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fiEATic X AEBMLER S BH LI2aisE) & LTk
BERF TN, HREFITIE, FaTlcHohEER
Ho b B CREESZ. BAHRE, FTE
DFHE Il TEALER LTS, Zhb
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FESFLIEZLOTHY AR T 2 mEE~
DOEEIZ 5 TH D L HIE LT,

®1 BT LB TS
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Tk T )= AGT M235T rs699

AFLrT o FulERirEEs MTHFR Ce77T rs2274976
GHVRIVEBR3YTa2=vh GNB3 (825T rsh43

GEVRIBaVTa=y k GNAS T393C rs7121

F2 RTINS A ~—/T a—T OEF

Bin T a—7 T v
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GHUNRIEB3IYTa=y b

GHNRIEF ot Ta=y b

FAM-CTCCCTGACGGGAG-MGB
VIC-CTCCCTGATGGGAG-MGB

FAM-TGCGGGAGTCGAT-MGB
VIC-CGGGAGCCGATTT-MGB

FAM-CACACTCAGGATGTAGT-MGB
VIC-CACACTCAGAATGTAGT-MGB

FAM-CTCCCTGACGGGAG-MGB
VIC-CTCCCTGATGGGAG-MGB

5'~GGCTGTGACAGGATGGAAGACT-3
5'~AAGTGGACGTAGGTGTTGAAAGC-3

5~GACCTGAAGCACTTGAAGGAGAAG-3’
5'~AAAGAAAAGCTGCGTGATGATG-3

5'~CCTGACCGCTTTGCTAAATCA-3
5'~AAGTCAAAGTCAGGCACGTTCA-3

5-GGCTGTGACAGGATGGAAGACT-3'
5-AAGTGGACGTAGGTGTTGAAAGC-3'
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#3 ACEBETFZAE MM

BT N ) FEHE(R 72 p
MAEE (mg/dl) T 890 98. 0 21.7 0. 681
1)) 967 98. 8 21.3
DD 292 98. 0 20. 7
HbA1C 1T 208 5. 87 1.27 0. 999
i) 240 5. 87 1. 27
DD 72 5. 88 1.34
HOMA $8%% II 863 1. 68 1. 51 0. 732
i) 950 1.72 1.90
DD 285 1.63 1.33
TF A RRTF (ug/ml) 1T 872 5. 98 4. 26 0.016
i) 953 5. 92 4,06
DD 289 6.73 5.12
EEECRP (mg/dl) I1 823 0.11 0.18 0.051
1)) 905 0. 09 0.16
DD 272 0.10 0.17

B0 N Sy R A= p
HpEE (mg/dl) MM 69 96. 7 21.6 0.776
MT 610 98. 1 22.5
TT 1392 98. 4 20.9
HbA1C MM 16 5. 70 1. 14 0. 842
MT 139 5. 90 1.37
TT 341 5. 88 1.27
HOMA ¥544 MM 68 1.57 1. 32 0.632
MT 600 1.64 1.56
TT 1362 1. 70 1.66
TF 4 RATF o (ug/ml) MM 68 6.19 4.13 0. 186
MT 604 5.79 3. 96
TT 1373 6.17 4, 47
BEECRP (mg/dl) MM 65 0.11 0.18 0.970
MT 572 0.10 0.17
TT 1297 0.10 0.17
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&5 MTHFR Bix 128 & O/

BiaT248 N S ERERE p
MAEHE (mg/dl) cC 832 97.8 20.0 . 154
CT 933 97.9 19.6
TT 330 100. 3 27.5
HbA1C cC 203 5.78 1. 15 . 230
CT 217 5. 88 1. 18
TT 85 6. 06 1. 66
HOMA $54% cC 817 1.71 1. 65 .939
CT 913 1.68 1.75
TT 320 1.70 1. 57
TF 4 RRTF L (ug/ml) CC 821 6.15 4,33 .725
CT 921 6. 00 4,23
TT 324 5. 99 4,52
ERECRP (mg/dl) CC 787 0.11 0.18 . 190
CT 862 0.10 0.15
TT 306 0. 10 0.17
#6 GNB3 BE=FLHE DOFEE
B8 N S EE(RZE p
MmPEE (meg/dl) cC 517 98. 3 20. 6 . 952
CT 1078 98. 1 21.1
TT 521 98. 4 21.8
HbA1C cC 141 5. 82 1.19 . 889
CT 246 5. 87 1.33
TT 123 5. 88 1.22
HOMA $5%% cC 506 1.75 1. 82 . 648
CT 1059 1.66 1. 57
TT 506 1.70 1.77
TF 4 ARFRTF L (ug/ml) CC 510 5. 82 4, 38 .310
CT 1068 6. 17 4,27
TT 509 6. 08 4. 33
ERECRP (mg/dl) cC 482, 0.11 0.19 . 592
CT 1006 0.10 0.16
T 486 0.10 0.17
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#£7 GONB3 B=FZ4 L OFEE

B T270 N SEHE) TR A= p
MHEE  (ng/dl) TT 670 97.3 18.2 0. 102
TC 1036 99. 3 23.2
cC 412 97. 3 21.0
HbA1C TT 168 5.77 0. 98 0. 475
TC 260 5.92 1.42
cC 85 5. 90 1.32
HOMA ¥5%% TT 650 1. 71 2. 02 0. 562
TC 1019 1.72 1.54
cC 405 1.62 1.41
TF 4 RRTF o (ug/ml) TT 656 6. 07 4,31 0.916
TC 1026 6.03 4,35
cC 408 6. 14 4.18
ERECRP (mg/dl) TT 624 0.11 0.18 0. 347
TC 970 0.10 0.16
cC 384 0.10 0.17
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An Association of 5,10-Methylenetetrahydrofolate Reductase
(MTHFR) Gene Polymorphism and Ischemic Stroke

Ryuichi Kawamoto, mu,* Katsuhiko Kohara, Mo, Yuichire Oka, si,
Hitowi Tomita, MD,* Yasuharu Tabara, vhn,t and Tetsuro Miki, Aot
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Athensthrombotic
Infarction Poyalue
Unadjusted OR
CTvs CC 1.98 {0.90-41, 4
CT+ 7F ws CC 23141 IOJ’(S) on
TrwsCC 3.191).31.7.78) on
Adjusted OR
93% Ch
CTwsCC 230 (0.95:5.36) A6
CT+TT v (C QIS8 30
T v CC IRTL27-118) 7

<1, contidenice imerval.

Adjusted for age. gender, smoking hubits, history of hypesten-
sivn, histury of disbetes wetiws, smdipdemic ding sse. HOL,
chilesteral, snd LD cholesweral,

hotic infarction even after adjustment with other known
visk factors (Table 3).

Risk of Atherollrambotic nfarction in Subjects With
MTHER T Carriers (CT ++ TT) Accorditg to Age,
Gender. and Other Vascular Risk Factors

We examinud the possible synergistic effect bebween
MTHFR T carsiers and conventionaly known risk facto
in both control and atheruthrambotic infarction subjects.
Table 4 presents the risk of athimthrombotic infasclion in
subjects with MTHER 7 carriers stratified according to
age, sender, and presence/sbsente of ather vascular visk
factors. In thi i risks of
batic infarction V.\'t‘)k‘ nl\ser\’ od in subjects with MTHFR T
carriers of age = 73 years, female sex, nonswoker, no
history of d.mbdcs mellitus, HDL-C < 40 mg/dl, and
LDL-C < 130 wg/dl. A possible interaction between
MTHFR T carviers and sperific risk factors in athero-
thrombatic infarction was suggested.
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Atherathronmbo,

es and Conventionin! Risk Facto
Infavclion

Fo find possible gew-visk factor interactions for
atherothrombolic infarction, multiple regression anelysis
for atherothwombotic infarction swas performed with risk
factors i subjects with a specific genotype of MTHFR
gene polymorphism (Tabla 5). It was shown that smoket
and HDL-C were significantly asseciated with athero-
thrombolic infarction in subjects with MTHFR CC gono-
type, and HIDL-C in MTAER T vartiers. Analysis of co-
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to demonstrate significant differences bebween 2 g
sion lines in smoker and atherothrombotic infarction (F1,
2851 = 0698, P = JH).

Risk Facters-MTHER Gene Fateraction

To further investigate whether the interaction between
MTHER genatype and the conventional risk factors could
have any influence on atherothrombutic infarciion, a gen-
eral linear modsl for presonce of atherothrombotic inface-
tion was analyved with the following pasameters: gender,
age, smoking, history of hyperiension and disbetes mel-
fitus, HOL-C, COL-C, and MTHFR gene polymorphism,
including interactions betiween risk factor and MIHER
genofype (Table 6). This analysis revesled that interaction
between (IDLC and MTHTR gene  polymorphism

E antly associated

with athersthrombotic infarctinn,

Discussion

The present study examined the association between
MTHFR gene polymosphism and etiologic subtypes of
ischesic stroke in patients with risk factors, and revealed
that the T allele of the MTHFR gen was significantly
associated with CT-proven atherotheombntic infarction
in a Japanese patient population. A mullivaniate analy
demonsteated thet this association was independent of
other {actors, including age, gender, smoking,
twry of hyperiension, and diabetes mellitus, HOL-C, and
LIL-C. this aualysis abso sevealed the influence of an
HDL-C-MTHFR gene interaction on atherothrombotic
infarction.

The assnciation behween plasia Hey concentration
and athero. is has been the subject of w number of
dlinjcal studies.’** The Betish Regional Hearl Study
Cohort investigators repocted that the mean Hey fevet
in 107 stroke patients was 13.7 pmol/L (95% C1 =
12.7-14.8), a significantly higher tevel than the mean
LY pmol/1, % €)= 11.3-32.6) in 138 comtrol sub-
fects, and that the OR for stoke increased with increas-
ing Hey level™ Eikelboom et al'® also reported thot
higher Hey level was a strong and indlependent risk
factor for sschemin stroke (adjusted OR = 27, 95% (1 =
L4-5.} for a S-pmobsL increase in {asting plasma Hey
from 10 ta 13 umal/L).

Although there sre several etiologic subtypes in isch-
emic stroke, an association between atherothrombotic
infarction and plasma Hey fevals has been reported 712
The underlying pathophysiolngy of lacunar indasction
is less well undecstuod but appears to invalve cerebral
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Combined Analysis of Polymorphisms in
Angiotensinogen and Adducin Genes and Their
Effects on Hypertension in a Japanese Sample:

The Shigaraki Stady

Shinji TAMAKI, Yasuyuki NAKAMURA®!, Yasuharu TABARA*2
Tomonori OKAMURA®, Yoshikuni KITA*3, Takashi KADOWAKI#,
Yasuyuki TSUNTA*, Minoru HORIE**, Tetsuro MIKI**, and Hirotsugu UESHIMA*?

We examined the inieractions belween lifestyle and polymorphisms of salt-sensitive genes and Ihelr effects
on hypertension Tn & genoral Japancse sample (The Shigaraki Study). The siudy group consisted of 2,302
subjests who underwent a medicat examination 1o 1999 In Shigerakd, 3 suburban area fn Shiga, Among 4,647
subjects not receiving antihyperteasive medication, It a combined anaiysis of snglotensinogen (AGT) and
adueln {ADD1) polymorpilaims, double homozygosity o 235Thr or 460Tep was not found 1o be associated
with hypertension. A multiple loglate ragroasion analysis showed that age (odds ratio [OR]; 1.07, 95% eon-
tidence intrvai [95% €4): 1.06-1.08), trody mass Index (M3} {OR: 1.18, 95% Ci: 1,93-1.23), alcohot consump-

tlon [OR: 1.39, 95% CI: 1.16-1.66), famity Rlstory of hyperiension (OR:

&7, 95% CI; 1.18-227), and

combined AGT M235T Thu/Thr and ADDY Tep/Tep polymasphlsms (OR: 1,37, 96% Ci: 1.03-1.82) were asso-
ciated with hypertension. Howaver, there was no inleraction belween ealing salty food snd combined AGT
and ADDY palymatphisins. Furlhermore, ealing sally cod was nol assoclated with hyporiansion In a mutti-
varlate analysis. Therelfore, a combination of the AGT and ADDY polymorphismx appears to be associated
with hypertension. However, 3 simple questionnaire tegarding sait Intake was not sufiiclen! ta contirm the

raiationship between talt fmake and
645-650)

sndfar sali-sansitive genes.

Res 2005; 28:
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Tabie 3. i Study Population by AGT M23ST P in Mot sod Women, Shigaraki Study in 1999
Risk Men {638 ‘Women {1,019

e SN Martn  TWIThe  pvalee | MeUMel  MeThe TN povaie
N(1L.64T) ) 168 0 [ 303 s .
Age (yean) 5591149 561163 56401153 0997 3384167 5274158 53.5xi52 0.739
BMI (kghn®) 224437 R.133.0 L6128 0.208 219430 3.0 221330 0.890
sHP (mmig) 12804169 130.6£164 13023175 0760 125.0£173 12321185 125.2419.9 0324
JBP (mimtg) TR TASE122 TR3RIG 0819 FEOEID2 733X JA6ENLS 0.194
Alcotio consunmprion

(gow/dny) 138 0.30 0,80 0.25) D06 0.07 0.07 045
Eating salty food (%} no 256 195 AL 150 69 75 0.191

Ni numaber of subjects. Valucs sr¢ means£SD, AGY, angiotensinogen; BMY, body wass iirdex: sOP, systolic blood pressurc; dBP. dins-

tolic: bload presste. Alcohiol consumption: 1 goi=23 g of ethanol.

Table 2, C FStudy Pap: ty ADDL P 1s Men 2ud Wanen, Shigarski Study In 1999
e Men (6381 Women (1.005)
CiylGly  GlyfTp T/t p-value GiyiGly Gyt Tn/Tip povaing

NOGT) m 305 20 20
Age (years) S54LI59 S53E157 SI6XIST 024D SATHIG6 533 0187
BMI (kg/in) +15 225£30 225830 0673 206428 2310 0.03t
BP (mmHg) 120 12962170 1082176 D726 12378202 12485196 12431186 0954
IBP (mrtlg) TWILTIE TBOLILG TEGLIZ0 0836 TIRLI2 TS0£IL6 MOKILD 0061
Alcotol consumpiion

{gaurday) 077 087 a7 039 0.6 no8 0o 0352
Eating salty food (%) 244 23 90 0482 80 87 E] 0322

N: number of subjects, Values are means£SD, BMI, bady mysss index; ADD1, nddicing sBP, sysiolic blood pressure; dBP, diastolic

blood pressuro. Alcobol consumplon: | gon=23 g of erhrnol,

used 10 clarify the contrbution of cach independent variable
© fon. In this analysis, hy was regardest
s a dependent variable, and each genotyps and other factors
were reganled as i variables. The gigai of

ferences were abserved smong iie Giy/Gly, Gly/Trp, and
Trp/Trp growps bn ferms of hypestension,
Table 3 shows the choracreristics of the cambinert AGT and

the interaction of eating sulty food with AGT and ADDI gen-
olypes was also fested using an interaction lerm in this model.
All canfidence intervals were estimated at the 93% level.

Resuits

Table 1 shows the chavactcrislics of the stuly popukition
accwwding to the AGT M23ST polymorphism. The frequen-
cies of AQT genvtypes Met/Met, Met/Thr, and ‘Tur/The were
4.2%, 28.6%, and 61.2%, respectively. No signtficant differ-
erkes were ohserved ameng the MeuMet, Met/Tiir, and The
Thr groups with tespect to age, BM, sBP, dlP, alcohol con-
sumption, and the habit of eating vefatively more salty food,
in conuparison to the reported salt inlake of oilier subjects.
Table 2 shows the characteristics of 1he sudy populilion
according to the ADDI Glyd6iTsp polymorpism, The fre-
quencics of ADD| genatypes Gly/Gly, Gly/Trp, snd Trp/Trp
were 19,75, 48.7%, and 11.6%, respeciively. Resulis simitar
o thase given above were oblgined. In all, no significant dif-

ADDL isen anilysis, AGT M235T Thi/Thr and
ADDI Tep/Tip 1. other polymarphisms. There was a sigaif-
icant association belween the combined genolypes AGT Thr!
Thr and ADDI Tr/T'rp in men and hypertension (p=0.035).
MHowever, the statistical significance disappeared when we
adjusted for age, althongh the mageitsde of the percentage
remained atmost the same, Afier sdjusiments for age, BM),
sfeohal consumpiion, eating sully food, family history of
hypentension. wnd munber of cigarcties per day were made,
e multivariate prevalence odds satio and 95% confidence
interval (C1) of combined AGT snd ADD1 polymorphisms
for hyperiension were, respectively, 133 and 0.86-2.02 far
men, andl 141 ancd 0.95-2.8) for women, The combined AGT
and ADD polymorphisins were posilively associated with
hypertension i hoth men and wemen, with on odds ratio of
almast the same maguitde; howeves, the assoclation did rot
tench o level of siatistical significance.

Table 4 shows the multivariate adjusied odds raios of com-
bined AGT ard ADDI polymorphisms for hypertensian
when the dutn for men and wamen were combined. Multiple

646 Hperiens Res Veb. 26, No. § (20051

Introduction

The iologi i related (o salf-sensiliv
essenlial ion are not Excers
salt intake is an inpertant environmeatad cisk facwor for the
predisposition 10 esscatial hypertension, Therefore, polymor-
phising that might increase the fanation of angiotensin 1
(such as the angivtensinogen AGT} polymorphism) are rele-
vant in the context of sodiwm sensitivity, The AGT M235T
(the substitution of twevaine [Tl For mctbionine 1Met] at
«codon 235) polysaunphism Iy sssocialed witl at increased risk.
of hypestension (7, 2) mut s also been evaluated in relation
10 sall sensitivity. with comroversiad eesidls (3, ). The
Qiy460Trp penonype of adduvin (ADDI) tthe substilution of
uyptoptan [Trgj lor glycine {Gly| at codun 460) ls0 usso-
cinted with erythrocyle sudium trnsport, increases in ubular
sodivm reatisorption, and risk for hypertension (5-71 One
epideniiotogic stily showed 1l the ADDI Ti/Tsp geno-
type was assoctated with higher sysiolic blood pressure (sBP)
amog men with a high sodinm inake (3).

The purpase of this sludy was © elucidsie the retatinship
between AGT, ADDI. both genotypes cambined, and hyper-
tewsion in 4 general Japancse sumple. Morcaver, we exatn-
fned the effects of sah intake and polymorphisas of saki-
sensilive genes on hypercasion, vl we conducted a siatisti-
cat anolysis of the inleractions belween these factors afier
adjusting for other lifestylo factors,

Methods

Study Populstion

The Shiguraki Study was bused on o medical exsmination
nnderdaken in 199 at Shigarnki, o farming comnumily near
Kyolo, inn westem Jupan (9-17). A 10wl of 2,902 subjects
underwent the examination, of whum 2,395 were corolled in
1his genetic study after receiving s (ult explonation and pro-
viding informed consemt, OF these subjects, 748 wece
excluded for the utlowing reasans: undetennined genotype,
=4k, already taking antihypertensive sgenls, n=431: a
serun GOT o GPT level of over L) 1UA, #=13; andfor a
history of tnmsient ischemic nllack, stroke, augiva pectors,
myocardiat infarction, or disbetes meslitus, n= Stbjeces
were between the ages of 30 and 79, This study was npproved
by the Jastiusiona) Review Board of Shiga University of
Medical Science (Nos. 1115, 19949).

Hlood Pressure (8P) and Biochemieal Exami
tions

sBP and diastelfe blovd pressure (dBP) were measured Iwice
using u staulard sphygmonnomeler on the right unn while
the subject was seated after having rested for af [east 5 min.
Korotwkow”s first und Fouth poiots were regarded as the sBE

and dBP, nspecively, and the BP was measured by a well-
unined nurse. The meun of the 2 measurements from each
subject was used for the data analysis. In this study, pantici-
pants were considered bypenensive if they hud the fallowing
BP values: sBP2 140 mintg or ¢BPF290 mmtg, The non-
fasting blood ghurose level was measurcd by the hexokinase
method, Partisipants were considered Jiabetic if ey bad s
lood glucose level of 200 mgdt or more, or if they were
already being treated far dinbetos. The body inass index
(BMI) was edeutated as weight (kg) divided by the square of
the height (m).

Assessment of Litestyle Factors

The patient histosy regarding daily alcobol intake and mumber
of cigaretles per day was assessed by Face-fo-face interview
(9. 1. The frequency of consumption during a typical week
and the aleohol imake on each occasion were dewemined and
used to caleulnte the alughol intake per week, which was then
divided by 7 16 obiain the average intake per day. Subjects
were asked lo estimale their alcohol intake based on the
“gou,"  Waditional Japancse drinklng unit corresponding 1o
23 g of ethanol. Drinkers were defined as those consuming
more than 0.3 gou a week. ‘The patticipanls who seposted that
they prefencd sally foods in & simple questionnaire were
defined s those “sativg salty food.”

Genetic Analysis

DNA wan isofated from peripheral Teukucytes and the AGT
and ADDI genolypes wese deictmined s previously reported
(12, 13). Both genotypes, delenmined by the polymerase
clrgin renction (PCR)~restricehon fragmeat length pulymor-
phism (RELF) method fer a total of 75 random samples con-
sising of 25 PCR products for cach genotype, were
canfirmedt by direct sequencing, Briefly, after fractiotintion of
the PCR-RELP products on 1% agarase gels (Nippon Gene,
“Takyo, Jupan). the desired DNA bands were excised, and (he
DNA was purified using 2 QIAquick Gel Extraction Kit
(QIAGEN. Valencia, USA), amplified with the above 5
primer, and analyzed with an ABL PRISM 318 Genetic Ana-
Iyzer (Perkin-Elmer, Wellesiey, USA).

Statistical Analysls

The Statistical Package for Social Scieoce (SPSS ver. 11.0%
SPSS Jagan, Tukyo, Japau) was used for the statistical analy-
sls. Student’s or Welch's rtest and the Wilcoxen rank sum
test (for alcohol consumption) were used for comparisons of
means belween two catepories. For comparisons of means
amung three o more categarics, a anc-way analysis of varl-
ance or e Kruskol-Wallis test for atcoliol consumyption) was
used weeording to the distributions, The 2* test was used 10
compare proportions. Age-adjusted prevalence was caloy-
lated direcily. A maltiple logistic regression analysis wes

[* Hypestens Res Vod, 26, No.§ (1005)

Table 3. Characteristics of Study Population by Combined AGT and ADDI Polymorphisias In Men and Women, Shigaruki
Study fn 1999 (AGT MZ35T Tor/Thr and ADD} Tep/Trp vs. Othersy

\ Mlen (638 Wowen (1,009)

sl Oiters  ThofThr and TepiTip  p-valne Ofhers T Thr and ToplTep  povalne
N(LOITY 438 150 300 A
Age {yeurs} 58.3+154 5864146 0026 RARESLE 527154 0549
BMI fkglon’) 0089 221220 24529 0971
SBP (raml i) 132.0418.0 0,140 124312193 1253197 0338
(dBP (mmiig) ™oLy 125 T42EHG 41515 0598
Aleohol conswmplion

{goufday) 0.83 .81 023 047 0.07 0144
Eausily history of

hypeciension (%) n4 180 0.104 39 06 084
Exting sally food (%) n7 180 0217 ' 57 0.248
Hypereasion (%) ne 3840 0.035 234 73 0,241
Hypereasion (51 289 3159 0127 234 28.1 025

Others: AGT M235T polymorphism, Met/Met and MeuThr; and ADDI Gly460Tep polymorphisy, Gly/Gly and Gly/Trp. Other obbrevic
atfons ane Histed in Tables | and 2. A ge-adjusted prevalence wis caleuluted by the divect method using the “others” grovp s the staadacd

poputation.

Tsbled. Multivariatc Adjustrd Relative Odds Ratios wmd 95% Confidence Intervals {€15) of Combined Genelie AGT M238T
The/The 1) aud ABOI TrpfTrp (31) Polymorphlss for Hyperteuslon (V=1,647)

Risk chaacteristics Qdds ratlo (95% C) p-vaines
AGTT/T and ADDI T/T (both TT=1, others=0) L3T(L03-1.82) 0.031
Age {yeis) 107 {1.06-1.08) <0.001
BMI (kgfor'y LI§(L13-1.23) <0001
Alcohal conspinptlon {goulday) LINLI6-1.66) <000t
Eating salty food (yes=1, no=0 1.2540.88-1.77; 0218
Faniily bistary of hyperiension 157 (118207 0.002
Sinoking {mumber of cigarelles/day) 1,00 (0.89-1.01) 0481
Sex (men=0, women=1) LU OBI-1.47) D481

Abbreviations are fisied in Tables 1 and 2.

Togistic regression wialysis adjusting far age, BML. slealiol
consumption, eating sally food, Bunily history of bypericn-
sion, nuntber of cigettes per day ond sex showed that age,
BMI, wicohol consutiption, family bistory of hypestension,
and consbined AGY and ADDY polymorphisms were associ-
aied with hyperiension, However, there was no corclalion
between eating salty food and hypertension. In aduition, there
was no interaction between ealing sally food and the AGT
M235T The/The plus AODI Tip/Trp  polymorphism
(p=0.829).

Discussion

A numher of genes have been lested for an association with
hypertension, wilh controversial rescits, Subl sensitivity is
possibly peneiicatly ined. Sult-sensitive indivi

resemblaice in the respanse of BP (o sodium restriction (J4,
15). Such findings suggest the existence of geaetic determi-
nams that infuenee the sensitivity of BP Lo salk. Hunl and co-
workers speculated that the AGT genotype sffects BP n
sesponse to sodium and the developaient of hiyperiension, A
greater roduction in BP followlng a teduction in sodiom has
been reported tn subjects with the Thi/Thr genotype tun in
those with the MetMet genctype (J6). Similarly. Beeks and
co-workers reponed thiat the 460Tp variant of the ADDE
polynorphisi is probubly associated with 2 salt-sensitive
form of hypeaension (17). However, studies of ARican
Anmericuns, who are believed to have 2 higher prevalence of
sall-sensitive hypertension, have not revealed suy association
berween the ADD1 polymerphism and hypertension (8, /91,
These discrepancies anty be difficult 1o teconcite. One pussi-

1end 1o more frequently have a famitial history of hypeiten-
sion than da sali-resistant subjects, and there is a Famitia}

Ble ion is that essential is a complen
syndrorue detennined by both genetic and cavironmental fac-
tors. I is possible that the polymorphism of a single gene
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exertsonly b sioll elfect on h of

and this may be masked by differences in genetic phel\()!)pﬂ
of envisonmenial Tnclors such ax BMI, salt intake, snd alcohol
consumption (9~1/). In the Ohasama shuly (/3) the
Gly460Trp polymorphism of ADDI was associuled with
ambutsiory BP and hows BP. bt oot caseal BP. Casual BP
ustally does ot rellect basal BP, being influcnced by physi-
cal or psychological stress and eavironmemal fictors, How-
ever. in the present study, we found an association beeween
the AGT M235T Thi/Thr plus ADDI Tep/ Irp polgosorphisen

the angiotensinogen gene. Ani J Hypertens 1999; 1
466.

4. Schorr U, Bluschike K. DBrige J, Distler A, Sharma AM:
Angiotensinogen M235T variant and salt sensitivity in
young normotensive Cavcasiaus. J Hvpertens 1999; 17
475479

5. Besks E, Janssen RG, Kivon AA, o alt Assoclation
bewseen the alpha-adducin Olyd6UTrp polymomhisne and
systolic Biood pressure in Camilist cambined hyperlipi-
demia, Aui F Hyportens 20005 145 1185-1198,

6 Qs D, arkssig C. Azzani . ef ul: Polymorphisms of

2 460~

after adj for possile
Ilfeslyle factors, which indicates the importance of clasifying
the combined effects of certaln candidate genes on hyperten-
sian. Here, we suggest that a combined genciic analysis for
demonstating the presence of both AGT and ADDI poly-
merbisms is 3 good nvker fr hypertensian, as defined by
the cosual BP, Therefore, we conchuded that the accumulntion
of genelie risk factoss increuses the frequency of hyperen-
sion, i ive of exposure to envi risk factons
for hypenension.

There were several limitarions 10 1he present study. First,
we di nal exaemine other eandidute genes that nvight be asso-
ciated with hypertension (20, 21). Secmnd, 1he simple ques-
tionanise tegarding salt inlake used in the present study did
nor reflect the acwial salt imake of each parsicipant, Instead, it
might have been more sultable for the purposes of e present
study 10 use a 24-h orinary soslum excretion tesl. or some
other formula 1o estimate 24-h winory sodium excretion
based on spot urine samples (22).

In conclusion, as regards heredity, double homozygosity of
35Thr or 460Trp might be associated with essential hyper-
1ension, However, in the piessol siudy, ne interaction
between ihese gesiotypes and sall intnke conld be detenmined
based on the results of a simple quesiioanaire. In addition,
further investigation will siced to he curied ont using o large-
scale sample.
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Radlal Augmentation Index: A Useful and Easily
Obtainable Parameter for Vascular Aging

Katsuhike Kohara, Yasuharu Tabara, Akira Oshiumi, Yoshinori Miyawaki,

Tatsuya Kobayashi, and Tetsuro Miki

Background: 1t has been shiown that the systol
mentation index (Al) in the central arteries, including the
aotls and cartid arteries, changes with age. The AT can
alse be obtained from the peripheral arteries. "The pos
usefulness of AT obtained from the radial attery as an
index for vasclar aging was investipated.

Methods: Radial arterial waveforms were obtasied
from 632 subjects with no cardiovascuiar disease, wsing
radia} tonometry. Radial AT was calcniated as follows
(Secand peak systalic blond pressuce [SBP2) ~ dia-
stolic blond pressure [DBP]} / ifirst peak SBP ~ DBP}
2100 {%).

Results: Radial AT was significantly Jigher i women
wen (R1,19% 16,15 compared with 69.3%
£ <0013, Radial ATwas positively

ed to uge

in heaithy men and wonien \r = 0A/19, L <001, and r =
0644, £ <X 001, respecti When comparing subjects
in ll'.cir 2 to those in their 70s, radial Al increased 1.56
times (from 53.2% to R3.00%) nen and 1.49 times (from
64.6% 0 96.4%) in women. Muitiple regression amiysis
showed that age is a potent predictor of radial AT in
addition to gender, DBP and pulse rate.

Conclusmns. These findings indicate thac
i radial Al di

ie and
and could be

4 uselut index of vascuiar aging. Am J Rypertens 2005,
1R:115-145 © 2005 American Joumal of Hypertension,

Ltd.

Key Words: Augnentation Indes, wave reftection, ar-
teriat stiffitess, vascular aging.

ecenily, several pamameters have been intrectuced
Ru) assess vasentar aging.”™ One of the parametees
systolic augmentation index (AI}, which is ob-
tained from the central arterial waveform as the ratio of
awgmentation pressure ta the total pulse pressure.'* Al-
though many factors have been shown to affect Al it has
been shown that central Al is clnsely related to several risk
factars for atheraselerosis™™" and for future cardiovasculac
events, ™" A ctose relationship betwesn age and centeal AT
hias also been reparted.'’ Because Al can also be abtained
from radial arterial waveform,'™'? radial Al itself coutd
provide information on vascular aging. In the present
study, we investigated the relationship of radial Al to age
in heatthy subjects free of cardiovascular disease,

Methods

Subjects

Subjects were selected among volunteers who agreed
with the main purpose of this study and padicipated in
either lacal resident ar employee health examinations.

A total of 632 subjects with no history of cardiovaseular
disease, diabetes, or hyperlipidemia were identified and
included in the study. Anthropometric parameters,
blood pressure (BP), and radial Al were measured in ali
participants. Written informed consent for the proce-
dure was obtained from each subject, and the study was
approved by the ethical committee of Ehime University
Sehool of Medicine.

Brachial BP and Puise Wave Analysis

Blood pressure and radial Al were measured on the right
upper arm using an oscillometric method after § min of
test in the sitting position (HEM-907: Owmron Healthcare
Co., Ltd,, Kyolo, Japan). Inmediately after measuring BP
via the upper arm, the left radial arterial waveform was
obtained using the tonometric method Radial AT was
caleulated as follows: (Second peak systolic BP [SBP2] ~
diastolic BP [DBP)j / (first peak SBP — DBP) X 100 (%},
which was automatically calculated using a fourth-order
differential equation for radial arterial waveform (HEM-
210ATL Omron Heattheare Co., Ltd., Kyoto, JTapan) (Fig.
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FIG. 1 An actusl tracing of 3 radial arterial wayefam. Fa
an Indax (A1) =

aug-
2 — COF)/(SBFL - DEF} {%). DUP =
sressire; SBP1 = first systolic bload
5BP2 = cilc Litod gressure com-
Soment, Agric Al s defined as\SL‘P2 SBEL)/PP (%), ASBE ~ SBF2
~SBP1.

1). The HEM-XHOAI device is programmed to determine
awtomaticaily the pressure against the radial artery to ob-
tain the optimal radiaf arterial waveforn. The SBP2 was
also calcntated by calibrating with brachial BP as an index
of the absniute values of reflection pressure wave,

To investigate the association between radial AT and
anttic AT, we also measured aortic AT using the transfer
Function developed for the SphygmoCor apparatus (AlCor
Medical, NSW, Austratia) in 154 subjects. Aortic AT was
caleulated as follows: (SBP2 — SBP1) /7 pulse pressure
(®P) X 100 (%) (Fig. 1).

Data Analysis

All values are expressed as mean £ 8D, if not specified.
‘The difference between men and women was evaluated by
analysis of variance, Multiple regression analysis for Al
was performed with the following parameters: age, gen-
der, brachial SBP, DBP, pulse rate, body height, body
weight, and body mass index (BMI). All statistical anal-
yses were performed using the SPSS statistical software
package (SPSS Inc., Chicago, IL). A probahility value of
P <08 was i [

Restlts

Table 1 summarizes characteristics of the study parici-
pants divided by sex. The mean age was 47.0 * 15.4 years

Climical characteristics of study
Male Female P
(n = 348) (n=28%) value
Al 69.5 * 16.3 3
s8p
bep

Pulse rate
Heigh

AL = augna mx.mln
vlaad pressure;
Vaiues are mean £ SO.

BML = bdy mass inde; DBP = diastailc
solic bload gressure.

. Matsubara M, Sato T, Nishimues T, ez af: CYPI1B2 paly-
morphisms and home blood pressune in a populetion-based 22, Tan
coliort in Japancse: e Ohasmna study. Hhperrens Res

between hypertension and the slpha-dducin, betal-adreno-
veceptor, and G-mrotein betad subunil penes in the Japaicse
populatian; the Suita study. Hypeetens fes 2004; 27: 31-37.

T, Okawwsa T, Miura K, et af: A simple metliod to
estiwste populational 24-h urinary sodivm tnd potassiom
exeretlon using u casual vrine sperimen. J Hum Hypertens
2002; 16: 97-103,
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PSS

FAG. 2 Correlation between acit augmetation
iy SphygmeCor ang radial AT catatred by G
There was @ highty significant comelation betw
a0rtic AL

{range 20 to 82 years). The radial AT in men was signifi-
cantly lower than that in women (69.5 £ 16.3 compared
with 81.1 % 161, P < .001). Figuee 2 illustrates the

XRHRRREY

sa

£16.3 Carriaon bwomnradialsugmention inde (31 an e
{R)in men {r = 0.619, 7 < .093) and woman (r = 0.6: 201,
Age e e i s <howsf
2ach decade {B}. Vawss are mean * SG. *# < .01 between age
grovas.
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Table 2, Multiple regression analysis far radial
augmentation index

P
B t value
Age {y) 0.420 13.513 <.001
Sex {female} 0.218 5.452 <.001
SBP (mm Hg) -0.082 ~1.779 076
DBP (mm Hg) 0.375 8.608 <.001
Pulse rate
(beats/min)  —0.410  ~16.276 <.001
Height (cm) -0.194 -1.100 272
Wweight (kg) -0.041 -0.148 882
BMI {kg/m?) —0.080 ~0.387 699

Anbreviations as in Table 1.

carrelation between radia) Al obtained by HEM-9010AT
and notlic Al detemiined by the SphygmoCos device.
Radisl Al showed a highly significant correlation with
aortic AT (- = G822, £ < .001).

Radial AT and Age

Figure 3 summarizes the relationship between radial AT
and age. There was a significant positive comelation be-
tween age and radial AT for both men and women (mnen: r
= 0.619, # < 001: women: r = 0.644, P < 001).

Age-related changes in radiat Al expressed as mean
value in each decade of life, are also shown in Fig. 3. For
men, there weee significant age-dependent increases in
radial AT from the 20s to the 50s, In women, an age-
dependent increase in radial AT was observed from the 20s
to the 605,

Multiple regression analysis furthier revealed that radial
AT was significantly associated with age in addition to
puise rate and DBP. However, body height, weight, BMI,
and SBP were nat associated with radial AT (Table 2),

Discussion

In the present study, we showed an age-related incsease in
vadial Al in healthy men and woimen with o cardiovascular
disease between 20} and 82 years of age. In a separate study,
we evalualed the association befwocn radial Al nbizined from
'HEM-9010A1 and aortic Al oblained by SphygmoCor. There
was a highly significant and close association between AT
obtained by two methods (- = Q.822, 2 < 001). TIm finding

RADIAL Al AND VASCULAR AGING 13§

pecessary to take into account these confounding factors
when assessing Al as an index for atherosclerasis. The
difference in radial AT between men and wamen is con-
sistent with previous findings."' " Radial Alis higherin
women than in men, and it has been suggested that the
difference in bady height is one of the underlying mech-
anisms." However, the difference persists even after ad-
Jjusting for body height. The smailer diameter of the radial
artery and higher pulse wave velocity (PWV) in wamen
has also been reported to account for the ligher AT in
women,”

The AT is determined by PWV, distance to the reflec-
tion point, and reflection coefiicient.'™ The PWV in-
creases with the age-related increase in arterial stiffness.”
The reflection coefiicient is influenced by area ratio (that
is, the ratio of branches to parent vessel cross-sectional
areas) and age. Atherosclerosis has been shown to be
assaciated with a lower area ratio.'! Body height, a simple
estimate of the distance to the reflection point, diminishes
somewhat with aging. These findings indicate that all
factors defining Al ase subject to age-dependent alter-
ations.

In summary, the present study shows that radial Al
coufd be an index of vascular aging. Because central AT
reflects the difference between aortic BP and peripheral
BP," radial Al could also be used as an estimate of
ceiitcal BP, Recent guidelines also point out the potential
usefulness in estimating central BP." These findings fur-
ther suppot the clinical usefaliess of cadial AL a simple
and easily oblainable parameter for vascular aging.
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indicates the validity of radial AT semsi y ob-
tained with HEM-9010AI, which detects the radial artery and
detertuines the appropriate pressure of tonomelry o obia
the st peoper pressure waveform. The finding dhat radial
Al significantly and closely associated with aottic AT ob-
winied via trnsmission furicton is in sccordance with the
study by Millasseau et al."

Several parameters have boen shoswn to influence the
AL including body Imghl heart rate,'* postural
change,'™ and gender.'™"" Accordingly, it is generally
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Absstrac

Resistin, sccreted from adipocytes, causes

sulin resistunee in rodents. Tts roles and main source in humns remain unknown,
The G/G genotype of resistin single nucleatide polymorphism, SNP.

20, induccs type 2 dinbctes melitus (T2DM) by increasing

promoter activity. We chicidated Jactors correlated with serum resistin and cffects of SNP-420 on menocyte resistin mRNA. In

198 T2DM and 157 controls, fasting scrum resistin

vas Wigher in TIDM. Multiple regression analysis revealed thut SNP-420 geno-
type was the strongest determinant of scrim resistin. [n T2DM, 1-veur duration of TADM and % HbA e w:

also correluted with

0,19 and 0,54 ng/mi scrum rosistin, respectively. Logistic repression analysis reveaicd that serum sesistin was an independent fetor

far T2DM. Tn 23 hewlthy volunteers, moracyte resistin mMRNA wus

vely corrclated with it

wltaneaus serum Jevels and was

higher in G/G genotype. Thus, SNP-420 determines monacytc mRNA and scrum Jevels of resistin, which could induce T2DM.

© 2003 Clsevier Ine. All dghts reserved.
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Type 2 diubetes mellitus (T”DM) is churacterized by
insulin resistunce in insulin target tissues, namely, u
pose tissue, skelerl muscle, and liver (1). T2DM is
thought 1o be polygenic dissuse, the major genetic fuc-
tors of which remain to be identified [2). Single nucleo-
tide polymorphisms (SNPs) in intensively analyzed
geum sucl us peroxisome proliferator-uctivated receptor

(FFAR 4), calpuin-10, and adipoectin luve been
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reportied 10 be ussociated with T2DM [3-5]. Most
recently, we found that the resistin gene promoter
SNP-120 is associited with T2DM [6].

Resistin (resistanee 1o insuling is secrered from ddlp()—
oytes and antagonizes inswlin both in vitre and in vivo
[7-14]. Serum levels of resistin ure increased in obese
diubetic mice and ure reduced by PPARY ligands, sug-
gesting that levels of this molecule ure correlated with
whole body insulin resistance [7). Trunsgenic mice that
overexpress resistin in e liver have high serum resistin
levels and are insulin-resistunt {#)) Resistin (—/—) mice
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shiow lower fasting blood glucose levels, which are
increased by resistin injection {13]. A reduction in resi-
stin gene expression by antisense oligonucleotides im-
proves and enhancement by adenovirus encoding
resistin worsens insulin resm..ume[lS 16}. These findings
suggest that higher serum resistin levels cause insulin
resistance und diabetes in rodents whereus some other
studies did not agree with this role of resistin [17}.

A link berween resiszin and human T2DM s not
been dlarified [I8-26] Most recently, we found that
he G/G genotype of resistin promoter SNP-420 is asso-
ciuted with T2DM susceptibility {6] A meta-anulysis
involving three previous reports confirms this
tion. Spl and 8p3 transcription factors specifically bind
1o the DNA element inchuding —420G and enhance pro-
moter uct Serum resistin levels are highest in this
genatype. Therefom, the specific recognition of —420G
by 8p1/3 increuses resistin gene promoter activity, which
induces insulin resistunce und human T2DM through
enhaiced serum resistin levels.

The issus of whether serum inlevelsare altered in
Tman T2DM or obesity remains controversiul [26-3)}
Lee et ul. [28] showed that serum resistin levels ure not
ussocitted with T2DM or obesity. MeTernun et al. [29)
und Youn et al. {317 reported that serum resistin levels
are elevated in T2DM, but ure not associitted with obesit
Fujinamietal. {30]und Azuma et al. 27} found thus serum
resistin levels ureincreased in T2DM, and in obesis
tively. In addition to the SNP-420 Eetotype, other fuctors
affecting serum resistin levels remain to be elucidated.

In imans, resistin is sarely expressed in adipose tis-
sues and is highly expressed in monocytes or macro-
plutges [32-34), in contrast o its domimne expression
in udipose tissues in wnice {7]. Since mucrophages infil-
mmng into adipoese tissues could uceount for ulsu]m

resistance in obese mice [35-37] the ¢ y

evel fecsthan 110 mg/
o bivtory i denics of disbetes within first deg
relatives.’| in'lublel.

“T'o woew redstin mRNA i monoeytex, another 23 bealthy vol-
unteers (14 maky and 12 fomades, means.
(2U-46) ve:
normal glicose toferance, wx ussessed by 75 g oral glucose tokrunce
text with no evidence of dihetes within the fird degree reftives. Their
rontine blood testy were within normal ranges.

All subjects were inforased of the purpose of the stndy and their
of the Ebina Linvendty Hospitat und Ebime Urefectural Hospital.

SNP typbg. PCR direct sequencing was performed o dewcribed
previoudy [6,20.40). To type SNP-420, wquences of minus trands
were checked wing the priR primer wnd the other strand was alvo
seqenced, when required. "Tugmion anddydx wac abvo eployed for

i The .»mm ned viere VIC X

¢
AALAG ¥, mpemwlv
menrmrm nr‘ et vesbrb fecels, Serum resitin was feaied

is A kit {Linco Reseurch), folowing the
manufctirer’s protocod (6], We confirmed that linearity wax main-
tained betow 0,16 ng/ml, s described earlier ()

Meusurcincnr of restitbe mR¥A lecels B monocytes. Peripherat
monoouctear celly were coltected from whole blood samples using
Lymphoprep ‘Tube {Axix-Shield PoC AS, Oslo, Norway), and mono-
eytes were isofsted using wn anti-CD14 untibody of the MACS xyxtem
(Mitenyi Biotec GibH, Bergixch Cladbach, Germuny) by foffowing
manufacturery’ protocols. ‘Fotad RNA was iveluted from cetl homog-
enates wing an RNeary Mini Kit {Qlagen Sciences, M13). Human
revistin und intermad control buman  plycerakletiyde- 3 phowphite
debydrogeme (GADH) mMRNA fevels were quantiated wing the
two-step TagMan RT-PCR method using an ABI PRISM 7706 fol-
towing the nunufacturer's protocot {i%erkin-Elmer Applied Biovsx-

‘ Hy, CA). “The primers and probex wed were wyaikable i
Axxay on Denrand {L'erkin- Etmer Applied Biosystemy). Five hundred
manvgrams of fotal RNA wax incubated in 50 it reaction misture for
the ¢cDNA synthesiv. Three micrafitery of the synthesized cDNA was
then incubated in 25 pd of the RT-PCR mixture including 0.675 pf of
cither qesistin or GAPDH probe. ‘The comparutive cycle of the
mmsmm (Cr) method wax used for guantitating this MR NA following

relevance of resistin in human monocytes or mucro-
phuges nerits further investigation. Whereas Smith
et al. [3K] showed that resistin mRNA levels ure higher
in adipose tissues of obese human subjects with the
SNP-420) /G genotype, the ussociution of iis levels in
monocytes with the genotype should be pursued.

1n view of this, we examined ch eliniesd purame-
wers are associated with serum resistin levels in addition
to the SNP-420 genotype. Effects of SNP-420 on resistin
mR NA Tevels in monocytes and jis relution to serum res-
istin levels were also assessed in lizalthy volunieers.

Materiats sud metliods

Subjects v selected 193 TZDMand 157

whose fuding serum and DNA were availuble, AH these subjects were
wnreluted and were native Japanese. 1o this study, 93 T2DM subject
were recruited from the previous siudy (6} Diabetes mellitus was diag-
nosed baved vn the Amrerican Disbetex Avsociation criteria, ax reported
in 1993 (39 “Fheve 157 control subjects were chosen baed on HbATe

‘s protocol (Lerkin-Elmer). ‘the resisiin mRNA fevel
o comected by the GAPDH mitA level. The comected resntin
MRNA lovel of andifierentisted THP-1 human monocyto cells was
ved iy controf (defined as ). Duplicate welty for each suhject were

ke 1
Cinical churacteristics of controf und T2OM subjects
Control Type 2 dinbetes
1 (M/F) 1507 198(106/92)
s

Age of i BW [years)
BME (kg/m®)

Ak BMI tkg/ary
SBMI (kg/m*)
HbAle

Meanx
weight; SBW
BMI - BMI.

M1, body maxs indes; ABMI = niax




Sorum resistin {ng/mi)

Fig. 1. Serumt resivtin fevels of each genvtype in 12DM and control
subjects. Serum resitin levels were menxured using o bunwn resstin
ELISA kit (Linco Research) iv dexcribed in Materifv and method e
Fusting serum xamplex {rom 495 F2DM and 157 control subjects were
analyzed. e daty represent means _ SE for exch genotype in either
control or T2ZDM subjects. *Significant diffirence compared to C/C,
*4significant difference compared o C/Cor C/G. In controls, ANOVA:
354, P <0.0001, Schefle’s (ext < 0001 between each puir. n
TIOM, ANOVA: 3,4 < 0.0001; Schefie text: P =1.0053 (C/C
VI C/GR), P 00001 (C/C vs H), and P = G416 (CG vs G/t When
all genotypes were combined, serum rexistin fevels were significantly
hlgher in 'T20M dan controly meany — SE, control vx TIDM;

T2 0.8 ve 450 0.7 og/ml, Stadent’s 1 text; 1< 00001, Fasting
serunt rexistin levels were ulso increaved ax the number of (3 ufidex
increased when DM und controbvwere cambined {C/C102 _ 6.4, ¢/
O 150_0% wd GG 21 Ling/ml, ANOY 383,
P <0.0001; Schefle'c text: < 0.000L bietween each pair).

amadyzed. The rexiin mRNA lesel in totah RNA from human primary
wultured adipocytes (Zen-Bio, NC) wax ynaniitated as deseribed
abine, bt using three replicate wells, to conpare resistin mENA levely
between hunsan monocstes und adipocytes.

the cffoct of th

on xerums revixtin evels, u single regrevvion amalyviv invotving the geno-
type. gender,sge, age of vovel, duration of 17DM, BMI, nusinum body
m independent variable wax
performed. A miutiiple regression unalysis wax then pefornied uxing
only the significunt factors of these variublex. In hese regrexion anal-
weex, the genotypes for —430C/C, —430C/A, spd —420G/U were
denotal by tun dunimy r.m'.\hl« m .00, 11,0, .\nd u) 1)
s " ar
multiple logivic rgresion unufysis urJJ\m«I simutancoudy lm' pmen-
variablex
this model were age, gerdler, max BML, o s, nthe Togistic
regression analysy, the Wald fext wa tmed to sssess sathical signif-
cance. Anabyxis of variance wwA) foliowed i
Figs. 1 und 34, Student’s 1 test ix alvo wed in Fig. | where indicated.
Sinpe regression anatyisis wed in Fig. 28,

Results
Serom resistin levels were higher in T2DM

We first compared serum resistin levels between 198
cuses (SNP-420 genotype —m; C/C —87, C/G —87,
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Fig. 2 Revvtin mRNA fevels in monocytes in beakthy volunteers
Resinin mRNA fevels in monoeytes of 33 heafthy volunteery were
guantiated sing the two-step TugMin RT-PCR method as dewcribed
in Musteriuly und mcthods. ‘The level of hunan rexistin ntRNA wax
somatized by tht of huntan GAPDH mRNA in exch smple for
meaningful comparisons, nd the refative amountx of resistin MRNA
swere determined by cakubuting from the threshold cyclex. Revictin
mRNA levels corrected by GAPDH mRNA levels in undificentiated
THP celte are defined i 1. {A) Resistin mINA in heafihy votunteers
with cach genotype. ‘The dita Tepresent meant — SE wing dupficate
wells for each mubjecl. ANOVA and Schefiey test were uxed for
Mtutistical anafysi
ANOVA: F=88 : it
P 2005 compared o C/C genotype. (B) Correlation betiveen
redistin MRNA in monocyles und it ximultineons serum rexidin
fevelx. Fuxting serum rexivtin fevels at the time of monocste Folation
wese mewed s dev.nhesl in M.uzn.\k and methods. Simpte
ysic. Fusting xerum

und G/CG — 24) and 157 controls {C/C — 80, C/G —
and GG — 13) (Fig. 1). Serum resistin levels were sipnif-
feanly higher in T2DM than in controls (means + 8E,

wo H. O et ol | Blochemial ol Blophysicul Reseurch Consninicotions 335 (20057 396-502

Discussion

We repart here thut the resistin promoter SNP-420
genatype was ussocinted with its monocyte mRNA
und serum levels, und that T2DM subjects liad higher
serum resistin levels than controls. A logistic regression
unalysis revealed that serum resistin level wus an inde-
pendent factor for T2DM. Therefore, the SNP420
detennines monocyte mRNA and serum levéls of resi-
stin, which could induce T2DM.

We found that the SNP-420 genotype was a mujor
determinant of serum resistin levels. Seruin resistin levels
were higlest in the /G genotype, followed by the C/G
and C/C genotypes. This order was also confirmed in a
report on Koreun subjects {261 Haplotypes including
this SNP420 showed # similur tendency in Jupaness
subjects [41]. We ulso found that resistin mRNA levels
in monocytes were higher in healthy volumeers with
the G/G genotype. Smith et ul. [38] showed thit obese
Tuman vuhjecm with the G/G genatype aso have
higher i mRNA levels in heir abdominud
subcutaneous fut.

We found that resistin mRNA in monocyres wus pos-
itively correluted with serumn resistin levels. We ulso
found that sesistin mRNA was more thian ~J00-fold
Tigher in monecytes than in primiry culured udipocytes
in Tusnans, Whereas it is dominamly expressed in adi-
pose tissues of mice, resistin is most highly expressed
in mAcrnp]ugm in Tumans {32-34] Therefore, mono-
cytes are pmmmng candidutes for the main source of
servn resistin in humans, ulthough other regulutory fuc-
tors or secretery tissues could also affect serm resistin
levels.

“The association of resistin mMRNA in adipose tissue
with serum resistin or insulin resistance has been report-
ed by other investigators. Heilbronn et al. [42] reported
that serum resistin is positively correluted with resistin
mRNA in the subcutuneous adipose tissue of obese sub-
jeets. The fut content in the liver and HOMA-IR has
been ilso reported (o be positively correlited with resi-
stin mRNA in subcutaneous adipose tissues of obese
subjects [38] A totul of four independent reports luve
shown that the activity of the mutant resistin promoter
including —420G is higher than that of the wild wype
promoter including —420C {6,26,38,41}. Therefore, G
of SNP-20 enhunces resistin gene promoter activiry,
whieh could increuse resistin mRNA Jevels in adipose
tissues us well 1s monocytes, leading 1o whole hody insu-
Tin resistioce.

We huve shown that serum resistin levels were associ-
uted with T2DM. The serum levels increased with the
number of G ulleles in both T2DM and control subjects.
The duration of T2DM and HbA ¢ wus also positively
correluted with serum resistin in T2DM. Serum resistin
levels huve been reported to be increased or unchuanged
in hruman TIDM or obesity [14,26-31]. The discrepancy

between previous reports may be resolved by consider-
ing the SNP420 genotype as well as the duration of
T2DM und HbAlc 1t shiould be noted thut serum resi-
stin probably e as 2 hexamer (l]hljnf f‘nnn) or trimer
{a more biologically active form) in mice, which muy
also affect the assay results [43]

In summary, we elucidited fuctors correluted with
serum resistin levels and effects of SNP-420 on resistin
mRNA in monocytes. Fasting serusm resistin wus signif-
icantly higher in T2DM and its independent determi-
naut, Resistin monocyte mRNA levels were positively
correlated with their simultaneous serum Jevels. There-
fore, the SNP-120 determines the monocyte mRNA
and serum levels of resistin, which could induce
T2ADM. I is not presenly clear how resistin induces
insulin resistance in lumwn subjects and whether adipo-
cytes or macrophuges are the main sources of serum res-
istin. Further experiments will be required to chusify
these poims.
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control vs TADM; 11.2 0.5 vs 15.1 £ 0.7 ng/m), Stu-
dent's 2 test, P <2 .000}). Fasting serum resistin levels in-
creased with increasing number of (G alleles in controls,
T2DM, and both (both combined; C/C 10.2 £ 0.4; C/G
15007 and G/G 200+ 1.7 ng/ml, ANOVA;
F—3R3, P <0.0001, Scheffe’s test; P<0.0001 berween
each puir, see Fig. § legend for the other results).

SNP-420 genotype primarily determined serun resisiin
levels also increased with longer duration of T2DM and
higher HhAle

To examine which factors affect fasting serum resistin
tevels, we then analyzed 198 T2DM subjects {Talle 2). A
single regression aualysis involving the genotype (C/G
or G/G vs C/C), uge, gender, uge of onser, duration of
T2DM, BMI, mux BMI, or HbAlc as an independent
righle reveated that only the genotype, duration of
T2DM, and HbAlc were significantly sssociated with
serum resistin levels,

A multiple regression unalysis involving these three
independent variables showed that serum resistin levels
were ~4.4 ng/ml higher in C/G, and ~10.6 ng/ml higher
i G/G i in C/C (Tuble 3), An increase in 1-yeur dura-
tion of T2DM und 1% of HbA Je was correlated with an
increase in serum resistin at levels of 0.19 und 0.54 ng/
ml, respectively,

A single regression anulysis ulso revesled that serum
resistin levels were determined by the genotype in 157
control subjects, whereus uge, gender, BM), mux BM),
or HbAlc had no effects {data not shown). Neither
BMI nor max BM) wus associused with serum resistin
levels, even when udjusted for genotype, uge, gender,
and HbAlc, either in the cuses or the controls {data
not shown). Therefore, serum resistin levels were strong-
ly correlted with the SNP-420 genotype in both T2DM
wnd controls. The dusation of T2DM and HbAlc was
positively correlated with these levels only in T2DM.

able 2
Simple regression snatysiv mvn{ung mmg serum resivtin level as o
dependent variuble in TIOM x

Parameter esimate  Stundard emor P

133 00012

202 <0001
133 0455
Age 006 0,353
Age of onet 0o 0445
Durution 0.0% o001
BM1 0.47 3%
frax BMI 016 0373
HbAle 038 0423

b of genotspe of SNIM420, gender, uge, age of onset of T2DM,
duration of 120M, BML, arax BMI, wid HbA L was involved in the
anubysis v s independent variable. Stativtical snulyex were pes-
formed ux deseribed in Materiats and methods.

‘Table 3
Regresion analysiv for xerom rexistin in TZDM or T2DM ax
dependent vuriables

Varinblex Extimate  Standard error P
Serum resistin in 'T2OM
tntercept 531 KAl
ciG 442 136 20013
GG ws? 214 <4000
Duraion of disbetes ol 007 B00%0
HbALe ust 037 61456

+IDM m»gnm Regression)
Intercept i)
Semum Rmﬂn [T

0,000

ge ~ga2 [ 00728
Gender (fene) ~4.29 0.4 02036
nnx BMI 013 63 00003

Each of serum resistin in “IZDM, und TZDM was involved in the
unulysis axv u dependent variable. “ITe independent variubles in exch
unulysis are shown below eoch intercept. Stafisticat anatyves were
performed ax dexribed In Materials and methods.

Serwn resistin fevel was an independent Jactor for T2DM

To determine whether serum resistin is associated
with T2DM, « logistic regression unalysis jnvolving ser-
um resistin level, age, gender, and mux BM! wis em-
ployed. Serum resistin level wus found to be an
independent determinant for T2DM (Tuble 3). There-
fore, sertn resistin levels, primarily determined by the
SNP-420 genotype, could induce T2DM.

Resistin RN fevol in monocyies was higher in the GIG
genotvpeand positivelv correlated with servns resistin levels

To determine whether the resistin SNP-420 genotype
Is associated with resistin gene expression in human
monocyies, we dnalyzed s mRNA levels using
RT-PCR (Fig. 2). To assess isolated effects of the
SNP-420 genotype, 23 healthy volunteers were em-
ployed. Resistin mRNA was significantly higher in the
C/G or G/G genotype than in the C/C genotype. Consis-
tent with the duta on serum resistin levels (Fig. 1), resistin
mRNA in monocytes appears o be highest in the
G/G genotype {means :8E, C/C 62.6 £4.0; C/G
243.8 + 54.0;and G/G 412.8 = 87.5), although the differ-
ence did not quite reach the levels of significunce when
compured between G/G and C/G (P — 0.07) (Fig. 2A).

Fiouily, when these volunteers were analyzed 1ogeth-
er, resistin IR NA levels were positively correlued with
serun resistin Jevels (R —0.518, P—0.011) (Fig. 2B).
We wlso found that resistin mRNA Jevel was more than
~100-fold higher in human monacytes it in human
primary cultured adipocytes (resistin mRNA i human
primary cultured adipocytes, meuns + SE of three repli-
cute wells; 0.61 £ 0.06). Therefore, the SNP-420 geno-
type determines resistin mRNA in monecytes und
serum levels, which could induce T2DM.
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Original Article

Association of Dopamine 8-Hydro

Polymorphism with Hypertension through Interaction
with Fasting Plasma Glucose in Japanese

Michike ABE, Zhihong WU, Mivuki YAMAMOTO, Jing Ji JIN, Yasuhars TABARA,
Masaki MOC, Katsihiko KOHARA, Tetsuro MIKI, ane Jur NAKURA

Dopamine-B-hiydmaylase {DBH) vatotyzns the cooversion of doparnine to norepinephrine aitd i released
from sympsthetle neurons Into the circulatlon. Several fines of evidence, Including tha finding of elevated
suggest an important role of DRH In Rucently,
5 novel polymorphism (-1021C/T) In the 5" fianking reglon of the DBH gene haa been shown to accourt for
35-52% ut the vartation I plasina DEM activity. We therefore investigated th possible sxsaclaun betwesn
the DOH ~1021C/T polymorphism and hypertznsion In a larga Japanese papalation. Moreovar, because the
development of hypertenslon Is cansidered to bs dus At least partly ta gene-enviranmentst Intarsctions, we
atao investigated the possible interactions between the DBH ~1021C/T polymorphism and envionmental
factors. Consenuently, we found a significant interaction hetween the DBH -1021C1T polymacphism and
with

plasena DBH activity I essential

fasting plasma glucose (FPG) In the

ce showsd a staeper

increase in probability of hypestension with FPG than T allale carfars, We slso found a marginally slgnifi-
want trend suggesting the presence of an intsmaction betwasn the DR -1021C/T polymomphism and FPG tn
the association with biood pressure. Consieteit with the presence of th Interaction, we found that & 19 bp

sequence contatning the DBH ~1021CiT

includes two lcat E boxes

separated by 5 bps, and closely rassmbles the glucose responss elamant of the Ltype pynivate kinase
gene. These findings could be helpful In canducting furthsr motetular ond hisloginal etudies on the rels-
tionship among glucoss metabofism, the syrpstheic narvous system, and hypertenslon. (Hypatfens Res

eszential

2005; 28: 215-221)
Hoy Words: dopamine-f.
Introduction
Hyportension is

red 10 be @ comphes (it b which
pencte, envirormentst, and deraographic Fctars cortribate

$1-3). bap

Ivzes the conve

¢ (DBH) cats-
of dapaine to norepincphrine and is

genetlcs, gluzose

rofeased From sympribetic newrons into the circalation.
Bezause the sympatholic nervous systers s iatimately
irwolved in both the prigin and the perpettation of 2 kyperea-
sive state (6, 7), DB may play aa impartant e in the
cnesis of essential hypertension. Indeed, neonates with
show episedic hypotension (8. DB aetiv-
y from sympathetic nerves, can be rizasured
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CT %) 153 239) 5613133
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DBH weles
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CTHTT -1.53 082 122 022678 086
DBR, dammine f-hdion ylase; PG, Gvimg piasms ghicoses; R, 6dds rabis; £, sonfidence wlervid,

Rasults

Association of DBH ~1021C/T Polymorphism

with Hypertansian

A totel of £22 Jnpansse ing

tuals fro the Hyogo repion

d as hyp
for th\. DBHH -

These Fasuits are sons
libeluns {p 9,
subjects wi
futwee
and 1T

Interaction of DBH ~1021C/T Polymorphism with

or

y-Weirborg, oqu

CI+FT) betacen the hyperten-
ioets {Table 2).

and peno-
1 polmiorphise (Tabics } and
5 of the UG, €7 and TT gerotypes

y sm:vl' mln'l‘«.- o!

polymorphise significantly intoraeted with FPG iy
Tabis 33 Tl wetion was significzat aven aRer a
fient for sex and sge (p—0.014), aud for sox, age, BMI,
piasma total  chalestercd,  HDL-cholesterol, and TG
(D031}, Sebiects with the CC ponotsgs oweda mxp\:r
reas
th the CT1° mJ r
Baxase the
FPG was 5611 sligh
tion using stratifieation of I FY3 by quariles (fiest questile <94
mg/dl, sccond quartite 94 t0 99 mgAdl, third quertife 110 to
106 ragid + 106 mp'd). Consaquently,
the p value for the interaction was B.014. The p valne was
D.039 after adjustisent for sex and age, and 9. |m al
ent for sox, age, BMI, pr:\sm'- 1ot
iesteral, and T, M
subiccts with the
tigher probobitity of h;pmm'm dhan those with the €
genotype in the first quartle (PG <94 ragdl) iy
Cl=-1.32-5.05, where OR indicates odds
Clindicates 95% vonfidenss interval).
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ble a lazet parly o
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g, body
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. In contrasy the DHH ~1021C/7

of DBH -1021C/T Polymorphism with
FBS in the Assogiation with Blood Pressure

ons of the DRE ~1021¢/
h PG inthe assaciation with biood prs-
ral linear models. Analysis aly of subjeets roton
ent showed thet the DEH
ificanly intracted wih 1PG
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Thble 1. Chasasterbles of Participrels Accarding to
Hypertenshin Statas

N Hypeetensive
Vendhle plb
Sex frmate %) Xl

9505306 0245372
5428045 SLeENAD
ceride (mgid) HH6.1ERED
¢ plhverma huoose (mgidly 10122073

pnpuhmu in the Hyago regi

of Japan (Tablz 1) 1%, Al

g critera. Hype
of hypertension and
were belng tsated with sntibypertcnsive medication, or heir
0ad pressure (SBPEBF} was 24030

Dl v meznkSD. Blood pressate readings hefore e sbiri of
olibypertensi jien were aud avila
e subjecs ahova vitaes were messured under westmend. SBP,
loud pressare; DBY, diasiclic nlood sressure; HDL,
deasity Hswpratein

i hunsan plasma (%, Ji7), and clevated plasma DBH activily
has also boen shown in cesentisl hypertcnsian (71,

ihitars have beer shown t produce
e in kaan actecin! bioed prissur:

The DUH geee, approximately 23 kb in Jength, is som-
of 12 cxons {761, Rew a aovel palymorphism
HT) iR the 87 e region of the DBH aene has
bozn shown 1o acvount For 35-535% of the veriatan in plasox
DM actisity in scversl ethaicaily differot papuiatians,
in n of the DK
y has alsa
feen eopliveted wpean poplation {18),
Thus, corsidering several Jines of ovi atian
totwween DB and hivod pressure, the DRH « 1023 €T poly-
morphism: 2ppears to be an stiractive candidate variabie caa-
tributing to hypertcasion. Nevertheioss, there have been fow
repans invastigating the possible association between the
DBH gene and hypertension, We therefor: investigiied the
possibla sssociation betwean the DIIH —102)C/F polymor-
and hypestension. Marcover, beeause the deveiopment
of hypeitension is considuned ta he dize atfoask pardly b gene

we also investigaied the possible
interactions beesreon the DRH ~F021¢/1 polymorphise and
crvimnmental factors.

Methods

Subjects

According to the critoria dessiibed below, 275 hyperiensive
15 5nd 547 normatensive subjeets wers selsted from a
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5 wy
i

Hg. Nomiotersive subjeets had neser been teated with
mediention for hyperteasion, and theic SBPADHP ws < |4t
90 ki,
Subjeets were consideeed to have impained fosting giyee.
i AG) of thel Fasting plasan glucose (V) concentration
< 2310 mp/dl. Subjcets were eonsidoeed to have disbotes
mcifitas {DN if thair PG was 2326 mgidh,

DNA Analysis

The TaMan chemical nrethad, whick is an established end
fraquently used mcthod {2024, was esed to detect the DB
~1921C4F pol e fanvard pritner was 5
ﬂ\-‘ Foved

specilic probe  was
MGB-¥, and the C-all i probe was S-Vie CTC
Thz person who sssessed the
| data o the suhjects foany

COHEAAGTAGA-MGB-S,

whor the sampics originated.

Statistical Methods

5 visors of eatogorical vorighics were performcd
using the ¥ tese A of varianes was tsed o asse:
feeenves jn mcans and vaciances of soptinuous variables,
f
G vatees wers Logistic regnssio
raodels wore used to assess whether the DBH —102) ¢/
i phisn raaic a statistically si ibuti

prediction of by
tetwoen the polyntomhisr and confounding fastars. Ganera
lincas sogression modlels won ussd ty ussess whether o
DK =3921€4F polymorphisn: made a statist
cant conlribetion 1 prediction of bioad pressure, with o
caation of interactiors between the pafymorphism and
vonfotnding factors, p vals less thar D05 were eonsidzned

atistically significant,

raee of blaod pre
exclusion: of subj
infiuenced the distiibution of blood pressun, aad
readings before the start of antihypertensive
swene not available for } 18 hyperisnsive subjects
in our popnlation.

In theory, the DEH =

ated with pl sz DBH ectvity (77, 14) nd pl
is associated with hyptension (1, 12)
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i was possibly dus ta the irteracton
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ation of FPL by
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> 106 rag/dl) showed that the  Valuc for the interection was
0.0%9 for SBP 2 D925 for DHP. Ths p vale was 091 for
SHP and 8.3 for DBP aficr adjusinient for sex and age. The
pvaincwas .16 for SBP and 0035 for DAP after adiustment
for sex, nge, BMI, piasna fatal eholestersd, KDL -cholestaral,
20d VG,

Discussion

the prosent stdy provided cvidense for the intcraction
betwaen the DBH -3021C/T polymorphises and FPG in the
essaciztion with ky] it i 2 farge Japanese pogalation.

v was olsa @ marginaily significant trend suggasti
presence of an interuetion between the DBE ~ 1UZ1CT poly-
rphisms and FPG in the association with blaad pressure
s fack of signifizance was pos to the unstablz

batween the DHE =102 GF polymorphisns and I'PG in the
ith kyportension. However, evidenee for this
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1able in our population. la 843
mports. that  the DHM
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anslvze the irtsmetion between the DM ~
rorphiser cnd FPG in the association with piasme DBH
activity (77, 7).
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st iraportant physiolagies
cace on pl ity is wonsidesd o be the
plusase Ievel (26}, tn addiion, DBH-contining norons in
the hindbrain that innervate the hypothalamus have been
implicaied in the fecding response to glueose vaon
127}, 1n humans, the dfarence in sympsthetic response o
ghicose ingestion reletad to fmily history of hyper
sugpests the cxistence of peadtic factors infltcasing the sym-
pathetic esponss o glucnsc ingestion
may be ore such genctie factor,
s precis
~H21CAT polyn:

astivily (25).
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