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Influence of isometric exercise training on blood endothelial progenitor cells in patients with coronary total occlusion
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Abstract: Objective: To investigate influence of isometric exercise (IE) training on number of endothelial progenitor cells (EPCs) and level of vascular endothelial growth factor (VEGF) of circulating blood in patients with coronary chronic total occlusion (CTO). Methods: A total of 20 CTO patients were divided into training group (n=10) and control group (n=10). Both groups received routine medication for three months, training group also received three-month IE training (maximal handgrip was used to induce maximum IE of upper limb muscles, leading to temporary physiological ischemia of skeletal muscle),while control group remained sedentary without exercise training. Flow cytometry was used to measure number of blood EPCs, and enzyme linked immunosorbent assay (ELISA) was used to measure serum concentration of VEGF. Results: Before treatment, the differences of levels of blood EPCs and VEGF between two groups were no significant（P>0.05）. Compared with before treatment, there were significant increase in blood number of EPCs [(0.028±0.009)% vs. (0.044±0.016)%] and VEGF concentration [(65.3±15.1) pg/ml vs. (98.5±17.4)pg/ml] after three-month treatment in training group (P=0.015, P<0.01), and they were significantly higher than those of control group after treatment. Compared with before treatment, there were no significant difference in blood number of EPCs and concentration of VEGF after treatment in control group, P>0.05. The blood numbers of EPCs were positively correlated with VEGF concentration in training group and control group (r=0.727, r=0.785, P<0.05 both). Conclusions: Isometric exercise training can increase blood number of EPCs and VEGF concentration in coronary CTO patients, which may contribute to collateral angiogenesis in remote ischemic myocardium.
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摘要：目的：研究等长收缩运动训练（IE）对冠状动脉慢性完全闭塞（CTO）患者循环血内皮祖细胞（EPCs）和血管内皮生长因子（VEGF）的影响。方法：CTO患者分为训练组（10例）和常规治疗组（对照组，10例），均应用三个月常规药物治疗，其中训练组患者同时进行三个月的IE（采用最大程度握拳诱导上肢肌肉最大等长收缩运动，导致短暂的骨骼肌生理性缺血）训练。采用流式细胞术检测循环血EPCs的数量，ELISA法检测血清VEGF的浓度。结果：治疗前，两组患者循环血EPCs数量和VEGF浓度的差异均无显著性（P>0.05）。与治疗前比较，治疗3个月后，训练组患者血EPCs数量[(0.028±0.009)%比(0.044±0.016)%]，VEGF浓度[(65.3±15.1) pg/ml比(98.5±17.4)pg/ml]显著增加（P=0.015，P<0.01），且显著高于常规治疗组治疗后；对照组治疗前后血EPCs数量和VEGF浓度差异均没有显著性（P>0.05）。训练组和对照组患者血EPCs数量与VEGF浓度均呈正相关（r=0.727，r=0.785， P均<0.05）。结论：等长收缩运动训练可以增加冠状动脉慢性完全闭塞患者循环血内皮祖细胞的数量和血管内皮生长因子的浓度，从而可能通过远隔作用促进缺血心肌侧支循环的生成。
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Decreasing occurrence of cardiac ischemic events in patients with coronary heart disease (CHD) via promoting coronary collateral angiogenesis is one of hotspots for CHD research. Many animal researches indicated that proper myocardial ischemia can promote coronary collateral angiogenesis and it’s an important myocardial protective factor [1-3]. However, directly evoking myocardial ischemia possesses risk inducing excessive ischemia for CHD patients, so brings ethic and safe considerations for clinical application. Therefore, the present issue put forward using peripheral limb isometric exercise (IE), namely making temporary physiological ischemia in normal skeletal muscles repeatedly to promote collateral angiogenesis of pathological ischemic sites via remote effect [4]. 

Blood endothelial progenitor cells (EPCs) are precursor cells of vascular endothelial cells and participate in postnatal angiogenesis [5]. EPCs mainly exist in adult bone marrow. EPCs can be released from bone marrow into blood circulation under ischemic status, go to target organs via homing mechanism and then promote angiogenesis [6]. A research found that blood EPCs significantly increased in patients with acute myocardial infarction and acute coronary syndrome [7]. 

Vascular endothelial growth factor (VEGF) is a factor promoting vascular growth with strongest specificity currently; it can promote proliferation and migration of EPCs, and induce angiogenesis during exercise, cardiovascular ischemic, hypoxic injury [8]. Prior research of our group also indicated that exercise of ischemic threshold intensity for pigs can increase collateral volume of blood flow and VEGF expression in ischemic myocardium [9, 10]; therefore, the present study aimed at exploring influence of physiological ischemia induced by IE on blood EPCs number and VEGF expression in CHD patients and provided evidence for final application of IE in clinical cardiovascular rehabilitation. 

1  Data and methods

1.1 Subjects

A total of 20 CHD patients were enrolled from Aug 2010 to Sep 2011. There were 17 males and three females with age (66.9±10.2) years. Inclusion criteria were as follow: ① all patients were diagnosed by coronary angiography (CAG), and proved that one or multiple vessels had chronic total occlusion (CTO); ② occlusion duration was >three months; ③ no acute myocardial infarction occurred within the latest three months; ④ New York heart association (NYHA) cardiac function was < class Ⅳ. Exclusion criteria were as follow: ① congenital heart disease, ventricular aneurysm, valvular heart diseases; ② ventricular tachycardia, severe arrhythmia, unstable angina pectoris, heart failure; ③ uncontrolled hypertension or hypertension crisis; ④ upper limb motor dysfunction. All patients were informed and consent to participate in the present study, and the study was approved by ethics committee of Affiliated Nanjing Hospital of Nanjing Medical University. 

1.2  Research plan and sample collection

All patients were randomly and equally divided into training group and control group. Both groups received routine medication for three months, besides, patients in training group received physiological ischemic training (PIT) for three months at the same time. Peripheral blood were taken in patients before and after three months respectively, 2ml blood was put into anti-coagulant tube and sent to laboratory for EPCs detection immediately; another 5ml blood was put into separation gel / procoagulant tube, centrifuged at 2000r/min for 10min after standing for 20min, serum was taken, subpackaged, marked and stored in -70℃ fridge for VEGF et al. detection. 

1.3  PIT program

Maximum independent isometric contraction handgrip exercise was applied to produce temporary skeletal muscle ischemia in order to achieve the goal of IE. During training, patient used one hand to hold handgrip meter with maximum possible subjective and persistent effort and counted, each time lasted for 1min and relaxed for 1min, 10 repetition was a set; then change to another hand to make a set again; twice/d for a total of four sets; 5d/week for three months. During exercise, patients should keep normal respiration and avoid holding breath. 

1.4 Peripheral blood EPCs detected by flow cytometry

The 100μl blood was sucked from whole blood sample in anti-coagulant tube and put into centrifuge tube, 20μl CD45 antibody was added and used to set gate. Then 20μl fluorescein isothiocyanate (FITC) marked mouse anti-human monoclonal CD34 antibody and 20μl PE marked KDR/VERFR -2 mouse anti-human monoclonal antibody were added, shaken and mixed, cultured away from light at room temperature for 15min. All above antibodies were bought from BD Company of the USA. After hemolysate specially used for flow cytometry was diluted 10 times by deionized water, 1ml of it was added into the sample to dissolve red blood cell, then sample was shaken and mixed, standing away from light at room temperature for 12min. After centrifuged at 1500r/min for 5min, supernatant was abandoned, 0.5ml NaCl solution was added, the FACSCabibur flow cytometer (BD Company, America) was used to measure and analyze percentage of CD34+/KDR+ dual-marked positive cells (namely EPCs). The percentage of EPCs occupied blood karyocytes stand for number of EPCs in blood. 

1.5 Serum VEGF level measured by enzyme linked immunosorbent assay (ELISA)
ELISA kits (R&D Company, Germany) were used to measure serum VEGF level. Kits and serum were taken out of the fridge, recovered temperature and balance at room temperature for 30min. The 50μl standard substance was added into standard substance hole of enzyme coated plate, 10μl sample and 40μl sample dilution were added into sample holes in order. Nothing was added into blank hole, and then incubated in 37℃ thermostat for 30min. After the plate was washed by cleaning solution for four times, 50μl enzyme marked working solution was added, then incubated in 37℃ thermostat for 30min. After the plate was washed by cleaning solution for four times again, 50 μl chromogenic solution A and B was added, colored at 37℃ for 15min. Finally, 50μl stop buffer was added, optical density (OD) of every hole was measured by 450nm wave length of ELIASA (CliniBio, Australia) within 15 min, and then serum concentration of VEGF was calculated. 
1.6 Measurements of heart rate and blood pressure

ECG, heart rate, systolic blood pressure (SBP) and diastolic blood pressure (DBP) of training group were measured before (resting), during and 10min after PIT before and three months after training. Increment of heart rate and blood pressure during PIT = value during PIT-resting value. 

1.7 Statistical method

SPSS 10.0 software was used to perform statistical analysis. Measurement data were expressed as mean ± standard deviation (
[image: image1.wmf]s

x

±

) and its comparison was performed using t test or analysis of variance. Numeration data were expressed as percentage and its comparison was performed using chi-square test. Correlation between EPCs and VEGF of two groups were analyzed using Pearson correlation analysis. P<0.05 was regard as possessing significant difference.

2. Results

2.1 Clinical data

In baseline level, there were no significant difference in left ventricular ejection fraction (LVEF), risk factors for cardiovascular disease and medications between two groups, P>0.05. General data of two CHD groups were shown in table 1. 

2.2 Number of EPCs and VEGF concentration before and three months after treatment

    There were no significant difference in blood EPCs number and VEGF concentration between two groups before treatment, P>0.05. Compared with baseline level, there was significant increase in number of EPCs (0.044±0.016) % and VEGF concentration (98.5±17.4)pg/ml after three-month PIT in training group, P<0.05 both. There were no significant difference in above indexes in control group before and after treatment, P>0.05. After three-month training, levels of above indexes in training group were significantly higher than those of control group, P<0.05 both. They were shown in table 2.

Table 1  Comparison of general data between two groups
	
	Training group
(n=10)
	Control group
(n=10)
	P

	Age (years)
	66.5±5.1
	67.2±13.8
	0.884

	Gender (Male/Female)
	8/2
	9/1
	0.531

	Body mass index (kg/m2)
	22.8±1.7
	22.5±1.9
	0.776

	SBP (mmHg)
	135.5±12.8
	132.5±17.4
	0.665

	DBP(mmHg)
	81.5±10.0
	79.0±13.1
	0.637

	LVEF(%)
	48.7±14.3
	46.2±12.7
	0.685

	NYHA class (Ⅰ/Ⅱ/Ⅲ/Ⅳ)
	2/6/2/0
	1/6/3/0
	0.766

	Medical history n(%)

	Hypertension
	7(70)
	     8(80)
	      0.606

	Diabetes mellitus
	3(30)
	     4(40)
	      0.639

	Hyperlipidemia
	4(40)
	     3(30)
	      0.639

	  Smoking 
	2(20)
	     4(40)
	      0.329

	Medication n(%)

	  Aspirin 
	10(100)
	     9(90)
	      0.305

	ACEI/ARB
	7(70)
	     8(80)
	     0.606

	  CCB
	3(30)
	     4(40)
	     0.639

	  ADP receptor blocker
	7(70)
	     5(50)
	     0.361

	  β receptor blocker
	5(50)
	     4(40)
	     0.653


SBP: Systolic blood pressure, DBP: Diastolic blood pressure, LVEF: Left ventricular ejection fraction, NYHA: New York heart association, ACEI: Angiotensin converting enzyme inhibitor, ARB: Angiotensin receptor blocker, CCB: Calcium channel blocker, ADP: Adenyl diphosphoric acid. Similarly hereinafter. 
Table 2  Changes of blood EPCs number and VEGF concentration in two groups before and three months 

after treatment (n=10, 
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	EPCs (%)
	VEGF(pg/ml)

	
	Before training
	After training 
	P
	Before training
	After training
	P

	Control group
	0.027±0.008
	0.030±0.010
	0.515
	61.6±13.9
	66.5±13.9
	0.438

	Training group
	0.028±0.009
	 0.044±0.016△
	0.015
	65.3±15.1
	  98.5±17.4△△
	0.000


EPCs: Endothelial progenitor cells, VEGF: Vascular endothelial growth factor. Similarly hereinafter. Compared with routine treatment group, △P<0.05, △△P<0.01 

2.3 Correlation between blood EPCs number and VEGF concentration

Pearson correlation analysis indicated that after three-month treatment, blood EPCs number was positively correlated with VEGF concentration in training group (r=0.727, P=0.017), and in control group (r=0.785, P=0.007). They were shown in figure 1. 

[image: image3.png]EPCs(%)

v

. 06

. 05

. 04

. 03

. 02

.01

— Training group

- & Control group _
l -
i, &
I A .
_ i -
‘. -
20 40 60 80 100 120

VEGF(pg/ml)

140




Fig 1. Correlation between EPCs and VEGF in two groups after three months

2.4 Safety of IE

    During PIT training, there were significant increase in DBP and heart rate in training group, (P<0.05 both); although SBP also increased, there was no significant difference. Above indexes recovered to resting levels after training 10 min. They were shown in table 3. Compared with before training, there were decreasing trend in increments of heart rate [（9.8±3.8）times/min vs.（8.9±3.4）times/min] and blood pressure[SBP:（7.1±2.4）mmHg vs.（6.6±3.1）mmHg; DBP:（10.7±4.2）mmHg vs.（9.2±2.7）mmHg] after three-month PIT in training group, but there was no significant difference. During three-month PIT, there were no ECG and clinical manifestations of myocardial ischemia in training group. 

Table 3 Changes of heart rate and blood pressure during PIT in training group (n=10, 
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	Index
	Before PIT 
	During PIT
	10min after PIT
	  P 

	Heart rate (times/min)
	72.4±5.4
	82.2±4.7＊
	73.0±5.2#
	0.000

	SBP (mmHg)
	135.5±12.8
	142.6±11.8
	137.3±12.3
	  0.420

	DBP (mmHg)
	81.5±10.0
	92.2±8.3＊
	83.0±9.8#
	  0.035


PIT: Physiological ischemic training. Compared with before PIT (resting), ＊P<0.05；compared with during PIT, #P<0.05. 

3. Discussion

Formation of effective collateral circulation in myocardial ischemic area is self-protective mechanism of ischemic myocardium and also an important therapeutic mechanism in CHD patients. Clinical study also found that patients with angina pectoris (occurred myocardial ischemia repeatedly) less occurred myocardial infarction, while patients without angina pectoris were easy to occur large area, even fatal myocardial infarction [11]. Now some study also found that inherent collateral vessels opened just within 90s after acute ischemia of coronary artery [12], new collateral circulation can be established within 90d after chronic occlusion of coronary artery [13]. A research indicated that physiological ischemia of normal limb can reduce myocardial infarction area and protect myocardium, that is temporary ischemia of distal organs or tissues can protect target organs against fatal ischemia [14]. We have proved that pure skeletal muscle ischemia of normal limbs and skeletal muscle ischemia induced by IE can induce ischemic myocardial and skeletal muscle collateral angiogenesis via distal effect [15] to reduce myocardial infarction area in finished research of national natural science foundation (30570893). So it suggested that IE, namely repeated temporary ischemia of normal skeletal muscle, can promote collateral angiogenesis in distal ischemic area [16]. But above results are all from animal experiments. 

Circulating blood EPCs are cytological basis for collateral circulation formation. In tissue ischemia condition, EPCs can be released from bone marrow into blood circulation, and it’s estimated that EPCs migrate to target organs via homing mechanism and promote angiogenesis [6]. Sandri et al [17] found that after ischemic exercise training (lower limb lameness appeared), EPCs increased in patients with ischemic diseases, and number of EPCs didn’t change after non ischemic training, suggesting that ischemic stimulation during exercise is the premise promoting homing effect of EPCs. In present study, after three-month IE, blood EPCs number significantly increased, then these EPCs probably reach pathological ischemic myocardium of patients via homing effect and promote angiogenesis. 

VEGF is the most important pro-angiogenic growth factor, who plays important role during small arteriogenesis and angiogenesis [18]. These results suggested that ischemic stimulation not only lead to VEGF increase and improvement of vascular reserve in local tissues, but also lead to expression of VEGF in distal location. In the present study, after three-month IE, VEGF concentration significantly increased in training group, while there was no significant change in control group. Though training location of IE is limb skeletal muscles, VEGF induced and produced by this physiological ischemia may reach ischemic myocardium via probably distally expression, leading to collateral circulation formation in distal locations. 

Hiasa et al [19] reported that angiogenesis caused by ischemia was the synergistic result of VEGF and EPCs. In the present study after three months, blood EPCs number was also positively correlated with VEGF concentration in two groups. Thus, VEGF induced by PIT may promote angiogenesis of distal pathological ischemic myocardium.

Innovation of the present study is first time utilizing IE in CHD patients, and found that PIT 

can increase blood EPCs number and VEGF concentration in CHD patients, it may promote collateral circulation formation in distal ischemic myocardium via distal expression of VEGF and homing mechanism of EPCs. This training style may create a new safe and effective therapeutic way for patients with myocardial ischemia who cannot tolerate higher intensity aerobic training. 
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