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Abstract
Cyclosporine A (CsA) is the first calcineurin inhibitor used as immunosuppressive agent. Its administration is associated with multiple adverse effects including cardiovascular diseases (CVDs), but their mechanisms have not been fully elucidated. Cyclosporine metabolites are not well-studied in this context. The study was aimed at analysis of CVDs incidence and its association with concentrations of cyclosporine and its metabolites.
60 patients after kidney transplantation (KTX) taking immunosuppressive regimen including CsA participated in the study. There were 22 females (36.67%) and 38 males (63.33%), mean age 51.73 years, mean 109.38 months after KTX.
We observed correlation between mean diastolic blood pressure (DBP) and concentrations of metabolite to parent drug ratios of AM1-CsA/CsA (r=0.35, p=0.006), dihydroxy-CsA/CsA (r=0.42, p=0.001), trihydroxy-CsA/CsA (r=0.42; p=0.003) and desmethyl-carboxy-CsA/CsA (r=0.65, p=0.003). There were no significant associations of other CsA metabolites’ parameters with CVDs (coronary disease, hypertension, stroke, arrhythmia, diabetes mellitus, obesity).
Study results suggest that blood pressure increase associated with CsA therapy could be caused by CsA metabolites that influence mainly DBP levels. Lack of such differences in relation with other CVDs may suggest that more complex mechanisms are involved in the development of cardiovascular injury and disease after kidney transplantation.


Introduction
Cyclosporine A (CsA) is the first calcineurin inhibitor (CNI) introduced as an immunosuppressive agent in transplant medicine and its use has greatly improved the survival of graft in kidney transplantation [1-3]. Cyclosporine is biotransformated to over thirty metabolites [4, 5]. The main locations of CsA metabolism are liver, gastrointestinal tract and kidney. The clinical significance, immunosuppressive and toxic effects of cyclosporine metabolites has been studied for the last 30 years, which has not helped to explain all the issues involved. Furthermore, depending on specificity of used antibodies various immunoassays are characterised by various grades of interference with cyclosporine metabolites [6].  Due its precision and high sensitivity liquid chromatography-tandem mass spectrometry method (LC-MS/MS) is a gold standard in measurement of drugs and their metabolites, including cyclosporine A [7].
Methods
This was an open trans-sectional one-centre study including kidney transplant patients taking cyclosporine as an element of their immunosuppressive regimen. Consecutive 60 KTX patients attending outpatient clinic from May 2014 to April 2016 who agreed to participate in the study were included. Blood samples for CsA and its metabolites were drawn in occasion of routine blood testing 12 hours after administration of the evening dose of CsA (through levels). Graft function was assessed by estimated glomerular filtration rate (eGFR) calculated from Modification of Diet in Renal Disease formula (MDRD) [8]. Patients with eGFR <30 ml/min./1.73 m2 were classified as kidney graft dysfunction group. Data on cardiovascular diseases and diabetes mellitus (DM) were established based on patients’ medical records. Analysed systolic (SBP) and diastolic (DBP) blood pressure were calculated as a mean of three blood pressure measurements. Diagnosis of obesity was based on calculated body mass index (BMI) ≥35 kg/m2.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9]Whole blood concentration of cyclosporine and its metabolites: AM1, AM9, dihydro-cyclosporine (DiH-CsA), trihydro-cyclosporine (TriH-CsA) and desmethylcarboxy-cyclosporine (dMC-CsA) were quantified at the Institute of Biochemistry and Biophysics using liquid chromatography-tandem mass spectrometry method (LC-MS/MS). Analyzes were performed using Waters Acquity Ultra Performance Liquid Chromatograph coupled with Waters TQ-S triple-quadrupole mass spectrometer (Waters Corporation, Milford, US). The compounds were separated using a Waters BEH C18 column (1.7 µm; 2.1 mm x 50 mm). Liquid chromatography method and mass spectrometer parameters were described previously [9]. The standards for CsA-D4 and its metabolites were purchased from Toronto Research Chemicals Inc. (North York, Canada), and CsA was obtained from Sigma-Aldrich (Sigma-Aldrich, St. Louis, US).  The calibration curves range were 0.5-1000 ng/ml, 2-1500 ng/ml and 0.2-100 ng/ml for CsA, AM1 and AM4N, respectively. Concentration of AM9 was calculated using AM1 calibration curve, other CsA metabolites concentrations were quantified using CsA calibration curve.
All data were analysed using Statisitca 13.1 (Dell, Texas, US) software. Continuous variables were reported as mean values ± SD for normally distributed data and median and range for not-normally distributed data. Normally distributed data were subjected to parametric statistical analysis, nonparametric methods were used to test non-normally distributed variables. Multivariate analyses were adjusted for patients’ age, gender, eGFR, DM and CsA blood concentration. A p value of <0.05 was considered significant.
Results
36.67% (22) of patients were females, median age 51.73 (12.05) years, 109.38 (68.26) months after kidney transplantation. Table 1 shows patients’ clinical data. In univariate analyses, we have observed significant positive correlations of diastolic blood pressure with metabolite to parent drug (M/D) cyclosporine ratios of AM1, DiH-CsA, TriH-CsA and dMC-CsA (Figure 1). There were no such correlations with SBP and eGFR values, nor correlation of DBP with CsA blood concentration. Multivariate analysis confirmed that DBP was independently and significantly associated with AM1/CsA, DiH-CsA/CsA, TriH-CsA/CsA and dMC-CsA/CsA (Table 2).
Comparison of cyclosporine M/D ratios between subgroups divided basing on diagnosis of obesity, diabetes mellitus, arterial hypertension, coronary disease, stroke, atherosclerosis, cardiac arrhythmia, total cardiovascular disease, hypercholesterolemia, hypertriglyceridemia, hyperuricemia, and kidney graft dysfunction revealed significantly lower AM9/CsA in patients with obesity (54.89 [36.7-79.8] vs. 73.93 [27.9-139.8], p=0.0002) and DM (59.59 [36.7-84.4] vs. 70.47 [27.9-139.9], p=0.01) (Figure 2), and higher AM9/CsA in patients with stroke (83.55 [81.5-97.2] vs. 64.58 [27.9-139.9], p=0.037). AM1/CsA ratio was higher in patients with hyperuricemia (434.4 [206.2-937.7] vs. 365.6 [264.8-574.4], p=0.01). Regarding CsA blood concentration we have not observed such differences. 
Discussion
It is hypothesised that approximately 65% of cyclosporine may be present in the blood in the form of various metabolites [10]. The search of causes of cyclosporine toxicity has led to increased interest in CsA metabolites [11-15]. In the early 1990’ the immunosuppressive and toxic actions of cyclosporine metabolites were studied extensively but their results were mostly inconclusive or contradictory [4, 14, 16-19]. It should be also emphasized that results of animal and in vitro studies cannot be directly extrapolated to the clinical situation. Studies conducted in the last decades of XX century suggested direct nephrotoxic effect of some cyclosporine metabolites [14, 15]. The primary CsA metabolite AM1 is found in high concentrations in the blood and has some immunosuppressive activity [17, 20]. It was also observed that AM1 and AM4N cause decrease of GFR and some toxic effects [14, 18]. It is suggested that metabolites AM19 and AM1c9 increase levels of vasoconstrictive endothelin and are associated with nephrotoxicity [12, 13]. Association of dihydroxylated CsA metabolites with nephrotoxicity was also reported [21]. Roby et al. reported direct effect of AM1, AM9 and AM4N on decrease of GFR in isolated perfused rat kidney [14]. There were no such associations of eGFR with CsA and its M/D ratios observed in our study. However, association of AM1/CsA, DiH-CsA/CsA, TriH-CsA/CsA and dMC-CsA/CsA ratios with higher DBP values may be a consequence of vasoconstrictive action of these metabolites. We are currently conducting a larger prospective study, which will also test this hypothesis. 
We have found higher AM1/CsA ratios in hypertriglyceridemic and hyperuricemic patients that were not observed by other authors. However, our results have confirmed Akhlaghi et al. report of lower AM9/CsA ratio in diabetic patients compared to non-diabetic kidney transplant recipients but we did not find such differences for other metabolite/parent drug ratios (AM1, AM19 and AM1c) [22]. The authors hypothesised that it could be the consequence of lower activity of some isoenzymes of cytochrome P450 in the course of diabetes [23]. The only previous study evaluating association of CsA metabolites with various laboratory parameters was study of Vollenbroeker et al. [24]. Most of the observed correlations included liver function parameters and serum creatinine correlated not only with AM1, AM9, AM19 and DiH-AM1 but also with parent drug concentration that does not exclude the adverse effect of cyclosporine itself. 
In conclusion, we have revealed association of AM1, DiH-CsA, TriH-CsA and dMC-CsA metabolites to cyclosporine ratios with diastolic blood pressure suggesting influence of these metabolites on arterial pressure. There were no significant differences of metabolite/cyclosporine ratios in kidney transplant recipients diagnosed with arterial hypertension, coronary disease, atherosclerosis, cardiac arrhythmia, total cardiovascular disease, and kidney graft dysfunction.
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	Variable
	Mean / Median / N
	SD / Range / %

	eGFR [ml/min/1.73m2]
	47.08
	16.53

	CsA dose [mg/day]
	150
	50 – 400

	CsA dose/body mass [mg/kg/day]
	2.02
	0.8 – 5.54

	SBP [mmHg]
	133.77
	11.98

	DBP [mmHg]
	82.11
	6.9

	Diabetes mellitus
	20
	33.33%

	Arterial hypertension
	56
	93.33%

	Total Cardiovascular disease
	21
	35.0%

	Hypercholesterolemia
	48
	80.0 %

	Hypertriglyceridemia
	40
	66.67%

	Hyperuricemia
	30
	50.0%


Table 1. Patients’ clinical and background characteristics. Data are expressed as mean values and standard deviation (SD) for normally distributed variables or median and range for not-normally distributed data or frequencies with percentages for quantitative variables; CsA, cyclosporine A; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure.


	
	β
	SE
	p
	
	β
	SE
	p

	AM1/CsA
	0.40
	0.14
	0.006
	DiH-CsA/CsA
	0.46
	0.12
	0.0003

	CsA
	0.21
	0.13
	>0.05
	CsA
	0.05
	0.12
	>0.05

	Age
	-0.27
	0.13
	0.039
	Age
	-0.28
	0.12
	0.023

	DM
	0.17
	0.13
	>0.05
	DM
	0.14
	0.12
	>0.05

	Female sex
	-0.09
	0.14
	>0.05
	Female sex
	-0.04
	0.12
	>0.05

	
	β
	SE
	p
	
	β
	SE
	p

	TriH-CsA/CsA
	0.47
	0.13
	0.0008
	dMC-CsA/CsA
	0.63
	0.16
	0.002

	CsA
	0.11
	0.13
	>0.05
	CsA
	0.05
	0.17
	>0.05

	Age
	-0.24
	0.14
	>0.05
	Age
	-0.26
	0.19
	>0.05

	DM
	0.21
	0.14
	>0.05
	DM
	0.32
	0.20
	>0.05

	Female sex
	0.04
	0.13
	>0.05
	Female sex
	0.07
	0.17
	>0.05


Table 2. Linear regression analysis of relationships between DBP and metabolite to cyclosporine ratios. β, standardized partial regression coefficient; CsA, cyclosporine A; DBP, diastolic blood pressure; DiH-CsA, dehydroxylated cyclosporine; dMC-CsA, desmethyl-carboxylated cyclosporine DM, diabetes mellitus; SE, standard error; TriH-CsA, trihydroxylated cyclosporine.
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Figure 1. Correlations of diastolic blood pressure with metabolites to cyclosporine ratios of AM1 (1A), DiH-CsA (1B), TriH-CsA (1C) and dMC-CsA (1D). CsA, cyclosporine A; DBP, diastolic blood pressure; DiH-CsA, dehydroxylated cyclosporine; dMC-CsA, desmethyl-carboxylated cyclosporine; TriH-CsA, trihydroxylated cyclosporine.
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[bookmark: _GoBack]Figure 2. A. AM9/CsA ratios in patients with obesity (54.89 [36.7-79.8] vs. 73.93 [27.9-139.8], p=0.0002) and B. diabetes mellitus (59.59 [36.7-84.4] vs. 70.47 [27.9-139.9], p=0.01). CsA, cyclosporine A; DM, diabetes mellitus.
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