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Influence of Porphyromonas gingivalis on vascular intima adhesion factors and metalloproteinases
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Abstract: Objective: To observe influence of porphyromonas gingivalis (Pg, a main pathogenic bacterium of periodontal disease) on vascular intima adhesion factors and metalloproteinases. Methods: A total of 60 rats were randomly and equally divided into blank control group, Pg low dose group (Pg 2ml) and Pg high dose group (Pg 5ml) according to number table. The latter two groups respectively received intramuscular injection of corresponding dose Pg every three days without antibiotic intervention for 12 weeks. Then their venous blood was taken to measure levels of intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), matrix metalloproteinase (MMP)-3 and MMP-9 in three groups. Results: Compared with blank control group, there were significant increase in contents of ICAM-1 [（175.79±14.30）ng/ml vs.（182.62±15.07）ng/ml, （189.39±14.93）ng/ml]、VCAM-1 [（256.49±37.17）ng/ml vs.（271.58±32.85）ng/ml , (286.66±30.66)ng/ml] 、 MMP-3 [（3.23±0.69）ng/ml vs.（3.61±0.82）ng/ml, (3.97±0.83)ng/ml]及 MMP-9 [（1.30±0.39）mg/L vs.（1.48±0.39）mg/L, 1.67±0.45）mg/L ]（P <0.05，or <0.01），Compared with Pg low dose group, there were significant increase in levels of above indexes in Pg high dose group (P<0.05). Conclusion: Porphyromonas gingivalis can significantly increase serum contents of vascular intima adhesion factors and metalloproteinases, aggravating pathological development of coronary heart disease. 
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牙龈卟啉单胞菌对血管内膜粘附因子和金属蛋白酶的影响/孙玮1, 蔡尚郎1, 宋宇2，张继东1 //1. 青岛大学附属医院心内科，山东 青岛  266003；2. 青岛市市立医院
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摘要：目的：观察牙龈卟啉单胞菌（Pg, 为牙周病的主要致病菌）对血管内膜粘附因子和金属蛋白酶的影响。方法：大鼠60只，按随机数字表分为空白对照组、Pg低剂量组(2ml)与Pg高剂量组(5ml)，各20只，后两组每3d分别接受相应剂量Pg肌注，且均不进行抗生素干预，历时12周。取其静脉血，检测三组血液中的细胞间粘附分子-1(ICAM-1)、血管细胞粘附分子-1（VCAM-1）、基质金属蛋白酶（MMP）-3及 MMP-9 的水平。结果：与空白对照组相比，Pg低剂量组与高剂量组大鼠静脉血中 ICAM-1 [（175.79±14.30）ng/ml 比（182.62±15.07）ng/ml、（189.39±14.93）ng/ml]、VCAM-1 [（256.49±37.17）ng/ml 比（271.58±32.85）ng/ml、(286.66±30.66)ng/ml] 、 MMP-3 [（3.23±0.69）ng/ml 比（3.61±0.82）ng/ml、(3.97±0.83)ng/ml]及 MMP-9 [（1.30±0.39）mg/L 比（1.48±0.39）mg/L、（1.67±0.45）mg/L ] 含量显著增加（P <0.05，或<0.01），且与Pg低剂量组相比，Pg高剂量组上述因子含量显著增加（P<0.05）。结论：牙龈卟啉单胞菌可引起大鼠血清中血管内膜粘附因子和金属蛋白酶含量的显著增加，可加剧冠心病的病理演变。
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Coronary heart disease (CHD) is first killer threatening human health, and its fundamental pathological change is atherosclerosis. Periodontal disease is a kind of high-morbidity disease and pandemic disease in the world, and porphyromonas gingivalis (Pg) is its main pathogenic bacterium. Relationship study between periodontal disease and CHD receives attention from domestic and foreign scholars. In 2002, Paquette [1] pointed out that pathogenesis of atherosclerosis included infectious factors; periodontal infection can aggravate general inflammation and immune reaction, which had certain influence on systemic diseases such as atherosclerosis; the toxins produced by periodontal pathogen and its metabolic products had special influence on atherosclerosis etc. [2-3]. Chiu and Mastragelopulos et al [4] detected periodontal pathogenic bacteria such as Pg, Tannerella forsythus and Prevotella intermedia et al in coronary artery and carotid atherosclerotic plaques using immunohistochemistry or polymerase chain reaction (PCR). The present study observed influence of Pg on vascular intima adhesion factors and metalloproteinases via injecting Pg to rats, and provided theoretical basis for early prevention and treatment of CHD. 

1  Materials and methods

1.1 Materials and apparatus

A total of 60 Wistar rats (3~5 months old) were provided by experimental animal center of medical college of Qingdao University, and the mean body weight was (200±30) g; Pg was provided by key lab of Stomatology College of Qingdao University; rat serum intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), matrix metalloproteinase (MMP)-3 and MMP-9; enzyme linked immunosorbent assay (ELISA) detection kits were all original imported from American ADL Company; ELISA analyzer was Bio-Rad Model 550 type automatic ELISA analyzer. All operations were performed strictly according to instructions. 

1.2 Methods

1.2.1 Animal model establishment  A total of 60 male Wistar rats were selected, and randomly and equally divided into blank control group, Pg low dose group and Pg high dose group according to random number table method, and breeded in cages separately. Each rat in low dose group received intramuscular injection of 2ml Pg, and rates in high dose group received intramuscular injection of 5ml Pg every three days, Pg concentration was all 109CFU/ml, and blank control group didn’t receive intramuscular injection of Pg. Rats in three groups were fed with same diet, and all of them didn’t receive antibiotic intervention. Diet and weight gain condition were observed in three groups. The experiment period was 12 weeks. 

1.2.2 Serum collection  All rats were fasting for 12h before blood collection. Then 5ml blood was taken from inner canthus vein, placed in dried sterile blood collection tube without anticoagulant agent, centrifuged at 3000 r/min for 15min, then serum was separated and placed in four dried sterile cryovials, sealed, shaded and stored at -80℃. 

1.2.3 Measurements of serum ICAM-1, VCAM-1, MMP-3 and MMP-9  Lyophilized serum was melted at room temperature and the measurement method of above indexes was double antibody sandwich ELISA method. The measuring wave length was 450 nm, absorbance (A) value was measured, and standard curve was drawn on semilogarithm table based on standard substance. Corresponding concentrations of ICAM-1, VCAM-1, MMP-3 and MMP-9 were found out on the curve according to sample A value. 

1.3 Statistical method

SPSS 17.0 software was used to perform statistical analysis. Measurement data were expressed as mean ± standard deviation (
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±s), its comparison among three groups was performed using one-way ANOVA, and its two-two comparison between two groups was performed using LSD-t test. P<0.05 was regarded as possessing significant difference. 

2  Results

2.1 General observation

During the whole experiment, changes of activity state, body weight, diet and stool etc. in rats were observed. Before the experiment, there was no significant difference in rat state among three groups; when experiment started, appetite loss and decreased activity etc. occurred in rats of Pg low dose group and high dose group, but gradually recovered to normal after two weeks. 

2.2 Comparisons of serum levels of ICAM-1, VCAM-1, MMP-3 and MMP-9 among three groups after Pg injection

    Compared with blank control group, there were significant rise in serum levels of ICAM-1, VCAM-1, MMP-3 and MMP-9 in Pg low dose group and high dose group after Pg injection (P <0.05，or <0.01), and those of Pg high dose group were significantly higher than those of Pg low dose group (P<0.05 all). They were shown in table 1. 

Table 1 Comparison of serum levels of ICAM-1, VCAM-1, MMP-3 and MMP-9 among three groups after intramuscular injection of Pg (n=20, 
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±s)
	                   n
	ICAM-1 (ng/ml)
	VCAM-1 (ng/ml)
	MMP-3 (ng/ml)
	MMP-9 (mg/L)

	Blank control group  40
	175.79±14.30
	256.49±37.17
	256.49±37.17
	1.30±0.39

	Low dose group     40
	182.62±15.07△
	271.58±32.85△
	271.58±32.85△
	1.48±0.39△

	High dose group    40
	189.39±14.93△△▲ 
	286.66±30.66▲△△ 
	286.66±30.66▲△△ 
	1.67±0.45▲△△ 

	F
	 8.465  
	8.187
	8.187
	7.98

	P1
	 0.041
	0.045
	0.045
	0.048

	P2  
	0.000
	0.000
	0.000
	0.000

	P3 
	      0.043
	0.045
	0.045
	0.048


Pg: Porphyromonas gingivalis, ICAM-1: Intercellular adhesion molecule-1, VCAM-1: Vascular cell adhesion molecule-1, MMP: Matrix metalloproteinase. P1: Comparison between blank control group and low dose group, P2: Comparison between blank control group and high dose group, P3: Comparison between low dose group and high dose group. Compared with blank control group, 

△P<0.05, △△P<0.01；compared with low dose group, ▲P<0.05.
3  Discussion

Cell adhesion molecule (CAM) is a kind of membrane surface glycoprotein playing adhesion role between cells, cell and extracellular matrix (ECM), which belongs to immunoglobulin superfamily member and possesses wide biological activity. A lot of experimental pathology and molecular biology research data [5-6] proved that VCAM-1 and ICAM-1 can mediate rolling and stable adhesion of leukocytes and endothelial cells, then they passed through vascular surface layer under the assistance of monocyte chemoattractant protein etc inflammatory factors, started local inflammatory reaction, so VCAM-1 and ICAM-1 played key role in atherosclerosis (AS) development [7]. ICAM-1 can promote intercellular adhesion and adhesion between cell and matrix, which plays a key role in circulating leukocyte adhesion, emigration and infiltration. Under mediated by ICAM-1, inflammatory cells roll along vascular endothelial cells, adhere and permeate into endothelial cells, release various cell active substances, promote migration and proliferation of vascular smooth muscle cells and formation of foam cells, finally leading to AS plaque formation [8]. On one hand, VCAM-1 can promote monocytes adhere and migrate towards endothelium, and further make monocytes infiltrated into endothelium, activating and evolving to macrophages, which swallow lipids and transform into foam cells [9]; on the other hand, it can promote activation of T lymphocytes. Macrophages provide antigen for lymphocytes, and trigger local immune reaction; activated lymphocytes can release various cytokines, promoting intima thickening and formation of fibroblast cell coat [10]. 

MMPs is a kind of enzyme family with Zn2+ and Ca2+ dependent, which can specifically combine with ECM component and degrade, then weaken fibrous cap structure of AS plaque, and aggravate plaque rupture and thrombosis. In cardiovascular diseases, MMPs is suspected to be related with risk and severity of acute AS complications [11]. MMP-3, namely mesenchymal lysin-1, can degrade most components of ECM alone, and also activate MMP-1, MMP-7, MMP-8, MMP-9 and MMP-13; activated MMP-7 can also activate MMP-1, MMP-9 and MMP-13, and then produce a cascade enlargement reaction [12]. MMP-3 and other proenzymes that can be activated form a positive feedback circle, which plays a key role in occurrence and development of AS [13].

MMP-9, namely gelatinase B, is an important member of MMPs family, activated MMP-9 can degrade basilar membrane in AS, then aggravate monocytes migrate towards vascular wall, accelerate infiltration of oxidative low density lipoprotein, aggravate media smooth muscle cells invade into intima, leading to AS formation. Meanwhile, MMP-9 can also lead to matrix component degradation in AS plaques, collagen concentration reducing and make fibrous cap thinner, is a strong factor inducing plaque rupture and complications. 

In summary, results of the present experiment indicated that intramuscular injection of Pg to rats can raise serum concentrations of ICAM-1, VCAM-1, MMP-3 and MMP-9 and above cytokine levels significantly increased along with bacteria concentration increase, suggesting that Pg can cause AS. And Pg is the main pathogenic bacteria for periodontal disease [14], indicating that periodontal disease is correlated with incidence of CHD. It’s of very important significance for prevention and control of cardiovascular diseases and improving people’s quality of life via further study in this area. This provides a new thinking and visual field for clinical physicians in treating cardiovascular diseases. 
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