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Values were expressed as means 1 SD unless otherwise
indicated.

Uniform resource locators.

The JSNP database is available at http://snp.ims.u-tokyo.ac.jp/
index.html. The National Center for Biotechnology Infor-
mation’s SNP database is available at http://www.ncbi.nlm.
nih.gov/SNP/. The JMDBase is available at http://fwww.
jmdbase.jp. SNPHAP is available at http://www.gene.cimr.
cam.ac.uk/clayton/software/

SUPPLEMENTARY MATERIAL
Supplementary Material is available at HMG Online.
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Original Article

High Plasma Norepinephrine Levels Associated

with 82-Adrenoceptor Polymorphisms Predict
Future Renal Damage in Nonobese
Normotensive Individuals

Kazuko MASUOY?, Tomohiro KATSUYAZ, Ken SUGIMOTO?, Hideki KAWAGUCHI?,
Hiromi RAKUGI?, Toshio OGIHARA?, and Michael L. TUCK?

Renal injury is common in obesity and _hypertension. in the present study, we examined relationships
between renal function alterations, plasma norepinephrine (NE), and 82-adrenoceptor polymorphisms in a
longitudinal design over 5 years. In 219 nonobese, normotensive men with entry-normal renal function, we
measured serum blood urea nitrogen (BUN), creatinine, creatinine clearance, plasma NE, homeostasis
model assessment of insulin resistance (HOMA-IR), body mass index (BMI), total body fat mass, and blood
pressure (BP) annually for 5 years. 82 (Arg16Gly, GIn27Glu)-adrenoceptor polymorphisms were determined.
The subjects were stable in body weight and BP (<10%) for § years. High plasma NE was defined as
2mean+1 SD at entry. Thirty-seven subjects had entry-high plasma NE and 182 were entry-normal. Entry-
high plasma NE subjects had significantly greater total body fat mass and plasma NE and significantly lower
creatinine clearance at entry and throughout the study. Increases in BMI, fat mass, BP, plasma NE, BUN,
and creatinine, as well as the reduction in creatinine clearance in the § years, were significantly greater in
entry-high NE subjects. These subjects had significantly higher frequencies of the Gly16 allele of 82-adreno-
ceptor polymorphisms. Throughout the study, subjects carrying the Gly16 allele had higher plasma NE,
HOMA-IR, and fat mass, and significantly greater reductions in creatinine clearance. Plasma NE at entry was
a determinant variable for changes in BUN, creatinine, and creatinine clearance over the 5-year period in
multiple regression analysis. In conclusion, high plasma NE at entry, associated with the Gly16 allele of the
B2-adrenoceptor polymorphisms, predict renal function deterioration (seen in elevations of BUN and crea-
tinine and reduction of creatinine clearance) over a 5-year period accompanying further heightened sympa-
thetic nerve activity and deterioration of insulin resistance. (Hypertens Res 2007; 30: 503-511)

Key Words: plasma norepinephrine, renal function, blood pressure elevation, weight gain, 2-adrenoceptor
polymorphisms

From the "Human Neurotransmitter Laboratory, Baker Heart Research Institute, Melbourne, Australia, 2Department of Geriatric Medicine, Osaka Uni-
versity Graduate School of Medicine, Suita, Japan; and ¥Endocrinology and Metabolism Division, Seputveda VA Medical Center and the David Geffen
UCLA School of Medicine, Los Angeles, USA.

Address for Reprints: Kazuko Masuo, M.D., Ph.D., Baker Heart Research Institute, PO Box 6492 St Kilda Road Central, Melbourne, Victoria 8008,
Australia. E-mail: kmasuo@baker.edu.au

Received November 30, 2006; Accepted in revised form January 12, 2007.

_97_



504 Hypertens Res Vol. 30, No. 6 (2007)

Introduction

Renal injury predicts the development of cardiovascular dis-
ease (/). Hypertension and obesity are currently among the
World Health Organization’s top 10 global health risks, and
are strongly associated with renal injury, chronic renal dis-
ease, and end-stage renal disease (2, 3). The incidence of
hypertension, one of the primary etiological factors for
chronic renal failure, is significantly higher with obesity.
Obesity also leads to increases in the incidence of renal dis-
ease (3), metabolic diseases such as diabetes (4), and cardio-
vascular diseases (J). Both diabetes and hypertension, which
occur often with obesity, together account for approximately

70% of end-stage renal diseases in the United States and .

Japan (6). Thus, one could speculate that there are strong rela-
tionships between hypertension, obesity, and renal injury
regardless of its severity. However, most previous studies of
these relationships have examined proteinuria/micro-albu-
minuria as an index of renal injury.

Heightened sympathetic nerve activity is observed in both
hypertension and obesity (7-/1). Further, it has been reported
that heightened sympathetic nerve activity predicts incident
cardiovascular events (/2). Many investigations have found
that human obesity and hypertension have strong genetic as
well as environmental determinants (/3—-16). Several obser-
vations show associations of B2-adrenoceptor polymorphisms
with hypertension and obesity (/6—/8), but those findings
have not been confirmed. Additionally, few investigations
have simultaneously taken into account sympathetic nerve
activity and renal function as related to adrenoceptor poly-
morphisms in the same study population followed longitudi-
nally for several years.

Thus, to investigate the relationship between alterations in
renal function and certain polymorphisms of the $2-adreno-
ceptor system that are reportedly associated, with obesity and
hypertension (/6), we created the present study. In this study,
we examined renal functions (blood urea nitrogen [BUN],
creatinine, and creatinine clearance) accompanying sympa-
thetic nerve activity (plasma norepinephrine {NE]) and the
B2-adrenoceptor polymorphisms in nonobese, normotensive
subjects with originally normal renal functions in a 5-year
longitudinal study, though in previous studies we examined a
series of studies (i.e., relationships between the p2-adreno-
ceptor polymorphisms vs. insulin resistance, weight gain, or
blood pressure [BP] elevation), in the same cohort (16, 19).
To our knowledge, the present study is the first observation
regarding the relationships between the B2-adrenoceptor
polymorphisms and renal function.

Methods

Subjects

Subjects were recruited from 1,121 men employed at a com-

pany in Osaka, Japan, as part of their annual medical evalua-
tion. At study entry, subjects were excluded if they were > 50
years of age, obese (body mass index [BMI] 225 kg/m?), or
had any of the following: diabetes mellitus (fasting glucose
level >100 mg/dL), hypertension (2140/90 mmHg), renal
dysfunction (proteinuria, microscopic hematuria, BUN 220.0
mg/dL, creatinine > 1.3 mg/dL, creatinine clearance <80 mL/
min), or hyperuricemia (serum uric acid 26.5 mg/dL). Sub-
jects were also excluded if they were taking medications for
hypertension, hyperlipidemia, hyperuricemia, or other ill-
nesses. The goal of the present study was to clarify the rela-
tionships among the genetic variance in B2-adrenoceptor
polymorphisms, sympathetic nerve activity (plasma NE lev-
els), and renal function (proteinuria, BUN, creatinine, and
creatinine clearance). Thus, to minimize the influence of
changes in body weight or BP levels on renal function and
plasma NE levels, only subjects who had been free from sig-
nificant changes (<10%) in body weight and BP levels over a
S-year period were enrolled in this study (9-11, 16, 19). After
the exclusions, the present study analyzed 219 young, non-
obese (BMI <25 kg/m?), normotensive (<140/90 mmHg)
men with normal renal function (no proteinuria, no micro-
scopic hematuria, BUN<20.0 mg/dL, creatinine <1.3 mg/dL,
creatinine clearance =80 mL/min) who were taking no medi-
cations. Informed consent was obtained from each subject, as

. approved by the Ethics Committee of Osaka University Grad-

uate School of Medicine, Japan.

Measurements

After an overnight fast of >12 h, BMI, total body fat mass,
ratio of waist circumference to hip circumference (waist-to-
hip ratio), BP, heart rate, and venous sampting for BUN, cre-
atinine, serum uric acid, plasma NE, insulin, leptin, and glu-
cose were sampled after a 30-min rest period in the supine
position in a quiet room. Blood samples for the extraction of
genomic DNA from leukocytes were also taken. Measure-
ments were made at entry and every year for 5 years. BP and
heart rate were measured at each review at least three times in
the supine position by an automated sphygmomanometer
(TM-2713, A&D Co., Tokyo, Japan) using an adjustable cuff
based on arm circumference, which was standardized against
a mercury sphygmomanometer, and were averaged. Those
who had wide variability in BP and heart rate were asked to
return for repeated measurements at least three separate visits
to exclude chance variation. The percentage body fat mass
was determined with impedance measurements (BF-102,
Tanita Co., Tokyo, Japan), and total body fat mass (kg) was
calculated according to the following formula: [percentage
body fat mass (%)/100] x body weight (kg). Creatinine clear-
ance-was calculated according to the following formula estab-
lished by Cockroft and Gault (20): {(140 — age) x body
weight] (kg)/[72 x serum creatinine (mng/dL)]. Homeostasis
model assessment of insulin resistance (HOMA-IR) was
defined as the product of fasting plasma insulin (WU/mL) and
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Table 1. Comparisons of Characteristic in Subjects with Normal Plasma Norepinephrine at Entry (<Mean+1 SD) vs. High

Plasma Norepinephrine at Entry (2Mean+1 SD)

Subjects with normal Subjects with high
X plasma norepinephrine levels plasma norepinephrine levels
Variables Changes for Changes for
Atentry After 5 years 5 yiars At entry After 5 years P ygeaxs

Subjects (n) 182 182 182 37 37 37
Age (years) 3943 44+3¢ 5 3743 42438 5
BMI (kg/m?) 21.3+1.4 21.4+29 0.1+£1.0 21.5+24 22.4+29 0.9+1.2*
Total body fat mass (kg) 12.944.7 13.7+4 .4 0.9+3.2 14.3£6.2* 17.1£4.8%% 2.8+5.1t
Waist-to-hip ratio 0.8410.07 0.84+£0.09 -0.01+£0.06 0.87+0.10 0.931+0.09* 0.05+£0.09
Systolic BP (mmHg) 12317 12418 1£12 12619 133191 8+7*
Diastolic BP (mmHg) 7115 7316 34 7613 79+6* 3x10
Mean BP (mmHg) 8816 90+6 148 93+7 97+7* 545%
Norepinephrine (pmol/mL) 1.28+0.27 1.68+0.45 0.40+0.52 1.89%0.25¢ 2.85+0.46'%  0.99+0.41*
HOMA-IR 1.534+0.76 2.171£0.93 0.64+0.75 1.71£0.60 2.58+0.75% 0.87+1.02
Leptin (ng/mL) 32420 3.2+2.1 -0.1£1.9 34+1.8 3.5£1.0 02+1.0
BUN (mg/dL) 10.5+£2.9 11.2+3.7 0.6£1.0 10.8+2.3 12.342.6%3 1.5+£0.9*
Creatinine (mg/dL) 0.9310.12 0.95+0.16 0.02+0.08 0.95+0.09 1.0610.14*%  0.11+0.16*
Creatinine clearance (mL/min) 98.0+19.0 949+21.8 -3.1+214 85.119.9 72.3+18.91% —12.8+14.8t
Uric acid (mg/dL) 43+1.3 48+15 0.4+1.8 5.0£1.0 5.8+1.5%3 0.8+1.5*

BMI, body mass index; BP, blood pressure; HOMA-IR, homeostasis model assessment of insulin resistance; BUN, blood urea nitrogen.
*p<0.05, 'p<0.01 vs. subjects with normal plasma norepinephrine levels; 'p<0.05, $p<0.01 vs. values at entry. Data are shown

mean+SD. N=219.

glucose (mg/dL) divided by 405.

Laboratory Determinations

Plasma NE was measured by high-performance liquid chro-
matography with a fluorometric method as described previ-
ously in detail (/0). Plasma immunoreactive insulin was
measured by a standard radioimmunoassay method as
described in detail (insulin RIABEAD II, Dinabott Co.,
Tokyo, Japan) (/0). Plasma leptin was measured by radioim-
munoassay as described (human leptin RIA kit, Linco
Research, St. Charles, USA) (/0). Serum BUN, creatinine,
uric acid, and glucose were measured by an Autoanalyzer
(Hitachi-7050, Hitachi Medical Co., Tokyo, Japan).

Genotyping

Genotyping was performed by the TaqMan assay as previ-
ously described (16, 19, 21, 22). Two polymorphisms in the
P2-adrenergic receptors (arginine/glycine substitution,
Argl6Gly; glutamine/glutamate substitution, GIn27Glu) of
the B2-adrenoceptor genes (/6, /7) were evaluated. The
probes and primers used in the TagMan assay were as fol-
lows. For Argl6Gly, the probes were CGCATGGCTTCC
ATTGGGTGC and CGCATGGCTTCTATTGGGTGC, and

the primers were GGAACGGCAGCGCCTTCT and CAG
GACGATGAGAGACATGACGAT; for GIn27Glu, the
probes were CTCGTCCCTTTCCTGCGTGACGT and
CTCGTCCCTTTGCTGCGTGACGT (the primers used in
this assay were the same as those used for Arg16Gly).

Statistical Analysis

Values shown are means+SD. Changes in measured parame-
ters within each group and differences among groups were
examined by two-way analysis of variance. When these dif-
ferences were significant, the Dunnett test was used to deter-
mine whether the differences of the mean measured variables
at year 5 were significantly different from baseline within the
groups and among the groups. The Mantel-Haenszel »? test
was used to compare differences in the genotype frequencies
between the groups with and without high plasma NE at the
entry period. Multiple linear regression analyses were used to
examine relationships among variables using changes in cre-
atinine clearance, serum BUN, or creatinine for 5 years as the
dependent variables to evaluate the relationships with plasma
NE, insulin sensitivity (HOMA-IR), body weight, total body
fat mass, BP levels, and heart rates at entry. The Hardy-Wein-
berg equilibrium was estimated with the x test.
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Table 2. Comparisons of the Frequencies of Genotype of the 82-Adrenoceptor Polymorphisms between Subjects with and
without High Plasma Norepinephrine (Plasma Norepinephrine Levels2Mean+1 SD)

Normal- vs. high-
plasma norepinephrine
Genotype frequency Allele frequency 1 est
’ For For
genotype allele
Argl6Gly, B2-adrenoceptor  Arg/Arg Arg/Gly Gly/Gly missing Argl6 allele Glyl6 allele R
Normal SNA (1 (%)) 62(34.1) ~ 93(51.1) 27(14.8) 0(0.0) 217(59.6) 147(40.4) X 3186, '=58.32,
High SNA (n (%)) 5(13.5) 11(29.7) 21(56.8) 0(00) 21(284) 53(716) P<0001 p<0.001
GIn27Gly, B2-adrenoceptor  GIn/Gln Gin/Glu Glw/Glu missing GIn27 allele Glu27 allele
Normal SNA (7 (%)) 156 (86.0) 19(10.0)  0(0.0) 7(4.0) 331(%0.0) 1952 X ¥=28,
High SNA (n (%)) 35(94.6) 0(0.0)  0(0.0) 2(54) 70(%46) 0.0 P=— p=00%

SNA, sympathetic nervous system measured by plasma norepinephrine.

Table 3. Comparisons of Characteristics between Subjects with and without the Gly16 Allele of Argl6Gly, 82-Adrenoceptor
Gene

Subjects without Gly16 allele Subjects with Gly16 allele
Variables At entry After 5 years Changes for 5 At entry After 5 years Changes f(_)r 3
years years

Subjects (n) 67 67 67 152 152 152
Age (years) 3943 4413% 5 3943 44438 5
BMI (kg/m?) 21.7x14 21.7+£1.7 0.1£1.2 21.2%1.7 21.5+3.0 03423
Total body fat mass (kg) 12.7+5.3 13.4+6.7 0.514.0 13.4+5.3* 14.715.1*3 1414.1*
Waist-to-hip ratio 0.83+£0.06 0.85+0.08 0.01£0.05 0.87+0.06* 0.91+0.08** 0.04+0.06*
Systolic BP (mmHg) 126x10 12619 1+6 120+9 124+8 417
Diastolic BP (mmHg) 74+6 7316 -1%7 7116 7516 418*
Mean BP (mmHg) 916 91+7 ~1+5 8716 916 449
Norepinephrine (pmol/mL) 1.10+£0.41 1.69+0.49* 0.59+0.40 1.50+0.40* 1.98+0.51*  0.47+0.45
HOMA-IR ; 1.34+0.63 1.9510.74 0.61+£1.62 1.67£0.51*  2.44+0.65*t 0.77+0.95
Leptin (ng/mL) 34126 3.742.0 0.3+1.6 32429 3.1+33 ~0.1+4.4
BUN (mg/dL) 10.41+2.6 11.0+2.8 0.6x1.1 10.6+£2.9 11.613.7 1.1%2.0
Creatinine (mg/dL) 0.92+0.14 0.97+0.14 0.05+0.12 0.9410.11 0.97+0.16 0.04+0.09
Creatinine clearance (mL/min) 98.2+22.8 95.8+21.6 ~-241+225 91.1+219 80.3+23.1' -10.8+20.7
Uric acid (mg/dL) 4.01+0.7 44+12 04114 4.610.5* 5.2+1.3%% 0.6t1.5

BMI, body mass index; BP, blood pressure; HOMA-IR, homeostasis model assessment of insulin resistance; BUN, blood urea nitrogen.
*p<0.05, 'p<0.01 vs. values in subjects without Gly16 allele, p<0.05, 4p<0.01 vs. values at entry. Data are mean+SD. N=219.

hematuria throughout the study.

Subjects with entry-high plasma NE had greater total body
fat mass and plasma NE levels at entry compared to those
with entry-normal plasma NE, although BMI, waist-to-hip

Results

Characteristics of Entry-Normal (<Mean+1 SD)

and Entry-High (ZMean+1 SD) Plasma Norepi-
nephrine Study Groups

The subjects were subdivided into two groups—one with high
plasma NE and the other with normal plasma NE—using the
cut-off limit of mean+1 SD (1.34+0.33 pmol/mL) at entry.
There were 37 subjects who had entry-high plasma NE and
182 subjects who had entry-normal plasma NE (Table 1).
None of the participants had proteinuria or microscopic

ratios, BP, HOMA-IR, BUN, and creatinine levels were sim-
ilar. Creatinine clearance was significantly lower in subjects
with entry-high plasma NE than in those with entry-normal
plasma NE at entry and throughout the study. Further,
increases in BMI, total body fat mass, BP, plasma NE, BUN,
creatinine, and uric acid levels, as well as the reduction in cre-
atinine clearance, over the 5-year period were significantly
greater in the subjects with entry-high plasma NE levels
(Table 1).
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Table 4. Characteristic of the 4 Study Groups According to Entry Plasma Norepinephrine Levels and the Gly16 Allele of the
B2-Adrenoceptor Polymorphisms

Subjects with normal plasma norepinephrine levels Subjects with high plasma norepinephrine levels

Variables Without Gly16 allele With Gly16 allele Without Gly16 allele With Gly16 allele
Atentry AfterSyears Atentry After5years Atentry Afler5years Atentry Afler5 years
Subjects (n) 62 62 120 120 5 5 32 32
Age (years) 4014 4554% 3843 43+3* 356 40+6° 3943 44+3*
BMI (kg/m?) 20.9+1.3 208%+27 21.5+1.4 21.7428 209+22 21.8+28  21.6%2.0 225323
Total body fat mass (kg) 11.9+3.8 12.5£3.9 13.4+4.0 143145 123428 15.1%£43 14.9£3.8 17.4+£4.5%5
Waist-to-hip ratio 0.82+0.06 0.80+0.08 0.85+0.09 0.87+0.10  0.83+0.08 0.87£0.05 0.88+0.07 0.94+0.10*f
Systolic BP (mmHg) 12116 12119 12419 12617 1258 127+7 12748 13449*$
Diastolic BP (mmHg) 7115 71+6 7116 7417 76x11 799 T7+9* 80+9*
Mean BP (mmHg) 8816 8816 89+6 91+7 9215 95+6 9417* 98+7*
Norepinephrine
(pmol/mL) 1.22+0.41 1.54+0.37 1.31+0.35 1.71+£0.45% 1.51+0.20 2.40+0.40° 1.95%0.62* 2.92+0.71!%
HOMA-IR 1.24+0.42 1.42+0.94 1.7320.65% 2.55+0.56*% 1.39£0.54 1.68+0.75 1.7610.72 2.57+0.73¢
Leptin (ng/mL) 3.019  3.0%2.0 33+2.1 34+18 3.0+£1.5 3.2+1.0 34114 3.6x1.5
BUN (mg/dL) 10.1£2.7 10.2+33 10.5+2.8 12.1+3.4} 9.6x2.1 104+25 11.0£2.3 12.74£2.9
Creatinine (mg/dL) 0.91+0.09 0.93+0.12 0.94£0.12 0.96+0.15  0.90+£0.10 1.00£0.13 0.96+0.10 1.07+0.11*$
Creatinine clearance . :
(mL/min) 98.3£17.9 964+223 97.9+22.2 91.84222  93.8+10.8 90.1+21.8 84.4+10.0™ 70.9%£18.8"*
Uric acid (mg/dL) 4013 42+12 45+14 52115 44+1.0 5.1%14 5.0+1.3 5.9+1.6

BMI, body mass index; BP, blood pressure; HOMA-IR, homeostasis model assessment of insulin resistance; BUN, blood urea nitrogen.
*p<0.05, 'p<0.01 vs. subjects with entry-normal plasma norepinephrine levels; p<0.05 vs. subjects without the Gly16 allele; {p<0.05,

p<0.01 vs. value at the entry period.

Comparisons of the F'requencies of the B2-
Adrenoceptor Polymorphisms According to
Plasma NE Levels

Subjects with high plasma NE levels had significantly higher
frequencies of the homozygous Glyl6é genotype and the
Gly16 allele of the Argl6Gly, the f2-adrenoceptor polymor-
phism. However, the frequencies of the Glu27 allele of the
GIn27Glu were similar between subjects with and without
high plasma NE levels (Table 2).

Comparisons of Characteristics between Sub-
jects with and without the Gly16 Allele of the
Arg16Gly B2-Adrenoceptor Polymorphism

The finding that subjects with high plasma NE had higher fre-
quencies of the Gly16 allele of the Argl6Gly, but not of the
Glu27 allele, indicates that the Gly16 allele is closely linked
to high plasma NE levels. Thus, we compared the parameters
between the subjects with and without the Gly16 allele.
Subjects carrying the Gly,{6 allele had greater total body fat
mass, waist-to-hip ratio, plasma NE, HOMA-IR, and uric acid
at entry and after 5 years compared to those without the Gly16
allele, but BUN and creatinine levels throughout the study
were similar. Creatinine clearance at entry was similar
between those with and without the Gly16 allele, but subjects
with the Gly16 allele had significantly lower creatinine clear-

ance after 5 years and significantly greater reductions in crea-
tinine clearance over the 5-year period compared to those
without the Gly16 allele. Subjects with the Gly16 allele also
had significantly greater increases in total body fat mass and
waist-to-hip ratio over the 5-year period (Table 3).

Comparisons of the Characteristics of the Study
Groups According to Entry Plasma Norepineph-
rine Levels and the Gly16 Allele of 82-Adreno-
ceptor Polymorphisms

When we compared the four study groups according to the
entry plasma NE levels and the Gly16 allele of the B2-adreno-
ceptor polymorphisms, total body fat mass, waist-to-hip ratio,
plasma NE, HOMA-IR, BUN, creatinine, and uric acid levels
at entry were greatest.in the group that had both entry-high
plasma NE and the Gly16 allele. BP elevations over the 5-
year period and increases in total body fat mass, waist-to-hip
ratio, plasma NE, HOMA-IR, BUN, creatinine, and uric acid
were also greatest in the group that had both entry-high

~ plasma NE and the Gly16 allele (Table 4).

Further, subjects with both entry-high plasma NE and the
Gly16 allele had the lowest creatinine clearance rate through-
out the study period, as well as the greatest reduction in crea-
tinine clearance over the 5-year period. Only in subjects with
entry-high plasma NE, creatinine clearance was significantly
lower in subjects carrying the Gly16 allele than in those with-

—-101-



508

Table 5. Multiple Linear Regression Analyses

Hypertens Res Vol. 30, No. 6 (2007)

Dependent variables

Independent variables ACreatinine clearance ABUN ACreatinine
A: Atentry
Plasma NE p=0.011 p=0.008 p=0.018
Plasma leptin n.s. n.s. n.s.
"HOMA-IR ns. n.s. ns.
Mean BP ns. n.s. n.s.
Heart rate ns. n.s. ns.
BMI n.s. n.s. n.s.
Total body fat mass n.s. n.s. n.s.
Creatinine clearance p<0.001 p=0.035 p=0.027
Serum BUN ns. n.s. p=0.025
Serum creatinine ns. n.s. p=0.041
F=8842 F=2.750 F=218
p<0.001 p=0.033 p=0.032
r*=0.630 r=0.271 r=0.325
B: Change over a 5-year period
APlasma NE p=0.028 p=0.013 p=0.038
APlasma leptin p=0.048 p=0.024 ns.
AHOMA-IR ns. p=0.014 p=0.029
AMean BP p=0.025 p=0.030 ns.
AHeart rate p=0.037 n.s. n.s.
ABMI ns. n.s. n.s.
ATotal body fat mass p=0.011 p=0.018 p=0.049
ACreatinine clearance — p=0.022 p=0.011
ASerum BUN n.s. — p=0.018
ASerum creatinine p=0.012 p=0.018 —
F=3.838 F=1.866 F=4.830
p=0.011 p=0.049 p=0.002
r=0.348 r’=0.172 r’=0.475

NE, norepinephrine; HOMA-IR, homeostasis of model assessment of insulin-resistance; BP, blood pressure; BMI, body mass index;

BUN, blood urea nitrogen; 4, change over a 5-year period.

out the Gly16 allele. However, in subjects with entry-normal
plasma NE, creatinine clearance was similar between those
with and without the Gly16 allele (Table 4).

Multiple Regression Analysis Using Changes in
Creatinine Clearance, BUN, or Creatinine over the
5-Year Period as a Dependent Variable

Multiple linear regression analyses using changes in creati-
nine clearance, serum BUN, or serum creatinine over the 5-
year period as dependent variables demonstrated that plasma
NE level at entry was a significant determinant variable for
changes in creatinine clearance, BUN, or creatinine (Table 5,
A). Change in plasma NE and change in total body fat mass
over the 5-year period were also significant determinant vari-
ables for changes in creatinine clearance, serum BUN, or
serum creatinine (Table 5, B).

Discussion

The present study shows that subjects carrying baseline high
plasma NE have significantly greater increases in total body
fat mass, BP levels, plasma NE, BUN, and creatinine, as well
as greater reductions in creatinine clearance, over the S-year
period. Subjects with high plasma NE have significantly
higher frequencies of the Glyl6 of the Argli5Gly, the B2-
adrenoceptor polymorphism. Significant deterioration in
renal function (shown in creatinine clearance, serum creati-
nine, and BUN) is observed especially in subjects who carry
both the Glyl16 allele and entry-high plasma NE. Multiple
regression analyses demonstrate that the plasma NE level at
entry is a significant determinant of changes in BUN, creati-
nine, and creatinine clearance over the 5-year period. These
findings demonstrate that high plasma NE levels associated
with the Gly16 allele of a p2-adrenoceptor polymorphism are
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related to the deterioration in renal function (BUN, creatinine,
and creatinine clearance) over the 5-year period in originally
normal renal function, nonobese, normotensive Japanese
men.

Mortality caused by cardiovascular disease is more than
three times higher in subjects with renal dysfunction than in
those with normal renal function (23). Many investigators
have reported that plasma NE and sympathetic nerve overac-
tivity predict survival and incident cardiovascular events (/2,
24). Recently, Joles and Koomans have reported that sympa-
thetic nerve stimulation contributes to the progression of renal
disease (25). The 40-min infusion of NE into the renal artery
of dogs produces a reversible ischemic model of acute renal
failure (26). Another study demonstrates renal protection by
B-adrenergic receptor blockade in a nephrectomized rat
experiment without any BP changes (27). The findings that
high-plasma NE levels at entry are closely linked to future
renal function (BUN, creatinine, and creatinine clearance)
could also indicate that sympathetic nerve overactivity (high
plasma NE) might be a cause of renal injury. These investiga-
tions demonstrate that direct effects of sympathetic nerve
overactivity may lead to proteinuria and renal injury (25), and
that renal dysfunctions associated with sympathetic overac-
tivity is related to much higher mortality compared to that in
individuals with normal renal function.

Previous epidemiological and clinical studies have used
micro-albuminuria as a marker of renal injury (/). However,
it should be noted that we used BUN, creatinine levels, and
creatinine clearance, which are more direct markers of renal
function relative to micro-albuminuria, and that those are
deteriorated over the 5-year period in association with further
heightened sympathetic nerve activity. Prolonged sympa-
thetic nerve overactivity (high plasma NE) can induce
changes in intrarenal blood vessels. Catecholamines induce
proliferation of smooth muscle cells and adventitial fibro-
blasts in the vascular, wall (28). The findings that reductions
in creatinine clearance were significantly greater in subjects
carrying entry-high plasma NE, the Gly16 allele, or both indi-
cated that subjects carrying high sympathetic nerve activity
(entry-high plasma NE), the f2-adrenoceptor polymor-
phisms, or both are related to deterioration of renal function.
Further, the finding that, in subjects with high plasma NE, the
deterioration in renal function is significantly greater in sub-
jects carrying the Gly16 allele, suggests that the Gly16 allele
might have additional effects on future renal injury, espe-
cially in subjects who carry heightened sympathetic nerve
activity. The novel findings in the present study are that the
Gly16 allele of the B2-adrenoceptor associated with entry-
high plasma NE might be related to future renal injury. To our
knowledge, this is one of the first investigations into the rela-
tionships between the f2-adrenoceptor polymorphisms and
renal injury. . :

Hypertension and obesity are also risk factors for progres-
sive renal function loss in patients with known renal disease
and may damage the kidneys in otherwise healthy subjects
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(29). Typically, significant hypertension initially affects the
renal vasculature, resulting in hyaline thickening of small
arteries and arterioles. At an earlier stage, hypertension and
atherosclerosis may be intimately linked through their effects
on endothelial function. A dysfunctional endothelium allows
adhesion of lipid-filled macrophages and consequent chemo-
taxis and aggregation of inflammatory cells. In large vessels,
hypertension favors atherosclerosis progression primarily by
accelerating the conversion of fatty streaks to atheroma (30).

Several investigators have reported that cardiac sympa-
thetic nerve activity is not substantially elevated in obese
humans, whereas sympathetic nerve activity is increased in
the kidneys (3, 3/). Their observations show that the kidneys
play an important role in heightened sympathetic nerve activ-
ity in obesity. Obesity can also produce renal injury by early
up-regulation of numerous pro-inflammatory (e.g., leptin,
interleukins, adiponectin, tumor-necrosis factor-a) and
growth-promoting (e.g., angiotensin II, TGF-B, leptin) fac-
tors, leading to mesangial matrix production and thickening
of the glomerular and tubular basement membrane lesions
that may precede glomerulosclerosis (29). Obesity can lead to
hypertension by increasing renal tubular sodium reabsorp-
tion, impairing pressure natriuresis, and inducing volume
expansion, as well as by physical compression of the kidneys.
With prolonged obesity, there is increasing urinary protein -
excretion and a gradual loss of nephron function that worsens
with time and exacerbates hypertension (3). Further, obesity
is considered the phenotypic hallmark of metabolic syndrome
(insulin resistance). Patients with metabolic syndrome have a
high prevalence of micro-albuminuria, which is considered an
early marker of renal endothelial dysfunction and chronic kid-
ney disease as well as generalized endothelial dysfunction.
With the worsening of metabolic syndrome and the develop-
ment of type II diabetes in some obese patients, kidney dam-
age progresses much more rapidly and seriously. Thus,
aggressive obesity-lowering therapies are needed to amelio-
rate renal disease progression (3, 32). Importantly, both the
pathogenesis of hypertension and obesity are associated with
sympathetic nerve overactivity, as previously documented.

It should be noted that subjects with entry-high plasma NE
in part associated with the Gly16 allele of the Argl6Gly poly-
morphism in the present study had greater increases in total
body fat mass and BP elevations accompanied by greater
increases in plasma NE, even though we tried to minimize
(<10% in changes in BMI or BP levels over 5 years) the
influence of weight gain (obesity) or BP elevation (hyperten-
sion) on renal function. Further, those subjects who had
greater increases in adiposity and BP levels had more deteri-
oration in renal function. We previously reported the associa-
tions of the Gly16 allele of the Argl6Gly, a $2-adrenoceptor
polymorphism, with weight gain and BP elevations (/6).
These observations suggest that BP elevation and weight gain
determined by the Gly16 allele of Arg16Gly (even though the
degree of those elevations was very small [<10%]), might
contribute to renal function accompanied by sympathetic
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nerve overactivity (high plasma NE). Thus, one could specu-
late on the possibility that weight gain and BP elevation asso-
ciated with the Gly16 allele of the Argl6Gly might lead to
high plasma NE levels at entry, greater increases in plasma
NE over 5 years, and resultant renal injury. Subjects carrying
entry-high plasma NE had greater increases in plasma leptin
levels over the 5-year period associated with greater increases
in fat mass, suggesting that greater increases in plasma leptin

(adiposity) might lead to further heightened sympathetic

activity (33).

Theére is an association between the Glyl6 allele of
Arg16Gly and insulin resistance (/9). The close relationships
between plasma NE (sympathetic nerve activity) and insulin
(insulin resistance) were also observed in this cohort of non-
obese, normotensive subjects with a cross-sectional design
(34). Further, we have reported that heightened sympathetic
nerve activity (high plasma NE) precedes hyperinsulinemia in
nonobese, normotensive individuals (/0, /1). Taken together
with previous observations, in nonobese, normotensive indi-
viduals, heightened sympathetic nerve activity associated
with the Glyl6 ‘allele might play a primary role in renal
- injury, and hyperinsulinemia linked to the Glyl6 allele as
well as high plasma NE might be an ancillary mechanism.

In conclusion, the findings demonstrate that baseline
plasma NE in part: associated with the Glyl6 allele of
Argl6Gly, a B2-adrenoceptor polymorphism, could predict
future renal injury (BUN and creatinine elevation, and reduc-
tion in creatinine clearance) accompanied by increases in
abdominal obesity (waist-to-hip ratio and total body fat
mass), BP elevation, and insulin resistance over 5 years in
nonobese, normotensive male individuals. Thus, we would
propose that plasma NE levels, a B2-adrenoceptor polymor-
phism (Argl16Gly), and relative abdominal obesity might be
useful for predicting future renal injury.
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Genetics

Association Between the Calcitonin-Related
Peptide « (CALCA) Gene and Essential
Hypertension in Japanese Subjects

Akihiko Morita, Tomohiro Nakayama, Masayoshi Sofna, and Tomohiko Mizutani

- Background: Calcitonin-related peptide & (CALCA)

is a neuropeptide that is a very potent vasodilator. It has"

been reported that CALCA knockout mice have a signif-
icantly elevated systolic blood pressure (BP). The aims of
this study were to discover novel polymorphisms or mu-
tations in the 5’ flanking region of the human CALCA
gene in Japanese subjects and to assess the association
between this gene and essential hypertension (EH).

Methods: Japanese patients with EH (50.1 * 6.6 years
old, n = 274) and age-matched Japanese subjects without
EH (51.1 * 6.6 years old, n = 225) were recruited. The 5’
flanking region of the human CALCA gene was searched
to identify novel polymorphisms in the 20 EH patients
using polymerase chain reaction (PCR) and a direct se-
quencing method. These novel polymorphisms, as well as
the known single nucleotide polymorphisms (SNPs), were
used for genotyping.

Results: We discovered a novel 2-bp microdeletion
polymorphism in intron 1. The only three participants with

2-bp microdeletion polymorphism were found in the EH
group. None of the subjects without EH had a 2-bp
microdeletion polymorphism. The genotype and allele
distribution of the 4 SNPs were not significantly differ-
ent between the groups. All five polymoiphisms were
located in one haplotype block. The haplotype was
constructed using, in order, rs1553005, 2-bp microde-
letion polymorphism, and rs5241. There was a signifi-
cant association between EH and the C-AGins-A
haplotype (P = .00031).

Conclusions: A novel 2-bp microdeletion polymor-
phism was discovered in the CALCA gene. Based on
the results of the haplotype-based case control study,
the CALCA gene could be the susceptibility gene for
EH: AmJ Hypertens 2007;20:527-532 © 2007 Amer-
ican Journal of Hypertension, Ltd.

Key Words: Calcitonin-related peptide a (CALCA),
polymorphism, SNP, haplotype, association study.

no-acid vasoactive neuropeptide. In marnmals,

CALCA is distributed in the central and peripheral
nervous systems. The calcitonin/calcitonin gene-related
peptide gene complex encodes a small family of peptides:
calcitonin, katacalcin, and CALCA. CALCA is produced
by tissue-specific alternative splicing of the primary tran-
script of the calcitonin/calcitonin gene-related peptide
gene complex and is synthesized almost exclusively in
neuronal tissues.! CALCA is a potent vasodilator, which is

C alcitonin-related peptide o (CALCA) is a 37-ami-

from 100 to 1000 times more potent than other vasodila- -

tors, such as adenosine, substance P, or acetylcholine.2
The systolic blood pressure (BP) of CALCA knockout
mice has been reported to be significantly elevated.?

Hypertension affects 25% of most adult populations-
and is a major risk factor for death from stroke, myo-
cardial infarction, and congestive heart failure.*~® The
largest group of hypertensive patients has essential hy-
pertension (EH). Essential hypertension is considered to
be a multifactorial disease.® Several reports have shown
that there are EH susceptibility genes, including the
genes for angiotensinogen'® and angiotensin-converting
enzyme.!! 3

The human CALCA gene is located on chromosome
11p15.2-p15.1, spans approximately 3.8 kb, and contains five
exons (Fig. 1). In the National Center for Biotechnology
Information (NCBI) single nucleotide polymorphism (SNP)
database (http://www.ncbi.nlm.nih.gov/projects/SNF/), 28
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FIG. 1. The structure of the human calcitonin-related peptide a
gene. This gene consists of five exons separated by four introns.
Boxes indicate exons and lines indicate introns and intergenic re-
gions. Filled boxes indicate coding regions. Arrows mark the loca-
tions of polymorphisms. The bar marks the length of 1000 base
pairs.

SNPs have been recorded (accessed on April 6, 2005). In
the coding region, four mutations have been recorded: two
missense mutations (rs5241 and rs13306224 located on
exon 4) and two silent mutations (rs5239, located on exon
3, and rs2644689, located on exon 4). Nonsense mutations
in the coding region were not recorded.

A 16-bp microdeletion polymorphism on intron 1 has
been reported in a family with multiple cases of unipolar
or bipolar depressive disorder; however, this polymor-
phism has not been formally registered.'? There have been
no reports dealing with the relationship between the
CALCA gene vanants and EH.

The aims of this study were to discover novel polymor-
phisms or mutations in the 5’ flanking region of the
CALCA gene in Japanese subjects and to assess the asso-
ciation between this gene and EH using novel genetic
markers and known SNPs.

Methods
Subjects

From 1993 to 2003, subjects diagnosed as having EH were
recruited at Nihon University Itabashi Hospital and other
neighboring hospitals in Tokyo. There were 274 EH pa-
tients (male/female ratio = 1.84). Essental hypertension
was diagnosed based on the following criteria: seated
systolic BP >160 mm Hg or diastolic BP >100 mm Hg on
three occasions within 2 months after the first BP reading.
None of the EH patients used antihypertensive medica-
tions. Patients diagnosed as having secondary hyperten-
sion were excluded. A total of 225 normotensive (NT)
age-matched healthy individuals (male/female ratio = 2.6)
served as control subjects. None of the control subjects
had a family history of hypertension, and all had systolic
BP <130 mm Hg and diastolic BP <85 mm Hg. Informed
consent was obtained from each subject in accordance
with the protocol approved by the Human Studies Com-
mittee of Nihon University.
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Genotyping

We sequenced from —1 to —2000 nucleotides upstream
ATG as the start codon of the human CALCA gene to find
novel polymorphisms or mutations in the 20 EH patients
using the polymerase chain reaction (PCR) and the direct
sequencing method.'® In addition, based on the informa-
tion obtained from the NCBI SNP database and the Ap-

‘plied Biosystems—Celera Discovery System (ABI-CDS,

http://www .appliedbiosystems.com) database, SNPs that
bad a minor allele frequency of more than 20% or had a
known function were selected. .

Blood samples were collected from all participants and
genomic DNA was extracted from the peripheral blood
leukocytes by extraction with phenol and chloroform. !4

Genotyping was done using the TagMan SNP Geno-
typing Assay (Applied Biosystems Inc., Foster City, CA),
PCR and single-stranded conformation polymorphism
(PCR-SSCP) analysis, and PCR and electrophoresis.

The TagMan SNP Genotyping assays were done using
the method of Tag amplification.’® In the 5’ nuclease
assay, discrimination -occurs during PCR, as the allele-
specific fluorogenic probes, when they are hybridized to
the template, are cleaved by the 5’ nuclease activity of Tag
polymerase. The probes contain a 3’ minor groove-binding
group (MGB) that hybridizes to single-stranded targets
with increased sequence specificity compared to ordinary
DNA probes. This reduces nonspecific probe hybridization
and results in low background fluorescence during the 5’
nuclease PCR assay (TaqgMan, ABI). Cleavage results in
the increased emission of a reporter dye. Each 5’ nuclease
assay requires two unlabeled PCR primers and two allele-
specific probes. Each probe was labeled with two reporter
dyes at the 5’ end. In this study, VIC and FAM were used
as the reporter dyes. The primers and probes in the Taq-
Man SNP Genotyping Assay (ABI) were chosen from the
information available on the ABI web site (http //my-
science.appliedbiosystems.com).

The PCR amplification was done using 6 pL of Tag-
Man Universal Master Mix, No AmpErase UNG (2X)
(ABI) in 12-pL final reaction volumes, with 2 ng of DNA,
0.22 pL of TagMan SNP Genotyping Assay Mix (20X or
40X) containing 900 nmoV/L primers, and a 200-nmol/L
final concentration of the probes. The thermal cycling
conditions were 50°C for 2 min, 95°C for 10 min, 40
cycles of 95°C for 15 sec, and finally 62°C for 1 min.
Thermal cycling was performed using the GeneAmp 9700
system.

Each 96-well plate contained 80 samples of an un-
known genotype and 4 samples with no DNA but with
reagents {control). The control samples without DNA were
necessary in the Sequence Detection System (SDS) 7700
for signal processing as outlined in the TagMan Allelic
Discrimination Guide (ABI). These plates were read on
the SDS 7700 instrument using the end point analysis
mode of the sequence detection system (SDS) version
1.6.3 software package (ABI). The genotypes were deter-
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mined visually, based on the dye component fluorescent
emission data depicted in the X-Y scatter plot of the SDS
software. The genotypes were also determined automati-
cally by the signal processing algorithms of the software.
The results of each scoring method were saved in two
separate output files for later comparison.'®

Genotyping of the 2-bp microdeletion polymorphism
was performed using PCR and electrophoresis. The PCR
primer was designed as follows: sense primer, 5'-CCCA-
GAAGAGGAGGACAGCTCTGGGT-3"; and antisense
prmer, 5'-AGAGCTGGAGGAGCGATCCTAGAGGGA-
3'. The PCR conditions included initial depaturation at
96°C for 3 min, followed by 60 cycles of 98°C for 25 sec,
63°C for 30 sec, 72°C for 30 sec, and a final extension at
72°C for 10 min. The PCR products were separated on 6%
polyacrylamide sequencing gel.}” A 184-bp fragment and
a 182-bp fragment were distinguished.

Genotyping of rs13306225 was done using PCR-SSCP
analysis. The PCR primer was designed as follows: sense
primer, 5'-CAGGTTCTGGAAGCATGAGGGTGACGC-
3, and antisense primer, 5'-CGACTGCTCTTATTC-
CCGCCGCTGT-3'. The PCR conditions were initial
denaturation at 96°C for 3 min, followed by 60 cycles of

98°C for 25 sec, 63°C for 30 sec, 72°C for 30 sec, and a -

final extension at 72°C for 10 min. The PCR products were
analyzed on 5% nondenaturing acrylamide gels.!”-!®
Biochemical Analysis

The plasma total cholesterol concentration and the serum
creatinine concentration were measured using standard

methods in the Clinical Laboratory Department of Nihon _

University Hospital.

Statistical Analysis

All continuous variables are expressed as mean * stan-
dard deviation. Continuous variables were assessed using
Mann-Whitney’s U test. Categorical variables were as-
sessed with Fisher’s exact test. The genotype and allele
distributions were examined with Fisher’s exact test. The
contingency table including zero was not examined. Mul-
tiple logistic regression analyses were done to assess the
contribution of confounders (gender, body mass index
[BMI], history of diabetes, and hyperlipidemia). Differ-
ences in continuous variables between groups were
analyzed by one-way ANOVA or ¢ test after normal dis-
tribution and homogeneity of variance were confirmed.
Based on the genotype data of the genetic variations, a
linkage disequilibrium (LD) analysis and a haplotype-
based case-control study were done using the expectation
maximization (EM) algorithm'® of the SNPAlyze software
program, version 3.2 (DYNACOM Co., Ltd,, Yokohama,
Japan). A pair-wise LD analysis was done using four SNP
pairs. D’ values >0.5 were used to assign SNP locations to
one haplotype block. Tagged SNPs were selected by omit-
ting one SNP from an SNP pair showing an 7 >0.5 for
each haplotype block. In this haplotype-based case-control
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study, haplotypes with a frequency <0.03 were excluded.
The distribution of the haplotypes’ frequency was calcu-
lated using the x* test. Statistical significance was estab-
lished at P < .05. Statistical analyses were done using
SPSS software for Windows, version 12 (SPSS Inc., Chi-
cago, IL).

Results

We discovered a novel 2-bp microdeletion polymorphism
GenBank accession number AB259617 located in intron 1
and —374 nucleotides upstream ATG as the start codon.
The four SNPs were already registered and were named
rs3781719 (—1784 T/C), 151553005 (—1750 C/G),

- 1813306225 (—1218 C/T), and rs2644690 (—1036 G/A).

rs3781719 and 151553005 were completely linked. The T
allele of rs3781719 was linked to the C allele of
151553005, and the C allele of rs3781719 was linked to the
G allele of rs1553005. In addition, we added three SNPs,
rs7948017 (A/C), 1s5241 (C/A), and 152956 (A/T), that
were referenced in the database. rs7948017 was located at
—7644 bp upstream from the start codon. rs5241, which
was a missense mutation, was located on exon 4. rs2956
was located at 120 bp from the end of exon 5. Thus, in
total, we genotyped six SNPs and one microdeletion in the
human CALCA gene to examine genetic differences be-
tween EH patients and control subjects.

Table 1 shows the clinical features of the two study
populations. The BMI, systolic and diastolic BP, pulse,
and the rate of hyperlipidemia were significantly higher in
the EH group than in the control group. The total choles-
terol plasma concentration and the rate of diabetes were
significantly higher in the total EH group and the male EH
group.

152644690 was excluded because there was no hetero-
geneity; all of the participants were genotyped as A/A.
1s13306225 was also excluded because the genotype dis-
tribution of rs 13306225 did not agree with the Hardy-
Weinberg equilibrium. In the present study, rs7948017
was labeled as SNP1, rs1553005 as SNP2, rs5241 as
SNP3, 152956 as SNP4, and the 2-bp microdeletion poly-
morphism was labeled as DEL. The genotype distribution
of each polymorphism did not show a statistically signif-
icant difference from the Hardy-Weinberg equilibrium val-
ues (data not shown).

Table 2 shows the distribution of the genotypes and the
alleles of the four SNPs and the 2-bp microdeletion poly-
morphism. There were no statistically significant differ-
ences between the groups using Fisher’s exact test and
multiple logistic regression analysis (the results of multi-
ple logistic regression analysis are not shown). The three
subjects with DEL were all from the EH group. In the EH
group, there was a significant difference in the diastolic BP
between the two genotypes of DEL using Student ¢ test
(with DEL, 124.3 * 23.8; without DEL, 105.5 * 14.0;
P = .023).
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Charactéristics of study participants

Table 1.
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BMI = body mass index; DBP = diastolic blood pressure; EH = essential hypertension; H.DL = high density lipoprotein; SBP = systolic blood pressure.
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The patterns of linkage disequilibrium in the CALCA
gene are shown with their D’ and 7* values (Table 3). All
polymorphisms were located in one haplotype block. Be-
cause the r* of SNPI-SNP2-SNP4 was large, we con-
structed a haplotype-based association study using SNP2,
DEL, and SNP3. Three possible haplotypes (H1, H2, and
H3) were predicted, and each had a frequency of more
than 0.03 (Table 4). The overall distribution of these
haplotypes was statistically significantly different between
the EH group and the control group (¥* = 16.13, P =
.00031). There was also a statistically significant differ-
ence in the H3 haplotype (C-AGins-A) between the groups
(O = 23.4, P = .000059).

Table 2. Genotype and allele distributions in pa-
tients with EH and control subjects

sion.

exact test.
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DEL = 2-bp microdeletion polymorphism; EH = essential hyperten-
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Table 3. Pairwise linkage disequilibrium (D’below diagonal and r* above diagonal) for the five polymorphisms

r2
EH Patients Control Subjects
SNP1 SNP2  DEL SNP3g SNP4 SNPL SNP2 DEL SNP3 SNP4
SNP1 Sh0dtE 0.001 0.103 B 5 0.071 05578
SNP2 0.001  0.103 0.071 Bl

EH = essential hypertension.
Values of D' >0.5 and values of 2 >0.5 are shaded.

Discussion

CALCA has been well documented as one of the major
vasodilators.? It has been reported that plasma immunore-
active CALCA levels are significantly higher in spontane-
ously hypertensive rats (SHR).?® In addition, neuronal
levels of CALLCA mRNA have been reported to be in-
creased in rats with mineralocorticoid salt-induced hyper-
tension.2! Furthermore, the systolic BP of CALCA gene
knockout mice was significantly higher than in wild-type
mice, in both male mice (knockout, 160 * 6.1 v wild,
125 * 4.8 mm Hg) and female mice (knockout, 163 + 4.8
v wild, 135 * 33 mm Hg).> Furthermore, the renin-
angiotensin system was found to be activated in CALCA
gene knockout mice.?? Based on this information, we
concluded that the human CALCA gene could be a can-
didate gene for EH.

In the present study, we genotyped seven polymor-
phisms of the CALCA gene in Japanese subjects and then
assessed the association between the CALCA gene and
EH. There were no significant differences between any of
~ the CALCA gene polymorphisms and EH. However, all of
the participants with a 2-bp microdeletion polymorphism
(DEL) belonged to the EH group. Given the small number

0.000 0.000

of subjects, it was not possible to assess the relationship
between DEL and EH using statistical techniques. In the
EH group, there was a significant difference in diastolic
BP between the two genotypes of DEL. Given this finding,
a study with more subjects needs to be done to further
assess the relationship between DEL and EH.

Since the draft sequence of the human genome was
completed in 2001, the methodology and strategy of doing
genetic research have changed dramatically. The SNPs are
now used for the positional cloning of susceptibility genes
by doing whole genome-wide scanning.?® Most of all,
haplotype analysis has changed. Recent studies have
shown that the human genome has a haplotype block
structure that can be divided into discrete blocks of limited
baplotype diversity. In each block, a small fraction of
SNPs, referred to as tag SNPs, can be used to distinguish
a large fraction of the haplotypes. These tag SNPs have the
potential to be extremely useful for association studies, as
they could make it unnecessary to genotype all of the
SNPs. Haplotype-based analysis is considered to be much
more powerful than a marker-by-marker analysis.** In
genes with multiple susceptibility alleles, in particular
when the LD between the polymorphisms is weak, a

Table 4. Haplotype frequency estimates

Haplotype

Frequency

SNP2- DEL-SNP3 EH patients

H1
Mj-Mj-Mj
G-AG-C

H2
Mn-Mj-Mj
C-AG-C

H3
Mn-Mj-Mn
C-AG-A

0.721

0.242

0.037

Control subjects : x2 ' P

0.755 1.36 .24

0.245 0.02 .90

<0.001 16.13 .000059*

EH = essential hypertension; Mj = major aliele; Mn = minor allele.

Overall distribution of these haplotypes was statistically significant (x? = 16.2, P = .00031).
‘Haplotypes with frequencies more thanr 0.03 were estimated using SNPAlyze software.
Mj and Mn indicate haplotypes with major and minor frequencies, respectively.

* p < .05.
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haplotype-based association study has advantages over an
analysis based on individual polymorphisms.25 In the
present study, the haplotypes were constructed using three
polymorphisms (SNP2, DEL, and SNP3), based on the
results of the LD apalysis. The H3 haplotype (C-AGins-A)
was statistically significantly more frequent in the EH
group than in the control group. This result was not found
by using a haplotype-based association study but only by
using an association study that examined each polymor-
phism. The frequency of the H3 haplotype in the EH group
was only 3.7%. However, this is not surprising given the
low frequency of the susceptibility haplotype, as EH is
thought to be a multifactorial disorder.

In conclusion, a novel 2-bp microdeletion polymor-
phism was discovered in intron 1 of the CALCA. The
haplotype-based case-control study showed that the
CALCA gene could be the susceptibility gene of EH.
Further studies are needed to clarify the causal/suscepti-
bility mutation of the CALCA gene or neighboring genes
in EH.
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Background: Brain natriuretic peptide (BNP) acts primarily as a cardiac hormone; it is produced by the ventricle

and has both vasodilatory and natriuretic actions. Therefore, the BNP gene is thought to be a candidate gene for
essential hypertension . The present study identified variants in the 5"-flanking region of natriuretic peptide
precursor B (NPPB) gene and assessed the relationship between gene variants and EH.

Methods: The polymerase chain reaction-single strand conformation polymorphism method and nucleotide se-
quencing were used to identify variants.

Results: A novel variable number of tandem repeat (VNTR) polymorphism in the 5'-flanking region (-1241 nu-
cleotides from the major transcriptional initiation site) was discovered. This VNTR polymorphism is a tandem
repeat of the 4-nucleotide sequence TTTC. There were 8 alleles, ranging from 9-repeat to 19-repeat. An associa-
tion study was done involving 317 EH patients and 262 age-matched normotensive sulg]ects The 11-repeat
allele was the most frequent (88.2%); the 16-repeat allele was the second most frequent (10.5%) in the NT group.
The observed and expected genotypes were in agreement with the predicted Hardy-Weinberg equilibrium vzH—
ues ﬁ_—}o.972). Amon%éemal&s, the overall distribution of genotypes was significantly different between the EH
and groups (p=0.039). The frequency of the 16-repeat allele was significantly lower in the female EH group
(6.5%) than in the female NT group (12.2%, p=0.046).

Conclusions: The 16-repeat allele of the VNTR in the 5'-flanking region of NPPB appears to be a useful genetic

marker of EH in females.

Key words: Brain natriuretic peptide, essential hypertension, variable number of tandem repeat, association study

1. Introduction

Natriuretic peptides constitute a family of three
structurally related molecules: atrial natriuretic pep-
tide (ANP) [1], brain natriuretic peptide (BNP) [2], and
C-type natriuretic peptide (CNP) [3]. ANP and BNP
act mainly as cardiac hormones and are produced
primarily by the atria and ventricles, respectively,
whereas C-type natriuretic peptide is expressed
mainly in the brain [4,5).

BNP, which was originally isolated from the por-
cine brain [6], shows an amino acid sequence homol-
ogy to ANP. BNP has central and peripheral actions
that are similar to those of ANP. The heart has the
highest concentrations of BNP, and BNP acts as a car-
diac hormone. Intravenous injection of BNP causes a
significant decrease in blood pressure [7]. Transgenic
mice that overexpress BNP have a measurable reduc-

tion in blood pressure [8]. Mukoyama et al. showed
that plasma BNP levels are higher in individuals with
essential hypertension (EH) than in normotensive (INT)
individuals [7]. These findings suggest that the BNP
gene is a candidate gene for EH. EH is thought to be a
multifactorial disorder; several studies have shown
that an association analysis with genetic variants can
be used to identify susceptibility genes for EH [9].

The aim of the present study was to identify mu-
tations or polymorphisms in the 5-flanking region of
the NPPB gene and to assess the relationship between
variants of the gene and EH.

2. Subjects and Methods

Subjects

The EH group consisted of 317 patients (mean
age, 49.7 £ 7.8 years) with EH diagnosed based on sit-
ting systolic blood pressure (SBP) greater than 160
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mmHg and/or diastolic blood pressure (DBF) greater
than 100 mmHg measured on three separate occasions
within 2 months after the initial BP measurement (Ta-
ble 1). These patients were not being treated with an-
tihypertensive drugs. All EH subjects had a positive
family history of hypertension; patients diagnosed
with secondary hypertension were excluded from the
study. We also enrolled 262 healthy, normotensive
(NT) subjects (mean age, 51.2 + 10.8 years). None of
the NT subjects had a family history of hypertension;

Table 1. Characteristics of study participants
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all had an SBP less than 130 mmHg and a DBP less
than 85 mmHg. A family history of hypertension was
defined as having grandparents, uncles, aunts, parents,
or siblings who had been diagnosed with hyperten-
sion. Written informed consent was obtained from
each subject based on a protocol approved by the Eth-
ics Committee of the Nihon University School of
Medicine and the Clinical Studies Comumittee of Ni-
hon University Hospital [10].

Total Males Femal
NT EH p Value NT EH p Value NT EH p Value

No. of subjects 262 317 184 193 78 124

Age (years) 51.2+10.8 49.7£7.8 0.052 50.1£9.4 48.518.4 0.072 53.6£13.2 51.5%6.5 0.135
BMI (kg/m®) 22.6£4.0 24.624.4 <0.001 22.943.4 24,7247 <0.001 21.6%5.1 24.3£3.9 <0.001
SBP (mmHg) 113%11 173420 <0.001 114£10 17119 <0.00% 11311 175423 <0.001
DBP (mmHg) 7048 107x13 <0.001 7048 108+13 ° <0.001 6949 10514 <0.001
Pulse (beats/min) 7412 7815 <0.001 7312 78216 0.002 7512 7814 0.110
Creatinine (mg/dl) 0.85+0.22 0.85+0.26 0.928 0.920.20 0.94£0.26 0.302 0.6940.18 0.69+0.18 0.766
Total cholesterol (mg/dl) 197444 212443 <0.00t 193242 209446 0.001 208146 217438 0.141
HDL cholesterol (mg/dl) 57£17 56+17 0.256 56x16 52£15 0.022 61£19 6217 0.972
Uric acid (mg/dl) 5.844.4 6.0+7.4 0.610 ) 5.8¢1.3 6.1x1.4 0.018 5.6+8.0 5.9+11.8 0.894

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; NT, normotensives; EH, essential hypertension

Biochemical analysis

Plasma total cholesterol concentrations, as well as
serum creatinine and uric acid concentrations, were
measured using standard methods in the Clinical
Laboratory Department of Nihon University Hospital
[11]. Plasma BNP levels were measured in NT subjects
and EH patients. A total of 76 subjects (43 in the NT
group and 33 in the EH group) who did or did not
have the 16- repeat allele were selected randomly.
Plasma BNP levels were measured using a highly sen-
sitive immunoradiometric assay (Shiono RIA BNP
assay kit, Shionogi Co., Ltd,, Tokyo, Japan) as de-
scribed previously {12].

Polymerase chain reaction - single strand confor-
mation polymorphism (PCR-SSCP)

Genomic DNA was extracted from peripheral
blood leukocytes using a standard method [13]. To
screen for mutations, two oligonucleotide primers
(sense, 5- AAGGAGGCACTGGGAGAGGGGAAAT
-3 (bases -1323 to -1299 from the major transcriptional
initiation site) and
5-AATTAGCTGGGCATGGTGGCAGGCG-3"  (bases
-1075 to -1051)) that recognize part of the 5-flanking
region of the NPPB gene were designed, since this re-
gion has been reported to be a major promoter region
(Fig. 1A) [14]. PCR-SSCP was done (GenePhor System;
Amersham Biosciences Corp, Piscataway, NJ, USA)
[15]. PCR was performed using a GeneAmp PCR sys-
tem 9700 (Applied Biosystems, Branchburg, NJ, USA)
with the following amplification conditions: initial
denaturation at 96°C for 3 min followed by 35 cycles of

antisense, -

98.5°C for 25 s, 65°C for 30 s, 68°C for 30 s, and a final
extension of 68°C for 10 min. PCR products were
separated by electrophoresis on 10% precast poly-
acrylamide gels (Amersham Biosciences Corp) at 5°C
for 80 min and then subjected to silver staining
{Dai-ichi Kagaku, Tokyo, Japan). The electrophoresis
parameters were set according to the manufacturer’s
protocol. -

Sequencing analysis

Two oligonucleotides (sense,
5-AAGGAGGCACTGGGAGAGGGGAAAT-3' (bases
-1323 to -1299) and antisense, 5'-

CCCCACCAAGCCAACACAGGATGGA -3 (bases
-919 to-895) were used to amplify a.429-bp product
from genomic DNA (Fig. 1A). The PCR products were
purified using a Microcon 100 column (U.S. Amicon
Inc. Beverly, MA,USA). The resulting products were
ligated to pCR2.1™ vectors and cloned (TA Cloning
Kit, Invitrogen, San Diego, CA, USA). The ligation of
the products was confirmed by direct DNA sequenc-
ing (ABI PRISM 310 Genetic Analyzer) [16].
Genotyping

Genotyping was done using fragment analysis,
and the sequencing primers were used. PCR amplifi-
cation consisted of an initial denaturation at 94°C for 3
min, followed by 35 cycles of 98.5°C for 25 sec, 63°C for
30s,72°C for 1 min, and a final extension of 72°C for 10
min. Then, the PCR products were analyzed using an
automatic electrophoresis system (Agilent 2100 bio-
analyzer system™; Agilent Technologies, Waldbronn,
Germany).

-113-



Int. J. Med. Sci. 2007, 4

Statistical analysis

Data are presented as the mean + SD. The
Hardy-Weinberg equilibrium was assessed by doing
chi-square (x?) analysis. Differences in the clinical data
between the EH and NT groups were assessed by
analysis of variance (ANOVA). The distributions of
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the genotypes or alleles between EH patients and NT
subjects were tested using a two-sided Fisher's exact
test. Multiple logistic regression analyses were done to
assess the contribution of confounders (gender, BMI)
[17]. A value of P < 0.05 was considered statistically

significant.

-1380 TCACTTCTAA TCACCAGGCC ACCTGCTAAT GATAATTAGA TCATGGGTGG TCAGATGRAG

-1320 Ga ACT GAGA GAA A

CCCATAT

CTCTGGTATC CCAGCAAATA GATAACCATC

-1260 ATTCCAGCCA TCCTTTTGTI_TTCTTTCTTT CTTTCTTTCT TTCTTTCCTT CTTTCTTTCT

-1200 ITCTTTTTTC GCTCTCTGTC AACCAGGCTG GAGTGCAGTG GCGTGATCTC AGCTCACTGC

-1140 AARCCTCCACC

TCCTGGGTTC AAGTGATTCT CCTTCCTCAG CCTCCCGAGT AGCTGGGACT

-1080 ACAGHCGCCT GCCACCATGC CCAGCTAATT] TTTGGTAATT

TTAGTAGAGA CGGGGTTTCA

-1020 CCGTGGTCTC

GATCTCCTGA CCTCGTGATC

CGACCGCCTC GGCCTCTCAA AGTGCTGGGA

-960 TTACAGGCGT GAACCACCAT GCCCAGCCTA TCCTTTTGTT TTCCATCCTG TGTTGGCTIG

-900 GTGGGGGAGA GGAGGTGTTG ACACCTGGAG GACACACATA TAAGGCATTC TTGGGTGACT

....................

..............................

-1
-60 GCAGGGCAGG CCCGACACTC AGCTCCAGGA TAAAAGGCCA CGGTGTCCCG AGGAGCCAGG

+1 i\GGAGCACCC

CGCAGGCTGA GGGCAGGTGG GAAGCAAACC

CGGACGCATC GCAGCAGCAG

+61 CAGCAGCAGC AGAAGCAGCA GCAGCAGCCT CCGCAGTCCC TCCAGAGACA TGGATCCCCA

B 11repeat

TTTC TTTC TTTC TTTC TTTC TTTC TTTC CTTC TTTC TTTC TTTC

16repeat

TTTC TTTC TTTC TTTC TTTC TTTC ITAC TTTC TTAC TTTC TTTC

TTTC CTTC TTTC TTTC TTTC

Figure 1 A: Nucleotide sequence of the 5°-flanking region of the human NPPB gene. The nucleotide sequences are numbered (left)
with respect to the. major transcription start site (designated +1; closed triangle). Boxes, the primers (PCR-SSCP); double under-
lining, the primers (sequence and genotyping); overlining, ATG initiation codon; Underlining, the variable number of tandem repeat
(VNTR) consists of the 4 nucleotides (TTTC). This figure shows the 11 repeat types. B: Nucleotide sequence of the 11 and 16 repeat

allele.

3. Results

We discovered a novel variable number of tan-
dem repeat (VNTR) polymorphism consisting of a
11-nucleotide repeat of 4 base pairs (bp) in the
5’'-flanking region (-1241 nucleotides from the major
transcriptional initiation site) (GenBank accession
number AB265677). This VNTR polymorphism is a

tandem repeat of the 4-nucleotide sequence TTTC (Fig.

1A). There were 8 alleles of this VNTR polymorphism,
ranging from 9-repeat to 19-repeat (Fig. 1B).

The association study showed that the 11-repeat
allele was most frequent in the NT group (88.2%). The
16-repeat allele was second most frequent in the NT
group (10.5%). Furthermore, in the NT group, the ob-
served and expected genotypes were in good agree-
ment with the predicted Hardy-Weinberg equilibrium
values (P=0.972). Of note, the overall distribution of
genotypes in females was significantly different be-
tween the EH and NT groups (p=0.039); the frequency
of the 16-repeat allele was significantly lower in the

EH group (6.5%) than in the NT group (12.2%, p=0.046)
(Table 2).

On multiple logistic regression analysis, a sig-
nificant association between allele 16 (p=0.034) and
female gender was noted, even after adjustment for
confounding factors; the calculated odds ratio was
1.18 (95%CT: 1.07-1.20).

The clinical data of each genotype were assessed.
There were no significant differences in SBP and DBP
levels, or in the pulse of subjects with or without the
16 repeat allele (Table 3). '

The plasma BNP level was significantly higher in
the EH group than in the NT group (p=0.0203). The
plasma BNP level in each genotype with or without
the 16 repeat allele was determined (Table 4); there
were no significant differences among the groups. It
was impossible to perform this analysis in EH females,
as none of them had the 16 repeat allele.

All subjects were classified into 3 groups based
on their BMI levels (Jean, BMI<18.5, normal,
18.5<BMI<25; obese, BMI >25). There was no associa-
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