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Association of (pro)renin receptor gene polymorphisms
with lacunar infarction and left ventricular hypertrophy
in Japanese women: the Ohasama study

Takuo Hirose1, Masahiro Hashimoto1, Kazuhito Totsune1,2, Hirohito Metoki3, Azusa Hara4, Michihiro Satoh1,
Masahiro Kikuya1, Takayoshi Ohkubo1,5, Kei Asayama1, Takeo Kondo6, Kei Kamide7, Tomohiro Katsuya8,
Toshio Ogihara9, Shin-Ichi Izumi6, Hiromi Rakugi7, Kazuhiro Takahashi10 and Yutaka Imai1

Recent studies have revealed that (pro)renin receptor ((P)RR), a newly identified member of the renin–angiotensin system,

is associated with organ damage that occurs with cardiovascular disease. We investigated the association of genetic

polymorphisms in the (P)RR gene with lacunar infarction, white matter hyperintensity and left ventricular hypertrophy (LVH)

in a Japanese general population recruited from the Ohasama study, a Japanese cohort study. A total of 779 subjects

(men¼250 and women¼529) were recruited. For the association study, we selected three polymorphisms: �782A4G

(rs2968915), intervening sequence (IVS)5+169C4T (rs5918007) and +1513A4G (rs6609080). In women, the prevalence

of lacunar infarction and LVH was significantly higher in subjects with the +1513GG genotype than in those with the AA or AG

genotypes (lacunar infarction: P¼0.01, LVH: P¼0.003). Plasma renin activity (PRA) levels in women with the GG genotype

were significantly lower than in women with the AA or AG genotypes (P¼0.01). Multiple logistic regression analysis adjusted

for confounding factors demonstrated that +1513A4G polymorphism was significantly and independently associated with the

risk of lacunar infarction (trend P¼0.03) and LVH (trend P¼0.003). In men, there were no significant differences in lacunar

infarction, LVH or PRA levels among the three genotypes. The polymorphism of the (P)RR gene +1513A4G is associated

with lacunar infarction and LVH in Japanese women. These results suggest that (P)RR has a role in organ damage in humans.
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INTRODUCTION

(Pro)renin receptor ((P)RR), a specific receptor for renin and pro-
renin, was identified as a member of the renin–angiotensin system
(RAS) by Nguyen et al.1 (P)RR is a 350 amino-acid protein with a
single transmembrane domain and is widely expressed in various
tissues including the heart, kidney and brain.1–3 When bound to
prorenin, (P)RR activates the angiotensin I-generating activity of
prorenin in the absence of cleavage of the prosegment, and directly
stimulates p42/p44 mitogen-activated protein kinase activation
and transforming growth factor-b1 release independently from the
RAS.1,4 Several animal studies have shown that (P)RR contributes to
the development of end-organ damage.5–12 Ichihara et al.6,7 reported
that development of renal damage in stroke-prone spontaneously

hypertensive rats and diabetic rats was ameliorated by blocking
(P)RR with handle region peptide, a peptide corresponding to the
handle region of the prorenin prosegment. Kinouchi et al.11 reported
that cardiomyocyte-specific ablation of (P)RR inevitably resulted in
heart failure and the mice died within 3 weeks of birth. We recently
reported increased gene expression of (P)RR in the hearts and kidneys
of rats with congestive heart failure,13 and increased expression of
(P)RR in the remnant kidneys of 5/6 nephrectomized rats,14 suggest-
ing that (P)RR has a role in blood pressure regulation and its
accompanying end-organ damage.
The (P)RR gene is on chromosome Xp11.4 in humans.1 A genome-

wide association study reported that chromosome Xp11 was linked
with diastolic blood pressure.15 The mutation of the (P)RR gene
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results in X-linked mental retardation and epilepsy.16 Moreover, the
polymorphism of the (P)RR gene intervening sequence (IVS)5+
169C4T is associated with blood pressure levels in Japanese men17

and in Caucasian men.18 These studies have suggested that the (P)RR
gene is a candidate gene for hypertension and cardiovascular and
cerebrovascular disease. In humans, however, little is known of the
association of (P)RR with cardiac and cerebral disorders. In this study,
we investigated the association of genetic polymorphisms in the (P)RR
gene with lacunar infarction, white matter hyperintensity (WMH) and
left ventricular hypertrophy (LVH) in a Japanese general population
recruited from the Ohasama study.

METHODS

Design and study population
This study was a part of the Ohasama study and based on data obtained from

subjects who participated in our blood pressure monitoring and genetic

analysis project in a rural community of Ohasama, Iwate Prefecture, Japan.

The characteristics of this area and details of the study design have been

described previously.19,20 The study protocol, including the genetic analysis,

was approved by the Institutional Review Board of Tohoku University School of

Medicine and by the Department of Health of the Ohasama Town Government.

In 1998, the total population of Ohasama was 7202. Of these inhabitants,

3077 were older than 55 years. People who were hospital in-patients, mentally

ill or bedridden were excluded (n¼185). People who worked outside the town

were also excluded (n¼492), because our project included ambulatory blood

pressure (ABP) measurements, which required public health nurses to visit the

individuals and attach a device for ABP monitoring during the day on working

days. Of the remaining 2400 eligible individuals, 779 subjects (mean age: 65.7

years, 32.1% men) who gave written informed consent, and had full clinical

characteristics, biochemical parameters, ABP values and information on

genotypes available were included in the analysis. Of those, 738 subjects who

completed magnetic resonance imaging scans and had no history of previous

stroke or transient ischemic attack were included in the analysis of silent

cerebrovascular lesions, and 662 subjects who completed the measurements of

standard 12-lead electrocardiograms were included in the analysis of LVH.

At public health centers, trained nurses of Ohasama town measured

anthropometric characteristics. Study nurses administered a standardized

questionnaire, inquiring into medical history, intake of medications, and

smoking and drinking habits of each patient. Previous cardiovascular disease

included stroke, transient ischemic attack, coronary heart disease and atrial

fibrillation. Venous blood samples were analyzed using standard automated

enzymatic methods for total cholesterol and blood glucose. Biochemical

parameters, such as lipid profiles, electrolytes and serum creatinine levels were

measured with an autoanalyzer. Plasma renin activity (PRA) was determined by

angiotensin I generation (angiotensin I (ng)/plasma (ml)/incubation time (h))

by SRL (Tokyo, Japan). Diabetes mellitus was defined as a fasting or random

blood glucose level of X7.0 or X11.1mmol l–1, respectively, or as the use of

antidiabetic drugs.21 Hypercholesterolemia was a serum level of total cholester-

ol of X5.68mmol l–1 (220mgdl–1) or use of lipid-lowering drugs.

Blood pressure measurements
Details of ABP monitoring have been described previously.19,22 In brief, ABP

was monitored every 30min using a fully automatic device (ABPM 630;

Nippon Colin, Komaki, Japan). Mean 24-h, daytime and nighttime values

for ABP were calculated for each participant. ‘Daytime’ and ‘nighttime’ were

determined according to each participant’s diary. We thus analyzed ABP data

obtained during46 h of daytime and43 h of nighttime. The mean number of

measurements was 43.5±4.9 per subject.

Casual blood pressure, measured by public health nurses or technicians

using an automatic device (HEM 907; Omron Healthcare, Kyoto, Japan), was

measured twice consecutively with subjects in the sitting position, with a

minimum 2-min rest between measurements. The mean of the two measure-

ments was used for analysis.

Devices used to measure ABP or casual blood pressure met the criteria

of the Association for the Advancement of Medical Instrumentation.22,23

Hypertension was defined as 24-h systolic blood pressure X130mmHg and/

or 24-h diastolic blood pressure X80mmHg and/or use of antihypertensive

medications.24

Lacunar infarction and white matter hyperintensity
The evaluation procedure for lacunar infarction and WMH using magnetic

resonance imaging has been reported elsewhere.25 In brief, we obtained MR

images using a superconducting magnet with a main 0.5-T coil. The brain was

imaged in the axial plane in 10-mm-thick slices, and T1- and T2-weighted

images were collected. A lacunar infarction was defined as an area of low signal

intensity measuringp15mm andX3mm in diameter on T1-weighted images

and a corresponding obvious high signal intensity area on T2-weighted images.

A silent lacunar infarction was defined as the presence of hyperintensity on

a T2-weighted image and a corresponding obvious low-intensity area on a

T1-weighted image. Hyperintense punctuate lesions evident only on the

T2-weighted images were not counted as lacunar infarction. We defined WMH

as hyperintensities on only T2-weighted images. Small caps (o5�10mm) on the

horns of the lateral ventricles and pencil-thin lining around the ventricles were

considered normal. Larger caps (X5�10mm) were considered WMH.

Left ventricular hypertrophy
LVH was diagnosed with standard 12-lead electrocardiograms as described

previously.26 According to the criteria of the Losartan Intervention For

Endpoint Reduction in Hypertension study,27 we defined LVH as follows:

Cornell voltage-duration product ((RaVL+SV3)�QRS duration, in men;

(RaVL+SV3+0.6)�QRS duration, in women) 4244mV�ms, and/or

Sokolow–Lyon voltage (SV1+RV5/6) 43.5mV. The R waves in leads aVL,

V5 and V6 and S waves in leads V1 and V3 were measured to the nearest

0.05mV.

Genetic analysis
On the basis of linkage disequilibrium between (P)RR single-nucleotide

polymorphisms (SNPs), we genotyped three SNPs: �782A4G (rs2968915)

in the promoter region, IVS5+169C4T (rs5918007) in intron5, and

+1513A4G (rs6609080) in the 3¢-untranslated region, as previously

described.17

Statistical analysis
Statistical analysis was performed with the JMP 5.0.1 statistical software

package (SAS Institute, Cary, NC, USA). As the (P)RR gene is on the X

chromosome, men and women were analyzed separately. Student’s t-test,

w2-test, analysis of variance and analysis of covariance were used where

appropriate. A multiple logistic regression model was used to determine

whether (P)RR gene polymorphisms were associated with lacunar infarction,

WMH and LVH after adjustment for cardiovascular risks. Continuous values

were expressed as means±s.d. PRA levels were expressed as medians with

interquartile ranges, and transformed into natural logarithm before the associa-

tion analysis. Differences of Po0.05 were considered statistically significant.

RESULTS

Clinical characteristics, prevalence of lacunar infarction, prevalence of
WMH, prevalence of LVH and blood pressure values of the study
population by gender are shown in Table 1. The clinical characteristics,
including smoking habits, drinking habits, prevalence of hypertension,
prevalence of hypercholesterolemia, blood pressure values, serum
creatinine and PRA were significantly different between men and
women. The genotype frequencies of each SNP in the total population
are shown in Table 2. The genotype frequencies of each SNP were
consistent with the Hardy–Weinberg equilibrium in women (as the
(P)RR gene is located on the X chromosome, genotype data were
omitted in men), and there were no significant differences in allele
frequencies between men and women.
In women, there was significant association between the genotype

of +1513A4G and the prevalence of lacunar infarction and LVH
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(Table 3). The prevalence of WMH tended to be higher in women
with +1513GG genotype (61.5%) than in those with AA genotype
(41.1%) and AG genotype (37.6%), but differences did not reach
statistical significance (P¼0.07). In contrast, no statistically significant
differences in prevalence of lacunar infarction, WMH and LVH
were found for the two other SNPs examined (�782A4G and
IVS5+169C4T).
Moreover, +1513A4G was significantly associated with PRA levels

in women. PRA levels in women with the GG genotype were
significantly lower than in women with the other genotypes (AA,
0.9 (0.5–1.5); AG, 0.9 (0.5–1.5); and GG, 0.6 (0.3–1.3); P¼0.01). Other

clinical characteristics, biochemical parameters and blood pressure
were not significantly different among the three genotypes. In addi-
tion, we reconstructed haplotypes from the three SNPs (�782A4G,
IVS5+169C4T and +1513A4G) to examine the association of
haplotypes with lacunar infarction, WMH, LVH and PRA. No
significant associations were observed in men or women.
The adjusted odds ratios and 95% confidence intervals (95% CIs)

for lacunar infarction and LVH among the +1513A4G genotype in
women are shown in Figure 1. After adjusting for confounding factors,
such as age, body mass index, 24-h ABP (systolic), smoking status
(current or not), alcohol intake (current or not), prevalence of

Table 1 Population characteristics

Total Men Women P-valuea

Number of subjects 779 250 529

Age, years 65.7±5.6 66.1±5.4 65.5±5.6 0.2

Body mass index, kg m–2 23.8±3.0 23.5±2.8 23.9±3.1 0.1

Current smoker, % 14.1 40.8 1.5 o0.0001

Current drinker, % 27.2 65.6 9.1 o0.0001

Diabetes mellitus, % 13.9 17.2 12.3 0.07

Hypertension, % 55.6 61.6 52.7 0.02

Antihypertensive medication, % 40.3 43.2 38.9 0.3

Hypercholesterolemia, % 18.2 8.0 23.1 o0.0001

Cardiac and cerebral disordersb

Lacunar infarction, % 29.1 37.2 25.2 0.0007

White matter hyperintensity, % 42.7 43.6 42.3 0.7

Left ventricular hypertrophy, % 14.7 17.3 13.5 0.2

Ambulatory blood pressure

24-h systolic, mmHg 126.0±12.7 128.0±12.1 125.1±12.9 0.003

24-h diastolic, mm Hg 73.2±7.3 75.2±6.6 72.3±7.5 o0.0001

Daytime systolic, mm Hg 131.9±13.7 133.5±13.1 131.2±13.9 0.03

Daytime diastolic, mm Hg 77.5±8.1 79.2±7.4 76.7±8.3 o0.0001

Nighttime systolic, mmHg 114.5±14.0 117.7±13.3 113.0±14.1 o0.0001

Nighttime diastolic, mmHg 65.0±7.6 67.7±7.2 63.8±7.5 o0.0001

Casual blood pressure

Systolic, mmHg 141.9±20.0 142.6±19.2 141.6±20.3 0.5

Diastolic, mm Hg 78.4±10.4 79.5±10.9 77.9±10.2 0.06

Serum creatinine, mgdl–1 0.82±0.18 0.92±0.22 0.78±0.13 o0.0001

Plasma renin activityc, ng ml–1 h–1 1.0 (0.5–1.7) 1.3 (0.7–2.4) 0.9 (0.5–1.5) o0.0001

aMen vs. women.
bNumber of cardiac and cerebral disorders: 738, lacunar infarction and white matter hyperintensity; 662, left ventricular hypertrophy.
cPlasma renin activity levels are expressed as median (interquartile range), and transformed into natural logarithm before analysis.

Table 2 Genotype and allele frequencies of �782A4G, IVS5+169C4T and +1513A4G

Genotype frequencies Allele frequencies

�782A4G AA AG GG A G

Men (n¼250) — — — 215 (86.0) 35 (14.0)

Women (n¼529) 410 (77.5) 106 (20.0) 13 (2.5) 926 (87.5) 132 (12.5)

IVS5+169C4T CC CT TT C T

Men (n¼250) — — — 214 (85.6) 36 (14.4)

Women (n¼529) 411 (77.7) 108 (20.4) 10 (1.9) 930 (87.9) 128 (12.1)

+1513A4G AA AG GG A G

Men (n¼250) — — — 188 (75.2) 62 (24.8)

Women (n¼529) 313 (59.2) 190 (35.9) 26 (4.9) 816 (77.1) 242 (22.9)

Data are expressed as number of persons (%). As (pro)renin receptor gene is located on the X chromosome, genotype data were not available in men.
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diabetes mellitus, antihypertensive medication, prevalence of hyperch-
olesterolemia, history of cardiovascular disease and PRA, the
+1513A4G genotype was significantly and independently related to
the risk for lacunar infarction (trend P¼0.03, Figure 1a), and LVH
(trend P¼0.003, Figure 1b). The odds ratio for the risk of lacunar
infarction with AG and GG genotype compared with AA genotype was
1.0 (95% CI 0.6–1.6) and 3.3 (95% CI 1.4–7.9), respectively. The odds
ratio for the risk of LVH with AG and GG genotype compared with
AA genotype was 2.1 (95% CI 1.2–3.6) and 2.9 (95% CI 1.1–7.9),
respectively.

DISCUSSION

Four SNPs with amino-acid substitutions (F30L, P43A, P90A and
A290P), which might be directly related to (P)RR protein structure
and function, were registered in the SNP database of the National
Center for Biotechnology Information. Ramser et al.16 reported that
a mutation (c.321C4T, p.D107D) in human (P)RR gene resulted in
X-linked mental retardation and epilepsy. These mutations, however,

were not found in our participants.17 Moreover, except for the blood
pressure,17,18 there were no reports showing the association of (P)RR
polymorphism with clinical phenotype, such as diabetes mellitus,
renal injury and organ damage. This study has found for the first
time an association between (P)RR gene polymorphism, and cardiac
and cerebral disorders.
In women with the +1513GG genotype, the prevalence of lacunar

infarction and LVH were significantly higher, and prevalence of WMH
tended to be higher than those with the AA or AG genotypes.
Moreover, the risks of lacunar infarction and LVH were significantly
higher after adjusting for traditional cardiovascular risks including
age, body mass index, blood pressure, diabetes mellitus and hyperch-
olesterolemia. Our results suggest that the (P)RR +1513A4G poly-
morphism may be an independent risk factor for cardiac and cerebral
organ damage in women.
The (P)RR has been reported to contribute to the development of

cardiac and renal damage in several animal studies.5–12 In vitro studies
using small interfering RNA have been demonstrated that knockdown
of (P)RR suppressed fibrotic factor release in rat cultured vascular
smooth muscle cells and mesangial cells.28,29 Moreover, the (P)RR has
been reported to cause nonproteolytic activation of prorenin and
directly activate intracellular signaling pathways independently of the
RAS.1,30 Saris et al.31 reported that prorenin-induced intracellular
signaling in cardiomyocytes independently of angiotensin II and
suggested that prorenin directly affected cardiac growth and develop-
ment via the (P)RR-mediated activation of ERK1/2. Alternatively,
Véniant et al.32 observed progression of vascular damage without an
increase in blood pressure in rats with overexpression of prorenin
gene. Together with these results, our study supports that idea that
(P)RR might promote the progression of cardiac and cerebral
abnormalities without increasing blood pressure in humans.
In men, our previous study showed that the (P)RR gene poly-

morphism, IVS5+169C4T, was significantly associated with ABP in
the same population.17 No significant association, however, was
observed between (P)RR gene polymorphism and cardiac and cerebral
disorders. It was reported that sex hormones, such as testosterone and
estrogen affected the activity of the RAS,33 and that polymorphisms of
RAS components had gender-specific associations.34–36 Therefore, the
expression or role of the (P)RR in cardiac and cerebral tissues may be
different between men and women, and (P)RR might have dual
functions, that is, regulation of blood pressure and generation of
tissue damage. We, however, could not deny the possibility that large

Table 3 Prevalence of lacunar infarction, white matter hyperintensity and left ventricular hypertrophy

Men Women

�782A4G A G P-value AA AG GG P-value

Lacunar infarction 65 (32.8) 16 (47.1) 0.1 95 (24.4) 24 (23.1) 4 (30.8) 0.8

White matter hyperintensity 86 (43.4) 12 (35.3) 0.4 157 (40.4) 45 (43.3) 5 (38.5) 0.9

Left ventricular hypertrophy 35 (19.3) 3 (11.5) 0.3 49 (14.0) 16 (17.0) 1 (9.1) 0.7

IVS5+169C4T C T P-value CC CT TT P-value

Lacunar infarction 65 (33.0) 16 (45.7) 0.2 95 (24.2) 26 (25.0) 2 (20.0) 0.9

White matter hyperintensity 85 (43.2) 13 (37.1) 0.5 156 (39.8) 47 (45.2) 4 (40.0) 0.6

Left ventricular hypertrophy 35 (19.4) 3 (11.1) 0.3 50 (14.3) 15 (15.3) 1 (12.5) 1

+1513A4G A G P-value AA AG GG P-value

Lacunar infarction 61 (34.9) 20 (35.1) 1 67 (22.2) 43 (24.2) 13 (50.0) 0.01

White matter hyperintensity 75 (42.9) 23 (40.4) 0.7 124 (41.1) 67 (37.6) 16 (61.5) 0.07

Left ventricular hypertrophy 32 (20.3) 6 (12.2) 0.2 27 (10.1) 32 (19.4) 7 (31.8) 0.003

Data are expressed as number (%). P-value calculated by w2 test for prevalence of disorders among the (P)RR gene genotypes. N of cardiac and cerebral disorders: 738, lacunar infarction and white
matter hyperintensity; 662, left ventricular hypertrophy.
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differences in clinical characteristics between the men and women in
this study may have affected the gender-specific association.
The biological mechanism working in the association of the

+1513A4G polymorphism with lacunar infarction and LVH is
unclear. The +1513A4G is located on the 3¢-untranslated region in
the (P)RR gene and completely linked with one SNP in the exon8 and
four SNPs in the 3¢-untranslated region.17 These SNPs, however, are
located on non-coding regions or result in no amino-acid substitu-
tion.17 It was reported that a silent mutation in exon4 of the human
(P)RR gene (c321C4T, p.D107D) enhanced the expression of (P)RR
that lacked exon4.16 This mutant receptor could bind to renin and
increase renin catalytic activity, similarly to the wild-type receptor, but
resulting in a modest and reproducible impairment of ERK1/2
activation.16 Therefore, these SNPs might result in abnormalities of
the gene expression processes, such as transcription, splicing and post-
transcriptional regulation. It was reported that the regulation sites for
the (P)RR expression were located in the untranslated region of the
(P)RR gene, and several studies have shown that polymorphisms in
the non-coding region result in abnormalities of gene expression.37

Consequently, the expression of the (P)RR gene may increase in
women with the G allele carrier, and high expression of the (P)RR
gene may result in cardiac and cerebral damage such as lacunar
infarction and LVH.
Low PRA levels were observed in women with the +1513GG

genotype. It is unclear why (P)RR polymorphism is associated with
low PRA levels. The parallel increase in renin and (P)RR expression
was observed in the clipped kidney of Goldblatt hypertensive rats,38

and some animal studies have reported that (P)RR expression was not
associated with PRA levels.8,9 As other RAS parameters were not
measured in this study, such as plasma prorenin, renin, angiotensin
and aldosterone concentrations, further investigations are needed to
determine the association of (P)RR with the activities of RAS
components.
This study has some limitations. First, there are no functional

studies to substantiate why (P)RR gene polymorphism induces organ
damage, nor data to explain why the association is sex specific.
Recently, Cousin et al.39 reported the soluble form of (P)RR in
human plasma. The soluble form of (P)RR may explain the sex-
difference association of (P)RR and the relation to PRA, but there are
no specific method to measure plasma soluble (P)RR. In addition, this
study had limited statistical power because of its small sample size.
This may be affect to the dominant and recessive association of the
+1513A4G polymorphism in lacunar infarction and LVH. Further
investigations in other races or in longitudinal studies are required to
clarify the association of the (P)RR gene polymorphism with blood
pressure regulation or organ damage.
In conclusion, our results show that (P)RR gene polymorphisms are

involved in the pathogenesis of cardiac and cerebral disorders inde-
pendent of regulation of blood pressure in Japanese women. Given the
present study’s findings, (P)RR has a potential role in cardio- and
cerebrovascular diseases in humans.
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