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ABSTRACT

Introduction: Chronic kidney disease (CKD) is an important public health problem. Early detection and treatment is a
key factor for prevention of its complications. Hypertensive nephrosclerosis is a subtype of CKD which has a poor cor-
relation between hypertension and development of nephropathy, implying role of genetic factors or epigenetic factors.
The knowledge regarding genetic factors is limited. Renalase is a novel hormone with its gene on chromosome 10,
which secretes flavin adenine dinucleotide dependent amine oxidase. Renalase metabolizes circulating catecholamines
and modulates blood pressure and cardiac function. Recently, two single nucleotide polymorphisms of renalase gene
152576178 GG and rs2296545 CC have been linked to essential hypertension. The SNPrs2296545 CC is also shown to
be associated with cardiac hypertrophy, dysfunction and ischemia. The association of these two single nucleotide poly-
morphisms with hypertensive nephrosclerosis has not been investigated. Methods: We designed a case-control study to
investigate whether the two known renalase gene polymorphisms rs2576178 and rs2296545 are associated with CKD
particularly hypertensive nephrosclerosis. We genotyped these two polymorphisms in 287 subjects from North Indian
population (106 CKD cases and 181 controls). Results: Comparison shows that subjects with hypertensive nephroscle-
rosis had higher frequencies of rs2296545 C allele than the healthy controls (0.63 versus 0.47, p < 0.02). The odds ratio
for rs2296545 CC genotype in hypertensive nephrosclerosis were 2.55 (95% CI, 1.03 to 6.42; p = 0.02) (CC versus GG)
and 2.11(95% CI, 1.01 to 4.42; p = 0.03) (CC versus CG + GG) compared to controls. Conclusion: These findings may
provide novel insight into the role of additional genomic regions as susceptibility gene in the pathophysiology of hy-
pertensive nephrosclerosis. Further, to account for geoethnic variation, studies on heterogeneous populations involving
a larger sample size are required. The correlation between this structural change and actual levels of the enzyme or the
activity are required to strengthen this association as well as to be clinically applicable.

Keywords: Chronic Kidney Disease (CKD); Hypertension; Hypertensive Nephrosclerosis; Renalase; Single Nucleotide
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have an eGFR less than 60ml/min/1.73m” .A number of
factors like renovascular disease, hypertension, recurrent
urinary tract infection and obstructive uropathy are im-
plicated for CKD in ageing population [5,6].
Hypertension is both a cause and consequence of CKD.
Hypertension is well recognized as a risk factor for de-
velopment and progression of CKD [7]. With advancing
chronic kidney disease, hypertension is a unique feature
and various mechanisms like activation of renin angio-

1. Introduction

Chronic kidney disease (CKD) is a multifactorial dis-
order affected by various environmental and genetic fac-
tors. A genetic predisposition for renal failure is demon-
strated by the 3 - 9 times higher probability of ESRD in
patients with a family history of CKD, compared to the
general population [1-4]. However, it is difficult to assess
whether this predisposition is due to a specific genetic
susceptibility to renal damage, or to other comorbid con-

ditions generally accepted to have poly- or oligo-genetic
components, like hypertension, diabetes or atherosclerosis.
Still, this observation has launched the search for nephro-
pathy susceptibility genes.

Prevalence of CKD increases in ageing population and
approximately 38% of adults aged 70 years and older
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tensin system, expansion of extracellular volume and in-
creased sympathetic activity operate for its development.

The term hypertensive nephrosclerosis is usually used
for kidney disease which complicates arterial hyperten-
sion (AHT) and primarily affects the preglomerular micro-
vasculature [8,9]. Its causal relation with essential hyper-
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tension is still a subject of debate, as still it is not clear
that how a well-treated AHT can lead to end-stage CKD
[10-13]. Renal function can remain stable for years if
hypertension is well controlled. However, in a few cases
the disease progresses to end-stage CKD [14,15]. The
lack of correlation between the degree of hypertension
control and the prevention of disease progression, from
the clinical and histological standpoint suggests that this

process may be an intrinsic and early renal disease [9,16].

For many years, genetic markers have been sought that
could explain the onset and progression of the disease.

A study by Freedman and colleagues reported that first
and second degree family members of patients with CKD
are 2 - 3 times as likely to have incident ESRD and have
high rate of impaired kidney function suggesting inherent
genetic factors in initiation, susceptibility and progres-
sion of kidney disease irrespective of underlying cause of
CKD [17]. Another study by Kao et al. [18] revealed a
close relationship between CKD and hypertensive nephro-
sclerosis in non-diabetic subject and polymorphism of
MYH9 gene located on chromosome 22 was observed. In
India such renal specific gene polymorphism study in CKD
patients are scanty [19].

Renalase is one of the recently discovered enzyme cau-
sally related to kidney function [20]. It is a novel flavin
adenine dinucleotide (FAD) dependent amine oxidase with
its gene having 9 exons spanning approximately 311,000
base pairs and resides on chromosomes 10 at q23.33. The
expression of this gene is highest in the kidneys and once
secreted by the kidney, it circulates in the blood and af-
fects systolic BP and cardiac function by modulating cate-
cholamines [21]. Recombinant renalase has been shown
to lower blood pressure and heart rate and improve the
cardiovascular function [22-24]. Low renalase levels are
associated with hypertension and increased cardiovascu-
lar morbidity [25-27].

Renalase levels are reported to be low in CKD patients
implicating its role in development of hypertension and
associated morbidity and mortality in such patients [20,
25]. Single nucleotide polymorphisms (SNPs) of renalase
gene have been described recently. SNPs rs2576178 GG
and rs2296545 CC genotypes have been found to be asso-
ciated with essential hypertension in Northern Han Chinese
population [28]. Also 152296545 CC was found to be as-
sociated with cardiac hypertrophy, dysfunction and ische-
mia in Caucasians by Farzaneh-Far et al. [29]. The poly-
morphism is shown to result in abnormal gene expression
affecting enzymatic activity of renalase. Low renalase
expression correlating with increased plasma norepine-
phrine, systolic blood pressure and proteinuria suggests
that renalase plays an important role in catecholamine
metabolism and is involved in development of hyperten-
sion and decreased cardiovascular function and may directly
or indirectly contributes to renal injury [27]. These findings
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raise the intriguing possibility that decreased activity of
the enzyme renalase may be due to abnormalities in re-
nalase expression and this may increase the risk of de-
velopment or progression of kidney disease.

We studied whether the polymorphism in renalase gene
is associated with CKD in general or specifically with
hypertensive nephropathy or nephrosclerosis, possibly due
to following reasons:

1) Hypertension is common in patients with chronic
renal disease. But there is lack of direct correlation be-
tween the degree of hypertension, the control and the pre-
vention of disease progression emphasizing the role of
genetic factors.

2) CKD initiation especially hypertensive nephroscle-
rosis cannot be accounted for by the present known genetic
and environmental factors

3) Renalase gene is primarily involved in regulation of
hypertension and its polymorphism has been shown to be
associated with hypertension. In other words, we intended
to study the association of renalase gene polymorphisms
with chronic kidney disease and hypertensive nephroscle-
rosis in particular.

2. Materials and Methods
2.1. Sample Size

A total of 300 subjects were enrolled for the study. It was
a case control study approved by the Research Ethic Com-
mittee of Maulana Azad Medical College.

2.1.1. Cases
Cases were selected according to the following criteria
(Table 1).

Chronic kidney disease was diagnosed using K/DOQI
(Kidney Disease Outcomes Quality Initiative) clinical prac-
tice guidelines for CKD [31]. Cases of CKD were di-
vided into two groups:

1) Cases with hypertensive nephrosclerosis

2) Cases with other causes of CKD.

Hypertensive nephrosclerosis was diagnosed accord-
ing to modified clinical criteria by AASK task group [32],
given as follows (Table 2).

2.1.2. Controls

Subjects with hypertension but without any evidence of
kidney disease and normal healthy adults with same geo-
ethnic groups were taken as controls.

The Study was conducted on patients in a tertiary care
center in northern India. The patients included in the study
belonged to northern Indian ethnicity. Informed consent
was taken from each participant.

BP was measured using a mercury sphygmomanometer
after 5 minutes of rest in a seated position in right arm,
using an adequate cuff by the trained observer.
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Table 1. Criteria for selection of cases.

Inclusion Criteria Exclusion Criteria

> 65 years old to minimize the
effect of age related gene
Denaturation [30]

Adult patients (age group 18 -
65) with chronic kidney disease

Table 2. Criteria for diagnosis of hypertensive nephroscle-
rosis.

Exclusion criteria

AHT < 140/90 mm Hg without
treatment

Inclusion criteria

AHT > 140/90 mm Hg or on
antihypertensive medication

Urine protein to urine creatinine
ratio > 2.0, except in cases in
which there is histological
confirmation by kidney biopsy

Urine protein to urine
creatinine ratio < 2.0

Age 18 - 65 years Age > 65 years

Evidence of other identifiable
causes of chronic kidney disease
like diabetes, immune complex
disease, solitary kidney

CKD (according to K\DOQI
criteria)

Arterial hypertension was defined as SBP > 140 mm
Hg and/or DBP > 90 mm Hg, or treatment with diet or
antihypertensive agents.

Diabetes mellitus was defined as fasting glucose >126
mg/dl or > 200 mg/dl 2 hours after oral glucose or already
on anti diabetic treatment (diet, oral anti diabetic agents
or insulin).

Smoker was identified to be an individual who have
been smoking tobacco in any form like bidis, hookah,
cigarettes, cigars, pipe during the last six months. Other
tests like hemoglobin, blood sugar, serum creatinine,
serum protein, blood cholesterol and triglycerides were
estimated with standard biochemical lab techniques.

2.2. Methodology of the Determination of the
Genotype

Blood samples for genetic studies were collected and
submitted to the Genetics Laboratory, Lok Nayak Hos-
pital. DNA was obtained from leukocytes from EDTA
anticoagulated peripheral blood. Standard methods of
genomic DNA extraction, PCR and RFLP were employed.
The DNA was extracted with an equal amount of a
phenol/chloroform/isoamyl (25:24:1) alcohol mixture to
remove contaminating proteins. The mixture was then
vortexed vigourously for 30 seconds and centrifuged for
5 minutes at a 12000x g. The top (aqueous) phase was
removed and transferred into a new tube and was extrac-
ted again with an equal volume of chloroform. After
extraction, the top phase was removed and transferred
into a new test tube for ethyl alcohol precipitation. In
order to precipitate nucleic acid from an aqueous solution,
it had to be adjusted to a 0.2 M salt concentration with
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3M sodium acetate (pH 4.8). Then 2.5 vol. of 100% ethyl
alcohol was added and nucleic acids were precipitated
for half hour at —20°C. Afterwards the sample was cen-
trifuged for 10 minutes at a speed of 10000x g. To
remove excessive salt, the pellet was washed with 70%
ethanol. Finally, the pellet was air dried at room tem-
perature or in speed vacuum. Nucleic acids were stored
in water or in Tris buffer at —20°C. DNA in aqueous
solution was precipitated with an equal volume of iso-
propanol. The mixture was precipitated on ice for 20
minutes and centrifuged at 10,000 x g for 10 minutes.
The DNA pellet was washed with 70% ethanol to remove
salts, air dried and resuspended in an appropriate volume
of water or Tris buffer. The estimation of concentration
of genomic DNA in solution, obtained from different
sources was done using a dual ultra-violet spectropho-
tometer (Cecil,USA) at wavelength 260 nm and 280 nm
and concentration of DNA was calculated using the For-
mula (1):
Absorbance at 260 nm x Dilution factor x 50

=DNA (pg/ml) &

Alternatively an approximate concentration of genomic
DNA was determined by electrophoresis of the 1 micro-
liter or 2 microliter of DNA solution on bromide—stained
1% agarose gel in 1X Tris buffer with 1 pg Hind 111
digested A-DNA molecular weight marker as reference.
PCR RFLP was employed to look for SNPs. Probes de-
signed against 2 previously identified SNPs (rs 2576178
& r1s 2296545) were used. The PCR conditions were
95°C for 0.50 minutes, 60°C for 0.50 minutes, 72°C for
3.00 minutes and final extension of 72°C for 5.00 min-
utes.

2.3. Statistical Analysis

There was a descriptive analysis of continuous variables,
giving the mean and standard deviation, and in case of
discrete variables, the frequency distribution and percen-
tages were given. When necessary, 95% confidence in-
tervals were calculated. The association between quali-
tative variables was assessed with the chi-square or Fisher’s
exact test and quantitative variables using parametric
tests (t-test and ANOVA). The genotype distribution and
allele frequency among study population groups were
determined and compared by the Chisquare test. Level of
significance was accepted at 95% C.I. with p < 0.05. For
statistical analysis, SPSS for Windows, version 19.0 was
used.

3. Observation and Results

A total of 300 subjects were enrolled initially, but later
on 13 patients were excluded from the study as the DNA
failed to amplify in these cases. The total number of
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study population was limited to 287 patients. The study
population was categorized into groups for comparison
and analysis.

The subjects were distributed as follows:

1) Group 1: cases (subjects with chronic kidney dis-
ease), 106 cases

Group 1 was further subdivided into:

a) subjects with CKD and hypertensive nephroscle-
rosis 59 cases

b) subjects with CKD other than hypertensive nephro-
sclerosis 47 cases

2) Group2: hypertensive controls with no kidney dis-
ease 91 subjects and

3) Group3: general population subjects 90 (healthy con-
trols).

3.1. Baseline Clinical Characteristics of Subjects

Group 1 included 106 subjects with mean age 47.8 £ 13.1,
58 (54.7%) men, 26 (24.5%) diabetic and 28 (26.4%)
smokers. The subgroup 1A included 59 subjects with
mean age 47.4 = 13.4, 30 (50.8%) men, and15 (25.4%)
smokers. The subgroup 1B included 47 subjects with
mean age 51.2 + 8.3, 33 (36.3%) men, 26 (55.3%) dia-
betic and 13 (27.7%) smokers. Group 2 included 91 sub-
jects with mean age 51.2 + 8.3, 33 (36.3%) men and 23
(25.3%) smokers. Group 3 included 90 subjects with
mean age 39.8 £ 14.1, 38 (42.2%) men and 21 (23.3%)
smokers. There was statistically significant difference
among different study groups and various laboratory pa-
rameters studied i.e. mean haemoglobin, creatinine clear-
ance, serum proteins, serum cholesterol and serum trigly-
ceride levels. History of current smoking was not statis-
tically significant among the groups (p > 0.05). Baseline
clinical characteristics of subjects who entered into the

final analysis are presented in Table 3.

3.2. Polymorphisms of Renalase Gene
Examined in the Study

We genotyped two previously identified rs2576178 and
1s2296545 single nucleotide polymorphisms of renalase
in 285 and 287 subjects respectively (2 out of 287 sub-
jects studied showed ambiguous results with rs2576178
polymorphism and were excluded). Different study popu-
lation groups were categorized by genotype and allele
frequency at rs2576178 and rs2296545 locus.

3.2.1. Observations for rs2576178 Genotype

Results of different study population groups were cate-
gorized by genotype and allele frequency at rs2576178
locus and compared (Tables 4 and 5). Comparison shows
no significant difference among various study population
groups for genotype distributions and allele frequencies
at SNP rs2576178, suggesting that there is no significant
association of SNP rs2576178 locus and hypertension,
CKD, and hypertensive nephrosclerosis

3.2.2. Observations for rs2296545 Genotype

Different study population groups were categorized by
genotype and allele frequency at 1s2296545 locus and
compared (Tables 6 and 7). Based on the observations,
significant difference was found between Group 1A (sub-
jects with hypertensive nephrosclerosis) and Group 3
(Healthy controls) for the frequency of C allele (p < 0.02).
The frequency of 1s2296545 C allele was higher in group
1(a). The genotype distribution of rs2296545 between
these two groups also showed a trend towards statistical
difference (p = 0.07).

Table 3. Baseline clinical characteristics of study population.

Group 1
Variable Group 2 Group 3 p-value? _ p-value® )
Total Group la Group 1b N=091 N =90 (ANOVA or chi?) (ANOVA or chi?)
n =106 n=>59 n =47
Age (years) 47.8+13.1 474+ 134 48.4+12.8 51.2+8.3 39.8+14.1 <0.0001" <0.0001"
Male (%) 58 (54.7) 30 (50.8) 28 (59.6) 33(36.3) 38(42.2) 0.028" 0.047"
Hb. (gm/dl) 9.1+24 9.0+23 92+24 11.1+1.1 125409 <0.0001" <0.0001"
Cr. Clearance (ml/min)  182+13.0 160122  209+13.7 128.9+33.4 106.0 + 34.0 <0.0001" <0.0001"
Diabetes (%) 26 (24.5) - 26 (55.3) - - - -
S. protein (gm/ dl) 6.9+0.8 7.1+0.6 6.7+ 0.9 7.6+0.6 74408 <0.0001" <0.0001"
Cholesterol (mg/dl) 1458 +47.0 140.4+38.0  152.6+56.0 175.8+423  144.6+3238 <0.0001" <0.0001"
Triglycerides (mg/dl) 153.4+£50.8 152.1+£50.1 154.9+523 209.0 +50.8 133.3+£273 <0.0001" <0.0001"
Current smoking (%) 28 (26.4) 15 (25.4) 13 (27.7) 23 (25.3) 21(23.3) 0.88 0.96
“p value statistically significant; = signifies p value among group 1 (total), 2 and 3; ® =signifies p value among group 1a, 1b, 2 and 3.
Copyright © 2012 SciRes. OJNeph
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Table 4. Study population groups and their genotype dis-
tributions and allele frequencies at rs2576178 locus.

Genotype Allele Frequency”
GG GA AA G A

Group 1

N = 106 (%) 34 (32.08) 38(35.85) 34(32.08) 0.50 0.50
Group la

N =59 (06) 24(4068) 20(33.90) 15(25.42) 058 0.42
Group 1b

N=47 (%) 10(2128) 18(3830) 19(4043) 040 0.60
Group 2

N = 89 (%) 23(25.84) 38(42.70) 28 (31.46)  0.47 0.53
Group 3

N=90 () 2> (2778 35(38.89) 30(33.33) 047 0.53

‘G+A=1

Table 5. Comparison of genotype distributions and allele
frequencies at rs2576178 locus among study population
groups.

Comparison for statistical test (Grza-r\llstlyge) ?X{fgll:;
Group 1 versus Group 2 0.54 0.67
Group 1 versus Group 3 0.80 0.67

Group la versus Group 2 0.17 0.12
Group 1a versus Group 3 0.24 0.11
Group 2 versus Group 3 0.87 1.0

Table 6. Study population groups and their genotype dis-
tributions and allele frequencies at rs2296545 locus.

Genotype Allele Frequency”
CC CG GG c G

Groupl

N = 106 (%) 40 (37.74) 34(32.08) 32(30.19) 0.54 0.46
Group la

N = 59 (%) 28 (47.46) 18(30.51) 13(22.03)  0.63 0.37
Group 1b

N = 47 (%) 12(25.53) 16(34.04) 19 (40.43) 0.43 0.57
Group 2

N =91 (%) 27 (29.67) 40 (43.96) 24 (26.37) 0.52 0.48
Group3

N = 90 (%) 27(30.00) 31(34.44) 32(35.56) 0.47 0.53

‘C+G=1.

Further, Odds Ratio for hypertensive nephrosclerosis
associated with rs2296545 CC genotype were 2.55 (95%
CI, 1.03 - 6.42; p = 0.02) (CC versus GG) and 2.11 (95%
Cl, 1.01 - 4.42; p = 0.03) (CC versus CG or GG) com-
pared to healthy controls, suggesting that there is a sig-
nificant association between presence of SNP rs2296545
CC genotype and hypertensive nephrosclerosis (Table 8,
Figure 1). No significant difference was found between
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Table 7. Comparison of genotype distributions and allele
frequencies at rs2296545 locus among study population
groups.

Comparison for statistical test (Gpe-r\:g*:;ge) ?Xﬁ’:i ‘;
Group 1 versus Group 2 0.22 0.70
Group 1 versus Group 3 0.39 0.32
Group 1a versus Group 2 0.08 0.12
Group 1a versus Group 3 0.07 0.02
Group 2 versus Group 3 0.32 0.47

“p value statistically significant.

h

OR(95% CI)

2 L
&

0 £
CCvs. GG CGvs. GG CCHCGvs. GG CCvs. CGHGG

Figure 1. Odd Ratios (ORs) for Group 1A (Hypertensive
nephrosc lerosis) with genotypes of SNP rs2296545. ClI
indicates confidence interval. The 95% CI lines crossing the
OR line of indicate no significance.

SNP 152296545 genotypes and hypertension or CKD group
as a whole.

4. Discussion

The causal relation of hypertensive nephrosclerosis with
essential hypertension has been a subject of debate as the
progression of kidney failure is slow in most cases of
essential hypertension. Few genes have been implicated
in association with development of hypertensive nephro-
sclerosis but still cannot account for the variability in all
cases. Freedman et al. [33] clearly demonstrated role of
genetic polymorphism like MYH9 gene polymorphism in
development of hypertensive nephrosclerosis. But they
also concluded that all MYH9 risk homozygotes do not
develop kidney disease, environmental responses and/or
interactions with other genes are clearly necessary to
initiate MYH9 associated nephropathy in genetically
susceptible host.

The present study found an association of renalase gene
single nucleotide polymorphism rs2296545 CC genotype
and hypertensive nephrosclerosis. It is a step further to
define the susceptibility genetic loci for this disease. The
mechanism behind this association is based on the prin-
ciple that hypertensive nephrosclerosis belong to a cate-
gory of vascular diseases. Renalase gene has been shown
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Table 8. Association of CC (vs. GG and CG or GG) genotype at rs2296545 with Group la (hypertensive nephrosclerosis)

compared to Group 3 (healthy controls).

Genotype
Group p-value
cC GG
la 28 13 002"
3 27 30 O.R.2.25(1.03 - 6.42)

Genotype
p-value
CC CGor GG
28 31 0.03"
27 63 O.R.2.11(1.01 -4.42)

“p value statistically significant.

to play an important role in regulating sympathetic nerv-
ous system (SNS) activity, hypertension and cardiovas-
cular function. This supports a mechanistic link between
the renalase-catecholamine axis and vascular diseases.
Abnormalities/functional changes in its activity due to
the polymorphisms are thus expected to induce a cascade
of vascular damages owing to unregulated SNS activity
and could be one of the factors for various kinds of vas-
cular complications. Hence, we had hypothesize that poly-
morphisms in these common genetic loci might affect the
development of cardiovascular diseases (CVD) as well as
chronic kidney disease especially hypertensive nephro-
sclerosis. Association with hypertension and increased
cardiovascular morbidity has already been shown in pre-
vious studies and our study provides important insight into
development of hypertensive nephrosclerosis in association
with this genotype, suggesting that rs2296 545 CC geno-
type might be used as a common risk allele for CVD and
hypertensive nephrosclerosis. Further, it may be hypothe-
sized that the renalase activity is mostly regulated by its
genotypes and the SNP 152296545 CC genotype and its
accompanying amino acids substitution is related to its
enzymatic activity (low in C/C genotype and high in G/G
genotype). Thus, theoretically, SNP rs2296545 CC geno-
type has a potentially lower SNS inhibitory effect and
less vasoprotecting property. The recent evidence by Far-
zaneh-Far ef al. [29] that rs2296 545 CC genotype is re-
lated to lower renalase activity, higher SNS activity and
poor CVD prognosis also supports our hypothesis. In
accordance with this association, our study postulate that
rs2296545 CC genotype with a low renalase activity is a
risk factor for renal insufficiency as well. We did not find
the association of SNP 152296545 with CKD other than
hypertensive nephrosclerosis possibly because other
etiologic and genetic factors may be responsible in these
cases; this being of multifactorial etiology. Also, no as-
sociation was found between SNP rs2576178 genotypes
with either CKD or hypertensive nephrosclerosis, possi-
bly because it is not a known functional polymerphism or
due to inherent geoethnic differences.

No significant association of these two polymorphisms
with hypertension was found in our study consistent with
the findings of study by Farzaneh-Far et al. [29]. This
may be attributed to different genetic make up and ethnic
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background of these populations and require future large
studies to resolve the issue.

Our study implies that there is a complex and intricate
relationship between renalase gene polymorphism
(rs2296545 CC genotype), hypertension and hypertensive
nephrosclerosis. It is possible that polymorphism in re-
nalase gene may directly cause vascular damage to kid-
neys even in the absence of hypertension, although this
remains to be proven. Several studies revealed that high
BP does not commonly lead to progressive nephropathy
[10,12,14]. The few hypertensive patients who demon-
strate progressive kidney disease are typically labeled as
having hypertensive nephrosclerosis which is presumed
to progress to hypertensive ESRD. Our association re-
sults suggest that patients labeled as hypertensive ESRD
may have intricate deficits due to renalase gene poly-
morphisms predisposing them to the development of neph-
rosclerosis. Thus, non specific and incompletely charac-
terized causes of CKD, typically attributed to hyperten-
sion and chronic glomerular diseases, may be accounted
for by renalase gene polymorphism along with other ge-
netic associations previously described. Evaluation of
renal histology in those with early stages of polymor-
phism associated nephropathy will clarify this issue.

The clinical implication of our study is that renalase
gene polymorphism (1s2296545 CC genotype) might in-
crease the susceptibility of an individual to develop hy-
pertensive nephrosclerosis. But, once it is identified, there
is a need to identify clinical parameters and biomarkers
(e.g. renalase levels and its enzymatic activity) that may
help a clinician in predicting the early development and
progression of nephropathy before it is manifest in the
form of deranged renal functions or proteinuria. Future
studies will be required to answer this question.

One limitation of our study was that the sample size
was small and was from a hospital based setting. Genetic
studies require large population based study designs with
no genetic drift , random mating, reproductive isolation
from other populations i.e. no gene flow or migration and
no differential survival or reproduction among phenol-
types i.e. no natural selection. All these are the assump-
tions that populations must meet for the Hardy Weinberg
equilibrium, a law in genetics. It is very difficult to con-
trol all these factors in a heterogeneous population of
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North Indian region. But prior selection of known poly-
morphism in renalase makes the genotype-phenotype as-
sociation biologically plausible and false positives un-
likely.

Another limitation is the potential for recruitment bias.
First, the study population was restricted to Indian race;
therefore our results may not be generalized to other ra-
cial groups. Differences in age and gender distributions
might affect the results also. Individuals classified as
having hypertensive CKD in the absence of quantified
proteinuria may actually have had proteinuria and un-
derlying focal segmental glomerulosclerosis.

We did not measure the renalase levels or its enzyma-
tic activity. Correlation of genotypes with absolute rena-
lase levels or its enzymatic activity would have further
strengthened the study.

There are many remaining questions in this rapidly
evolving hypothesis. Most importantly, should patients
of newly diagnosed hypertensive nephrosclerosis un-
dergo testing for renalase gene polymorphism? Who are
the candidates who should undergo polymorphisms test-
ing before development of nephropathy? Are there any
clinical parameters and biomarkers that may predict the
early development and progression of nephropathy once
an individual is found to have the risk genotype? Should
those found to be homozygous for risk allele be treated
before development of nephropathy? Are patients with
renalase gene associated renal disease responsive to re-
combinant renalase replacement therapy? Prospective
studies and clinical trials will be required to answer these
questions.

Thus, renalase is a gene with pronounced effect in com-
mon and complex kidney disease. The causative SNP and
mechanism of action of renalase gene associated kidney
disease has not yet been fully elucidated, although new
and exciting era has dawned with this important discov-
ery. The early identification and intervenetion may sub-
stantially reduce burden of disease in this population.

5. Conclusions

In conclusion, we found the association of the renalase
single nucleotide polymorphism (SNP) rs2296545 (C
allele and CC genotype) with hypertensive nephrosclero-
sis in a case control study in the North Indian population.
However, no association was found between other SNP
rs2576178 and CKD. The present study suggests that
genetic variations in the renalase gene may influence the
susceptibility to hypertensive nephrosclerosis. These find-
ings will potentially contribute to a better understanding
of the pathophysiology of hypertensive nephrosclerosis
and may aid in early identification of the disease process.

In addition, to attribute for the geoethnic variations, a
larger sample size is required to confirm and interpret the
association in other populations. Determination of rena-
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lase hormone as a biomarker, elucidation of other bio-
markers predicting development of nephropathy in indi-
viduals with risk genotype and the potential therapeutic
role for renalase replacement in such persons may prove
to be an asset for the practicing clinician.
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