barnes, Q. Yang et al., “Chronic inflammation in fat
plays a crucial role in the development of obesity-related insulin
resistance,” The Journal of Clinical Investigation, vol. 112, no. 12,
pp. 1821-1830, 2003.
G. S. Hotamisligil, “Inflammation and metabolic disorders,”
Nature, vol. 444, no. 7121, pp. 860-867, 2006.
[23] J. Beck, R. Garcia, G. Heiss, P. S. Vokonas, and S. Offenbacher,
“Periodontal disease and cardiovascular disease,” Journal of
Periodontology, vol. 67, no. 10, supplement, pp. 1123-1137, 1996.
K. Edfeldt, J. Swedenborg, G. K. Hansson, and Z.-Q. Yan,
“Expression of toll like receptors in human atherosclerotic
lesions: a possible pathway for plaque activation,” Circulation,
vol. 105, no. 10, pp. 1158-1161, 2002.
H. Yumoto, H.-H. Chou, Y. Takahashi, M. Davey, E C. Gibson
111, and C. A. Genco, “Sensitization of human aortic endothelial
cells to lipopolysaccharide via regulation of toll-like receptor 4
by bacterial fimbria-dependent invasion,” Infection and Immu-
nity, vol. 73, no. 12, pp. 8050-8059, 2005.
N. Nakamura, M. Yoshida, M. Umeda et al., “Extended exposure
of lipopolysaccharide fraction from Porphyromonas gingivalis
facilitates mononuclear cell adhesion to vascular endothelium
via Toll-like receptor-2 dependent mechanism,” Atherosclerosis,
vol. 196, no. 1, pp. 59-67, 2008.
E. Harokopakis, M. H. Albzreh, M. H. Martin, and G. Hajishen-
gallis, “TLR2 transmodulates monocyte adhesion and transmi-
gration via Racl- and PI3K-mediated inside-out signaling in
response to Porphyromonas gingivalis fimbriae,” The Journal of
Immunology, vol. 176, no. 12, pp. 7645-7656, 2006.
M. Triantafilou, E G. J. Gamper, P. M. Lepper et al,
“Lipopolysaccharides from atherosclerosis-associated bacteria
antagonize TLR4, induce formation of TLR2/1/CD36 com-
plexes in lipid rafts and trigger TLR2-induced inflammatory
responses in human vascular endothelial cells,” Cellular Micro-
biology, vol. 9, no. 8, pp. 2030-2039, 2007.
H. Suzuki, Y. Kurihara, M. Takeya et al., “A role for macrophage
scavenger receptors in atherosclerosis and susceptibility to
infection,” Nature, vol. 386, no. 6622, pp. 292-296, 1997.
[30] Q. Zhou, T. Desta, M. Fenton, D. T. Graves, and S. Amar,
“Cytokine profiling of macrophages exposed to Porphyromonas

(17]

(20]

(21]

(22]

[24

[25]

[26]

(27]

(29]

(31]

(33]

[34]

Mediators of Inflammation

gingivalis, its lipopolysaccharide, or its FimA protein,” Infection
and Immunity, vol. 73, no. 2, pp. 935-943, 2005.

E C. Gibson III, T. Ukai, and C. A. Genco, “Engagement of spe-
cific innate immune signaling pathways during Porphyromonas
gingivalis induced chronic inflammation and atherosclerosis;’
Frontiers in Bioscience, vol. 13, no. 6, pp. 2041-2059, 2008.

A. W. Orr, C. Hahn, B. R. Blackman, and M. A. Schwartz, “p21-
activated kinase signaling regulates oxidant-dependent NF-xB
activation by flow;” Circulation Research, vol. 103, no. 6, pp. 671-
679, 2008.

E Chen, V. Castranova, X. Shi, and L. M. Demers, “New insights
into the role of nuclear factor-«B, a ubiquitous transcription fac-
tor in the initiation of diseases,” Clinical Chemistry, vol. 45, no.
1, pp. 7-17,1999.

T. Ogawa, Y. Asai, M. Hashimoto et al.,, “Cell activation by
Porphyromonas gingivalis lipid A molecule through Toll-like
receptor 4- and myeloid differentiation factor 88-dependent
signaling pathway,” International Immunology, vol. 14, no. 11, pp.
1325-1332, 2002.

R. P. Darveau, S. Arbabi, I. Garcia, B. Bainbridge, and R. V.
Maier, “Porphyromonas gingivalis lipopolysaccharide is both
agonist and antagonist for p38 mitogen-activated protein kinase
activation,” Infection and Immunity, vol. 70, no. 4, pp. 18671873,
2002.

K. Watanabe, O. Yilmaz, S. E. Nakhjiri, C. M. Belton, and R. J.
Lamont, “Association of mitogen-activated protein kinase path-
ways with gingival epithelial cell responses to Porphyromonas
gingivalis infection,” Infection and Immunity, vol. 69, no. 11, pp.
6731-6737, 2001.



