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ABSTRACT

Objective: The objective of this research was to study the possible role of renalase in the controlling blood pressure (BP) in patients with different 
stages of chronic kidney diseases (CKD) to decrease the incidents of cardiovascular disease in these patients.

Methods: The serum levels of renalase were determined by enzyme-linked immune sorbent assay (ELISA) methods in 68 non-diabetic CKD patients 
in different stages (2–5). Fifty healthy control subjects were included in this study. Renalase high-sensitive C-reactive protein and Cystatin-C were 
measured by ELISA which is included first incubating the test serum in an antigen-coated polystyrene plate, then enzyme-labeled anti-immunoglobulin 
is added and the enzyme then remaining in plate after washing provides a measure of the amount of specific antibody in the serum, and in the final 
step, a substance is added that the enzyme can convert to some detectable signal, most commonly a color change in a chemical substrate.

Results: There were a significant difference between serum levels of renalase, in CKD patients stage 5, and CKD patients 2–3 stage than in their 
healthy control group (p<0.05), in addition to a significant difference in renalase level between CKD stage, 2–3 and stage 5 (p<0.05). There was a 
significant positive correlation between serum renalase with systolic BP (p<0.05) in CKD patients stage 5. In addition, there was a significant negative 
correlation between the serum renalase and estimated glomerular filtration rate (p<0.05) in both groups.

Conclusions: The main conclusion of the study was the positive significant correlation with systolic BP in CKD patients (stage 5). In addition, the 
serum renalase levels were elevated according  the CKD  stage in  patients with CKD in different stages (2–5) and it increased with the deterioration 
of renal function.
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INTRODUCTION

Hypertension is the most common comorbidity in chronic kidney 
disease (CKD) patients across different stages (1–5), who are on 
dialysis. To reduce cardiovascular mortality, the control of blood 
pressure (BP) of those patients is considered as an important 
target. There are complex relationships between the elevated BP 
and cardiovascular mortality in patients with end-stage renal 
disease (ESRD) due to vascular abnormalities and high prevalence 
of comorbid conditions [1,2]. The cardiovascular disease (CVD) rate 
is about 6–10 times higher in dialysis patients than in those who 
are not undergoing dialysis [3,4]. The major established vascular 
risk factors, for example, hypertension, diabetes, and dyslipidemia 
occur more frequently and are more severe in those with a low 
glomerular filtration rate [5]. Renalase and its possible role were 
first described by Xu et al., in 2005. It is a member of flavoprotein 
superfamily, including oxides and monoamine oxidase enzyme. The 
renalase gene is located on chromosome 10 at q23.33. It contains 
seven exons and has two transcription variants (1 and 2) according 
to information available in the GenB. The calculated molecular mass 
of human renalase is approximately 38 kDa. An essential cofactor for 
its stability and monoamine oxidase (MAO) activity is flavin adenine 
dinucleotide (FAD) because it has a FAD-binding domain [6,7]. The 
kidney is considered as the major human secretion sit of renalase, 
and it is most abundant in the proximal tubules. It is suggested that 
renalase protein in the proximal tubules is secreted by the basolateral 
membrane into the circulation where it acts on its substrates, so 
accomplishing the regulation of catecholamine homeostasis at a 
systemic level [6]. Renalase is secreted into the blood, and its’ levels 
are regulated by three key factors: Renal function, renal perfusion, 
and catecholamine level [5,8]. Many recent studies in human subjects 

concluded that plasma renalase levels are negatively correlated 
with renal function [9-11]. Renalase is also detectable in the heart, 
skeletal muscle, and small intestine. According to  the studies which  
suggested  that renalase is secreted by renal cells since it  was detected 
in both plasma and urine of healthy individuals [12,13]. Expression 
of renalase in peripheral nerves, adrenals, endothelium, and the 
central nervous system, as well as in adipose tissues, was detected 
both in 12.5-day-old rat embryo, and more recently, in humans 
[12,14]. The decrease in BP by 25% as well as a decrease in heart 
rate and cardiac contractility are the main actions of renalase [6]. 
According to the study of Wu et al., these effects occurred when it 
was administrated intravenously to rats and lasted for minutes and 
were dose-dependent, showing no difference between the wild-type 
mouse and renewals knockout mouse. The latter had hypertension, 
tachycardia, and catecholamine levels higher than the wild-type 
animal, therefore the knock-out mouse was reported to be more 
susceptible to myocardial ischemia [15]. It was also found by Li et al. 
2008 that renalase deficiency worsened myocardial damage during 
acute ischemia and the use of the recombinant renalase as treatment 
could ameliorate cardiac injury [12].

The aim of the study is to evaluate the possible role of renalase in the 
controlling BP in patients with different stages of CKDsto decrease the 
incidents of CVD in these patients.

SUBJECTS AND METHODS

Subjects
This study included patients with CKD (n=68) (34 females, 34 males) 
in stage 2–5.
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The range of age was between 30 and 60 years. They were from 
kidney disease and transplantation unit at Baghdad Teaching Hospital 
during the period from September 2015 to March 2016. The study 
also included apparently healthy control subjects (n=50). Thirty-five 
controls (17 males and 18 females) from the original 50 controls were 
chosen to match with CKD patients (stage 2–3) in regard to age and 
BMI, and 33 controls (16 males and 17 females) from the original 50 
controls were chosen to match with the CKD patients (stage 5) in regard 
to age and body mass index (BMI). Exclusion criteria were diabetic 
chronic kidney failure patients. All control subjects are non–smoker 
and non-alcoholic. All procedures on human subjects included in this 
research were performed after approval from the Ethics Committee 
of researches in the Baghdad College of Pharmacy/Iraq (No 2847 in 
26/12/2016).

Methods
About 10 ml of fasting venous blood were withdrawn from both patients 
(pre-hemodialysis) and controls. The blood sample was collected in a 
plain tube and centrifuged for 15 min at 3000 rpm after being allowed 
to clot at the room temperature for 30 min. The separated serum was 
divided into aliquots and stored frozen at −20°C to be used later for 
renalase (Cusabio, China), high-sensitive C-reactive protein (hsCRP) 
(Demeditec Diagnostics, Germany), and cystatin-C (Cusabio, China) 
determination by enzyme-linked immune sorbent assay (ELISA). While 
blood glucose, lipid profile, urea, and creatinine analysis were done 
immediately after separation of the serum by spectrophotometric 
method by SPECORD 40 (Analytik Jena, Germany). The quantitative 
determination of glomerular filtration rate is calculated by CKD EPI 
Calculator - four variables MDRD CKD EPI equation with SI units 
using standardized serum creatinine, age, race, gender, white, or 
other race male [16]. Body mass index was calculated as body weight 
(in kg/Sq height (meter) [17].

Statistical study
All values were expressed as mean±standard deviation. All statistical 
analysis was performed using the Statistical Package for the Social 
Sciences (SPSS version 23.0). Independent Student’s t-test was 
performed to assess differences between two means. The Pearson 
correlation coefficient was used to determine the correlation between 
quantitative data. p<0.05 was considered to be statistically significant.

RESULTS AND DISCUSSION

In CKD patients (stage 5), there are complex relationships between 
elevated BP and cardiovascular mortality, which leads to the 
high prevalence of comorbid conditions and underlying vascular 
abnormalities [18]. Two studies concluded that the rate of CVD in 
dialysis patients is higher than in dialysis-free patients [2,19].

The present study showed that serum renalase level in CKD patients 
(stage 5) was higher than in healthy controls (101.6±37.6 vs. 48± 5.9), 
and there were significant differences in serum cystatin-C, hs-CRP, 
BP, urea, creatinine, and estimated glomerular filtration rate (eGFR) 
between CKD patients (stage 5) and healthy control as presented in 

Table 1. According to two previous studies, the three main key factors 
that are responsible for the regulation of renalase blood level are the 
renal perfusion, renal function, and catecholamine level. There was also 
a direct relationship between renalase, glomerular filtration rate, and 
kidney mass, resulting in marked renalase deficiency in CKD patients 
(stage 5) [12,20]. On the other hand, there are many recent studies 
that reported a negative relationship between renalase level and renal 
function, with the result that renalase level is markedly increased in 
CKD patients (stage 5) [21,22]. One of these studies showed that the 
serum renalase level was 4 times higher in 34 CKD patients (stage 5) 
than in 20 healthy controls [22]. Similarly, Zbroch et al. (2012) in their 
study showed that the serum renalase level was higher in 104 CKD 
patients (stage 5) than in healthy volunteers [21]. The present study 
likewise showed a strong negative correlation between serum renalase 
and eGFR (r=−0.51, p<0.001) and strong positive correlation with renal 
function as assessed by cystatin-C (r=0.37, p<0.05) as shown in Figs. 1 
and 2, respectively, and serum creatinine (r=0.54, p<0.01), as in Table 2, 
which are the strongest predictors of renalase serum levels. The present 
study likewise showed a strong negative correlation between serum 
renalase and eGFR (r=−0.51, p<0.001) ,strong positive correlation with 

Table 1: Comparison between serum variables in CKD patients (stage 5) and their controls

Parameter CKD (stage 5) a (n=35) Controla (n=33) p value
Age (year) 43.4±14.2 40.8±13.5 0.76
Body mass index (kg/m2) 26.1±2.3 26.2±3.4 0.94
Renalase (ng/ml) 103.4±36.3 48.8±5.7 1.1 E-09**
hs-CRP (µg/ml) 8.4±2.3 1.2±0.67 2.0 E-16**
Cystatin-C (ng/ml) 12.6±5.8 5.1±1.4 0.002*
eGFR (mL/min/1.73 m2) 9.65±6.3 126.2±33.7 1.0E-17**
BP (mmHg) 141/86±4.3/5.1 132/77±3/3.7 8.1E-18**/1.2E-10**
FBS (m.mol/l) 5.6±0.71 5.4±0.78 0.31
Urea (m.mol/l) 54.6±24.2 10.4±1.7 1.3E-11**
Creatinine (µmol/l) 751.4±397.8 68±10.6 4.1E-11**
aMean±SD, *p<0.001 significant, **p<0.0001 highly significant. CKD: Chronic kidney disease, hs-CRP: High-sensitive C-reactive protein, eGFR: Estimated glomerular 
filtration rate, BP: Blood pressure, FBS: Fasting blood sugar, SD: Standard deviation

Fig. 1: Correlation between serum renalase and estimated 
glomerular filtration rate (r=−0.51, p<0.01) in chronic kidney 

disease patients (stage 5)

Fig. 2: Correlation between serum renalase and cystatin-c 
(r=0.37, p<0.05) in chronic kidney disease patients (stage 5)
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renal function as assessed by cystatin-C (r=0.37, p<0.05) as shown in 
Figs. 1 and 2, respectively, and significant positive correlation with both 
serum creatinine (r=0.54, p<0.01),  and blood urea (r=0.5, p<0.0001), 
as  shown in Table 2 which are the strongest predictors of renalase 
serum levels. The possible cause of the significant elevation of renalase 
in hemodialysis patients is the higher sympathetic nervous system 
activity and much lower renalase clearance in these patients [6]. This 
suggests the presence of a strong correlation between renalase level 
and renal function. This is confirmed by the correlations that are 
mentioned above, which are the main biochemical parameters that 
reflect the renal function.

In addition, the present study showed the significant differences 
in renalase level, hsCRP, cystatin-C, urea, creatinine, and eGFR 
between CKD patients (stage 2–3) and a control group as presented 
in Table 3. Even more interesting, there was a significant negative 
correlation between renalase and eGFR in CKD patients (stage 2–3), as 
shown in Fig. 3, and a significant positive correlation with both serum 
creatinine and cystatin-C as shown in Figs. 4 and 5, respectively. The 
results showed a significant difference in renalase level between CKD 
patients (stage 5) and CKD patients (stages 2–3), as shown in Table 4, 
which coincided with Gluba-Brzózka et al. 2014 and Cerqueira et al. 
2015 in their studies indicated that the renalase level in CKD patients 
(stage 5) was significantly higher than in CKD patients (stages 2–3), 
indicating that renalase level depends on the degree of renal function 
impairment and the rate of renal clearance of renalase, which depends 
on the eGFR [22,23]. One of these recent studies showed that the 

renalase level depends on the CKD stage, and there was a significant 
higher renalase level in CKD patients (stage 5) than in patients with 
CKD (stage 1–3) and strong negative correlation with eGFR [22], 
while Xu et al. (2005) in their study concluded that the renalase 
plasma concentration is markedly reduced in patients with ESRD, as 

Table 2: The correlation between serum renalase and urea, 
diastolic blood pressure in CKD patients (stage 5)

Parameters r value p value
Renalase and creatinine 0.54 <0.01
Renalase and urea 0.50 <0.05
Renalase and diastolic 0.31 >0.05
CKD: Chronic kidney disease

Table 3: Comparison between serum variables in patients with CKD and their controls as mean±SD

Parameter CKD (stage 2–3) a (n=33) Controla (n=35) p value
Age (year) 52.3±9.3 48.3±7.1 0.062
Body mass index (kg/m2) 28±2.0 27±2.3 0.061
Renalase (ng/ml) 53±9.9 48.7±5.9 0.044*
hsCRP (µg/ml) 5.8±3.2 1.3±0.66 4.0 E-09**
Cystatin-C (ng/ml) 8±3.1 4.9±1.3 1.3E-05**
eGFR (mL/min/1.73 m2) 42±24 125±32 3.2E-15**
BP (mmHg) 138/80±4.9/13.7 133/78±3.5/7.5 3.9E-07**/1.5E-09**
FBS (m.mol/l) 5.4±0.81 5.3±0.48 0.76
Urea (m.mol/l) 24.5±5.8 10.8±1.3 2.6 E-15**
Creatinine (µmol/l) 212±88.4 67.1±10.6 1.3 E-09**
aMean±SD, *p<0.05 significant, ** p<0.0001 highly significant. CKD: Chronic kidney disease, hs-CRP: High-sensitive C-reactive protein, eGFR: Estimated glomerular 
filtration rate, BP: Blood pressure, FBS: Fasting blood sugar, SD: Standard deviation

Table 4: Comparison between serum variables in CKD patients (stage 5) and CKD patients (stage 2–3)

Parameter CKD (stage 5) a (n=35) CKD (stage 2–3) a (n=33) p value
Age (year) 43.4±14.2 52.4±11.8 0.004*
Body mass index (kg/m2) 26.1±2.3 28±2.0 0.0009**
Renalase (ng/ml) 103.4±36.3 53±9.9 6.2 E-09**
hs-CRP (µg/ml) 8.4±2.3 5.8±3.2 0.0006**
Cystatin-C (ng/ml) 12.6±5.8 8±3.1 0.08
eGFR (mL/min/1.73 m2) 9.65±6.3 45±21 1.2 E-08**
BP (mm Hg) 141/86±4.3/5.1 138/80±4.9/13.7 0.019*/0.19
FBS (m.mol/l) 5.6±0.71 5.4±0.81 0.31
Urea (m.mol/l) 54.6±24.2 24.5±5.8 6.4 E-08**
Creatinine (µmol/l) 751.4±397.8 212±88.4 5.9E-09**
aMean±SD, *p<0.05 significant, ** p<0.0001 highly significant. CKD: Chronic kidney disease, hs-CRP: High-sensitive C-reactive protein, eGFR: Estimated glomerular 
filtration rate, BP: Blood pressure, FBS: Fasting blood sugar, SD: Standard deviation

Fig. 3: Correlation between serum renalase and estimated 
glomerular filtration rate (r=−0.68, p<0.01) in chronic kidney 

disease patients (2-3 stages)

Fig. 4: Correlation between serum renalase and creatinine 
(r=0.36, p<0.05) in chronic kidney disease patients (2–3 stages)
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compared with healthy subjects [6]. In the present study, there was a 
significant positive correlation between serum renalase and systolic 
BP in all 35 CKD patients (stage 5) (r=0.42, p<0.05) as in Fig. 6 and 
non-significant correlation with diastolic BP (r=0.31, p>0.05) as in 
Table 2. These results agreed to a recent study, which showed the role of 
renalase in the degradation of catecholamine and the regulation of BP 
and cardiovascular function, in addition to its relationship with renal 
function biomarkers [9]. In contrast, many recent studies concluded 
that the elevated renalase levels in hemodialysis patients may be due 
to impaired renal function only [24-26]. There are contradictory data 
about serum renalase because of low activity and high levels revealed in 
hypertensive patients with CKD [27]. Sotonica et al. (2015) in their study 
showed no significant correlation between renalase activity and BP in 
both normotensive and hypertensive hemodialysis patients [26]. While 
Wang et al. 2015 in their recent study showed a positive relationship 
between renalase level with both systolic and diastolic BP, in addition 
to significant higher renalase level in CKD patients (stage 3–5) than in 
CKD patients (1–2 stage), indicating that renalase level correlated with 
both BP regulation and renal function [9].

CONCLUSION

It could be said that evidence from the present study and previous 
reports suggest the presence of a role for renalase in the regulation of 
BP. There was a significant increase in serum renalase level in both CKD 
patients (stage 5) and patients with CKD (stages 2–3) and a significant 
correlation with main biomarkers of renal function impairment in 
both groups included in the study for any reason, may be of the causes 
of cardiovascular complications in such patients. More studies are 
needed to assess whether there is a relationship between plasma 
renalase levels, and the increases in the incidence of cardiovascular 
complications risk in CKD patients in different stages, especially in CKD 
patients (stage 5) undergoing dialysis treatment to use renalase as a 
new postulated therapeutic target that can reduce these complications 
in CKD patients, including the sudden cardiac death in CKD patients 
(stage 5).
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