Cyclophilin A: A Novel Biomarker for Untreated Male Essential Hypertension
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Abstract
Vascular cytokines, total nitrite and cyclophilin-A (CyP-A), may be related to the pathogenesis of untreated hypertension. Each forty males with normotensive and untreated essential hypertension were recruited in this cytokines survey. Body mass index (BMI), hyperlipidemia and plasma CyP-A were increased in the hypertensive group (P <0.05). However, only BMI (P =0.022) and plasma CyP-A (P=0.020) were found to be significant contributors to hypertension by multiple regression analysis. CyP-A was also positively correlated with systolic blood pressure (P=0.029) and diastolic blood pressure (P=0.047). These findings indicated that plasma CyP-A is a critical molecular biomarker in the early pathogenesis of essential hypertension.
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Introduction
The pathogenesis of arterial hypertension is multifactorial (Oparil S et al. 2003). Major physiological alterations have been identified in hypertensive individuals, including vascular hypertrophy (Olsen MH et al. 2002), systemic inflammation (Bermudez EA et al. 2002), endothelial dysfunction (Iiyama K et al. 1996), and enhanced oxidative stress (Lacy F et al. 1998). These mechanisms ordinarily occur in an insidious and asymptomatic pattern over the development course of hypertension. Several cytokines have been found to be involved in the pathogenesis of hypertension-related atherosclerosis. Vascular endothelial function can be assessed by matrix metalloproteinase (MMP) in many cardiovascular diseases including hypertension and its chronic complications (Lim CS et al. 2010). Increased vascular expressions of MMP-2 and MMP-9 were found in hypertensive subjects (Onal IK et al. 2009, Li-Saw-Hee FL et al. 2000), but another study reported decreased MMP-2 and MMP-9 in hypertensive individuals (Panek AN et al. 2006). Biomarkers of endothelial cell activation are generally surveyed in hypertension, including adhesion molecule soluble endothelium-selectin (sE-selectin) (Blann AD et al. 1994), soluble intercellular adhesion molecule-1 (sICAM-1) (Komatsu S et al. 1997), and soluble vascular cell adhesion molecule-1 (sVCAM-1) (Kuroda YT et al. 2001), but there are inconsistencies in the published literature (Miller MA et al. 2004, Hwang SJ et al., 1997). Elevations of the concentrations of plasma interleukin-2 (IL-2) and interleukin-4 (IL-4) (Tuttle RS et al. 1990) and total nitrite/nitrate concentrations (NOx) (Touyz RM 2000) were found in some basic and clinical studies of hypertension, but these were disputed and controversial results (Davey Smith G et al. 2005, Kato N et al. 1999). In the present study, Cyclophilin-A (CyP-A) was also recruited for potential cytokine screening as a biomarker of hypertension due to its characteristic of inﬂammatory responses in vascular system (Hand RE et al. 1984, Arora K et al. 2005, Satoh K et al. 2008, Jin ZG et al. 2000). The above-mentioned cytokines are all possibly involved in the pathogenesis of essential hypertension during the initial stage. Thus, cytokine biomarkers in response to inflammation-related atherosclerosis are of interest in the evaluation of the early stage of essential hypertension before a symptomatic event. Therefore, our hypothesis is that alterations of the plasma levels of MMP-2, MMP-9, sE-selectin, sICAM, sVCAM, IL-2, IL-4, NOx and CyP-A may occur in the early pathogenesis of essential hypertension. 

Methods

Study Subjects

Forty healthy non-hypertensive males and 40 age-matched untreated males with essential hypertension were recruited from the health clinic of Changhua Christian Hospital from September 2009 through October 2010. The untreated essential hypertension group was defined as those without medication with an average home systolic blood pressure (SBP) greater than 140 mmHg and a diastolic blood pressure (DBP) greater than 90 mmHg according to the definition of stage I/II hypertension in the JNC-7 guidelines. All subjects were in good health and free of any CVD as assessed by their medical history, physical examination and routine screening laboratory data taken by an internist and family doctors. Subjects without alcoholism and diabetes (fasting blood glucose less than 110 mg/dL), except for some with mild hyperlipidemia, were recruited. Subjects actively taking medication were excluded. The smoking history of the study subjects was obtained by questionnaire. Passive smoking exposure was not considered in this study, and our nonsmokers had no previous smoking experience. All of the human experimental procedures followed the ethical standards of Changhua Christian Hospital and were approved by the institutional review committee. Informed consent for study enrollment was obtained from each of the subjects. Blood samples were taken from each of the subjects in the morning after he or she had fasted overnight and before smoking if he or she was a smoker. Ten milliliters of whole blood were withdrawn from an antecubital vein. Plasma and serum were immediately collected by centrifugation, divided into several aliquots, and stored at –80°C until analysis.

Plasma cytokines measurement

Plasma CyP-A was measured using commercially-available enzyme-linked immunosorbent assay kits (Wuhan USCN Science, Wuhan, China) in accordance with the manufacturer’s instructions. Plasma total MMP-2 and MMP-9 levels were measured by ELISA (R&D Systems, Minneapolis, MN, USA). Plasma IL-2 and IL-4 levels were measured by ELISA (eBioscience, San Diego, CA, USA) according to the manufacturer’s instructions. Plasma sVCAM-1 and sE-selectin levels were measured by ELISA (R&D Systems). The plasma NOx level was measured by Griess reagent (0.1% N-(1-naphthyl) ethylenediamine dihydrochloride) as described by Green et al. (Green et al. 1982). The assay requires conversion of nitrate to nitrite using nitrate reductase, then Griess reagent is added, which converts nitrite into a deep-purple azo compound. Absorption measurements were carried out at 540 nm using a microplate reader. 

Biochemical measurements

Total serum cholesterol was determined enzymatically using the Sigma Diagnostics cholesterol reagent (Sigma Chemical Co., St. Louis, MO, USA). Serum high density lipoprotein cholesterol (HDL-C) was determined using the Sigma Diagnostics HDL-C reagent (Warnick et al. 1982). Dextran sulfate and magnesium ions were used for precipitation and isolation of LDL and very low density lipoprotein particles. Serum triglyceride (TG) concentrations were determined using the Sigma Diagnostics TG reagent following the modification described by McGowan et al. (McGowan et al. 1983). LDL-C concentration was calculated according to the formula developed by Friedewald et al. (Friedewald et al. 1972).

Statistical analysis

Data are expressed as the mean ± SD. All statistical analyses were performed using the SPSS statistical package, version 17.0 (Chicago, IL, USA). The significances of the differences between the mean values in the non-hypertension and hypertension groups were determined by paired t-test and one-way analysis of variance (ANOVA) under control of BMI, smoking index and lipid profile. Multiple linear regression was applied to assess the importance of various contributing factors to hypertension. Partial correlation was applied in the comparison between blood pressure and plasma level of CyP-A under control of BMI, smoking index and lipid profile.

Results

The baseline demographic data of the 40 hypertensive and 40 non-hypertensive gentlemen enrolled in this study are shown in Table 1. The hypertension group revealed a higher body mass index (BMI) than the non-hypertension group (25.1 ± 2.3 vs. 23.0 ± 2.8; P = 0.001). The hypertension group had higher cholesterol (207.0 ± 35.0 vs. 193.5 ± 36.7, P = 0.036), LDL-C (126.0 ± 31.0 vs. 113.4 ± 32.9, P = 0.028) and TG (132.0 ± 60.3 vs. 97.5 ± 57.3, P = 0.001) than the non-hypertension group. In addition, HDL-C (54.6 ± 61.2 vs. 61.2 ± 15.1, P = 0.005) was decreased in the non-hypertension group. Additionally, plasma CyP-A was higher in the hypertension group than in the non-hypertension group (94.5 ± 26.2 vs. 73.1 ± 29.8; P =0.001). However, blood pressure had no effect on the other biochemical data, including MMP-2, MMP-9, adhesion molecules, IL-2, IL-4 and nitric oxide (NOx). To assess the significant factors contributing to hypertension shown in Table 1, multiple linear regression analysis was applied, and the results are presented in Table 2. We found that smoking index, cholesterol, LDL-C, HDL-C, and TG level did not contribute significantly to hypertension, except BMI (P = 0.022) and plasma CyP-A (P = 0.020). The increased CyP-A concentration in the study subjects showed a positive correlation with SBP (R2 = 0.019, P = 0.029) and DBP (R2 = 0.017, P = 0.047) under control of BMI, smoking index and lipid profile (Figure 1).  No correlations among BMI, lipid profile and CyP-A were disclosed in either the hypertension or non-hypertension groups. 

Discussion

The main original finding of the present study was that the plasma CyP-A level was higher in the subjects with hypertension than in the non-hypertensive males. To the best of our knowledge, this was the first study to identify the hypertension-related biomarker plasma CyP-A in vivo. The validity of our results was strengthened by the age-matched case-control study design. Plasma CyP-A was the only cytokine exhibiting a significantly positive correlation with SBP and DBP. 

CyP-A is a 20-kD chaperone protein secreted from vascular smooth muscle cells (VSMCs) in response to reactive oxygen species (ROS) (Jin ZG et al. 2000). It contributes to inflammation and atherosclerosis by promoting endothelial cell apoptosis and expression of leukocyte adhesion molecules in both intracellular and extracellular space (Satoh K et al. 2008, Nigro et al. 2011). CyP-A also plays a crucial role in stimulating T helper cells with type 1 responses (Arora K et al. 2005), up-regulating MMP activation (Yang Y et al. 2008), and increasing transduction of pro-inflammatory signals in VSMCs and proliferation of macrophages in vitro and in vivo (Satoh K et al. 2008, Satoh K et al. 2010). CyP-A augments Angiotensin-II-induced ROS production and inflammatory cell recruitment into arterial VSMCs (Satoh K et al. 2009). Therefore, CyP-A plays an important role in inflammatory cell recruitment/migration and VSMC proliferation, resulting in hypertensive vascular diseases in vivo (Yang Y et al. 2008). Cyclosporine (CsA), a CyP-A inducer, is an immunosuppressant drug broadly prescribed in organ transplant recipients and patients with autoimmune disorders (Laupacis A et al. 1982). Individuals treated with CsA long-term might be at increased risk of hyperlipidemia through complex effects on the lipoprotein metabolism and bile acid production. Furthermore, CsA has been shown to influence the activities of endothelial cells, macrophages, and smooth muscle cells (Kockx M et al. 2010).  

To identify the risk factors contributing to hypertension, multiple linear regression analysis was performed. We found that smoking index, cholesterol, LDL-C, HDL-C and TG did not contribute significantly to hypertension. However, BMI and plasma CyP-A did promote hypertension considerably. BMI is positively and independently associated with morbidity and mortality from hypertension, cardiovascular disease, cerebral stroke, type II diabetes mellitus and other chronic diseases (Pi-Sunyer FX 1993). Many studies have quantified and performed powerful analysis of the link between hypertension and increased BMI and abnormal lipids, and these studies have indicated that control and management of raised blood pressure and cholesterol are specifically important for obese people with hypertension (Kummayinka SK 1997, Brown CD et al. 2000).
No differences in circulating biomarkers, including MMP-2, MMP-9, sE-selectin, sICAM, sVCAM, IL-2, IL-4 and NOx, between the hypertensive and non-hypertensive subjects were found in the present study. The untreated hypertensive patients enrolled in this study had no other inflammatory risk factors for vascular diseases, except a higher BMI and mild hyperlipidemia, which allowed us to exclude any illness-related influences on the assessed parameters. 
This was a pilot age-matched case-control study in untreated hypertensive patients. Potential limitations of the present study include that the study was not prospective and small scale. In the future, we will recruit a larger sample and perform cross-sectional prospective and animal studies to validate our findings related to the possible role of CyP-A in hypertension. In summary, our findings demonstrated that the plasma level of CyP-A significantly corresponds to alteration of SBP/DBP, and could be a valuable and critical biomarker for the initial assessment of early hypertension vascular disease. 
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Figure Legend

Figure 1.  Plot of plasma CyP-A and SBP (1a) and DBP (1b) under partial correlation analysis with BMI, smoking index and lipid profile control. 
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Table 1. Clinical characteristics and biochemical variables. 

	
	Hypertension group
	Non-hypertension group
	

	
	(n = 40)
	(n = 40)
	P value

	Demographic data
	
	
	

	Age (years)
	58 ± 4.1
	56± 10.2
	0.140(

	Body mass index (kg/m2)
	25.1 ± 2.3
	23.0± 2.8
	0.001(*

	Smoking index (pack*year)
	8.7 ± 21.7
	2.3± 7.6
	0.065(

	Systolic blood pressure (mmHg)
	119 ± 13
	154± 10
	0.001(

	Diastolic blood pressure (mmHg)
	75 ± 15
	96± 7
	0.001(

	Lipid profile
	
	
	

	Cholesterol (mg/dL)
	207.0 ± 35.0
	193.5 ± 36.7
	0.036(*

	HDL-C (mg/dL)
	54.6 ± 61.2
	61.2 ± 15.1
	0.005(*

	LDL-C (mg/dL)
	126.0 ± 31.0
	113.4 ± 32.9
	0.028(*

	Triglyceride (mg/dL)
	132.0 ± 60.3
	97.5 ± 57.3
	0.001(*

	Cytokines
	
	
	

	MMP-9 (ng/ml)
	33.3 ± 24
	31.5 ± 23.6
	0.693(

	MMP-2 (ng/ml)
	256.2 ± 53.1
	268.3 ± 82.5
	0.468(

	CyP-A (ng/ml)
	94.5 ± 26.2
	73.1 ± 29.8
	0.001(*

	sE-seletin (mg/dL)
	30.4 ± 30.1
	23.5 ± 21.1
	0.189(

	sICAM-1 (mg/dL)
	264.8 ± 71.9
	266.7 ± 93.2
	0.908(

	sVCAM-1 (mg/dL)
	514.7 ± 184.9
	461.3 ± 140.5
	0.077(

	IL-2 (pg/mL)
	0.4 ± 0.7
	0.6 ± 2.4
	0.585(

	IL-4 (pg/mL)
	0.5 ± 1.4
	0.6 ± 1.4
	0.860(

	NOx (μmol/L)
	133.1 ± 46.2
	136.2 ± 54.4
	0.766(


(Paired t-test, (ANOVA under control of BMI, smoking index and lipid profile. *P < 0.05.
	Table 2. Regression model for the analysis of interfering factors in subjects with or without hypertension.

Variables in the equation
	B
	SE
	Wald
	P

	Body mass index 
	0.278
	0.121
	5.262
	0.022*

	Smoking index
	0.026
	0.017
	2.297
	0.130

	Cholesterol
	0.130
	0.287
	0.207
	0.649

	LDL-C
	-0.133
	0.286
	0.216
	0.642

	HDL-C
	-0.128
	0.287
	0.198
	0.656

	Triglyceride
	-0.020
	0.057
	0.128
	0.720

	CyP-A 
	0.022
	0.009
	5.380
	0.020*


*P <0.05. LDL-C, low density lipoproteins cholesterol; HDL-C, high density lipoproteins cholesterol.
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