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Abstract: Hypertension is considered a multi-factorial disease since its development is affected by both genetic and
environmental factors. Intensive efforts have been focused on identifying gene(s) related to hypertension. Renalase
is a recently discovered protein that expressed in kidney, heart, liver, and brain that metabolizes catecholamines,
regulation of blood pressure in humans and animals. A common missense polymorphism in the flavin-adenine
dinucleotide-binding domain of human renalase (Glu37Asp) has recently been described. But the reported results
are not always consistent. In this meta-analysis, we examined the association between (Glu37Asp) polymorphism
(rs2296545) in renalase gene and risk of hypertension. Through a systematic literature search for publications
between 2007 and 2014, we summarized the data from 4 studies on polymorphism (rs2296545) in renalase gene
and risk of hypertension. We did not find any association of rs2296545 with risk of hypertension in dominant model
(OR=0.64; 95% CI: 0.41-1.00), recessive model (OR=1.29, 95% Cl: 0.95-1.75), co-dominant model (OR=1.38, 95%
Cl: 0.92-2.08), and allelic model (OR=1.19; 95% CI: 0.96-1.47). The results of the present study indicated that the

renalase genetic polymorphism was not associated with risk of hypertension.
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Introduction

Hypertension is not only a chronic disease but
a major risk factor for various diseases.
Increased blood pressure is considered to be a
major risk factor for cardiovascular diseases,
stroke and end-stage renal disease [1]. The eti-
ology and pathogenesis of hypertension are
likely to comprise a multifactorial disorder
resulting from inheritance of several suscepti-
bility genes, as well as multiple environmental
determinants [2, 3]. Epidemiological studies
have suggested that the genetic factors con-
tributed to blood pressure variation ranging
from 30% to 50% within a population [4]. Some
studies showed that a number of genes have
been identified as having strong associations
with the risk of hypertension or high blood pres-
sure [5].

Renalase (gene name RNLS) is a novel, newly
discovered monoamine oxidase enzyme dis-
covered by Xu et al in 2005. They found that
Renalase was secreted by the kidney and

metabolizes circulating catecholamines, Rena-
lase activity is markedly augmented by an
increase in plasma catecholamines, suggesting
that enalase plays a role in degrading circulat-
ing catecholamines and regulates blood pres-
sure and cardiac function [6, 7]. Basic research
reviewed that reduction in renalase contributes
to the occurrence of hypertension [7, 8]. Whose
genes may contain sequence variations con-
tributing to the inherited tendency for hyperten-
sion. Studies revealed that renalase is related
to primary hypertension [9, 10].

It is likely that renalase is associated with
hypertension and related disease. A common
missense polymorphism in the flavin-adenine
dinucleotide-binding domain of human renalase
(Glu37Asp) has recently been described which
is showed an association with hypertension,
type 2 diabetes, Coronary Heart Disease and
inducible ischemia [10-13]. But in Fava study
[14], at variance with previous reports, found no
association with hypertension related traits in a
well-powered sample of middle-aged men and
women participating.
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In view of the conflicting evidence and contro-
versy, we conducted a meta-analysis on the
published data to evaluate the association
between the rs2296545 polymorphism and
hypertension.

Methods
Search strategy

In this report, we tested the hypothesis by per-
forming a meta-analysis that the inter-individu-
al susceptibility to hypertension is associated
with genetic variation in renalase gene. We
summarized reported case-control studies on
rs2296545 SNP. Because a single study may
have been underpowered in detecting the
effect of low penetrance genes, a quantitative
synthesis of accumulated data from published
studies may enhance statistical power to detect
the association between genetic polymor-
phisms and hypertension. A comprehensive lit-
erature search was independently performed
by two investigators for all potential studies
related to rs2296545 polymorphisms and EH
published until January 2015 from PubMed,
EMBASE, CBM (Chinese Biomedical Database),
CNKI (Chinese National Knowledge Infrastru-
cture), VIP (Chinese) Database and Wanfang
(Chinese) Database. Only studies in English and
Chinese were selected. The following key words:
(“renalase” or “rs2296545” or “Glu37Asp”) and
(“polymorphism” or “variation” or “mutations”)
and (“hypertension” or “essential hyperten-
sion” or “blood pressure” or “high blood pres-
sure”) or relevant Chinese technical terms were
used to search for relevant studies. In total, 7
records were identified as relevant to our initial
search. Of the 7 studies, 1 studie examined the
rs2296545 polymorphism with Chronic Kidney
Disease, 1 study was conducted in cohort
study, while 1 study only examined the
rs2296545 polymorphism with ischemic
stroke.

Inclusion and exclusion criteria

Eligible studies must meet the following inclu-
sion criteria: (1) exploration of associations
between renalase polymorphisms (rs2296545)
and EH; (2) case-control studies; (3) focus on
genotype frequencies of renalase rs2296545
polymorphism (4) hypertension was defined as
systolic blood pressure (SBP) 2140 mmHg and/
or diastolic blood pressure (DBP) 290 mmHg or
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treatment with anti-hypertensive medication;
(5) using healthy individuals as controls. The
exclusion criteria were as follows: (1) a review,
case report, editorial, or comment; (2) a dupli-
cated study; (3) preliminary results that do not
include renalase polymorphisms (rs2296545)
or outcome; and (4) animal models resear-
chers.

Data extraction

Date, name of the first author, year of publica-
tion, origin of country, ethnicity of the partici-
pants, sources of controls, diagnostic criteria
for EH, numbers of cases and controls, and dis-
tribution of genotypes in the case and control
groups. Disagreements were resolved by
consensus.

Statistical analysis

Heterogeneity was assessed using Cochran’s
Q statistic and > method. The strength of
the association between the enalase gene
rs2296545 polymorphism risk was assessed
by crude ORs with 95% confidence intervals
(Cls), which comprised the following models:
allele contrast (C versus G); dominant(GG ver-
sus CC + CG); and recessive (CG + CC versus
CC); Codominant model(CC versus GG). Taking
possible between-study heterogeneity into con-
sideration, |? statistics were used to estimate
the degree of heterogeneity among the studies.
’>50% indicated an obvious between-study
heterogeneity [20], and OR (95% Cl) was calcu-
lated by the random effects model; Otherwise,
the fixed-effect model (Mantel-Haenszel meth-
od) was adopted. Publication bias was detect-
ed by several methods. Asymmetry of the fun-
nel plot indicated the possible publication bias.
All statistical analyses were conducted using
Stata 9.0 (Stata Corporation, College Station,
TX).

Results
Quantitative synthesis

Renalase rs2296545 polymorphism and EH: A
total of seven relevant studies (the studied
include 2493 cases and 2205 controls) were
selected to assessed the association between
Renalase gene rs2296545 polymorphism and
EH between the year 2007 to 2014. Four arti-
cles were written in English and no article was
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Table 1. Characteristics of case-control studies on Renalase rs2296545 polymorphism and hyperten-
sion risk included in the meta-analysis

N Genotype distribution Geno-
. Racial/ Source of .
First author Year Country Case Control typing
descent controls Case Control

GG CG CC GG cG methods
Ruyou Zhang 2013 China Asian Hospital control 507 503 98 60 149 174 79 241 PCR-RFLP
Qi Zhao 2007  China Asian Population control 503 490 182 74 247 156 102 232 PCR-RFLP
Xiaogang Li 2014  China Asian Hospital control 802 812 78 31 93 67 54 111 PCR-RFLP

Monika Buraczynska 2012 Poland Caucasians Population control 681 400 265 136 280 108 88 204 PCR-RFLP

£ 0dds Ratio 0dds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Monika Buraczynska 2012 -0.6837 01618 26.3%  0.50(0.37,0.69) o
Qi Zhao 2007 -0.3541 01675 261%  0.70(0.51,097] R
Ruyou Zhang 2013 -0.9482 02032 245%  0.39(0.26,0.58) e
Xiaogang Li 2014 02643 0233 231%  1.30(0.83,2.06] =B
Total (95% Cl) 100.0%  0.64[0.41,1.00] *

Heterogeneity: Tau*= 0.17, Chi*= 17.66, df= 3 (P = 0.0005), F= 83%

Testfor overall efect Z= 1.94 (P = 0.05) L

Favours [case] Favours [control]

B Odds Ratio Odds Ratio
Study or Subgroup loq[Odds Ratiol SE Weight IV, Random, 95% Cl IV, Random, 95% Cl
Monika Buraczynska 2012 0.5437 01373 266% 1.72[1.32,2.29) -

Qi Zhao 2007 01939 01342 26.9% 1.21[0.93,1.58]
Ruyou Zhang 2013 -0.1481 01545 252% 0.86[0.64,1.17)
Xiaogang Li 2014 04377 02046 21.3% 1.55(1.04,2.31)
Total (95% Cl) 100.0%  1.29[0.95,1.75]

Heterogeneity. Tau®= 0.07, Chi*=12.23, df= 3 (P = 0.007), F=75%

Test for overall effect. Z=1.62 (P=0.11) L 1 i

Favours [case] Favours [control]

& Odds Ratio 0Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% ClI IV, Random, 95% ClI
Monika Buraczynska 2012 0.4623 01782 27.2% 1.591.12, 2.25) =
Qi Zhao 2007 0.4751 01877 26.7% 1.61[1.11,2.32) l
Ruyou Zhang 2013 -0.299 02128 251% 0.74[0.49,1.13)

Xiaogang Li 2014 0.707 02802 21.0% 2.031.17,3.51) =
Total (95% Cl) 100.0% 1.39[0.92, 2.08]

001 01 1 10 100
Favours [case] Favours [control]

Heterogeneity. Tau*= 0.13; Chi*=11.69, df= 3 (P = 0.009); F= 74%
Test for overall effect Z=1.57 (P=0.12)

D Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% ClI IV, Random, 95% CI
Monika Buraczynska 2012 0.2834 01075 25.3% 1.33[1.08, 1.64) =
Qi Zhao 2007 0.2149 00911 27.2% 1.24 [1.04,1.48)

Ruyou Zhang 2013 -0.1406 0104 257% 0.87[0.71,1.07)
Xiaogang Li 2014 0.3618 01383 21.8% 1.44[1.09,1.88) e
Total (95% CI) 100.0% 1.19[0.96, 1.47]

Heterogeneity. Tau®= 0.04; Chi*=12.16, df= 3 (P = 0.007), F=75%

Test for overall effect Z=1.58 (P=0.11) Ao B : o B

Favours [case] Favours [control]

Figure 1. Forest plot of hypertension and rs2296545 polymorphism. A: Dominant model; B: Recessive model; C:
Co-dominant model; D: Allelic model.
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written in Chinese. Of all these articles, three
were in Asian populations and 1 was in
Caucasian populations. The baseline charac-
teristics of the participants are shown in Table
1.

Meta-analysis

In general, the overall results showed that
Renalase gene rs2296545 polymorphism was
not associated with EH in the meta-analysis of
four genotype models. We did not find any
association of rs2296545 with risk of hyper-
tension in dominant model (OR=0.64; 95% Cl:
0.41-1.00), recessive model (OR=1.29, 95% CI:
0.95-1.75), co-dominant model (OR=1.38, 95%
Cl: 0.92-2.08), and allelic model (OR=1.19;
95% Cl: 0.96-1.47). The results of the present
study indicated that the renalase genetic poly-
morphism was not associated with risk of
hypertension (Figure 1).

Publication bias

Funnel plot and Egger’s test were performed to
estimate to value the publication bias of the
studies. The shapes of the funnel plots in all
genetic models did not show any asymmetrical
evidence. Figure 2 shows the shapes of the
funnel plots of four genetic model, which was
used in the studies to examine the
populations.

Discussion

In the present study, we found that the renalase
genetic polymorphism was not associated with
risk of hypertension. This is the first study to
clarify the relation between renalase gene poly-
morphism and hypertension.

Hypertension as the most common chronic dis-
ease is a multifactorial disease, which is one of
important cardiovascular and cerebrovascular
diseases risk predictors and closely related to
the CHD and brain stroke [15, 16]. Recent
years, the candidate gene for hypertension has
been a special focus of attention, and the
genetic susceptibility to hypertension had been
studied so far [17-19].

Renalase (gene name RNLS) is an amine oxi-
dase that responsible for metabolizing cate-
cholamines, which is expressed in kidney,
heart, liver, and brain. The renalase protein
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consists of a secretory signal peptide, a flavin
adenine dinucleotide-binding region, and an
amine oxidase domain. The RNLS gene has a
common missense polymorphism, rs2296545
C—G, resulting in a substitute from aspartic
acid to glutamic acid (Asp37Glu) at codon 37,
which is closely near C terminus of a deduced
FAD-binding site of the renalase protein. This
missense polymorphism might affect the func-
tion of the gene product. Renalase is involved
in the regulation of salt and water excretion to
influence blood pressure and cardiac function.
People who possess the C allele were reported
to be associated with an increased risk for the
development of essential hypertension.

To date, several studies have investigated
the association between rs2296545polymor-
phisms and the risk of EH among different eth-
nic populations. Li et al [12] reported the fre-
quency of allele C of rs2296545 in hypertensive
patients was significantly higher than that in
healthy controls (P=0.009, OR=1.436, 95% CI
1.095-1.883). Zhao et al [10] observed that the
rs2296545 C allele were significantly higher in
the cases than in the controls (both P values <
0.0001); Buraczynska M [13] found that the C
allele of rs2296545 SNP was associated with
hypertension (P < 0.01). Zhang et al [11] discov-
ered that the recessive model showed a strong
association of rs2296545 with ischemic stroke
patients in hypertension subgroups (OR=1.927,
95% Cl=1.012-3.669, P=0.046). But in Fava's
study [14] the Renalase Asp37Glu polymor-
phism was not found to be associated with
hypertension. Rs2296545 C>G genotype [OR:
0.988 (95% Cl: 0.911-1.072, P=0.77) for the
additive genetic model; 0.971 (0.843-1.118,
P=0.68) for the autosomal recessive model
and 0.994 (0.877-1.127, P=0.93) for the auto-
somal dominant model. This is a study in a
Swedish urban-based cohort, including more
than 5,000 subjects. Li et al [20] found that in
the stroke patient the levels of rs2296545 did
not reach statistical significance.

However, although several previous studies
indicated that rs2296545 was associated with
hypertension risk, we did not find any associa-
tion of rs2296545 polymorphism with hyper-
tension in all genetic models, which indicated
that there is no association between renalase
gene and hypertension. Meta-analysis is a pow-
erful tool for pooling data from different studies

Int J Clin Exp Med 2015;8(6):9505-9511
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Figure 2. Funnel plot for publication bias tests. A: Dominant model; B: Recessive model; C: Co-dominant model; D: Allelic model.
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to strengthen the statistical power. In the pres-
ent study, we enrolled 2493 hypertension
patients and 2205 control subjects. The sam-
ple size is large enough and the conclusion is
credible.

The strengths of this meta-analysis include
access to the individual participant data
records from all population studies to date
which met our entry criteria, resulting in a large
sample size. We thus feel that publication bias
is highly unlikely to be present in our review and
meta-analysis.

A number of limitations deserve mention. On
the one hand, we only enrolled the studies pub-
lished in English. There may be several publica-
tion wrote in no-English were not be included
the present study. On the other hand, we only
pooled the univariate analysis in the present
study for most of the included studies did not
report the multivariate analysis results.

In conclusion, the present study indicated that
the renalase genetic polymorphism was not
associated with risk of hypertension.

Disclosure of conflict of interest
None.

Address correspondence to: Hong-Yong Wang, De-
partment of Cardiology, Daping Hospital, The Third
Military Medical University, Chongging Institute of
Cardiology, Chongging 400042, P.R. China. Tel: +86-
023-68757000; Fax: +86-023-68757000; E-mail:
wanghy_912@163.com

References

[1] Kearney PM, Whelton M, Reynolds K, Muntner
P, Whelton PK, He J. Global burden of hyper-
tension: analysis of worldwide data. Lancet
2005; 365: 217-223.

[2] Polonikov AV, Ushachev DV, Shestakov AM, Iva-
nov VP, Solodilova MA, Vialykh EK, Kozhukhov
MA, Kolesnikova OE, Ivakin VE, Katargina LN,
Kabanina VA,Kupriianova laS, Tevs DS. Poly-
morphism Gly460Trp of alpha-adducin gene
and predisposition to essential hypertension.
The role of gene-environment interactions in
the development of the disease in Russian
population. Kardiologiia 2011; 51: 33-39.

[3] Hang BF, Chang TY, Cheng KY, Liu CS. Gene-
environment interaction between angiotensin-
ogen and chronic exposure to occupational
noise contribute to hypertension. Occup Envi-
ron Med 2012; 69: 236-242.

9510

(10]

(11]

(12]

[13]

(14]

[15]

Tanira MO, Al Balushi KA. Genetic variations
related to hypertension: a review. J Hum Hyper-
tens 2005; 19: 7-19.

Kim JJ, Vaziri SA, Elson P, Rini |, Ganapathi MK,
Ganapathi R. VEGF single nucleotide polymor-
phisms and correlation to sunitinib-induced
hypertension in metastatic renal cell carcino-
ma patients. J Clin Oncol 2009; 27: 15s.
Wang F, Xing T, Li J, Bai M, Hu R, Zhao Z, Tian
S, Zhang Z, Wang N. Renalase’s expression
and distribution in renal tissue and cells. PLoS
One 2012; 7: e46442.

Xu J, Li G, Wang P, Velazquez H, Yao X, Li Y, Wu
Y, Peixoto A, Crowley S, Desir GV. Renalase is a
novel, soluble monoamine oxidase that regu-
lates cardiac function and blood pressure. J
Clin Invest 2005; 115: 1275-1280

Burgi K, Cavalleri MT, Alves AS, Britto LR, An-
tunes VR, Michelini LC. Tyrosine hydroxylase
immunoreactivity as indicator immunoreactiv-
ity as indicator of sympathetic activity: simulta-
neous evaluation in different tissues of hyper-
tensive rats. Am J Physiol Regul Integr Comp
Physiol 2011; 300: R264-R271.

Desir G. Novel insights into the physiology of
renalase and its role in hypertension and heart
disease. Pediatric Nephrology 2012; 27: 719-
725.

Zhao Q, Fan Z, He J, Chen S, Li H, Zhang P,
Wang L, Hu D, Huang J, Qiang B, Gu D. Re-
nalase gene is a novel susceptibility gene for
essential hypertension: A two-stage associa-
tion study in northern Han Chinese population.
J Mol Med 2007; 85: 877-885.

ZhangR, Li X, Liu N, Guo X, Liu W, Ning C, Wang
Z, Sun L, Fu S. An association study on re-
nalase polymorphisms and ischemic stroke in
a Chinese population. Neuromolecular Med
2013; 15: 396-404.

Li X, Jiang W, Li L, Huang R, Yang Q, Yang Y,
Hong Y, Tang X. Renalase gene polymorphism
in patients with hypertension and concomitant
coronary heart disease. Kidney Blood Press
Res 2014; 39: 9-16.

Buraczynska M, Zukowski P, Buraczynska K,
Mozul S, Ksiazek A. Renalase gene polymor-
phisms in patients with type 2 diabetes, hyper-
tension and stroke. Neuromolecular Med
2011; 13: 321-7.

Fava C, Montagnana M, Danese E, Sjégren M,
Almgren P, Engstrom G, Hedblad B, Guidi GC,
Minuz P, Melander O. The Renalase Asp37Glu
polymorphism is not associated with hyperten-
sion and cardiovascular events in an urban-
based prospective cohort: the Malmoé Diet and
cancer study. BMC Med Genet 2012; 13: 57.
Oparil S, Zaman MA, Calhoun DA. Pathogene-
sis of hypertension. Ann Intern Med 2003;
139: 761-776.

Int J Clin Exp Med 2015;8(6):9505-9511


mailto:wanghy_912@163.com

(16]

[17]

(18]

Renalase and hypertension

Paulis L, Unger T. Novel therapeutic targets for
hypertension. Nat Rev Cardiol 2010; 7: 431-
441

Jeunemaitre X, Gimenez-Roqueplo AP, Disse-
Nicodeme S, Corvol P. Molecular basis of hu-
man hypertension. In: Rimoin DL, Connor JM,
Pyeritz RE, Korf BR, editors. Emery and
Rimon’s Principles and Practice of Medical Ge-
netics. 5th edition. Philadelphia, PA: Churchill
Livingstone; 2007. pp. 1283-1300.

Gu D, Su S, Ge D, Chen S, Huang J, Li B, Chen
R, Qiang B. Association study with 33 single-
nucleotide polymorphisms in 11 candidate
genes for hypertension in Chinese. Hyperten-
sion 2006; 47: 1147-1154.

9511

(19]

[20]

Wilson FH, Disse-Nicodéme S, Choate KA,
Ishikawa K, Nelson-Williams C, Desitter I, Gu-
nel M, Milford DV, Lipkin GW, Achard JM, Feely
MP, Dussol B,Berland Y, Unwin RJ, Mayan H,
Simon DB, Farfel Z, Jeunemaitre X, Lifton RP.
Human hypertension caused by mutations in
WNK kinases. Science 2001; 293: 1107-
1112.

Li X, Wang Z, Liu Y, Zhang R, Guo X, Liu W, Ning
C, Sun L, Tian J. Association of imaging classi-
fication of intracranial cerebral atherosclerotic
vascular stenosis in ischemic strokeand re-
nalase gene polymorphisms. J Mol Neurosci
2014; 52: 461-6.

Int J Clin Exp Med 2015;8(6):9505-9511



