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The present study aimed to identify gene polymorphisms that provided for the behavior
modification of the exercise and diet for improvement of metabolic syndrome, and these
findings may contribute to basic developing of instructional method of the tailor-made
exercise and diet therapies based on gene polymorphism. Firstly, we divided into two
groups according to the evaluation of the exercise behavior modification (the physical
activity measured by accelerometer) before and after intervention by the exercise guidance
for 30-65 years old; the exercise behavior modification group (N=19) and the none exercise
behavior modification group (N=13). To investigate comparison analysis of 550,000 gene
polymorphisms using gene chip (Human660W-Quad Bead Chip made by the illumina
company) between two groups, we have extracted genomic DNA from plasma buffy coats and
buccal cells. The result using case-control analysis (p<0.0001) detected 5 SNPs from among
550,000 gene polymorphisms. A gene related to immunological system was included in 5
SNPs. Secondly, we examined to comparison analysis of 550,000 gene polymorphisms by
using gene chip among four groups, large or little exercise behavior modification groups
before and after intervention by the exercise guidance and high or low physical activity
groups through one year (total N=112). The result using case-control analysis (p<0.0001)



detected 16 SNPs from among 550,000 gene polymorphisms. Genes related to axon
inducement and ion channel in cerebrum were included in 16 SNPs. Thus, these detected
SNPs may affect the modification of exercise behavior.

AT ERH
(BEEHAL - 1)
[EREES [ 22 & &t
200 84 2,000, 000 600, 000 2,600, 000
200 9FE 1, 300, 000 390, 000 1, 690, 000
FIE
FE
FE
ik 3, 300, 000 990, 000 4,290, 000
WEESTH MR E I
FHREO3F - fE - R « AR —Y B - ISAHERTR

F—U— R AEEEER, 820,
1. WFERHAA YW DTS &

2000 AELAREESN TR, ERNOI L
=T Ah-Tavzl hELTE N AR
oA BB s EIR P O MRS D £ A%
P GEE T2, Frlc—HELA (SNP)
DOYEEZENTHON TE 7~ (Haga et al. J Hum
Genet 2002), t ~ SNP %%/ 4 EiZ 100
J3-1000 HEAFTEL, ZD X A 7 i@@ﬁ
DOFFEICKRESEET D, TODHITE, &
%5‘%’7@@7‘ A2 _X—2%IEHL, e AT
KIS LT 2 WrOTa s, 3EAI DAL T7 D3R,
DFY, [F—=F—=AA NEFR] IZO2H1 5D
ﬁ?%ﬁ@/ﬂ:ﬁbh“(%Zo(Schwartz et al.
Am J Pharmacogenomics 2004), #xiT, 4
MR OEB RICEET BB TS
BB SN TERY, HiEE OIE, s
ZXP BT LI RRBr 2 igshic L 0, BhfiRaE(b
k3 5 BB R EBH O R OMEANZEIC
MAE YRR - DEESCMER VT O ZRNE
52 L aWREL TS (Iemitsu et al.
Hypertension 2006, Hayashi, Maeda,
Iemitsu, et al. Med Sci Sport Exer 2007,
Iemitsu et al. Hypertens Res 2008), &E#f -
BHENMABEOLIZEBNT, ”Eﬁ@®wﬁ
DRTIUTRITE S NEES, W RIERP
TRIEH) - RESCGEIREZITO OV EETH
D03, DD WITEFITIEENAE SR
FNERGTHROVE FEWVo T ANENT
b, £ORKEICIE, BREMERTZT TR <,
BLEIBRAEE L TWDHZ ERNEZLN
Do LML D, AZRY vy Rr—
L %%%E%&Ltﬁ%%ﬁ%ﬁ%%
@51k, 2T B 72D DBEFZWicBE T

AARNY w7 Ra—A

HRFHIFAED & ZARD BN,

2. Mo E®

AWFIEIL, AHXRY v v Ru—AalkE
D= DOIEE) « BFEHEOITHEREZ R ET
HEIFEMERE L, BiofIBERICES<
T—T— A A NiEH) - REHFEEIZONTO
FANHIEER R AR T LA EE T
Do

3. WOk
(1) x4 -

[EINL AR « SR AFZEAT M L T\ 2 K
PR RO 7 « — L RIZB&EERI LT
% 30 M D 65 A D B LD 5B AW
WCBMEENG ST 285 4 x4 L LT,

(2) WEEH -

OATE BB fERE 1 RE, BMIL, [fi+E,
mH~7e 7 ¢— (ffE, HDL-2 L A7 1
—/b. RN

QH RIEE) - FEENTED-- 3 R ITHIHEF %2
W21 B 720 OB KO Y720 05K
HEhE (Ao - )

@ {m+ %% -illumina D
Human660W-Quad BeadChip % T
550,000 f&i T DA+ 25 8 & M FERI I fif b L
72. DNA [T/ oHH L7,

(3) It

R—=2 T A OHRIEE R EEFLAED
W23 A Y BE&i 72 LTV D N B TEEIRE,
72 LTV W NEIEEENRE S L, FETSENRE



XS I VMO RIFEIN A 22T 551K
IEEARE, BIATEEN A% 21T 72 W IETRE)
SFRRBEICIAEL IZEI Y 1 b e, BRI
MNZ. 1ERICHZY, 2-3 7 HIT1E,
35 EOERNTONTZ, MAFGEIL, 1TH)
EREGZ I, AAOITHIERAT —TIZ
BolBENNTHN, FNEHEEREOY
TEETDLIIICEEINDILOTHD, F
72 ST ERF B L OFRI EAT S, 1
FEE@mL, BooHsKEHzerrve=X
I ok R W B Al B

(4) Bl T2MOWRE :

285 44 D_X—AT A L OHKIEEIE (X v
Yo ) & 5 LIS e B T RRAE
(High 7 v b A7 KA b)), BEL O T
O ERE (Low 1y FAT7HRA L b)) 2R
oo R=Z2T7 A4 U BLO1E#HOHKEEE
EHIZHigh By hA 7R AV MU ETH-
ToWRE & 1y _High #f (474), X—AX 7 A
VU1IE#HEBICLow By NATRA U REL
TTHoWHEEL 1y _Low £ (424) & L
THIH L7, £7- 285 4D 1 R D B (&)
w2 (A A > - BfH) % 5 Ll sri).
e EAE o TRRE (AHigh &1 v b A 7R A
K. BLOK T E[RE (ALow v b4
TARA VR BRDT, HIKIEEINARICE
W, TAEMOZALA AHigh 77~ S+ 7 R A
VRN ETH - T EETEIA R H D OB
# % AHigh B (19 44) . 1 -] DO ZA{LAS ALow
By NETHRAL REUTHDLNE, X—RAF
A 1EBEBICLow Iy bATRA b
LIF Ch o I E BN TENA R 72 L OIS %
ALow Bt (134) & LCHiHH L7-, Lok
WXV SR Ic BV T, iR K v
DNA #HlitH L. D% illumina #: SNP
F » 72T 550,000 & T OBAS -2 & R E
L7z,

(5) HEFHEMT -

FEM DL X, XD 7220 t-test 38 L
SHEDH D ttest AW, E-HIANEEH&E
WX DR L B ICBIT 2 EEFRIOMEE
DEHEITIE X2 BEE AW, B HEEKYE
X 5%& LTz,

4. WFIEALE

(1) AREFFEIZI T HHEERE 285 41BN T,
IRENRE 129 44, FEIGEIRIREE 55 4, BN
ABEBS 4., BRI 43 £ T T2y N—R T
AT —FITBWT, FIREB S EE AL UE
Z T L CWARE, B/ LTV RWEETATS

B SRR -2 Je L7z & = % PG,

HDL-C., U A7 EIZBWTHBERZEEZRD T
BO., HREEIEOZ DL, AT IERER
K+ & B LT,

(2) 285 L DN—AT A L OHKFHREL X

W1 HEZOHIRIGEEOE (L &% i, SNP
T T O T O OHERE Ot A 1T 72,
1ly_High #D7=00OH v M4 T HRA > I,
# 35.8 A v «FFTHY ., 1ly_Low DT
DIy bATRA L ME#E 19.0 A 7 FFT
Holz, 2 AHigh #EO B~ b A TR A > b
3 7.3 A vy - BrOEIINTH Y . ALow HE
DIZODT >y LI THRA L MIH 49 A v
Y REDWA T oo, T OHAEIT IV FF 112
S DREERF D 47z, 1y _High B &
1y_Low #£. 3 J. 0" AHigh #f & ALow BEICH
FBR—RAF 4 VEREORMEEZR 1 B LUK 2
WOR LTz, 2D 2 BEZEB W THERSCIER O
AN ZETRRD HiLZeno 7=,

(1) 1y HighB &1y LowBHICE T RR—Z S/ VB D HERE M

1y High®¥ 1y Lowdf
FEHE + BERE FHfE + EEFE

i 509 = 109 523 + 96
B/ &tk 14/33 11/31
H&(cm) 160.6 = 8.6 159.9 + 8.2
1RE (kg) 586 + 11.6 606 = 115
BMI 225+ 28 237 % 37
S (B/B)* 15819.9 + 52720 8440.1 + 25585

SIREBE (A /) * 536 = 239 137 + 38

*; p<0.01, 1y High#¥ vs 1y_Lowf¥

(£2) A HighBEEA BEICHTDN—RSA VB OWEBRE N

A HighB A LowEE
Tl + ZHFEE FHE + BERE

3] 543 + 6.9 50.2 + 80
Bt/ &t 9/16 11/29
& (cm) 160.3 + 88 1565 £ 5.7
1K E (kg) 589 = 11.6 61.7 = 125
BMI 227 + 28 252 + 47
HH(EH/8) 90254 + 27870 9067.4 + 29380
SEEBHE Y-8 160 + 6.3 146 + 36

(3) #Efs %% 550,000 fEFTICE VT,
1ly_High # & 1y_Low &£, ¥ X AHigh ##
& ALow #£® Case-Control f##r (x2 H7E)
AT o1z, DS, p EA 0.0001 LLFTH
STt O 16 EirkR S (& 3),

(&3) BRFHELEENROONI-SNPEIVEEF

SNP  -log10(Pvalue) GENE FUNCTION
1y_High® vs 1y_Low®
1 442 genel AFoF oI
2 442 gene2 ERFE
3 438 gened HHREE B
4 437 gened AFFvoRIL
5 437 gene4 AFF oI
6 423 unknown
7 4.15 unknown
8 413 unknown
9 4.08 unknown
10 408 unknown
11 408 unknown
A High® vs A Low#
12 431 genel2 MK EEERDFEM
13 420 unknown
14 420 unknown
15 407 unknown
16 407 genel6 LAV b

(4) ARBFFE I, AISEERICEEL S 58
RIEE) - SEETENCHEE KT LTV 5B



MEEK % #3572 SNP F v 7 % i C
1 EMOFRIFEEICEELZ KT L TV 5HiE
2R &t L, % E U CHIRIEE)
BB OEERE . RWEEERE 1oV T,
p<0.0001 TdH -7 SNP & LT 11 fifr ki
Hanz, 2056, 6 HiTEEFEZa—NK
L TWRWES TH o720, AL 5 A2
THEEFE2a—RFLTWAES ThoT-,
F T RIEE DI AN EAT > T2 B O FIRIGH)
BOMIC L KET A fEM D H 5 SNP
ELTCHEFTRt SNz, Db 3 &t
BEFAEa— RFLTWARWERS Th o708,
o 2@pricE L CiddEizFE=—RFLTW
BERITH T2, FFIZ gene 2 22OV T,
KIZBWTHREANBBD LN TEY , #hERO
FEICEBL WA ZERMESN TV,
ATEEEFICRE S BT LT7EHE LTHE
BITEINHT NN, b TFoee
TR roafiFe LT, MNTIHERT Y
BIZL B EZ TS, DF 0 HIKE
# - EETENC B W T H RIS BN T
YERT W EDORERZ T D AlREMEIT KX
WwWeEZ6h5,

5. TR
(WFFEFRAE . WHIEo 3 M ORI 784 12
ES )

UdEREamsC) (Bt 14 1)
@O Matsuo T, Nakata Y, Katayama Y,
Iemitsu M, Maeda S, Okura T, Kim MK,
Ohkubo H, Hotta K, Tanaka K. PPARG
genotype accounts for part of individual
variation in body weight reduction in
response to calorie restriction. Obesity 17:
1924-1931, 2009.
®@ Misono M, Maeda S, Iemitsu M, Nakata
Y, Otsuki T, Sugawara J, Zempo H,
Yoshizawa M, Miyaki A, Kuno S, Matsuda
M, Ajisaka R. Combination of
polymorphisms in the beta2-adrenergic
receptor and nitric oxide synthase 3 genes
increases the risk for hypertension. J
Hypertens 27: 1377-1383, 2009.
® Yamamoto K, Kawano H, Gando Y,
Iemitsu M, Murakami H, Sanada K,
Tanimoto M, Ohmori Y, Higuchi M, Tabata
I, Miyachi M. Poor trunk flexibility is
associated with arterial stiffening. Am J
Physiol Heart Circ  Physiol 297:
H1314-H1418, 2009.

@ Sato K, Iemitsu M, Aizawa K, Ajisaka R.

DHEA improves impaired activation of Akt
and PKC zeta/lambda-GLUT4 pathway in
skeletal muscle and improves
hyperglycaemia in streptozotocin-

induced diabetes rats. Acta Physiol 197:
217-225, 2009.

® Park JH, Omi N, Iemitsu M, Maeda S,
Kitajima A, Nosaka T, Ezawa L
Relationship between arterial calcification
and bone loss in a new combined model rat
by ovariectomy and vitamin D(3) plus
nicotine. Calcif Tissue Int 83: 192-201,
2008.

® Iemitsu M, Shimojo N, Maeda S,
Irukayama-Tomobe Y, Sakai S, Ohkubo T,
Tanaka Y, Miyauchi T. The benefit of
medium-chain triglyceride (MCT) therapy
on cardiac function of SHR is associated
with reversal of metabolic and signaling
alterations. Am J Physiol Heart Circ
Physiol 295: H136-H144 2008.

@ Iemitsu M, Maeda S, Otsuki T,
Sugawara J, Kuno S, Ajisaka R, Matsuda
M. Arterial Stiffness, Physical Activity, and
Atrial Natriuretic Peptide Gene
Polymorphism in Older Subjects.
Hypertens Res 31: 767-774, 2008.

Sato K, Iemitsu M, Aizawa K, Ajisaka R.
Testosterone and DHEA activates the
glucose  metabolism-related signalling
pathway in skeletal muscle. Am J Physiol
Endocrinol Metab 294: E961-E968, 2008.
© Saito Y, Iemitsu M, Otsuki T, Maeda S,
Ajisaka R. Gender Differences in Brachial
Blood Flow during Fatiguing Intermittent
Handgrip. Med Sci Sports Exer 40: 684-690,
2008.

Aizawa K, Iemitsu M, Otsuki T, Maeda
S, Miyauchi T, Mesaki N. Sex differences in
steroidogenesis 1n  skeletal = muscle
following a single bout of exercise in rats. J
Appl Physiol 104: 67-74, 2008.

@ Park JH, Iemitsu M, Maeda S, Kitajima
A, Nosaka T, Omi N. Voluntary running
exercise attenuates the progression of
endothelial dysfunction and arterial
calcification in ovariectomized rats. Acta
Physiol 193: 47-55, 2008.

@ Otsuki T, Maeda S, Iemitsu M, Saito Y,
Tanimura Y, Ajisaka R, Miyauchi T.
Systemic arterial compliance, systemic
vascular resistance, and effective arterial
elastance during exercise in endurance-
trained men. Am J Physiol Regul Integr
Comp Physiol 295: R228-R235, 2008.

@ Hayashi K, Maeda S, Iemitsu M, Otsuki
T, Sugawara J, Tanabe T, Miyauchi T,
Kuno S, Ajisaka R, Matsuda M. Estrogen
receptor-alpha genotype affects
exercise-related reduction of arterial
stiffness. Med Sci Sports Exer 40: 252-257,



2008.

Yamashita T, Ohneda O, Nagano M,
Iemitsu M, Makino Y, Tanaka H, Miyauchi
T, Goto K, Ohneda K, Fujii-Kuriyama Y,
Poellinger L, Yamamoto M. Abnormal
heart development and lung remodeling in
mice lacking the hypoxia-inducible
factor-related basic helix-loop-helix PAS
protein NEPAS. Mol Cell Biol 28
1285-1297, 2008.

(Fa¥E) Gr16h)

O FNHRLT, # LEE, THEEBEE, 1o,
BFEE, JLERHHF, BAERL, HAR, B
JLEE. KT L~V DE W EIR stiffness &
MTHFR #{5 +Z2R ORI KIET R 5
63 [l A AR =2, O, 2009. 9.

©@ Yamamoto K, Kawano H, Gando Y,
Iemitsu M, Murakami H, Sanada K,
Tanimoto M, Higuchi M, Tabata I, Miyachi
M. Physical activity estimated by triaxial
accelerometer is an independent predictor
of arterial stiffening. 2009 APS
Intersociety Meeting: The Integrative

Biology of Exercise V, South Carolina. 2009.

9.

® Murakami H, Iemitsu M, Yamamoto K,
Kawano H, Gando Y, Omori Y, Sanada K,
Miyachi M. Effects of dietary folate intake
and physical activity on the interaction
between the plasma homocysteine and
MTHFR genotype. 2009 APS Intersociety
Meeting: The Integrative Biology of
Exercise V, South Carolina. 2009. 9.

@ FHFLT, FEEE, (LHEETR, ATHIE],
JFR LIELSE, Eﬂkﬁi%& PRS2 D E I*E’J&@%ﬁ
DO FEEZ T L X — (e L PPARa
Ly scESE 5. 5 17 [A
KLﬁéﬁ%x,ﬁa,mmﬁ.

® Iemitsu M, Maeda S. Exercise training
improves aging-induced decrease of
PPAR-alpha and PGC-lalpha protein
levels in cardiac and skeletal muscles, 14th
Annual congress of the European college of
Sports Science, Oslo, Norway, 2009. 7.

©® FNFEIT, MERR, ATHER, HIR.
Mo—=0 7L BLEOEAT A K
NVEREOEE). ARKEFRE 59 K
&, HOL, 2008. 9.

@ FBIETES, EL%,HL%E,%ﬁ$”
TG A, ARPRE. HEds el
alpha-actinin-3 B/x 2R M5 71 b I/_:
VIR 2 . AARKEFERE 59
k%, A, 2008. 9.

FHFAT, ATHTER. AR =2 DEKOF
B FE IZ B b 2 AN & 7 VB O R i
-MAPK & GSK3B O{E M2 H)-. 55 63 [7] A A

KOEY2:, B, 2008. 9.

© EREMAF, ATHIER, FHERT, TH
R, KRB, wHIE, s, ST,
ERHYD -, ANBFRE, FaH AR, B,
B2 7 FLT U AR E NET NO &kl
F OB LR O A G D 138 L DO %
JEV A7 RS ES. 5§ 63 [BIHARKSE
2%, B, 2008. 9.
.?%%ﬁimﬂ%sﬁkha,%%iﬁ,
ATETE A, TEHEN Y =>x—F, AL
a7 7 F=r 3BIBFEZNF N AR=TI
5.2 5% 5 63 M H AR EF4, BN,
2008. 9.

@ #F EWEE, FZERIT, (LoclER, EFHE,
FLEEM T, BEHEMA, EHOLE. R ARET
AT A VEE L MTHFR &ia %5 o R E
WX D FATEENR X OBERRE IR O, 5§
63 [Fl H AR )2, B, 2008. 9.

@ Zempo H, Tanabe K, Murakami H,
Iemitsu M, Maeda S, Fukunaga T, Kuno S.
Effects of ACTN3 R577X polymorphism on
static torques of knee extensor muscle and
leg extensive power in middle aged and
older women. 7th World Congress on Aging
and Physical Activity, Tsukuba, Japan.
2008.7.

@ Sanada K, Miyachi M, Iemitsu M,
Murakami H, Tabata I, Yamamoto K,
Kawano H, Suzuki K, Higuchi M. The
PPAR Gamma Gene, Cardiorespiratory
Fitness and Metabolic Syndrome in Young
and Old Japanese Men and Women. 13th
Annual congress of the European college of
Sports Science, Estoril, Portugal. 2008.7.
Tanabe K, Yokoyama N, Maeda S,
Iemitsu M, Sakato Y, Nanba H, Zenpo H,
Kuno S. Effects of a lifestyle-based physical
activity program on metabolic syndrome in
Japanese male office workers. 13th Annual
congress of the European college of Sports
Science, Estoril, Portugal. 2008.7.

@® Zempo H, Tanabe K, Murakami H,
Iemitsu M, Maeda, S and Kuno S.
Association of muscle-related gene
polymorphisms and  thigh muscle
cross-sectional area in Japanese
postmenopausal women. 13th Annual
congress of the European college of Sports
Science, Estoril, Portugal. 2008.7.

Misono M, Maeda S, Iemitsu M, Nakata
Y, Otsuki T, Sugawara J, Yoshizawa M,
Miyaki A, Kuno S, Matsuda M, and Ajisaka
R. Effect of the combination of
hypertension-related gene polymorphisms
on the risk for hypertension. 13th Annual
congress of the European college of Sports
Science, Estoril, Portugal. 2008.7.



(XF) Gt o)
(PEE R EEAE)
OiiRdL G0 1)

LAY

S LR
MR
T -

FiSNe
HFEEA A -
EWNS DR

ORIl GHOME)

HFR
FEEAE
HEFIZ -
T -
&
BASEA A
EWNS DR

(Z Dfth)
AR Bt

6. WFIER

(D) WFgEfFs

Ft 4T (MOTOYUKI IEMITSU)
STATRERSF « AR — YV RIS -
WFgeE &5 1 90 375460

(2) WFFE55 184




