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Correlation between plasma mitochondrial coupling factor-6 level in coronary circulation and coronary stenotic degree in CHD patients
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Abstract: Objective: To study correlation between plasma mitochondrial coupling factor-6 (MCF-6) level in coronary circulation and coronary stenotic degree in CHD patients. Methods: A total of 64 CHD patients were selected as CHD group, and they were further divided into single-vessel group, double-vessel group and multi-vessel coronary disease group; another 20 cases with normal coronary artery were enrolled as normal control group. Radioimmunoassay method was used to measure plasma MCF-6 concentration in peripheral, coronary sinus and aortic root in each group. Multivariant linear gradual regressive analysis was used to analyze above-mentioned correlation. Results: Compared with normal control group, there was significant increase in plasma MCF-6 concentration in peripheral, aortic root and coronary sinus in CHD patients (P<0.05 all) ；compared with aortic root and peripheral plasma, there was significant increase in MCF-6 concentration [(348±48) pg/ml vs. (340±51) pg/ml vs. (402±56) pg/ml, P<0.01 all] in coronary sinus of CHD group；Compared with single-vessel group, double-vessel group, there were increase in MCF-6 concentration in multi-vessel coronary disease group (P<0.05～0.01); Multivariant linear gradual regressive analysis indicated that Gensini score was significant positively correlated with plasma MCF-6 concentrations in coronary sinus and aortic root (r=0.650, P<0.01; r=0.711, P<0.01). Conclusion: Mitochondrial coupling factor-6 participates in the pathophysiological process of coronary heart disease, which may be an important vasoactive substance during development of coronary heart disease. 
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冠心病患者冠脉循环中血浆线粒体偶联因子-6含量与冠脉狭窄程度的相关性/马健，成强//青岛解放军401医院干部一科，山东 青岛 266071
摘要：目的：研究冠心病（CHD）患者冠脉循环中血浆线粒体偶联因子-6（MCF-6）含量与冠脉狭窄程度的相关性。方法：选择冠心病患者64例（冠心病组），根据冠脉病变程度分为单支、双支、多支病变组；另选冠脉正常者20例作为正常对照组，用放免方法分别测定各组外周、冠状窦、冠状窦与主动脉根部血浆MCF-6浓度，并用多元线性逐步回归分析分析冠脉循环血浆MCF-6含量与冠脉狭窄程度的相关性。结果：冠心病患者外周、主动脉根部、冠状窦血浆MCF-6浓度较正常对照组均显著升高（P<0.05)；冠心病组冠状窦血浆MCF-6浓度较主动脉根部及外周血的均显著升高[(402±56) pg/ml比(348±48) pg/ml比(340±51) pg/ml，P < 0. 01 ]; 多支病变组的血浆MCF-6浓度较单支、双支病变组的显著升高（P<0.05～0.01)；多元线性逐步回归分析显示冠状窦及主动脉根部血浆MCF-6浓度与Gensini积分均呈明显正相关（r=0.650,P<0.01;r=0.711, P<0.01）。结论：线粒体偶联因子-6参与了冠心病的病理生理过程，在冠心病的发病过程中可能是一种较为重要的血管活性物质。
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Mitochondrial coupling factor 6 (MCF-6), which is a vasoconstrictor active peptide consisted of 76 amino acids found in recent years, and is inhibiting factor of prostacyclin (PGI2) synthesis, PGI2 is only endogenous vessel relaxing factor in vivo， [1]. It exists in many tissues and organs, such as heart, liver and kidney etc, but its concentration is highest in myocardium, meanwhile, it also exists on vascular endothelial cell membrane [2]. There is no domestic study about whether there is MCF-6 concentration change in coronary circulation of patients with coronary heart disease (CHD). The present study explored significance of MCF-6 in onset and pathophysiological change of CHD through examining MCF-6 concentration change via taking blood from coronary sinus during operation. 

1  Subjects and methods
1.1 Subjects

There were 64 CHD patients, including 40 males and 24 females with age 35~78 (62±8) years. Among the CHD patients, there were 18 cases with stable angina pectoris (SAP), 30 cases with unstable angina pectoris (UAP) and 16 cases with acute myocardial infarction (AMI). There were 20 cases in normal control group, including 14 males and six females with age 46~75 (65±7) years. The cases in normal control group were enrolled according to the following standards: clinical manifestation or ECG change was suspected of CHD, but the coronary angiography (CAG) results indicated that their coronary arteries were normal or stenotic <50% and result of treadmill exercise test was negative. There was no significant difference in age, blood lipid levels, and percentages of gender, hypertension, diabetes mellitus and smokers between two groups. Diagnostic standard for CHD: CHD was diagnosed by main branch of at least one coronary artery was stenotic ≥50% via selective CAG according to WHO diagnostic standard in 1979. 

1.2 Methods

1.2.1 CAG and its results analysis:  According to CAG guidelines of American college of cardiology/ American heart association (ACC/AHA), Judkins method was used to perform CAG in six positions, the results were independently judged by two experienced physicians with high

qualification, and stenotic degree of coronary artery main branch was measured by computer. Degree of coronary artery disease was judged using two methods: (1) Number of diseased coronary vessels: Single-vessel, double-vessel and multi-vessel coronary disease were defined according to involved condition （≥50% was regard as significant stenosis）of main branches of left main coronary artery (LM), left anterior descending artery (LAD), left circumflex coronary artery (LCX) and right coronary artery (RCA). Patients with one, two and three stenotic branches in LAD, LCX or RCA were regarded as single-vessel, double-vessel and multi-vessel coronary disease group respectively. Diagonal branch, obtuse marginal branch and posterior descending artery were all included in their main branch for statistics; for those with LM disease, no matter there were lesions in LAD or LCX or not, they were all regarded as double-vessel coronary disease group, and those complicated with RCA disease at the same time were regarded as multi-vessel coronary disease; (2) Gensini scoring : Gensini scoring standard [3] was used to quantitatively score coronary artery disease, the concrete method was: no stenosis was 0 score, 1%～≤25% stenosis was 1 score, 25%～≤50% stenosis was 2 scores, 50%～≤75% stenosis was 4 scores, 75%～≤90% was 8 scores, 90%～≤99% was 16 scores and 99%～≤100% was 32 scores. According to the setting coefficient for each diseased site, the cross product of disease score and coefficient was obtained, for example: LM×5; LAD system: proximal end of LAD×2.5, middle segment of LAD×1.5, first diagonal branch×1, second diagonal branch×0.5, apex of heart×1; LCX system: LCX opening site ×3.5, proximal end of LCX×2.5, obtuse marginal branch×1, distal segment of LCX×1; RCA system: proximal end of RCA×1, middle segment of RCA×1, distal segment of RCA×1, posterior descending artery×1, left ventricular posterior branch×0.5. Sum of above scores was calculated; mean value of calculated results of two physicians was regarded as Gensini total score of each patient. The higher score was, the more severe stenosis was. 
1.2.2 Sample collection: Under the guidance of X ray, 7F RCA catheter was inserted into middle or deep section of coronary sinus via right femoral vein. The first 2ml blood of coronary sinus was abandoned and subsequent 4ml blood was retained. With the same method, 4ml of aortic root blood was retained when catheter was inserted into aortic root via right femoral; 4ml peripheral blood was collected when heart catheter retreated. 1.2.3 Blood sample treatment:  Blood sample received anticoagulation using EDTA-Na2 and aprotinin was used to inhibit peptidase activity. After mixing the whole blood, the blood sample was centrifuged at 3500rpm for 15 min at 40℃, then plasma was separated, 2ml plasma was taken and 6ml 0.1% trifluoroacetic acid (TFA) was added; the blood sample was oscillated, mixed and centrifuged; the supernatant was filtrated through Sep-pakc18 column, eluted by 0.1%TFA at first, then eluted by 3ml 75% methanol and eluent was collected. After the eluent was dried, the sample was stored at -60℃, and re-dissolved by buffer solution when measurement. 

1.2.4 Radioimmunoassay measurement for MCF-6: MCF-6 was measured according to instructions of radioimmunoassay kits provided by American Pheonix phaxmacentical Company. 
1.3 Statistical treatment  

The SPSS12.0 software was used to perform statistical treatment. Measurement data were expressed as mean ± standard deviation (
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), its comparison between two groups was performed using t test. The LSD-t test was used to perform two-two comparison among multiple groups. Multivariant linear gradual regressive analysis was used to analyze correlation among plasma MCF-6 levels in coronary circulation and coronary stenotic degree; P<0.05 was regarded as possessing significant difference. 
2  Results

2.1 Comparison of plasma MCF-6 concentration in peripheral, coronary sinus and aortic root between two groups

Compared with normal control group, there were significant increase in MCF-6 concentrations in coronary sinus, aortic root and peripheral blood in CHD group, P<0.05 all. In CHD group, MCF-6 concentration in coronary sinus was significantly higher than those of aortic root and peripheral blood, P<0.01 both. They were shown in table 1. 
2.2 Comparison of MCF-6 concentration among three groups with different number of diseased coronary vessels
 Compared with single vessel coronary disease group, there were significant increase in MCF-6 concentrations in multi-vessel coronary disease group in peripheral blood, coronary sinus and aortic root (P<0.05～0.01); compared with double vessel coronary disease group, there were significant increase in MCF-6 concentrations in coronary sinus in multi-vessel coronary disease group, P<0.05 . They were shown in table 2.

Table 1  Comparison of MCF-6 concentration between CHD group and normal control group (
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	Group 
	n
	Peripheral blood
	Aortic root
	Coronary sinus
	P1
	P2
	P3

	Normal control group
	20
	265±40
	259±43
	271±37
	
	
	

	CHD group
	64
	340±51△▲▲
	348±48△▲▲
	402±56△
	0.762
	0.006
	0.007

	t
	4.356


	5.270


	4.071


	
	
	

	P
	0.036
	0.012
	0.030
	
	
	


MCF-6: Mitochondrial coupling factor-6, CHD: Coronary heart disease. Similarly hereinafter. Compared with normal control group, △P<0.05, △△P<0.01, compared with coronary sinus, ▲P<0.05，▲▲P<0.01. t1P1: comparison between peripheral blood and aortic root, t2P2: comparison between peripheral blood and coronary sinus, t3P3: comparison between aortic root and coronary sinus. 
Table 2  Comparison of MCF-6 level among three groups (
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	Group 
	Cases 
	Peripheral blood
	Aortic root
	Coronary sinus

	Single-vessel coronary disease group
	31
	308±36
	322±40
	382±39

	Double-vessel coronary disease group
	23
	346±53
	349±60
	423±49▲

	Multi-vessel coronary disease group
	10
	374±28▲
	385±48▲
	470±34▲▲#

	P1
	0.605
	0.555
	0.231

	P2
	0.341
	0.124
	0.027

	P3
	0.036
	0.011
	0.008


Compared with single vessel coronary disease group，▲P <0.05, ▲▲P<0.01；compared with double-vessel coronary disease group，#P <0.05. t1, P1: comparison between single vessel coronary disease group and double-vessel coronary disease group, t2, P2: comparison between double-vessel coronary disease group and multi-vessel coronary disease group, t3, P3: comparison between single vessel coronary disease group and multi-vessel coronary disease group. 

2.3 Correlation among MCF-6 concentrations in peripheral blood, coronary sinus and aorta root and Gensini score in CHD patients
Multivariant linear gradual regressive analysis indicated that peripheral blood MCF-6 concentration was not significantly correlated with Gensini score（r=0.146, P=0.091）; and plasma MCF-6 concentrations in coronary sinus and aortic root were significant positively correlated with Gensini score (r=0.650, P<0.01; r=0.711, P<0.01). 
3  Discussion

Endothelial cell functional disorder is the initiating agent of CHD, because abnormal secretion of vasoactive peptide caused by endothelial functional disorder can induce and aggravate cardiovascular diseases. Human MCF-6 consists of 76 amino acids and its molecular weight is 8.9 KDa, which is the only inhibitor for endogenous prostacyclin I 2 (PGI2) synthesis found up to now [1]. Reference reported that MCF-6 not only existed on vascular endothelial cell membrane, but also can be released into blood circulation and inhibited PGI2 production [2-3]. There was report indicated that circulating shear stress may make NADH dehydrogenase gene expression of human vascular endothelial cell down-regulate, MCF-6 gene expression up-regulate. In recent years, some researches found that plasma MCF-6 level significantly increased in CHD patients [4-8]. 

The present study found that compared with peripheral blood and aortic root, there was significant increase in plasma MCF-6concentration in coronary sinus in CHD group, while there was no significant difference in plasma MCF-6 concentration between peripheral blood and aortic root. There was no significant difference in plasma MCF-6 concentration among peripheral blood, aortic root and coronary sinus in normal control group, suggesting that cardiovascular tissues secreted and released a certain amount of MCF-6 into coronary circulation in CHD patients, because regurgitant blood via coronary venous sinus occupied 85% of coronary artery blood [9], so plasma MCF-6concentration in coronary sinus can reflect MCF-6 concentration produced by local heart. 

The present study used two ways, namely Gensini score combined with number of diseased coronary vessels, to study correlation between MCF-6 concentration and CHD. The results indicated that compared with normal control group, there was significant increase in plasma MCF-6 concentration in peripheral blood, coronary sinus and aorta root in coronary disease group, （P<0.05 all）; and MCF-6 concentration of multi-vessel coronary disease group was significantly higher than those of single- and double-vessel coronary disease group (P<0.05～0.01); there were no significant difference in plasma MCF-6 concentrations in peripheral blood and aortic root between single- and double-vessel coronary disease group (P>0.05 all), but MCF-6 concentrations in coronary venous sinus in double-vessel and multi-vessel coronary disease group were significantly higher than that of single-vessel coronary disease group (P<0.05 all). 

Some reference reported that circulating MCF-6 can inhibit PGI2 synthesis in endothelial cells via inhibiting activity of phospholipase A2; it can also increase production and decrease  degradation of cell endogenous NOS inhibitor - asymmetric dimethylarginine through gene regulation, makes it accumulate in cells, then decreases the synthesis of endogenous vascular relaxing factor-nitric oxide. Above conditions can break the balance between vascular relaxing factor and vasoconstrictor（PGI2/TXA2 balance）, lead to constriction and spasm of coronary artery and capillary in myocardium, further aggravate endothelial injury and lead to accumulation of local inflammatory cells and platelets, and increase the risk of thrombosis [10]. In addition, there was research found that MCF-6 affected vascular biological features via many aspects, increased expression of atherosclerotic gene of human umbilical vein endothelial cell (HUVEC), caused oxidative stress enhancement and reactive oxygen increase in vivo, leading to vascular endothelial cell injury. The micro array analysis (data analysis of gene expression) found that MCF-6 can make atherosclerotic factors: endothelin-2, neuregulin-1, congestive heart failure-related relaxin-1, urokinase-like profibrinolysin activation receptor and vascular inflammation-related estrogen receptor-B genes expression increase, which can cause vasoconstriction [11]. A research also found that MCF-6 increased expressions of vascular endothelial growth factor receptor-1, intracellular adhesion factor-1 and hemagglutinin-like oxidative low density lipoprotein receptor-1, these molecules formed network regulation effect with MCF-6, interacted and promoted with each other, inhibited production of NO and prostaglandin, caused vascular endothelial injury, led to and aggravated atherosclerosis [12]. 

In summary, results of the present study proved that degree of coronary artery stenosis was closely related to MCF-6 concentration, the more severe coronary artery stenosis was, the higher plasma MCF-6 concentration was, suggesting that MCF-6 may participate in pathophysiological process of CHD and MCF-6 may be an index reflecting severity of coronary artery stenosis, and it may be a new onset factor for CHD, which can be regarded as new target for prevention and treatment of CHD. 
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