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Original Article

AnnA Steć

Effect of renalase (RNLS) gene polymorphisms (rs1088700 and rs2576178) 
on plasma RNLS level in hemodialyzed patients affected by arterial  

hypertension and coronary artery disease

Abstract

Introduction. We have previously reported that rs10887800 and rs2576178 renalase (RNLS) single nucleotide polymorphisms 
(SNPs) are associated with the susceptibility to arterial hypertension (HY) and coronary artery disease (CAD) in hemodialyzed 
patients (HD). However, the underlying mechanism of this link remains undefined. 

Aim. In the present study we examine the influence of above-mentioned RNLS gene variants on plasma renalase level in sub-
groups of HD patients affected by HY and CAD.

Material and methods. In total, 309 hemodialyzed patients participated in the study (157 males and 152 females, mean age 
64.1±14.10 years). Rs10887800 and rs2576178 RNLS gene polymorphisms were genotyped using PCR-RFLP method. Plasma 
RNLS level was assessed by ELISA (USCN Life Science Inc., Wuhan, China). The data were analyzed using SPSS Statistics 23. 

Results. Regarding rs10887800 polymorphism, hypertensive AA homozygotes had significantly lower plasma RNLS level 
(28.93±9.94 µg/mL) compared to AG (34.06±12.79 µg/mL) and GG carriers (36.54±12.01 µg/mL), p=0.002. Among CAD pa-
tients no differences in plasma RNLS concentrations between rs10887800AA, AG and GG carriers were observed (31.52±10.95 
µg/mL, 34.75±13.37 µg/mL, 34.44±13.10 µg/mL, respectively), p=0.615. For the rs2576178 variant, both HY and CAD partici-
pants did not differ in terms of plasma RNLS levels with regard to the particular genotypes, p>0.050. 

Conclusion. Obtained results extend our previous findings and indicate for the first time that rs10887800 RNLS gene vari-
ant modifies the level of plasma RNLS in hemodialyzed patients with HY but not in those with CAD. The study provides, thus,  
a new insight into the potential mechanisms through which RNLS gene variants modulate the risk of cardiovascular diseases 
among patients with end-stage kidney disease.
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nucleotide polymorphisms (SNPs) in RNLS were associated 
with susceptibility to CVDs in hemodialyzed population.  
The G allele carriers of rs10887800 and rs2567178 SNPs had 
an increased risk of HY, whereas rs10887800GG genotype 
was related to CAD [6,7]. However, the underlying mecha-
nism involved in this relationship remains undefined.

AIM

Therefore, the aim of the present study is to extend our 
previous findings by evaluating the effects of rs10887800 and 
rs2576178 RNLS SNPs on plasma renalase level in subsets of 
HD patients affected by HY and CAD. Additionally, to clarify 
the functional importance of renalase, the relationship between 
RNLS and selected CVRFs will be investigated.

MATERIAL AND METHODS

The study was conducted from January 2012 to December 
2013 and involved 309 Caucasian hemodialyzed participants 
(157 males, 152 females, mean age 64.1±14.1 years) from 5 
dialysis units in eastern Poland. All patients were on standard 

INTRODuCTION

Patients with end stage kidney disease (ESKD) are at heigh-
tened risk of cardiovascular diseases (CVDs), among which 
coronary artery disease (CAD) is the most common (39% of 
all CVDs) [1]. The prevalence of arterial hypertension (HY) 
is about 90% at the beginning of renal replacement therapy 
(RRT) [2]. Compared with age-matched general population, 
mortality rate in dialysis patients is 10-20-fold higher and 
50% of such deaths are related to CAD [3]. High prevalence 
of well-known cardiovascular risk factors (CVRFs) does not 
explain such a high CVD burden in uremic patients [4]. Thus, 
identification of a novel CVRF is crucial for better risk predi-
ction and cardiac mortality prevention in this population. 

Human renalase (RNLS), also called MAO-C, is sugges-
ted to be the missing link between heart and kidney diseases. 
RNLS is a FAD-dependent amine oxidase secreted into blood 
mainly by kidneys and degradates circulating catecholamines. 
RNLS is considered to play a role in the regulation of sympa-
thetic tone, blood pressure and cardiac function [5].

RNLS gene is located on chromosome 10q23.31, spans 311 
kb in length and encodes 16 exons. In our recent studies single  
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bicarbonate dialysis (SBD). Diabetes mellitus was the most 
common cause of ESRD (23%). For the purpose of the study 
participants were classified into 4 subsets based on the pre-
sence (HY+, n=259) or absence (HY-, n=50) of HY and the 
presence (CAD+, n=107) or absence (CAD-, n= 202) of CAD. 
According to K/DOQI guidelines, HY was defined as systolic 
blood pressure (SBP) of ≥140 mmHg and/or a diastolic (DBP) 
of ≥90 mmHg and/or history of current antihypertensive treat-
ment [8]. The diagnosis of CAD was based on the criteria 
of the European Society of Cardiology (ESC). The exclu-
sion criterium was the presence of other heart diseases such 
as cardiomyopathy, pericarditis or aortic stenosis. Clinical,  
demographic and laboratory data were collected on the basis 
of medical interview, physical examination and patients’ medi-
cal records. The arithmetic means of predialysis, systolic and 
diastolic BP, recorded for 2 weeks, were used for the analysis. 
Hemodialysis adequacy was assessed by a calculator, which 
uses the Daugirdas II equation formula for single pool Kt/V 
for urea (spKt/Vurea). The presence of residual renal function 
(RRF) was defined as the urine amount above 100 ml/day. The 
results of plasma RNLS level, genotype distribution and allele 
frequencies of rs10887800 and rs2576178 RNLS SNPs were 
taken from our previous studies [7,9]. All participants signed 
an Informed Consent Form. The study protocol was appro- 
ved by the Bioethical Board of the Medical University of Lub-
lin (No. KE-0254/154/2013).

Assays 
Blood samples were drawn from the venous part of the vas-

cular access at the beginning of hemodialysis session. Rena-
lase concentrations were measured by commercially available 
ELISA kit from USCN Life Science Inc. (Wuhan, China).

Investigation of rs10887800 and rs2576178 renalase gene 
polymorphisms

Human genomic DNA was derived form peripheral blood 
leucocytes, prepared by a standard procedure and stored  
at -70ºC before use. SNPs were investigated by polymerase 
chain reaction – restriction fragment length polymorphism 
(PCR-RFLP) technique. Primers sequences, restriction endo-
nuclease enzymes and the size of restriction fragments obtained 
from PCR-RFLP reaction are shown in Table 1. Amplification 
was performed in a PTC-200 Thermal Cycler (MJ Research, 
Inc. Waltham, MA). Genomic DNA (300ng) was amplified  
using the following conditions: initial denaturation at 95ºC for 
6 min, followed by 35 cycles at 94ºC for 30s, annealing at 60ºC 
for 30s and extension at 72ºC for 1 minute. The final extension 
step was at 72ºC for 7 minutes. The resulting DNA fragments 
were separated by electrophoresis on 2.5 % agarose gel.

Statistical Analysis
Data analysis was performed using the SPSS Statistics 23.0 

software (IBM Corp., Armonk, NY, USA). All tests were two-
sided and the p value <0.050 indicated statistical significance. 
Deviation from Hardy-Weinberg equilibrium (HWE) expecta-
tions was evaluated by χ2 goodness-of-fit test. The means of 
variables were compared by a student’s t test (continous varia-
bles) or χ2 test of independence (discrete variables). The corre-
lations of variables were computed with the Spearman’s rank 
correlation coefficient. ANCOVA (analysis of covariance) was 
used to assess the effect of RNLS genotypes on plasma RNLS 
level after adjustment for potentially confounding effect of 
age, gender, BMI, hemoglobin and albumin level, the presence  
of hypercholesterolemia and RRF. For post-hoc analyses 
Sidak’s correction test was performed.

TABLE 1. Primers sequences, restriction endonuclease enzymes and size of restriction fragments obtained from PCR-RFLP reaction.

Gene  
variants Primer sequence (5’-3’) Restriction enzyme

Fragment sizes 

undigested (A allele) Polymorphic variant (G allele) 

Rs10887800 F: CAGGAAAGAAAGAGTTGACAT Pst I 554 bp 415+139 bp
R:AAGTTGTTCCAGCTACTGT

Rs2576178 F:AGCAGAGAAGCAGCTTAACCT Msp I 525 bp 423+102 bp
R:TTATCTGCAAGTCAGCGTAAC

TABLE 2. Demographic and clinical characteristics of studied subgroups.

 Characteristics

Arterial hypertension 

p value*

Coronary artery disease 

p value*HY+ HY- CAD+ CAD-

(n=259) (n=50) (n=107) (n=202)

Age (years) 64.01±14.04 64.62±14.31 >0.050 69.61±10.51 61.20±14.83 <0.001
Gender 
     Male, n (%) 138 (53.3) 19 (38)

<0.050
64 (59.81) 93 (46.03) <0.001

     Female, n (%) 121 (46.7) 31 (62) 43 (40.19) 109 (53.97) <0.001
Laboratory parameters
     BMI (kg/m2) 25.83±5.28 25.44±5.55 >0.050 27.47±5.62 24.87±4.93 <0.001
     Hemoglobin (g/dl) 10.54±1.41 10.95±1.43 >0.050 10.6±1.3 11.0±1.45 <0.050
     Albumin (g/dl) 3.94±.38 3.97±.42 >0.050 3.86±.36 3.98±.39 <0.050
     Hyperlipidemia, n (%) 130 (50.8) 22 (44) >0.050 65 (61.3) 87 (43.5) <0.010
     Renalase (µg/mL) 33.23±12.20 35.19±13.26 >0.050 33.95±12.74 33.33±12.21 >0.050
Dialysis vintage (yrs) 5.93±5.72 8.48±8.53 <0.050 6.01±6.16 6.52±6.40 >0.050
Smoking, n (%) 43 (16.6) 5 (10) >0.050 21 (19.6) 27 (13.4) >0.050
Alcoholism, n (%) 7 (2.7) 1 (2) >0.050 2 (1.9) 6 (3) >0.050
CVD in FH, n (%) 39 (15.1) 3 (6) >0.050 21 (19.6) 21 (10.4) <0.010

Continuous variables are presented as means±SD. Discrete variables are presented as numbers and percentages (in parentheses). HY – arterial hypertension, CAD – coronary artery 
disease, BMI – Body Mass Index, CVD – cardiovascular disease, FH – family history. * t-student or χ2 tests.
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RESuLTS

Characteristics of the study population
Clinical and demographic characteristics of the study par-

ticipants are summarized in Table 2. Compared with HY- group, 
hypertensive patients were more frequently male (53.3% vs 
38%) and had shorter dialysis vintage (5.93±5.72 vs 8.48±8.53 
years). Compared with CAD-, patients with CAD were older 
(69.61±10.51 vs 61.20±14.83 years) and more often male. They 
had lower hemoglobin and albumin level and higher prevalence 
of hyperlipidemia. CAD+ patients were also more likely to have 
a positive family history of CVDs and higher BMI value. Mean 
plasma RNLS concentration in the study cohort was 33.54±12.37 
µg/mL. There were no differences in plasma RNLS level nei-
ther between patients with and without HY (33.23±12.20  
µg/mL vs 35.19±13.26 µg/mL, respectively), p>0.050 nor bet-
ween patients with and without CAD (33.95±12.74 µg/mL  
vs 33.33±12.21 µg/mL, respectively) p>0.050.

Effect of RNLS gene polymorphisms (rs1088700 and 
rs2576178) on plasma renalase level depending on the co-
morbidity

Genotype distribution of studied polymorphisms was con-
sistent with Hardy-Weinberg equilibrium (rs10887800 SNP: 
χ2=0.18, p=0.669 for CAD+, χ2=1.80, p=0.180 for CAD-,  
χ2=0.04, p=0.833 for HY+, χ2 =2.16, p=0.142 for HY-; 
rs2576178 SNP: χ2=0.11, p=0.735 for CAD+, χ2=0.02, p=0.888 
for CAD-, χ2=0.10, p=0.755 for HY+, χ2 =0.01, p=0.938 for 
HY-). As shown in Table 3, regarding rs10887800 polymor-
phism, hypertensive AA homozygotes had significantly lower 
plasma RNLS level (28.93±9.94 μg/mL) compared to AG 
(34.06±12.79 μg/mL) and GG carriers (36.54±12.01 μg/mL), 
p=0.002. Among CAD patients no differences in plasma RNLS 
concentrations between rs10887800AA, AG and GG carriers 
were observed, p=0.615. For the rs2576178 variant, both HY 
and CAD participants did not differ in terms of plasma RNLS 
levels with regard to the particular genotypes, p>0.050.

Correlation between RNLS level and CVRFs
Plasma RNLS level was significantly higher in anuric pa-

tients compared to those with preserved RRF (38.62±11.59 µg/
mL vs 27.23±10.26 µg/mL, p<0.001) (Figure 1), but did not 
correlate with patient’s age, BMI, albumin, glucose and hemo-
globin levels. No difference in RNLS concentration between 
males and females (33.54±12.57 µg/mL vs 33.54±12.20 µg/mL,  
respectively), p=1.000 was found. Plasma RNLS concentra-
tion correlated neither with SBP (r=-0.110, p=0.060) nor 
with DBP (r=-0.080, p=0.200). There was also no difference 
in RNLS level between patients with and without hypercho-
lesterolemia (34.79±13.44 µg/mL vs 32.51±11.34 µg/mL, 
p=0.133) and between smoking and no-smoking individuals 
(33.24±12.14 µg/mL vs 32.51±11.34 µg/mL, p=.465). Finally, 
plasma RNLS correlated neither with hemodialysis adequacy 
measured by spKt/Vurea (r=-0.140, p=0.239) nor with dialysis 
vintage (r=0.226, p=0.256).

DISSCuSION

In the present study, which is a continuation and exten-
sion of our previous research, we demonstrated for the first 
time that the effect of rs10887800 RNLS gene polymorphism  
(located in intron 6) on plasma RNLS level in HD patients 

is co-dependent on the presence of comorbid disorders. Hy-
pertesive rs10887800AA carriers had significantly lower 
RNLS concentration compared to those with AG and GG 
genotypes. However, similar associations were not observed 
in CAD+ subgroup. Therefore, we can assume that the im-
pact of rs10887800 variant on plasma RNLS level, previously 
reported by us in patients undergoing HD, was due to high 
prevalence of hypertensive participants in the study cohort [9]. 

The obtained results suggest that rs10887800 RNLS polymor-
phism can affect the risk of HY by the modulation of plasma RNLS 
level. However, our findings should be interpreted with caution 
since the pathophysiological role of RNLS in HY remains contro-
versial. First experimental studies demonstrated decreased plasma 
RNLS level in hypertensive rats after 5/6 nephrectomy [10]. Re-
combinant RNLS infusion lowered blood pressure [11] and it was 
through metabolizing circulating catecholamines [12]. Human 
research on uremic populations brought discrepant results. In the 
present study we did not observe differences in plasma RNLS level 
between HY+ and HY- subgroups. Similar findings were obtained 
in other studies on patients undergoing both hemodialysis [13] 
and peritoneal dialysis [14]. Furthermore, no association between 
plasma RNLS level and left ventricular hyperthrophy (LVH),  
a cardiac consequence of inadequate HY control, was observed [15].  

TABLE 3. Plasma renalase (RNLS) level according to RNLS genotypes in 
concomitant comorbidities subgroups. 
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Renalase 
gene variant

Genotypes
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AA AG GG

HY 
(n=259)

Rs2576178 
(147/95/17) 32.70±12.83 33.91±11.06 34.32±12.98 0.358

Rs10887800 
(69/131/59) 28.93a±9.96 34.06b±12.79 36.54b±12.01 0.002

CAD 
(n=107)

Rs2576178 
(54/43/10) 32.30±13.17 35.18±12.24 38.21±12.18 0.728

Rs10887800 
(24/51/32) 31.52±10.95 34.75±13.37 34.44±13.10 0.615

HY – arterial hypertension, CAD – coronary artery disease. RNLS levels presented as 
means±SD. *ANCOVA (analysis of covariance) assessing the effect of RNLS genotypes 
on RNLS level after adjustment for potentially confounding effect of age, gender, BMI, 
hemoglobin and albumin level, the presence of hypercholesterolemia and residual renal 
function.  

FIGuRE 1. The correlation between plasma renalase level and the presence 
of preserved residual renal function.
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Oppositely, Dziedzic et al. demonstrated a positive correlation 
between plasma RNLS and mean arterial pressure (MAP) in HD 
cohort [16].

Our study confirmed literature data that plasma RNLS level 
is elevated in anuric patients compared to those with preserved 
RRF, which may be due to its impared clearance. Importantly, 
loss of diuresis is a well recognized CVD mortality predic-
tor in ESKD patients [17]. Furthermore, we did not observe 
correlation between plasma RNLS levels and known CVRFs.  
On the contrary, Zbroch et al. demonstrated a link between 
plasma RNLS and age in dialyzed individuals. However, the 
authors concluded that elevated plasma RNLS in older patients 
could be due to impaired kidney function and high burden of 
CVDs rather than age itself [18].

The results obtained in the current study are novel. As far 
as the authors know, no other papers concerning the effect of 
RNLS polymorphisms on plasma renalase level were pub-
lished. Furthermore, there are hardly any studies on the mech-
anism through which RNLS variants affect CVDs risk [19].

Our study has some limitations which have to be pointed 
out. First, all participants were Caucasian, therefore the ex-
periment should be replicated on different ethnic groups. Se-
condly, plasma RNLS activity, tissues expression and RNLS 
concentrations in urine and dialysis fluid were not assessed. 
Finally, the correlation analyses between RNLS SNPs, CVRFs 
and catecholamines level should be performed. However, this 
will be the subject of ongoing studies.

CONCLuSIONS

Obtained results extend our previous findings and indicate 
for the first time that the effect of rs10887800 RNLS gene  
polymorphism on plasma RNLS level in HD patients is co-de-
pendent on the presence of comorbid disorders. Rs10887800 
variant modifies the level of plasma RNLS in hypertensive HD 
patients but not in those with CAD. Plasma RNLS level is ele- 
vated in anuric patients and does not correlate with known 
CVRFs. The study provides thus a new insight into the poten-
tial mechanisms through which RNLS gene variants modulate 
the risk of CVDs in uremic patients. 


