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Abstract—Hepatocyte growth factor (HGF) is a potent angiogenic and antifibrotic factor. Cardioprotective effects of HGF
for idiopathic dilated cardiomyopathy were examined in hamsters with electroporation of plasmid DNA into skeletal
muscle. We used hamster skeletal muscle as a protein producer of HGF gene. A plasmid vector encoding HGF (HGF
group, n= 12} or empty plasmid (placebo group, n=12) was transferred with in vivo electroporation into tibialis anterior
muscles of hamsters with inherited dilated cardiomyopathy (TO-2 strain). The HGF group had greater serum HGF levels
(21.6x2.2 versus 0.1120.07 ng/mL, P<<0.03), higher left ventricular ejection fraction (47.9+9.4% versus 28.8+11.2%,
P<0.05), and greater wall thickening (31.626.3% versus 19.726.1%, P<0.05) when compared with the placebo group.
The HGF group had smaller areas of ventricular fibrosis (11.8%3.4% versus 17.1+3.5%, P<0.05) and lower
hydroxyproline content (3.7%0.7 versus 5.1+0.9 umol/g, P<0.05) than did the placebo group. The HGF group alse had
higher capillary density (1885+232 versus 1447+182 vessel/mm®, P<0.05) and higher matrix metalloprotease-1
activity (13.13.5 versus 8.1%+3.6 ug/collagen degraded per hour per gram tissue, P<<0.05) than did the placebo group.
Exogenous HGF might improve the deletericus changes in myocardial function and structure in the hamster with dilated
cardicmyopathy. Systemic delivery of gene preducts with in vivo electroporation into skeletal muscle seemed to be an
alternative means of direct gene delivery. (Hypertension. 2004;44:365-371.)
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Dilated cardiomyopathy is one of the major causes of
severe heart failure and is an indication for heart
transplantation. Hamsters with inherited dilated cardiomyop-
athy are a well-known model of human dilated cardiomyop-
athy."? Hepatocyte growth factor (HGF) is a2 mesenchyme-
derived pleiotropic factor that has potent angiogenic and
antifibrotic action.># Further, administration of human re-
combinant HGF prevented fibrosis in liver and pulmonary
injury models.*” HGF also has important roles in tumor
growth and tumor angiogenesis.®?

Electroporation has been widely used to introduce DNA
into various cell types in vitro. Gene transfer by in vivo
electroporation has been effective for introducing DNA into
animal tissues,'®!! Electroporation into skeletal muscle has
been used for muscular disease'? and for the systemic
delivery of bioactive proteins.'>* Gene transfection into
skeletal muscle has been used for systemic delivery of
therapeutic proteins for liver® and cardiac diseases.!”2! The
goal of this study was to test the hypothesis that exogenous
HGF protein might improve the deletericus changes in
myocardial function and structure in the hamster with dilated
cardiomyopathy.

Methods

Animals, Plasmid DNA, and

Experimental Protocols

Male cardiomyopathic TO-2 hamsters and healthy Fib hamsters
aged 10 weeks were obtained from BIO breeder, Inc (Watertown,
Mass). Hamsters were handled according to animal experiment
guidelines at our institute, Rat-HGF ¢DNA cloned by polymerase
chain reaction was inserted into the vnique Xhe I site between the
cytomegalovirus immediate early enhancer-chicken B-actin hybrid
promoter and rabbit B-globin poly A site of the pCAGGS expression
plasmid.* The resulting plasmid, pCAGGS-HGF, was grown in
Escherichia coli DH5a. The plasmid was purified with plasmid
DNA kit (Quiagen). For electroporation of the DNA, we inserted
needles into the bilateral anterior tibialis muscles and delivered
electrical pulses 6X each at 100 V and 50 ms with an electrical pulse
generator (Electro Square Porator T820, BTX).

In a preliminary experiment of electroporation using 10 Flb
hamsters, & of 10 hamsters had slight plasmid buffer leakage. In the
inclusion experiment, we injected plasmid into 25 TO-2 hamsters
aged 1| weeks. Four of 25 had buffer leakage. We measured plasma
HGF level 3 days after the first electroporation of 800 pg of HGF
plasmid (day 0) to determine the success of the procedure. Inclusion
criterion was a plasma HGF. level >5.0 ng/mL. Twelve TO-2
hamsters treated with HGF fulfilled the criterion and received the
following electroporations and examinations.
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Effect of Electroporation {Days 0, 7, 14) on Serum HGF Levels

Serum HGF, ng/mL

Group No. Day -7 Day 7 Day 21
Fib 12 0.08+0.05 0.09+0.05 0.09x0.06
Piacebo 12 0112007 0.11£0.05 0.13+0.06
HGF 12 0.11x0.08 19.0+2.1* 1t 202222

*Significantly (P<0.05) different from respective value in the control F1b
group.

tSignificantly (P<<0.05) different from respective value in the placebo group.

Significantly (P<<0.05) different from the value at day ~7 in the HGF group.

We administered HGF plasmid (800 pg per animal) to TO-2
hamsters on days 0, 7, and 14 (HGF group, n=12). We administered
empty pCAGGS to control TO-2 at similar time points (placebo
group, n=12)., We used Flb hamsters withoul any treatment as
age-matched normal control (control group, n=12). We determined
the changes in serum HGF levels on days —7, 7, and 21 using an
ELISA kit and conducted echocardiography tor cardiac function
{days —7 and 21) and pathology for cellular changes (days 21},

Echocardiography

Echocardiographic studies in each group under anesthesia were
performed with leading-edge method on days ~7 and 2122 Left
ventricular (L'V) ejection fraction was calenlated using the Pombo
formula: (EDD*—ESD?VEDDY, where EDD is end-diastolic dimen-
sion and ESD is end-systolic dimension. Cardiac output (CO) was
calculated as CO=aortic velocity time integralX(w [LV outflow
tract/2]%).2? Arterial pressure was measured with g polyethylene
catheter inserted into the carotid artery after echo-Doppler studies on
day 21. Meridional wall stress o was estimated as o=arterial
pressure X[ID/(1+PWT/ID)], where ID is internal dimension, and
PWT is posterior wall thickness.* Systemic vascular resistance
(SVR) was calculated as SVR=mean arterial pressure/CO.

Pathology and Tissue Biochemistry

Body weight and LV weight were measured on day 21. Transverse
sections of the ventricle were stained with hematoxylin-eosin and
Masson trichrome staining. Muscle fiber diameter was evaluated in
cross sections that included a nuclear prefile.2* A digital image
analyzer (Mac SCOPE, Mitani Co.) was used to calculate percent
fibrosis area. Capillary density was determined with anti-von Wil-
lebrand antibody staining.2s The hydroxyproline content of the
myocardium was measured according to the method described by
Green and Reagan.®® Matrix metalloprotease-1 (MMP-1) was eval-
uated by a coliagenase type I activity test kit.

Statistics

Data are presented as mean+SD. Statistical analysis between the
groups was performed by 1-way ANGVA followed by Bonferroni/
Dunn method. Differences were considered significant at P<0.05.

Resulis

Serum Levels of HGF After Electroporation

Serum HGF levels on days 7 and 21 were significantly
(P<0.03) higher in the HGF group than in the placebo and
control groups (Table). Serum HGF levels did not differ when
comparing the placebo and control groups.

Effect of HGF on Hemodynamics and

Myocardial Parameters

There were no significant differences in EDD, LV ejection
fraction, and PW thickening between the control, placebo,
and HGF groups on day —7 (Figure 1). EDD tended to
increase in the placebo group, and EDD was larger in the
placebo group than in the HGF and control groups on day 21
(Figures 1 and 2). LV ejection fraction and PW thickening
tended to decrease in the placebo and HGF groups, but were
higher in the HGF group than in the placebo group on day 21.
Thus, treatment by HGF seemed to prevent the development
of systolic dysfunction in cardiomyopathy.

Doppler echocardiography revealed higher peak and
steeper deceleration of the peak early diastolic filling velocity
(E wave), that is, the restrictive patiern of mitral inflow in
placebo hamster (Figure 3). In HGF hamsters, amplitudes of
E and the peak filling velocity at atrial contraction (A wave)
became similar, and E wave steepness became smaller {ie,
pseudonormalization pattern of mitral inflow was observed).

E/A ratio was greater in the placebo group than in the control
and HGF groups (Figure 3). Isovolumic relaxation time was
shorter in the placebo group than in the control and HGF groups.
Deceleration time of E wave was shorter in the placebo group
than in the control and HGF groups, and deceleration rate of E
wave or E wave amplitude divided by deceleration time of E
wave was greater in the placebo group than in the control and
HGF groups. Thus, treatment by HGF scemed to reverse LV
diastolic dysfunction in cardiomyopathy.

Mean arterial pressure ([in mm Hg] F1b 93.925.6, placebo
88.9x5.1, HGF 88.4%6.1) and heart rate ([in bpm] Fib
395426, placebo 403*28, HGF 389%+24) were similar
among the 3 groups. LV wall stress was significantly higher
in the placebo group than in the control and HGF groups
(Figure 4). CO was lower in the placebo group than in the
control and HGF groups. SVR was higher in the placebo
group than in the control and HGF groups. Thus, hemody-
namic parameters seemed to be preserved in the HGF group.
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7 80 70 Figure 1. Temporal changes in LV
dimension and systolic function mea-
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F1b Placebo

There were no differences in body weight among the 3
groups (Figure 5). LV weight/body weight ratio and LV
weight/tibial length ratio were significantly higher in the
placebo group than in the control group. Thus, the develop-
ment of LV hypertrophy seemed to be prevented in the HGF
group. However, myocardial diameter was similar among the
3 groups. Thus, this LV hypertrophy did not seem to be
derived from myofibrillar hypertrophy.

- Histological Analysis

Macroscopic imaging revealed LV cavity dilatation and
fibrosis in a heart slice from placebo hamster compared with
control Fib hamster (Figure 6). A heart slice image from
HGF hamster showed smaller LV cavity and {ess fibrotic area
compared with a placebo heart (LV internal diameter
[in mm}: control Fib 4.4, placebo 6.3 mm, HGF 4.8 mm).
Although fibrosis area was larger in the placebo and HGF
groups than in the control group, the increase was attenuated
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Figure 2. Representative echocardio-
graphic images on day 21 in each study
group. a, M-mode views, white bar indi-
cates 200 ms; (b} end-diastolic
2-dimensional short axis views, white bar
indicates 5 mm; (¢) end-systolic
2-dimensional short axis views; (d) trans-
mitral inflow patterns, white bar indicates
10 crm/s. VS indicates interventricular
septum; LY, left ventricular cavity, E,
peak early diastolic filling velocity; A,
peak filling velocity at atrial contraction.

in the HGF group (Figure 7). Tissue hydroxyproline content,
an index of fibrosis, was higher in the placebo and HGF
groups than in the control, but again, the increase was
atienuated in the HGF group. Although myocardial capillary
density was lower in the placebo and HGF groups than in the
control, the density was higher in the HGF group than in the
placebo group. MMP-1 activity was higher in the HGF group
than in the control and placebo groups. There was a negative
correlation between MMP-1 activity and % fibrosis area
(r=—0.62, #=0.39, P<0.05). There was a positive correla-
tion between MMP-1 activity and capilfary density (r=0.48,
#=0.24, P<(.03).

Discussion
The present study demonstrated that (1) serum rat-HGF levels
increased following in vivo electroporation of rat-HGF plas-
mid into the skeletal muscle of cardiomyopathic hamsters; (2)
LV systolic and diastolic functional deterioration was atten-

Figure 3. LV diastolic functional parame-
ters determined by Doppler echocardiog-
raphy on day 21 in each study group.

Fib Placebo HGF

Data are expressed as mean=3D. E indi-
cates peak early diastolic filling velocity;
A, peak filling velocity at atrial contrac-
tion; IVRT, isovolumic relaxation time;
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Figure 4. Hemodynamic parameters on

day 21 in each study group. Data are
expressed as mean=3D. MAP indicates
mean arterial pressure; o, stress.
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uated in cardiomyopathic hamsters treated with HGF, (3) the
extent of cardiac hypertrophy and fibrosis was attenuated in
cardiomyopathic hamsters treated with HGF; and (4) myo-
cardial capiliary density and MMP-1 activity were higher in
the myocardium of the hamsters treated with HGF than in that
of hamsters given placebo. HGF has been known to possess
a remarkable potential for angiogenesis. Systemic HGF might
have decreasing effects on afterload via the neoangiogenesis
and vascular dilatation. However, in the present study,
improvements in cardiac systolic and diastolic function were
achieved without reduction in arterial pressure. Accordingly,
antifibrosis effects of HGF might attenuate the progress of
cardiomyopathy.

Cardiac dysfunction of cardiomyopathic hamster is an
inherited condition2? caused by an autosomal recessive mu-

*P<0.05 vs Fib. TP<0.05 vs placebo.

T

11

Placebo HGF

tation in the gene for §-sarcoglycan.®® Although the physio-
logical consequences of the genetic defect remain unclear,
investigators have demonstrated that these animals display
calcium handling abnormalities,?® inhomogeneous capillary
flow,* and microvascular spasm.! HGF might exert benefi-
cial effects on the cardiovascular system via potentiation of
angiogenesis®' and vasodilation®? against vascular spasm and
antifibrosis action®=7 against fibrosis subsequent to calcium
overload and ischemia.

In this study, elevated levels of HGF might result in
prevention of the progress of LV systolic dysfunction, which
was measuted by echocardiography. Moreover, HGF might
reverse the impaired relaxation measured by E/A ratio and
isovolumic relaxation time and impaired LV filling measured
by deceleration time of E wave and deceleration rate of E

F- 9

Figure 5. Pathological parameters on

Fi1b Placebo HGF

day 21 in each group. Data are
expressed as mean=3D, BW indicates
body weight; LVW, left ventricular

weight, TL, tibialis length. "P<0.05
vs Fib,
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F1ib Placebo

wave, Furthermore, HGF might reverse deteriorated hemo-
dynamics. HGF might attenuate the increase in fibrosis and
hydroxyproline and the decrease in capillary density in the
myocardium of cardiomyopathy.

HGF is a potent activator of MMP-1, leading to collagen
type 1 degradation and contributing to matrix restructuring
before angiogenesis.?* In studies of Liver fibrosis,® in-
creased HGF resulted in a 2-fold increase in interstitial
MMP-1 activity and suppression of collagen deposition.
These data were consistent with our results, which demon-
strated a 2-fold increase in myocardial MMP-1 activity with
increased HGF. The negative correlations between MMP-1
activity and fibrosis area and positive correlations betwesn
MMP-1 activity and capillary density suggest that increased
HGF may exert its beneficial effects via stimulation of MMP-1.

The TO-2 cardiomyopathic hamster experiences rapid
progression of heart failure with increasing age. Ryoke et al
demonstrated that treatment of young TO-2 hamsters with
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Figure 6. Representative histological
images of myocardium in each study
group. a, Macroscopic views of ventricu-
lar slice stained with Masson-Trichrome,
black bar indicates 1 mm, inner diameter
of F1b heart was 4.4 mm, placebo heart
was 6.3 mm, and HGF heart was

4.8 mm, b, Microscopic (<200} views of
myocardium stained with Masson-
Trichrome, white bar indicates 25 pm. c,
Microscopic (X400) views of myocardi-
um stained with von Willebrand factor,
black bar indicates 25 pm.

growth hormone showed beneficial effects on cardiovascular
function, whereas treatment of older TO-2 hamsters had little
effect.? Growth hormone decreases collagen type I in the
failed heart.® If this is the case, HGF might not have
protective effects on the myocardium with advanced cardio-
myopathy in older hamsters. Thus, the beneficial effects of
exogenous HGF in our model might be dependent on a
hamster’s younger age or milder status of cardiomyopathy.
HGF decreased arterial pressure in rats.*2 SVR signifi-
cantly decreased in the HGF-treated hamsters compared with
the placebo hamsters in the present study. However, arterial
pressure did not change at al). The capillary density in the
transfected tibialis anterior muscles was greater in HGE
hamsters than in placebo hamsters in the present study
(134595 versus 1163117 number/mm?, P<0.05, n=5).
However, the capillary density in other muscles such as
gastrocnemius and quadriceps femoris muscles did not show
differences. Ditferences in the density of HGF receptors

F1b Placebo HGF

Figure 7. Histological and biochemical
parameters of myocardium in each study
group. Data are expressed as mean=3D.
*P<0.05 vs F1b, 1P<0.05 vs placebo.
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between the heart and skeletal muscles or differences in
response thresholds for systemic HGF protein might be
attributable to the observed differences in the changes in
capillary densities, and unchanged capillary density might
explain the unchanged arterial pressure. Increment in cardiac
outpul might be the primary cause of decrease in vascular
resistance. The point of the present study was the improve-
ment in cardiac systolic and diastolic function, and myocar-
dial interstitial fibrosis without significant changes in blood
pressure. Thus, antifibrotic action of HGF played an impor-
tant role in the treatment of dilated cardiomyopathy.

Previous studies have demonstrated that the use of
electroporation with a plasmid vector for interleukin (IL)-5
gene transfection resulted in a significantly elevated serum
IL-5 level that persisted for at least 3 weeks.!® Further,
electroporation of the IL-10 gene into skeletal muscle
using this vector resulted in the attenuvation of the progres-
sion of autoimmune myocarditis and a decrease in mortal-
ity.1? In the present study, we demonstrated that transfec-
tion of HGF gene into skeletal muscle resulied in systemic
delivering of HGF protein and improved myocardial func-
tion and structure in animal model of idiopathic dilated
cardiomyopathy.

Perspectives

Favorable effects of HGF on myocardial function and
structure in the experimental cardiomyopathic heart should
be used in the clinical situation. HGF gene and protein may
be effective for the prevention of the progress of idiopathic
dilated cardiomyopathy in humans and may decrease the
number of candidates for heart transplantation. Systemic
administration of HGF has risks for cancer proliferation or
deterioration of diabetic retinopathy. Heart-specific local
delivery of HGF is required for the future clinical
application.

Acknowledgments
This study was supported by a grant-in-aid for Scientific Research
11670729 and 14570709 from the Ministry of Education, Culture,
Sport, Science, and Technology of Japan and by the Program for
Promotion of Fundamental Studies in Health Sciences of the Orga-
nization for Pharmaceutical Safety and Research of Japan.

References

. Factor SM, Minase T, Cho S, Dominitz R, Sonnenblick E. Microvascutar
spasm in the cardiomyopathic Syrian hamster: a preventable cause of
focal myocardial necrosis. Circulation. 1982:66:342-354,

. Ryoke T, Gu Y, Mao L, Hongo M, Clark RG, Peterson KL. Ross J Ir.
Progressive cardiac dysfunction and fibrosis in the cardiomyopathic
hamster and effects of growth hormone and angiotensin-converting
enzyme inhibition, Circulation. 1999;100:1734-1743.

3. Matsumoto K, Nakamura T. Hepatocyte growth factor (HGF) as tissue
organizer for organogenesis and regeneration. Bicchem Biophys Res
Conuun. 1997:239:639-644.

4, Matsumoto K. Nakamura T. Emerging multipotent aspects of hepatocyte
growth factor. J Biochem Tokyn, 1996:119:591-600.

5. Yoshikawa M, Nakayama S, Chouma K. Sakai T, Abe T, Satoh K,
Matsumoto K, Nakamura T, Takahashi T, Nukiwa T, Simultaneous or
delayed administration of hepatocyte growth factor equally responses
the fibrotic changes in murine lung injury induced by bleomycin: a
morphogenic study. Am J Respir Crit Care Med. 1997,156:
1937-1944.

™

12.

22.

24.

25.

26,

1.

28,

._.99_.

. Ueki T. Kaneda Y. Tsutsui H. Nakaniski K. Sawa Y. Morishita R.

Matsumoto K. Nakamwra T. Takakashi H. Okamoto E. Fujimoto J.
Curative gene therapy of liver cirrhosis by Hepatocyte growth facior in
rats. Nur Med. 1999:5:226-230.

. Matsuda Y. Matsumoto K. Yamada A. [chida T. Asakura H, Komeriya Y.

Nishiyama E. Nakamara T. Preventive and therapeutic effects in rats of
hepatocyte growth factor infusion on liver fibrosis/eirrhosis. Hepatology.
1997.26:81-89.

. Matsumote K. Nakamura T. NK4 (HGF-antagonist/angiogenesis inhibi-

tor} in cancer biology and therapeutics, Cancer Sci, 2003:94:321-327,

. Kataoka H, Miyata S. Uchinckura S. Itoh H. Roles of hepatocyte growth

factor {HGF} activator and HGF activaier inhibitor in the pericellular
activation of HGF/scatter factor. Cancer Merastasis Rev. 2003:22:
223-236.

. Heller R, Jaroszeski M. Atkin A, Moradpour D, Giibert R. Wands J.

Nicotau C. In vivo etectroinjection and expression in rat liver. FEBS Letr.
1996:389:225-228.

. Rols MP. Delteil C, Golzio M, Dumond P, Cros §. Teissie J. In vivo

electrically mediated protein and gene transfer in murine melanoma. Naf
Biotechnol. 1998;16:168-171.

Murakami T, Nishi T, Kimurs E, Goto T, Maeda Y. Ushio Y. Uchino M.
Sunada Y. Full-length dystrophin ¢cDNA transfer into skeletal muscle of
adult mdx mice by electroporation. Muscle Nerve. 2003;27:237-241.

. Aihara H, Miyazaki J. Gene transfer into muscle by electroporatior in

vivo. Nar Biotechnot. 1998;16:867-870,

. Maruyama H, Sugawa M, Moriguchi Y, Imazeki I. Ataka K, Hasegawa §,

Ito Y, Higuchi N, Kazama JJ, Gejyo F, Miyazaki JI. Continuous eryth-
ropoietin deliver by muscle-targeted gene transfer using in vivo electro-
poration, Hum Gene Ther. 2000:11:429-437,

. Li S, Benninger M. Applications of muscle electroperaticn gene therapy.

Curr Gene Ther, 2002;2:101-105,

. McMahon JM. Wells DJ. Electroporation for gene transfer to skeletal

muscles : current status. BioDrugs. 2004;18:155-165.

. Watanabe K, Nakazawa M. Fuse K., Hanawa H, Kodama M, Aizawa Y,

Ohnuki T. Gejyo F, Maruyama H, Miyazaki. Protection against auto-
immune myocarditis by gene transfer of interleukin-10 by electropo-
ration, Circrlation, 2005:104:1098~1100.

. Tokui M, Takei I Tashiro F. Shimada A. Kasuga A, Ishii M. Ishii T,

Takatsu K, Saruta T, Miyazaki ). Intrasnuscular injection of expression
plasmid DNA is an effective means of long-term systemic delivery of
interleukin-5. Biochem Biophys Res Commun. 1997:233:527-531.

. Nakanc A, Matsumori A, Kawamoto 5, Tahara H, Yamato E. Sasayama

S. Miyazaki JI. Cytokine gene therapy for myocarditis by in vivo elec-

.treporation. Hum Gene Ther. 2001;12:1289-1297,
, Adachi O, Nakano A, Sato O, Kawamoto S. Tahara H., Toyoda N.

Yamato E, Matsumori A, Tabayashi K, Miyazaki }. Gene transfer of
Fe-fusion cytckine by in vivo eleciroporation: applicaticn to gene therapy
for viral myocarditis. Gene Ther, 2002;9:577-583,

. Li Y, Takemura G, Kosai K, Yuge K. Nagano S, Esaki M, Goto K.

Takahashi T, Hayakewa K, Koda M, Kawase Y, Maruyama R, Ckada H.
Minatoguchi 8, Mizuguchi H, Fujiwara T, Fujiwara H. Postinfarction
treatment with an adenoviral vector expressing hepatocyte growth factor
relieves chronic left ventricular remodeling and dysfunction in mice.
Circulation. 2003:107:2499 -2504.

Devereux RB, Lutas EM, Casale PN, Klingfield P. Eisenberg RR.
Hammond IW, Miller DH, Reis G, Alderman MH. Laragh JH. Standard-
ization of M-mode echocardiographic left ventricular anatomic mea-
suremenis. J Am Coll Cardiol, 1984,4:1222-1230,

. Cittadini A, Grossman J, Napoli R, Katz SE, Stromer H, Smith RJ, Clark

R, Morgan JP, Douglas PS. Growth hormone attenuates early left ven-
tricular remodeling and improves cardiac function in rats with large
myocardial infarction. S Am Colt Cardiol. 1997:29:1109-1116.
Douglas PS, Tallant B. Hypertrophy, fibrosis and diastolic dysfunction in
carly canine experiment hypertension. J Am Coll Cardiel, 1991:47T:
530-536.

Kohmoto T, DeRosa CM, Yamamoto N, Fisher PE, Failey P, Smith CR,
Burkhoff D. Evidence of vascular growth associated with laser treatment
of normal canine myocardium, Asn Thorae Surg. 1998;65:1360-1367.
Green GD, Reagan K. Determinaticn of hydroxypreline by high pressure
liquid chromatography. Anal Bivchem. 1992;201:265-269.

Bajusz E, Hereditary cardiomyopathy: a new disease model. Am Heqrt J.
1969;77:686-696.

Sakamoto A, Ono K, Abe M, JasminG, Eki T, Murakami Y, Masaki T,
Toyo-oka T, Hanaoka F. Both hyperirophic and dilated cardiomyopathies
are caused by mutation of the same gene, §-sarcoglycan, in hamster: an



30.

3l

Komamura et al

animal mede] of disrupted dystrophin-asscciated giycoprotein complex,
Proc Nutl Acad Sci U § A. 1997:94:13873-13878.

. Keller E. Moravec CS. Bond M. Altered subceflular Ca® regulation in

papiltary muscles from cardiomyopathic hamster hearts. Am J Physiof.
1993:268:H1875-H1883.

Figutla HR. Vetterlein F, Glaubitz M, Kreuzer H. Inhomogensous cap-
illary flow and iis prevention by verapamil and hydralazine in the car-
diomyopathic Syrian hamster. Circulation. 1987:76:208-216.

Van Belle E. Witzenblichler B, Chen D. Silver M. Chang L. Schwall R.
Isner JM. Potentiated angiogenic effect of scatter factor/hepatocyte
growth factor via induction of vascular endothelial growsh factor; the case
for paracrine amplification of angiogenesis. Circulation. 1998:97:
381-390.

. Yang R. Bunting S. Ko A. Schwall R, Jin H. Hemodynamic effects of

scaeter factor in conscious rats. J Cardiovase Pharmacol. 1997:30;
294 -301.

HGF Gene Into Skeletal Muscle in Cardiomyopathy

33.

34.

35.

—-100-

371

Fujichi Y. Nagakawa O, Murakami K. Fuse H. Saiki 1. Effect of
hepatocyte growth factor on invasion of prostate cancer cell lines, Oncol
Rep. 2003:10; [001-1G08,

Taniyama Y. Morishita R, Nakagami H, Moriguchi A. Sakonjo H.
Shokei-Kim, Matsumoto K, Nakamura T, Higaki J. Ogihara T. Potential
contribution of a novel antifibrotic factor. hepatocyte growth factor. to
prevention of myocardial fibrosis by angiotensin Il blockade in cardic-
myopathic hamsters. Circulation. 2000:102:246-252.

Matsuda Y. Matsumoto K. ichida T. Nakamaura T. Hepatocyte growth
factor suppresses the onset of liver cirrhosis and abrogates lethal hepatic
dysfunction in rats. J Biechenm. 1995;118:643-649.

. Grimm D. Cameron D, Griese DP, Riegger GA, Kromer EP. Differential

effects of growth hormone on cardiomyocyte and extracellular matrix
protein remodeling following experimental myocardial infarction. Car-
diovase Res, 1998:40:297-306.



Original article 1119

Genetic analysis of 22 candidate genes for hypertension in

the Japanese population

Naoharu lwai, Naomi Tago, Naomi Yasui, Yoshihiro Kokubo, Nozomu Inamoto,

Hitonobu Tomoike and Keisuke Shioji

Objective We performed association studies between 118
single-nucleotide polymorphisms (SNPs) of 22 candidate
genes (or gene family) and hypertension in a Japanese
population.

Design and participants The study population consisted
of 1880 subjects representing the general population in
Japan, recruited from the Suita study. The candidate genes
were selected based on their functions, including insulin
resistance (APM1, CD36, HSD11B1), oxidative stress
(CYBA, GPX1, GSTMs), steroid hormone (ESR1, ESR2,
HSD11B2), renal functions (PTGS2, KLK1, NPHS1, NPHS2,
SGK, SLC1241, PTGES), and others related to
cardiovascular physiclogy (GJA4, NOST, NTRK3, P2RX4,
SPP1, ALDH2).

Results Multiple logistic analyses, with age and body mass
index as covariates, indicated that 13 SNPs {eight genes},
six SNPs (four genes) and 11 SNPs (four genes) were
associated with hypertension (P < 0.05) in the total, male,
and female populations, respectively. PTGS2 seems to be
a promising candidate gene for hypertension in men.
GSETM3 and SLCT2A7 seem to be promising candidate
genes for hypertension in women, Especially, a
polymorphism in SLC12A1 was significantly associated
with hypertension in women even after correction by the
Bonferroni method (corrected P =0.0236). Multiple logistic

Introduction

Interactions between genetic and environmental factors
are thought to play key roles in the pathogenesis of
hypertension. The use of association studies in large
. epidemiological cohorts with a large number of single-
nucleotide polymorphisms. (SNPs) throughout a single
gene or throughout the entire genome is expected to
be a new strategy for identifying genes that contribute
to hypertension [1,2].

However, recent genome-wide linkage scans for hyper-
tension have found limited evidence of genes that
determined hypertension [3,4]. This genome-wide scan
strategy is largely dependent on the assumption that
common diseases are explained by a combination of
common disease alleles. In the current debate about
alleles for common diseases, such as hypertension and
diabetes, there are two extreme hypotheses: the com-
mon disease/common allele hypothesis and the com-

0263-6352 @ 2004 Lippincott Williams & Wilkins

analyses, with age and body mass index as covariates,
indicated that the prevalence of hypertension in fermales
was significantly higher in subjects with the CC genotype
than in those with the TT + TC genotypes (P < 0.0001, odds
ratio = 1.967, 95% confidence interval = 1.430-2.712).

Conciusion Although the present resulis shouid be
replicated in other study populations for confirmation, the
present results suggest that SLC12A7 may contribute to
hypertension in Japanese women. J Hypertens 22:
1126-1126 © 2004 Lippincott Williams & Wilkins.
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mon disease/rare allele hypothesis [5,6]. The failure of
the genome-wide scan strategy secems to support the
common disease/rare ailele hypothesis {7].

On the other hand, we have confirmed that the
ALDH?2 genotype significantly influenced the blood
pressure level in Japanese men by influencing alcohol
intake [8]. The rare allele frequency of ALDHZ2 is
about 0.3, and this may be an example of the common
disease/common allele hypothesis. It is possible that
the blood pressure level is influenced mainly by a large
number of younger and more population-specific al-
leles. We think it is still worth pursuing the candidate
gene approach based on the common disease/common
allele hypothesis in Japanese, who comprise a relatively
homogeneous population.

Another possible reason for the failure of genome-wide
scans for hypertension may be a lack of statistical

DOI: 10.1097/01.4jh.0000125407.50839,5¢
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power. The odds for hypertension alleles might be less
than expected, and the number of subjects needed for
clear detection of an association might be much greater
than expected. If so, just a single study that considers
even several thousand subjects might not be enough to
give a firm conclusion and, as advocated by several
researchers, meta-analyses might be required [9].

Moreover, the recent development of high-thronghput
technology in genotyping enables us to determine
hundreds of SNP genotypes in thousands of subjects in
a reasonable time, and has led to the problem of
multiple testing. Since Bonferroni correction seems to
be impractical, we should alternatively perform re-
peated testing in other study popuiations. Thus, any
single study that considers just a few thousand subjects
may not be enough for a clear conclusion and should be
viewed as providing only tentative results,

In the present study, we performed association studies
between 118 SNPs of 22 candidate genes (or gene
family) and hypertension. We found that several SNPs
were significantly associated with hypertension (P <
0.05), and one SNP in SLCi2Al was significantly
associated with hypertension in females even after
Bonferroni correction. We hope the present results may
be useful in other genetic epidemiological studies on
hypertension.

Materials and methods

Study population

The selection criteria and design of the Suita Study
have been described previously [10,11], The sample
consisted of 14200 men and women (30-79 years of
age), stratified by gender and 10-year age groups, who
had been randomly selected from the muricipal popu-
lation registry. They were all invited, by letter, to
attend regular cycles of follow-up examination {(every
2 years). We routinely check up 10-15 participants per
day. DINA from leukocytes was collected from partici-
pants who visited the National Cardiovascular Center
between April 2002 and February 2003. All of the
participants were Japanese, and only those who gave
written informed consent for genetic analyses of cardio-
vascular diseases were included. The genotype was

determined in 1880 consecutive participants. The
ethics committee of the National Cardiovascular Genter
approved the study protocol.

Blood pressure was measured after 10 min of rest in a
sitting position. Systolic blood pressure and diastolic
blood pressure values were the means of the two
physician-obtained measurements (recorded > 3 min
apart). Physicians obtained detailed personal medical
information (past history, present iliness, medication,
etc.) directly from the participants of the Suica Study.

The characteristics of the subjects analyzed in the
present study are summarized in Table 1. The diag-
nosis of hypertension was based on blood pressure
measurement (systolic blood pressure 2 140 mmHg or
diastolic blood pressure = 90 mmHg), the current use
of antihyperiensive medication, or the diagnosis of
family doctors.

Selection of candidate genes and polymorphisms

The selection of candidate genes was based on their
physiclogical functions, as summarized in Table 2 [12-
37]. Polymorphisms of the 11 genes were selected from
the JSNP database [38] (hup:/fsnp.ims.u-tokyo.ac.jp/).
We tried to select polymorphisms to cover an entire
gene at an even spacing of 10-20 kb. We screened for
polymorphisms of the genes indicated in bold in Table
2 (11 genes) by sequencing the promoter and all of the
exons in 48-96 subjects. We identified 125 polymorph-
isms in these 11 genes. The sequence and polymorph-
isms data are available upon request. The sequences of
polymerphisms genotyped in the present study but not
described in the JSNP and NCBI databases are pre-
sented in Table 3.

In a single gene, the degree of linkage disequilibrium
among SNPs with frequency > 0.15 was calculated
using the SNPAlyze statistical analysis package (Dyna-
com, Yokchama, Kanagawa, Japan). When the R-square
value of linkage disequilibrium was more than 0.25, the
SNPs were categorized into a single group. At least one
representative SNP from each group was included in
the genotyping. Generally, rare SNPs (< 0.15) were not
included in the analysis, except for missense, promoter,

Table1 Characteristics of the study population
Male Female P

n a67 1013

Age (years) 66.31 (11.05) €3.33 (11.02) < (.000t
Body mass index (kg/m?) 23.22 (0.10) 22,30 {0.10) < 0.0001
Systolic blood pressure {mmHg} 134.8 (19.4} 128.1 (19.7) < 0.,0001
Diastolic blood pressure {mmHg} 79.7 (10.7) 76.6 (9.8) < 00,0001
Prevalence of hypertension (%) 459 37.2 < 0.0001
Prevalence of antihypertensive treatment (%) 27.3 22.7 0.02¢7
Pravalence of subjects with myocardial infarction (%) 2.1 0.5 0.0016
Prevalence of subjects with cersbrovascular accident (%} 3.6 1.4 0.0018

2Data presented as mean (standard deviation).
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Table 2 Gene functions for candidate genes

Function Gene Reference
Insulin resistance APM1 (adipanectin) {12]
Cb3g - (13}
HSD11B1 [14]
Qxidative stress CYBA (p22-PHOX) [15]
GPX1 (glutathione peroxidase 1} [18,17]
GSTMs (glutathione S-transferase} [16,18]
Steroict ESR1 (estrogen recepfor alfa) [19]
ESR2 {estrogen receplor beta) [20,21]
HSD11B2 f22}
Renal functions PTGS2 (cyclooxygenase?) [23]
KLK1 (kallikrein1) [24]
NPHS1 {nephrin) {25]
NPHS2 {(podocin) f26]
SGK1 [27]
SLC12A1 (NKCC2) [28]
PTGES [29}
Miscellancous GJIA4 [connexin37) [30,31]
NOS1 [32]
NTRK3 [33]
P2RX4 a4}
SPP1 (osteopontin) [35,36]
ALDH?2 [37]

Polymorphisms in the genes in bold were screened by sequencing.

or possibly functional mutations. We determined the
genotypes of 118 SNPs of the 22 candidate genes in
1880 subjects. Polymorphisms were determined by the
TaqMan method. The number of vndetermined sam-
ples due to experimental error was less than 30 (1.6%).
The details of primers and probes will be provided on
request.

Statistical analysis

Values are expressed as mean £ standard deviation. All
statistical analyses were performed with the JMP
statistical analysis package (SAS Insticute, Inc., Cary,
North Carolina, USA). Multiple logistic (presence or

Hypertension association study in Japanese lwai efal. 1121

absence of hypertension) and regression {blood pressure
value) analyses were performed to assess the contribu-
tion of each genotype to hypertension, with age and
body mass index (BMI) as covariates, We included
BMI as a covariate because our preliminary assessment
indicated that none of the genotypes seemed to influ-
ence blood pressure levels by affecting BMI levels,
The systolic blood pressure and diastolic blood pressure
values of subjects with antihypertensive medication
were corrected by simply adding 10 or 5 mmHg, re-
spectively, as advocated by Cui ¢ a/. [39]. To prevent
false-positives caused by multiple testing, the P value
was corrected by the Bonferroni method. Statiscical
power was calculated by the Sample Power software
package {SPSS Inc., Chicago, Titinois, USA).

Results

Tables 4 and 5 summarize the results of the association
study. The SNP-ID indicates the SNP identification
number in the JSNP database [38] (http://snp.ims.
u-tokyo.ac.jp/) or the NCBI database, If the polymorph-
isms are not described in these databases, the se-
quences around the SNP are presented in Table 3. We
determined the genotypes of 118 SNPs of the 22
candidate genes in 1880 subjects.

We performed multiple logistic analyses with age and
BMI as covariates. We observed significant assoctations
(P < 0.05) in 13 SNPs of eight genes (APMI, PTGSZ,
CYBA, GSTMs, NOSI, SLCI2A1, PTGES, ALDHZ2) in
the total population, in six SNPs of four genes (APM{,
PTGS2, NPHS!I, ALDHZ) in the male population, and
in 11 SNPs of four genes (GSTMs, NOSI, SLCIZAT,
PTGES) in the female population. The ALDH2Z geno-
type appeared to affect blood pressure levels in men in

Table 2 Sequences of the polymorphisms not described in the database

Sequence

SNP number®  Gene Region
14 CYBA &' region
15 & region
16 Exon 4(H>Y)
17 Exon 6(A > V)
19 ESR1 Intron §
23 ESR2 §‘ ragion
25 B’ region
28 Intron 4
28 Exon 8(A > V)
30 GJA4 5° region
95 SGEK 5’ region
a8 SLC12A1 B’ region
99 Exon 4b{G > C)
160 Intron &
101 Exon &
104 Exon 17.1(A > V)
105 Exon 17.2(A >V}
107 Intron 21
109 3’ region
110 PTGES 5’ region
111 5’ region
112 &' region
143 Exon 2
115 SPP1 5’ region

atggggaatasaccageatt{g/alctgoctcoggectceguagt
tetgagigaccotggeacetlc/gltcagggagtceaggtgtace
cetececcaggggacagaagli/clacatgacegeegiggtgaag
cgtgtctagigtgtegggte [asgitttoctigeatiiceteatt
caaaticacagaaagctaaglg/alataactitctgetagacatt
catctttggagectgteticla/glttaceigtggaccteatett
aacgegaaaggocttcceag[t/clgacetettgagagotgagaa
tatggigagtgetigettocie/t]itcttattgaatatgggoct
tgacageagecggaageiggle/tteactigetgaacgeegtga -
caaggagtccatgggaattg[c/tlitaatggectetgatigtgt
tggtaacttgtaactgecegle/ltcegggeccagtegecgtge
gelactcagacaactggaaali/clcacttaaategtticttata
gtottggtgtgattatcate[c/glgettagoegtgacagtgact
tcaaaaatgatattatcaac(a/t]gtggetggtcaggicctgaa
gattttgagggatgaacaggla/glgtitgcogacaggacaaaga
ggagatgaacagtggeatgglc/tl gaaaaaacaggc/tlctgget:
tggeatgglc/tlgaraaaacagalc/tl ctggettataaagaacaaaa
citccatttagatatactc(a/t] ttigtgtcataaatttattct
gatatgcaaacetotggagalg/tlgatoctaccagattetacat
ctgaagagtcagtitgatagg[t/alctitcggggagatcitgtga
ggatagtcaagtgatgctealg/algaagicagtggagecacgtg
aggctgagtgtgggggegeali/clggegtggitcicatgoecac
ataaaagcagagacaggggglg/afcctittcatggtgagetace
gtaaaggacagaggcaagitft/c] tctgaactcettgeaggett
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Table 4 Associations between single-nucieotide polymorphisms (SNPs} and hypertension

8NP number  Gene Region SNP identification MIAF Toal Male Female
1 APM1 5" region IMS-JST118935  0.4757 01678 08656  0.1298
2 5 region IMS-JST046207 04663 04888 09883 03781
3 Intron 1 IM3-JSTO13728  0.2700 06051 05559  0.3983
4 Intron 1 IMS-I8T129672 02899 | 0.0286 | 00010 | 04333
5 CD36 5 region IMS-JSTO05702 02008  0.8586 09800 05972
6 Exon3(P>3)  IMSJST119289 00391 03938 09479 02803
7 Intron 4 IMS-ISTOB8751 02071 01928  0.2112  0.2479
8 Intron 7 IMS-IST166447 04318 03157 03659  0.7379
9 Intron 9 IMS-IST184511  0.1636 _ 09527 0.7744 08048
10 PTGS2 5 region 15689466 0.4490 [_0.0100 | 00225 | 01894
1" 5 region r$4987005 0.0163 00669 | 0.0297 | 06340
12 Intron & rs20431 00173 00508 | 0.0350 | 0.6386
18 Exon 10(G >R} 53218625 00143 01894 (0796 08317
14 CYBA 5' region geattlg/alctgec 0.4569 0.2414 0.4197 05102
15 5 regicn cacct(c/glteagy 0.2543 07713 0.8325 02820
16 Exon 4(H>Y)  ageaglt/clacaty  0.0861 04111 0.1590
17 Exon8(A >V}  gogicla/gittce 0.1708 02647  0.7147 01414
18 ESR1 Exon 1 r32077647 03973 02810 03706 05837
19 Intron 6 ctaaglg/a)ataac 0.2723 0.1361 0.5365 0.1422
20 intron 6 152207396 01833 05752 06552  0.6206
21 Intron 6 rs074276 03174 06657 09274 05322
22 Exon 8 rs2228480 0.1598 05641 0.2420  0.4508
23 ESR2 §' ragion tettela/glttace 0.0040 0.6038 0.8164 G.3677
24 5" region 151271572 03951 08373  0.8404 05775
25 5’ region cccaglt/clgacet 0.0707 0.9105 0.9455 0.5383
28 Intron 4 cttcelo/tatt 00676 01458  0.5673  0.2849
27 Exon 6 rs1266049 02858 05447  0.6674 07753
28 Exon8(A>V)  gotggleiteact 0.0040 08656  0.2664 04598
29 Intron 8 13944650 03535 02212 02979 05853
30 Gind B’ region aattgfc/ijttaat 0.0784 0.5993 0.1556 03101
31 Exon 1 IMS-JSTOB4084 00392 04192 08472 03744
a2 Exon 2(P > 8) ts1764391 0.0392 0.8027 0.9137 0.9074
33 Exon 2 IMS-ISTOB4085  0.2465 04616 02126 09285
34 Exon 2 IMS-JST084087  0.4922 06470 04609  0.8040
36 Exon 2 IMS-ISTO84089 00875  0.8453  0.8079  0.8946
36 3" UTR (MS-JST181134 03159 05127  0.8310 02432
37 GPX1 &' ragion rs3611699 00659  0.4431 0.1643  0.9011
38 3 UTR 151050614 06607 03619 DO2A30 06608
39 GSTMs  GSTM2 IMS-ISTO09839  0.2534 06062  0.6633  0.7436
40 GSTM2 55j0002173 02106 05262 05042 08002
a1 GSTM1 $8j0002162 00171 08937 07608 07656
42 GSTMS IMS-JST107445 03031 009036 07949 _ 0.0522
43 GS8TMS IMSSTO51979  ©0.3092  0.0635  0.6336
44 GSTMS IMS-J5T123183 00171 _ 09372 08146 _ 0.8008
45 GSTMS(1 >V} rs7483 0.2338 0.5206
46 GSTM3 $8j0004679 0.0803 05347  0.6759  0.2162
a7 GSTM3 rs4970777 0.1808 _ 0.1850  0.4892 _ 0.1974
48 GSTM3 rs4970737 0.3030 0.3869
49 GSTM3 IMS-JST030783 02088  0.1031 05882 01329
50 HSD11B1 5 region IMS-JST106466 03091 08976  0.1461 0.0919
51 Intron 3 IMS-STO17378 04883 08315 07118 03568
52 3 region IMS-JST119354 01517 01049 00518  0.9412
58 HSD11B2 5 region IMS-JSTO86125  0.0431 07035 (08597 04278
54 5" region IMS-IST141629 00280 09417  0.7118  0.9076
55 3 region IMS-JSTO26569  0.0067 06187  0.9140 04747
56 3’ region IMS-ST095004 00066  0.7024  0.1532  0.4411
57 KLK1 5' region IMS-JSTO96981  0.2993  0.2143 00874  0.4764
58 5 region IMS-JST096980  0.4116 03146 05122 - 03937
59 Exon3(K>E)  IMS-JST179917 05000 04179 04582 07785
60 Exon 4 IMS-JST179923 02104  0.1876 06797  0.1727
61 NOS1  Intron 1 IMS-J5Ti38598  0.4103 03265  0.2771 0.6057
82 Exon 2 IMS-JST092495 00111 07115 0.7488  (.7506
63 intron 2 IMS-JST188690 01059  0.2894  0.1066  0.4500
64 intron 9 IMS-JSTO46030 02165 01786  0.3236  0.2542
66 Intran 11 IMS-)5T092494 03813 07765 04384  0.0560
66 Exon 18(H > E}  IMS-IST044454 04745  0.0845  0.3591 0.0918
67 Intron 21 IMS-JST092492 04485 0.8571
68 Exon 22(0 > E}  IMSJST092480 03343 02888  0.2769  0.2173
69 Intron 26 IMS-ISTO67032  0.0950  0.0861 0.1808 _ 0.4326
70 Exon 29 IMS-JST092487 03468  0.1891  0.3431
71 Exon 29 IMS-JST092488 01577 01713 05560 02463
72 NTRK3  Intron 2 IMS-JST060131 01061 01434 00536  0.1955
73 ntron & IMS-ISTO03765 04882 00896 03267 02779
74 Intron 7 IMS-JSTO27106 03334 08106  0.2451 0.9008
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Table 4 (continued}

Hypertension association study in Japanese iwai et a/.

SNP number  Gene Region SNP identification MIAF Total Male Female
75 Intren 7 IMS-)STU74565 0.0200 0.2305 0.6732 0.1880
76 Intron 9 IMS-J5T074567 0.1170 0.8780 0.7848 0.6653
77 Intron 10 IMS-JST003766 0.1554 0.7835 0.89758 0.7279
78 3’ region IM8-JST162236 0.0200 0.8864 0.9709 0.9492
79 NPHS1 5’ region IMS-JST000540 0.3027 0.5011 0.6841 0.4869
80 Exon 17 IMB-1ST000542 0.0902 0.8533 0.2634 0.6816
81 Intron 23 IMS-JST033886 0.2098 0.4624 0.8432 0.3298
82 Exon 26 IMS-ISTO06 746 0.3489 0.9327 0.7133 0.8110
83 3’ region IM3-JSTO06747 01336 0.2724 0.0859
84 NPHS2 9’ region IMS-JST173815 0.0290 0.9180 0.4439 03013
a5 Intron 1 IMS-15T119740 0.4057 0.8105 0.7570 0,7107
86 Exon 2 IMS-J8T0841687 0.1929 0.8459 0.8245 0.9823
87 Intron & IMS-ISTO70550 0.4510 0.3169 0.3703 0.6305
88 Exon 8 IMS-IST070547 0.4835 0.0996 0.7771 0.0713
89 3’ region IMS-JSTO70542 0.0398 0.5084 0.3005 0.9683
jelod P2RX4 5’ region IMS-ISTO67157 0.3249 0.5864 0.6234 Q9197
91 Exon 2 {MS-JST080855 0.0030 0.8627 0.,7347 0.6311
92 Exon & IMS-IST103166 0.3270 0.6228 0.8004 0.8445
93 Exon 7(S > G} IMS-)ST060854 0.3404 0.2644 0.1926 0.3774
94 Intron 10 IMS-JST006649 0.3003 0.5622 0.14356 0.9814
95 SGK1 5 region gecegleiltesgg 04117 0.4923 0.5774 0.7950
98 9’ region rs1 743963 01349 0.4554 0.6560 0.3670
87 Exon B rs1057283 0.1874 0.2368 0.5027 0.4345
98 SLC12A1 5’ region ggaaalt/clcactt 0.4153 0.0943 0.1137 0.3442
ag Exon 4b(G > C) tcatclc/glgetta 0,0004 0.7037 0.7859 0.9902

100 Intron 6 tcaacia/tlgtgge 0.0197 0.4177 0.7791 0.2173

101 Exon @' acaggla/glgtit 04090  0.193% 0.3181 0.2212

102 Intron 12 IMS-JST027033 0.3959 0.0035 0.1659 0.0062

103 Intron 14 IMS-JST043660 0.4727 0.0018 0.5018 0.0001

104 Exon 17.1(A>V) catgalc/t]gaaaa 0.0182 0.9617 0.8512 0.8230

108 Exon 17.2(A >V} acagglc/tctgge 0.0570 0.4996 0.2428 0.7820

106 Intron 17 rs1484661 00339 08743 0.9643 0.6351

107 Intron 21 tacic[i/ajtigtg 0.4356 0.0026 0.6045 0.0004

108 Intron 24 IMS-JST043662 0.4619 0.0017 0.1261 0.0103

109 3’ region ggagalg/tlgatec 0.1758 0.0285 0.5875 0.0034

110 PTGES 5" region ataggl[t/alctitc 0.0168 0.0304 0,3226 0.0191

111 &' region getealg/algaagt 00514 08174 0.8930 0.8084

112 5 region gegealt/clggegt 0.1658 0.7751 0.6527 0.9394

113 Exon 2 ggggglg/alccit 0.2130 0.5208 0.6257 0.3385

114 Exon 3 rg2302821 0.4263 0.3687 0.2954 0.8111

115 SPP1 8’ region 132853744 0.2317 0.3138 0.3624 0.7890

116 5" region aagttft/cltctga 0.4199 0.8768 0.3438 0.5640

117 Exon & rs1126616 0.3353 0.3424 0.2027 0.6750

118 ALDH2  Exon12(E>K)  rse71 0.2832 [ 00476 | 00160 | 0.6085

MIAF; minor allele frequency. SNP identification was obtained from the JSNP home page (hitp://snp.ims.u-tokyo.ac.jp/) for
IMS-IST wooox' or 'ss o', or from the NCBI home page (hitp:/iwww.ncbinkm.nib.gov/) for ‘rs xxooed. Polymerphisms
not describad in these databases are prasented in Table 3. P values were obtained by logistic analysis with age and body

the present study, and this confirmed our previous
observation (the present sample was coliected in 2002,
and previous samples were collected in 1996-1998).

Three SNPs of PTGS2 were significantly associated
with hypertension in men (Tables 4 and 5). Three
SNPs of GSTM3 were significantly associated with
hypertension in women (Tables 4 and 5).

The most striking associations were gbserved between
SLCIZAI SNPs and blood pressure levels in women,
Logistic analysis indicated that the genotype of
SLC1241, IMS-JST043660, predicted the presence
of hypertension in females (P = 0.0001 with age and
BMI as covariates, and P =0.0002 with only age as
a covariate). Moreover, the genotype of SLCI2A1,
IMS-]ST043660, was significantly associated with
hypertension in females even after correction by the

Bonferroni method (P = 0.0001 X 118 (SNP number) X
2 (gender) = 0.0236).

The effects of this genotype on other phenotypic
variables are presented in Table 6. Since the distortion
of pressure recordings by antihypertensive treatment
has been suggested to obscure underlying genetic
effects [39], we added 10 and 5 mmHg, respectively, to
systolic blood pressure and diastolic blood pressure
values of treated subjects for correction.

The CC genotype had higher residuals of systolic blood
pressure after adjusting for age and BMI (£ = 0.0173).
Multiple logistic analyses, including age and BMI as
covariates, indicated that female subjects with the CC
genotype had significantly higher prevalence of hyper-
tension (P < 0.0001, odds ratio = 1.967, 95% confidence
interval = 1.430-2.712) and antihypertensive medica-
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Table 5 Candidate single-nuclectide polymorphisms (SNPs) and frequency of hypertension

SNP number  Gene Gender Major Hetero Minor P
4 APM1 Male 195/446 (43.72) 1767342 (51.486} 26/76 (34.21) Q.0010
Female 197/517 (38.10) 149/410 (36.34) 28/89 (34.15) 0.4333
10 PTGS2 Male 108/262 (41.60) 188/420 (44.76) 97/177 (54.80) 0.0225
Female 110/312 (35.26) 176/485 (36.91) 81/107 (75.70) 0.1894
11 Male 376/833 (45.14) 18/27 (66.67) 0.0297
Female 860/975 {(36.92) 13/34 {38.24) (.8340
12 Male 377/832 {(45.31) 20/31 (64.52) 0.0250
Female 359/671 {36.97) 13/34 (38.24) 0.6386
16 CYBA  Male 310/697 (45.77) 71/152 {46.71} 6/7 (85.71) 01111
Female 312/862 {36.19) 52/126 (41.27) 8/14 (57.14) C.1590
43 GSTMs Male 190/408 {46.57) 170/372 {45.70) 38/86 (44,19} 0.6336
Female 199/492 (40.45} 143/420 (34.05) 32/98 (32.65) 0.0425
45 Male 248/522(47.51) 121/279 (43.37) 25/58 (43.10) 0.6206
Female 237/586 (40.44) 114/353 (32.20) 21/60 (35.0) 0.0094
48 Male 197/417 (47.24) 160/355 (45.07) 25/83 (42,17) 0.3869
Fermnale 202/493 (40.97) 130/401 (32.49) 33/99 {35.33) 0,0063
67 NOS1 Male 125/269 (46.47) 202/428 (47.20) 67/160 (41.88} 0.6571
Female 105/293 (35.84) 197/485 (40.62) 105/293 (35.84) 0.0207
70 Male 178/368 (48.37) 167/485 (43.38) 44/98 (44,90) 0.3431
Female 149/414 (35.99) 183/456 (40.13) 34/120 (28.33) 0.0397
83 NPHS1 Male 280/641 (43.68) 103/203 (50.74) 11/18 (6B.75) 0.0335
Female 984/758 (37.47) 85/227 (37.44} 2/18 (11.11) 0.0859
110 PTGES Male 376/811 {46.36) 12/34 (35.29) 1/1 {(100) 0.3226
Female 364/966 (37.68) 4/22 (18.18) 0.0191
118 ALDH2 Male 220/443 (49.66) 151/348 (43.39) 22/67 (32.84) 0.0160
Female 193/620 (37.12) 149/381 {30.11} 29/93 (31,18} 0.6085

The frequencies of hypertensive subjects according to genotypes are described as number of hypertensive subjects/total
number of the subjects (percentage of hypertensive subjects). £ values were obtained by logistic analyses with age and

body mass index as covariates.

"Table 6 Phenotype and genotype relationship in SLC1247

Male Female
T TC cC P 1T TC cC P

n 191 428 250 209 525 266

Age (years) 66,9 (11.0) 66.3 (11.1) 65.8(11.1) 0.5983 63.2 (11.3) 63.8{11.2) 62.5 (10.4) 0.2566
Bady mass index {kg/m?} 23.3 (2.9 23.2 (3.2} 23.2 (2.7) 0.931% 22.3 (3.1) 22,3 (3.2) 22.3(3.2) 0.8887
Systolic bload pressure (mmHg) 1322 (18.2)  132.0(19.7) 131.1{19.9) 08129 1266(189) 127.9(189} 129.6(21.8) 0.2274
C8BP (mmHg) 134.5(19.68} 154.9{21.8) 133.9(222) 0.8427 128.2(20.6) 130.3(20.8) 132.2(23.7) 0.1341
ResCSBP (mmHg) -0.5{18.5) 0.4 (20.1) -0.3 (20.1) 0.8243 -2.0(18.6) —-05(17.9) 2.6 (20.2) 0.0173
Diastolic blood pressure (mmHg} 795 (11.1)  79.8(10.7)  79.7(104} 0B82% 75.6 (90.8) 76.6 (9.3} 77.4 (10.7)  0.1154
CDBP {mmHg) 80,6 (11.8) 81.2(11.8) 81.1 (11.0} 0.7409 76.4 {10.3) 77.8 (10.0) 78.7 (11.4) 0.0534
ResCDBP (mmHg) —0.5 (10.8} 0.2{11.0) 0.0 (10.8) 0.7539 -1.3 (10.0) 0.0{9.8) 1.4 (11.0} 0.0296
Pravalence of hypertension (%) 485 48,7 46.4 0.7409 306 36 45.1 0.0032
Pravalence of antihypertensive treatment (%)  23.6 28.9 27.6 0.3822 1741 23.4 265.9 0.0521

CSBP; systolic blood pressure values of subjects with antihyperiensive treatment were corrected by adding 10 mmHg, CDBP; diasialic blaod pressure values of treated
subjects were corrected by adding 5 mmHg, ResCSBP; residuals of CSBP after adjusting for age and body mass index; ResCDBP; residuals of CDBP after adjusting

for age and body mass index.

tion (P =0.0224, odds ratio =1.512, 95% confidence
interval = 1,058-2.153) than those with the TT + TG
genotypes. The sample power of the association be-

tween this polymorphism and hypertension was calcu-
lated as 86% (alpha = 0.05).

We performed haplotype analyses in SLCI2AZ. How-
ever, the most significant association was observed with
the single genotype IMS-JSNP043660. This poly-
morphism is located in the polypyrimidine-rich tract
near a splicing acceptor site {not shown).

Discussion
In the present study, we performed a large-scale

association analysis between 118 SNPs of 22 candi-
date genes and hypertension.. We found that several
polymorphisms significantly affected the blood pres-
sure level with a classical criterion of P < 0.05. How-
ever, when we applied the Bonferroni method to
cortect P values, only the SLGIZAI polymorphism
significantly influenced the blood pressure level in
women (P = 0.0236, Bonferroni}. This genotype did
not have a prominent effect on blood pressure values.
This may have been due to the influence of anti-
hypertensive treatment, since the genotype associated
with hypertension was also significantly associated
with a higher prevalence of antihypertensive treat-
ment.
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There may be no accurate way to correct treated blood
pressure values. Thus, we mainly analyzed the data
using a categorical variable (hypertension versus normo-
tension) in the present study. We adopted Cui o a/’s
proposal by simply adding 10/5 mmHg [39] because
their work is the only published paper that deals
directly with the problem of how to correct treated
blood pressure values in genetic association studies. We
included these corrected values in Table 6, but just for
reference. We did not highlighe these corrected vaiues
in the present study.

SLCI2A7 is one of the genes responsible for antenatal
Bartter syndrome, and its product has Na-K-2Cl co-
rransporier activity in the thick ascending limb of the
loop of Henle [28]. Thus, SLCI2A! may contribute to
hypertension in women. It remains to be determined
why this gene does not contribute to hypertension in
men. A gender difference has been reported in salt
sensitivity. For example, low-renin hypertension has
been recendy reported to be a significant predictor of
systolic sodium sensitivity in females but not in males

[40].

Although we screened all of the exons and intron—exon
boundaries, we were unable to find strongly convincing
vartations in linkage disequilibrium with IMS-
JST043660. This polymorphism was located in the
polypyrimidine-rich tract in an intron, which might
affect the mRNA level by influencing the splicing
efficiency, and therefore may be functional in itself.
Whether this polymorphism is a responsible functional
variation or just in linkage disequilibrium with other
important variations remains to be clarified. We did not
sequence intronic regions because we are currently
unable to clarify the biological significance of poly-
morphisms in these regions. However, it is possible that
intronic variation is important: a polymorphism might
confer a cryptic exon or a large deletion/insertion might
alter the expression level of a transcript.

Although several SNPs with a classical criterion of
P < 0.05 were excluded by the Bonferroni correction,
we cannot conclude that these SNPs had no influence
on the blood pressure level. We cannot tell whether
these associations (P << 0.05 by the classical criteria) are
true or false associations. We should perform additional
association studies for these polymorphisms in other
study populations before we reach final conclusions.
Polymorphisms that confer a modest or slight risk of
hypertension will be difficult to detect and tremern-
dously large association studies may be necessaty to
obtain highly significant P values.

One of the striking fearures of the present study was
the difference between men and women. This incon-
sistency may reflect a lack of statistical power due to

Hypertension association study in Japanese lwai etal. 1125

the small sample size (1880 subjects may not be
enough) or may reflect physiological gender differences.
Again, to sclve this problem, we should perform addi-
tional association studies in other study populations or
identify intermediate phenotypes that explain this
gender difference.

Since the Suita Study principally involves general
health check-ups, it might be difficult to conduct more
specific research-oriented laboratory and physiological
tests. This drawback of the present epidemiological
study should perhaps be offset by patient-oriented
clinical studies that should follow re-confirmation of the
validity of the present candidate genes in other study
populations.

The mean age of the present study population was
66.3 years in males and 63.3 years in females, which are
relatively old ages. Age has been reported to strongly
affect the results of association studies. For example,
the association of the Trp allele of the alpha-adducin
gene and blood pressure was more evident at an older
age, possibly due to the reduced efficiency of compen-
satory mechanisms [41,42]. On the other hand, the
influence of betaZ-adrenergic receptor polymorphism
was more evident in younger individuals, presumably
due to an age-related decline in betaZ-adrenergic
receptor-mediated activity [43]. Thus, association stud-
jes in younger populations might identify different sets
of susceptibility genes.

In SLCI12A41 , we found by chance the AS08T mutation,
which has been reported to be one of the murtations
responsible for the antenatal Bartter syndrome [44].
TagMan analysis indicated that this mutation occurred
in only one person, who had relatively low blood
pressure, among 1880 subjects. In the sequencing
analysis of candidate genes, we found several rare
SNPs, some of which are missense mutations. Since
these rare SNPs occur at a very low frequency, we
could not confirm whether these SNPs might influence
the blood pressure level due to the sample size in the
present study. It is highly likely that we overlooked
other rare SNPs with potentially important functions,
since we only screened 48-96 subjects. If hypertension
cannot be explained by commen alleles but rather by
rare alleles, we should change our strategy, sequence
several hundred or even thousands of subjects, catalo-
gue rare alleles, and perform an association study with a
very large sample size.
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