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Abstract

guanine nuck

pathway, The CR
with severa) phenotypes such us hypertension, obesity.,
polymorphism Ty thercfore b assochted with mi

g min relation o
showed that T carriers had « signifi

binding proteins (G protcins) mcdiute many path

polymorphism in the gene cading for the 13 subumit of G protcins (GNB3) has heen shown to be assaciatcd

and diabetes meliitus comprising the metabolic syndrome. The (N3 C825T

¥ atherasclerosis-related phenotypes. On these grounds, swe studicd the CE2ST
ina

antly wider pulu: pressure (P — 0.0089) as well s a significantly higher systol

s inchiding the f-adrenergic signaling

on. Analyses in general lineur modcls
Jaod pressure

lurge Jupanese popu

(P~ 0.026). Tn contrast, unalyscs in logistic regression madels showed that ﬂu: cest polymarphism was not significantly asso-

ciated with cach of the four major clussical tisk factors for

hypertriglyceridemia, and dinbctes mellitus). However, a sign!

discase (obosity,

antly higher pcmcm.lgc of subjects had nonc of the four disorders in
CC homozygotes thun in T carriers (# — 0.026). Thas, the CR25T pn)) ‘moTphisn was sipnificantly

sociated with clustering of these

four risk factors. Although the effect of the gene on each phenatype appears to b weak, considering the combined impact of the
effects of the C825T polymorphism on sisk factors, the GNB3 gene may be an impartant genc for human health,
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Heterotrimeric guanine nucleotide-binding proteins
(G proteins) couple seven wransmembrang receplors (o
adenylyl cyclase, and mediute many pathways including
the f-udrenergic signaling pathway. Ench G protein is
camposed of three distinet subunits (¢, B, and 7). Based
an amino acid similarities of the o-subunits, G proteins
ure clussified into four major classes (Gs, Gilo, Gg/tl,
and (1213 {1-31 G proteins dissocinte into the
o-subunits und e (- and y-subunits, which separately
activate intracellular effector molecules. Recently, the
|#- wnd y-subunits have been recognized as signal truns-
duction molecules, and are now known to directiy
regulate as many differenl protein targets as the
g-subunits [4].

More recently, u CKIST polymorphism in the gene
coding for the i3 subunit of G prateins (GNB3) was

srexponding author. Fax: ~R1-89-914-5852.
Eonall abirecs wakura@om chime-wacp (). Nakural

O006-291 X173 - e front nmtter @ 2004 Hsevier Inc. Al righty reserved.
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identified [5). The 825T allele has been shown 10 be as-
sociated with hy pertension [S-8] and nhemv [©-11] in
severul althougl 1l Tiave been
inconsistent. In the initinl scudy, the R2ST allele has been
assumed to exert a dominant effect based on an obser-
vittion this, stimuluted by plaselet-uctivating factor,
levels of G protein activation of the TC genotype were
similar to those of the TT genotype, but nat to those of
e CC genotype [5). The 825T allele has also been
shown 1o be ussociated with insulin resistance [12] and
type 2 diabetes smellitus [13]. Thus, the §25T allele ap-
peitrs £o be related to the metaholic syndrome, which is o
complex condition composed of several disorders in-
cluding hypertriglyceridemia, obesity, hypertension, und
disbetes mellitus. The metsbolic syndrome is a strong
risk factor for curdiovascular and cerebrovascular dis-
ease. Indeed, us expecled the K.ST u\lele Tus been
shown to be d with ion [14]
und clinicil stroke [15]. However, ussociation studies are
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Table 2 shows the prevalence of four major disorders
(obesity, hypertension, hypertrigiveeridemiy, and d
betes mellitus) correluted with the risk for cardiovascu-
Tar and cershroviseular diseuse according to the GNB3
genotype. Assuming a dominant effect of the T allele,
logistic regression analyses shiowed that the CR25T
polymarphism was not significantly associuted with any
of the four disorders. However, 1 significantly higher
percentage of subjects had noue of the four disorders in
CC homozygotes than in T carrders (P — 0.026) in a
logistic regression model. Logistic regression analysis
showed that the ussociution was significunt even after
adjustment for sex und uge (P — 0.044).

Discission

The presemt study showed that the GNB3 CH25T
polymorphism was sigaificantly ussociated with PP, T
carriers hud higher PP han CC homozygotes. This re-
sult {s consistent with wnother result of this study that a
T carrier state wus significantly associuted with SBP,
whereas it was not significandy associnsed with DBP.
Becuuse the B25T ullele has been shown to be associated
with classical risk fuctors for silierosclerasis including
hypestension, obesity, und diubetes mellitus [S-11,13], T
carriers miy tend to develop atherosclerosis. Athero-
sclerosis may lead to increased aortic stiffness, vesulting
in a wide PP us well as elevated SBP [27]. Conversely, &
wide PP may be attributable to atherosclerosis. Indeed,
elevated PP is increasingly heing recognized as wn in-
dependent sisk factor for cardiovaseulur and cerebro-
vasculur disense [27].

In the present study, we failed 10 show u significant
association of the CK2ST polymorphism with such
classical risk factor for cardioviscular und cerebrovas-
culur disease. Consistent with this failure in owr Japu-
nese pnpummn other studies have also fuiled © shiow o

iution of the CE2ST polymorphism with

Tiypertension in Jupanese populations [23,24], The rea-
san for tis fuilure in Japanese is not clear. A possible
reason may be the difference of environmental and ge-
uetic Background berween Jupaese uad ather ruces, In
this context, the CR25T po])mnrplmm has been shown
1o interact with the angiotensin Jconverting enzyme
(A(_E) m:smmdde]ennn (l/D) pnhmnrplmm in the
with {14]. Thus, the

lower frequency of DD lmmnzxgnm in Jupinese than
in other ruces could explain the failure. In addition,
beciuse, us expected, in each disorder, T curriers were
consistentdly more frequeit than CC  homozygotes
(Table 2), the failure could be partly attributable (o lack
of statistical power, suggesting that the effect of the
CBIST polymorphisin on euch classicul risk fuctor muy
e weuk. Consistent with this, u significantly higher
percentige of subjects hud none of the four disorders in

CC homozygotes thn in T carriers, This result is in line
with the concept thut the cliniedlly munifest phenotype
of each subject with genetic fictors for the menbolic
syndrome may depend on phenotype-specific genetic
fuctors in each subject [25). Similar anulysis of the ACE
VD polymorphism has also shown a significant associ-
ation of the I/D polymorphism with clussering of risk
factors, despite o lick of associution of the 1/D poly-
morphism with esch risk fuctor [26]. Indeed, more re-
cently, the ACE gene hus been increusingly recognized
us . gene that is associuted with muny diserders [27,28].
Likewise, the GNB3 gene might have a similur impuet
on human health, becuuse G proteins mediate muny
pathways und the GNB3 CH2ST polymorphism his been
shown to be functiona) [5,2Y].

Although associutions of the CR2ST polymorphism
with clussical risk fuctors for cardiovasculur and cere-
brovasculur diseuse have heen reported, the underlying
mechunism remuins to be explained. In this contexi, the
T ullele of the CE2ST polymorphism combines prefer-
emi.nlly with the a-subuait of Gi proteins, and expres-
sion of the T allele is uccompunied by enhanced
sensitivity of Gi proteins to reoepior uetjvation [3, "")] Gi
proteins are known to play an important rele in udi-
pogenesis. Increased expression of Gi o 2 in mouse
embryo stem cells promoted their terminal differentia-
tion 1o adipocytes [30]. Expression of canstitutively uc-
tive Gi o 2 in mouse embsyonic fibrobluses stimulated
.|d|mgenes. {31]. Tumor necrosis factor o stimulated
lipolysis in adipocytes by decreasing Gi protein con-
cemr:mtm (32} Indeed, the GNB3 R25T allele was us-
socited with impairment of the B-adrenergic control of
lipolysis [33]. Thus, the ussociation of the CK2ST poly-
morphism with obesity miy be pluusible, This ussociu-
tion could resull in associntion of the CR2ST
pobymorphism  with  hypertriglyceridemiz,  diubetes
mellitus, and lnpenensmn thugh insulin resistunce.
Indeed, udipose tissue expression of tumor necrosis
factor-o induced obesity-linked insulin resistance [343.

In addition, beesuse (i proteins ure coupled with
many pachways, other mechunisms sy also wnderlie
the assaciations of the CRIST polymerphism with hy-
peririglyceridemis, diaberes mellitus, and hypertension.
Indeed, enhanced expression of Gi proteins s been
shown 1o be ussociated wirth hypertension [35-38], und
inuctivation of enhanced expression of Gi proteins at-
tenuated the develnpmen( of h)penemmn [39]. With
respect 10 idemin, severa]
fhlockers nﬁen cause hypertriglyceridemia [40,41]. In
contrast, with respect 1o dinbetes mellitus, biological
evidence suggesis that Gi proteins wre associated with
enbanced insulin uction [42-443. The appurently
crepaint tendency of more frequent T curriers in diabetic
subjects could have been by chance. However, the
GNB3 B25T allele has been shown 1o be ussociated with
insulin resistance [£3] and with type ? diabetes mellitus
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often irreproducible, We therefore studied the associu-
tion of the CRIST polymorphism with severul cardio-
vuscular and cerebrovascular visk factors i u large
Japanese populition.

NMethods

Subjecrs. We sindied K06 Japancse subjects who part
medical check-up ot a hospital. The values of vagiables in their
pem)ml b:\llh records were wed in the andyver. All ubjocts
led Aheir informed consent for pasticipation in molecularge-

i mnlm and the Ethics Committes of Ehime Vnivenity ap-
proved the stixl
tach subject wax axsigned f0 one of the bluod pressure diagnostic
categoriec defined by the foltowing criteria. Hypertensive xubjects hal
1 previouy diagnosiy of byperiension und were being treated with un-
€ don ar thir sestoicdGtaic blood precre

v wan defined bx body mas index
Uapan Sodiety for the Study of Obesity). H
defined ax triglyeeride 2:150mghdl [16). Disbetic xubjects were disg-
nased acconling 10 the WHOYS definition of 1ype 2
{474, Subjects were considered 10 huve dinbetex mellitus if fasting
o glacose concentration wis 3126 mgld).

%A malyste “The TiagMan chemical method, whis
fishel und hcquenllv wed method {18-21),

© COT GUE C-MUB-3. The person who
blinded to the clinical dato of 1he nbjects

1
ical chiaracteristios of subjects according to GNB3 genotype

Sraristical smethols.
statistical software.

stical arlysiv was performed with
mparivons of categoricd variables were per-
tance wax ured to awess dif
ferences i means and varinces of continuous variublex
Logasithniically transfarmied phasma trighoeride viltex were used in
e anutesds. Logistic regression mndets were tved 10 xsexs whether the
CINB3 CRIST palymorphim arade a stativtically significant contri-
bution o prediction of vbesity, bypertension, hypertriglyveridentia,
disbetes mellitus, and the pumber of disonders. with convidenstion of
1ha effects of zex and age. General finear yegression models were nied
to asexy whether the CRIET potymorphiven amde o stativtically sig-
nificant cowtribution to prediction of body nrass index, blood prescure,
wrigtyceride, total cholesterol, and fasing plawta ghicose, with con.
sidaation of the effects of sax and 2ge. P valex kevs thun 0,05 were
comsidered statistieatly vignifeant.

Results

Tdh]e 1 presents the actual values of the paruneters
d with risk for curdi and

culur disease as a function of the three genotypes. The
relutive frequencies of the TT, TC, und CC genotypes
were 7%, 45%, und 2%/, respectively. The ullele fre-
quencies were 4%/ and S1% for the T and € alleles,
respectively. These results were consistent with flie
Hardy-Weinberg equilibrium, tested by the x* test.
Analysis of variance showed thas the CEIST polymor-
phisna was significantly ussociuted with SBP (P — 0.026)
and PP (7 — (1.0089), assuming a dominant effect of the
T allele. Generul linear regression analysis showed that
the fation was si even after udj for
sex and age (P — 0.050 for SBP and P — 0.018 for PP).

Variable Genotype P vilue
) CCn=11
Sex (male * W34 0.6 056
Age fyeard 537 1) 0.3%
Hodly muss indes (kg/m?) ) 1730 013
wofic blood pressure (mmHg) 1260 (184 1245 (19,00 116 (155 [
iastofic blood pressure (mpHg) BOALD wram AT 4G
I'ubse prexsure (nimHg) 4800133 471030 M9 (105 [
ighicerkle (mghdh) VBLLAKG 126.3 (905 VY0 (BRI 612
“Totad cholesterot (mghl) 440320 199.5 (33.1) 197.2 (29 024
Fasting plasnm glucoee (mghh 633 (1R9) W2IN7.6) W3 N5.00 0.8
Data are means (SD). 7 valvey ure for 1T =TC vx CC.
Tabde 2
Prevutence of disorders norording 10 (INU3 genotype®
Dixorders 4y Uenotype P valae
Tr =215 IC (= 359) CC (=21
Obesity 46 95 137 o
Hypertension 353 303 0z
Hypertrighceridentia 460 s 0.060
Diabetes mellitus 65 43 0.36
Subjects with no divesderc 07 404 0%
7 valuex wre for 0 ~1C vx. CC.
* Divorders ure obesity, hypertension, hypertriglyceridentia, und diabetex mefitus,
M. Yamnorn er uf. | Bochensical and Blophystcal Resevrch Commnunicartins 316 (2004 5 744-T44 7

{13}in other association studies, Therefore, the apparent
diserepuncy berween biologicul evidence und the results
af ussocintion studies could imply thut sceumulited fug
in T carriers might have slrouger effects on insulin
action than eulmumd expression nr Gi pmmm in T
carriers, A might
undenlie e discrepum:,\ In this context, e GNB3
K257 allele hus been shown to interact with the insulin
receptor substrate-1 972Arg variant in the associution
with type 2 disbetes mellitus [13). Whatever the case, the
combined effects of a higher percentage of T carriers in
severul mujor risk fuctors for atherosclerosis thun Ct
hoimozygotes could expluin the significantly wider PP in
T carriers than in CC homozygotes in our populition.
Although the effect of the gene on each phenotype
may be weuk, considering the combined impaet of the
effects of the gene, extensive investigation of the GNB3
gene in reliution (o various phenotypes may be required.
In the present study, interaction analyses showed that
the CR25T pelymorphism did not interuct with uny
confounding fictors shown in Tuble | (datu vot shown).
However, the present study did not assess gene-gene
interaction, which is .x c‘\nmdme fuctor mochﬁmg xl\e
ion of an In this context,
wnalyses of the GNB3 gene with other genes involved in
G protein-mediated puthways may be helpful to im-
prave the understunding of the relation betwesn G
protein-medinted puthways and cardiovaseular diseuse,

Acknowlcdgments

This work wax supported by a Oningi
on Priority Arcas (C) “Medical Genony
Education, Culture, cience wnd “Technology of Japun and
Girantin-Ald for Research on the Hunan Cenome, Tisvue Engineer-
ing, nd Food Biotechnodogy from the Ministry of Health, Labous und
Welfure.

Refcrences

11) 81, Conklin, H.R. Hotrne, Stmctural ehements of G afpha
subuits that interact with O beta ganma, receptors, and
effectors, Cell 73 (1993) 631-641.

12] E. Neer, Heterotzimeric U proteinx organizery of tranment-
brane signaly, Celf B0 (1995) 2492

131 8. Rens-Dontiano, H.E. Humm, Structuml and functional rela-
tionshipy of heteratsimeric C-proteing, FASEB 1, 9 (1995) W89
1066.

(4} D.E. Clapham, EJ. Neer, G protein beta gamma subunits, Anny.
Rev. Mol qucbl 37 (1997 47-203.

{8} W. Sifier, D. Roskopf, G. Siffert, S. Busch, A. Moritz, R. Esbel,
AM. Sh;\mm, b Ritz, H.E. Wichmann, K.H. Jakohs, B
Horthembe, Awociation of o human G-protein betad subunit
variunt with hypertension, Nat. Genet. 18 {1998) 4545

{6) K Schunkent, LW, Hense, A. Doring, G.A. Ricgger, W. Siffert,
Association between o polymombivm i the ¢ protein beta3
bt gene und lower renin und elevarted diaofic blood prevare
fevels, Hypertension 32 (195 310513,

[ A.V. Benjafietd, C.L. Jeyasingam, D.R. Nybalt, LR Griffiths,
B, Morrix, (hprotein beta3 subunit pene ((INB3) variant in
canation of evsential hypertension, Hypertension 32 (1998) 194-
o7

18) L Beige, H. Hobenbleicher, A. Didler, A M. Shurm, G-protein
betad subunit CRISY variunt und ambutstory blod presware in

esvential hypertension, Hypertension 33 {1999) 104940

[9] W. Siffert, P. Forter, K.H. Jockel, D.A. Mvere, B, Brinkmann, C.
Naber, R. Crookex, I.H. Du, J tmkn, 1. Fridey, W1,
Freedman, N. Mufler, . Stolke, A.M. Shamus, K. af Mutisery,
H. Grovse-Wilde, V. Buerbave, ‘I Ehrlich, HR. Abmad, .
Horsthemke, E.D. Ou Toit, A. Viilikuinen, J. Ge, Y. Wang, D.
Howkopl, Workdwide ctiini dmnb\mnn of the (G protein betad
subunit R2S1 uflete urd it aysociation with obexity i Cancaxian,

Chinese, and Black African individualy, J. Ae. Soc. Nephrol. W
11999) 1921-1930.

1) R.A. Hegele, C. Anderwn, 1'K. Young, I'W. Comefly, G-
protein betad subunit gene splice variant und hody fit distritstion
in Nunuvut Inuit, Genome Rex. 9 (1999) 971477,

1] A. Gueersobn, €. Naber, N. Muller, R. Etbel, W, Sifiat, G
Profein betsd submit §25 1" genotype und post-pregnancy
weight retention, Loncet 35S (20001 [240-1241.

V. Giner, D. Gonzukez-Nunez, £, Coll, J. Oriola, A. de fa

iermu, Avsoctation of the G protein betud subunit 'F ulkele with
inxulin rexistance in exential hypestension, Clin. Exp. Hypertens.
24 (2007 345353,

3 D. Rowkopd, L. Frey, §. Eckbardt, §. Schmidi, E. Ritz, 5.
Hofmann, M. Jakach, N. Matler, 1. Husing, W. Saﬂm KH

meniction of the € protein bets 3 mbunit 155

-1 An972 variant in type 2 diabetex, Eur, J. Med. Rex s
(20005 454450,

[14] C.K. Nabes, J. Husing, U. Wollhard, R. Erbel, W. Siffert,
Interaction of the ACE D allele wnd the UND3 " ulkete in
mivocardial infarction, Hypertension 36 (1000) Y6589,

S A-C Momiwn, PA. Doris, AR Folom, K. Nieto, E.

pha-dducin poly-
sroke: athero-

serony fivk in compmmities wtudy, Stroke 32 (2001 4821
452,

(16] Y. Hata, H. Mabuchi, Y. Saito, K. Itakurs, (L Fpuva, B Ho, T
“Terumoto, M. Tshinr, N,V S
Yamashita, N. Sukunn, L. Sawiki, Report of the Japan Athero-
sherosic Sodety (IAS) guidetine for diagnosix und trestment of
hypertipidemia in Jupanese adudts Working comnittee on JAS
Euidetine for dignosis und trestient of hyperipidemiax, 1.
Atherosder. Thromb. 9 {202) 1-2

17 K.G. Afberti, 112, Zimmet, l)eﬁv\mnn‘ diagnoic und daxdboa
tion of diabetex melfitux und its complications. Lt 12 diugnoviv
umd clasxification of diabotex melfitux providonad report of o
WHO consultation, Dinber. Med. 15 (1958) $39-553.

[18] 3. Holloway, B. Ikgl)c, Turner, LJ. Hinks, LN, Dy, W.M.
Hawell, Comparivon of three methods for single nucleotide
polymorphison typing for DNA bank studi wence-specific
ofigoncleatide probe hybridisation, TaqMan liguid phise hy-
bridication, and ericrophate array disgomal gel electropharesis

12 E

. v, M. Fukuda,
b, T . Ogata, 1. Higaki, ¥ Oghhara,

~31C podymorphiset of sngiotensinogen gene und exential
hy pgncn\i(m Hapertension 37 (3600) 261 -2
vebratt, §. Sengul,
ifing, 1% Amer, L‘\rgp(r\!e genotyping of sige mcleo
mte potmivmhisns by Uy rosequencing trade murk und vatidation
-\g.umi 1he5 n\klﬂne(l wymn (i) axay, Hum. Mutat. 19 (2162)

12 J.IIA LI: Knk, BT Wiegerinek, B.A. Giexendorf, D.W. Swinkelx,
Rapid genpiyping of single nucleatide oy wing novel




HE AL Yanamorn ot ol | Biochanieal and Blophysival Rescigol Coummantcartons 316 {2014 § 749-748

minor grovve binding DNA oligonucieotides (MUB probes),
Hum. Muta, 19 €307 $54-559,
122] AM. Durt, BA. Kingwell, i’ul\:we'«um areview of mechoninis
and chinical relevince, 3. Am. rdiol. 37 £2001) 975
123 N. Kato, T Sug . H. a, H. Kurihara, Y. Yamon, Y.
Vazki, O protein betad subunit varfant and essential hyperten-

sion in Japanese, Hyperension 32 (1998) ‘.U‘—'}Jﬁ
hikawa, Y.

Vakuni, Y. Naknta, H. Satoh, 8. Hisnichi, J. Higa

Ogitara, Human G-protein beta3 subunit variant v esied
with serunt potassiunt and total cholesterol tesels bl not with
blood presvire, Am. J. Hypertens. 13 (2006) 140-145.

125) R.A. DeFronzo, E. Ferrannini, Inxulin rexistace. A multifaceted
xyndrome rexponsibie for NIDDM, obexity, hypertension, dysli-
pidemia, and atherosderntic cardiovavcular divease, Diabetes
Care 14 (1990) 173494,

126§ K. Lemra, 4. Nukura, K. Kobara, . Miki, 4 ssociution of ACE

> pobymosphisen with cardovaclar sk factors, Hum. Gianet.

W7 (2000) 239-242.

DAY, Moskowitz, From phamieogenomics o inprosed patient

oitcomes: ungintensin |-converting enzyme ux wn example, Dia-

bter Technod, “Ther. 4 Q02 $19-532.

I8} DW. Moskowitz, Iy ungotensn )-comerting enzyme u “vaater™

discase gene?, Dinbetes"Fechnol, Ther. 4 (1002) G3-711.

129) 1. 4, 2. 'ym H.R. Boume, G-protein dixcases famish a model

for the turm-on xwitch, Nuture 364 (1595) 35-35.

130] H.L Su, C.C. Mathon, H.Y. Wang, creasedl expression of G
alpha 2 in monse ambiyo stem eells promotes tenminal diferen-

tiation to adipocyies, Am. J. Uhyslol. 265 (1993) 17291735,

131 H.Y. Wang, C.C. Malbon, 'Fhe Cix atpha/Ci ufpha 2 iy controks
lipogencs independently of adenylyleyclise, It J. Obex. Rel.
Metuh Diod. 20 (1) 5. sl

3218, Chasic, H, Than, Tumor necrosis factor upha
stinmdatex h[mhrm in :-\dmﬂcvln by decreaxing G protein
ummmnmn 1. Blol, Chemt 774 (1999) 67706775,

3% H. Rohrig, W. Siffot, Effects of the G-protein beta3
bk $3SC allle o o pogenestx and lipolysix in cuftured
human preadipocytes and wdipocyter, Horm. Metab, Rex 31
(2007 475450,
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anti-MCP-1 ncutnalizing antibady prevents carly inflammia-
tion and reduees subscquent coronary vascular medial thick-
ening o A%-nitro-L-arginine methyl oster (L-NAML)-admin-
istered rats [/46), These findings suggest that vantinuous acti-
vation of MCP-1 is involved in the progression of athero-
seferosis, Nevertheless, there have been oaly o fow studics
cvaluating the relationship between MCP-1 and carotid ath-
croselermsis in hamans £17).

Revently, singlc nucleotide polymorphisms (SNPs) in the
MCP-1 regulatary repion, e, substitutions of —251% G/A,
have been identificd and shown to affect transeription of the
gene 178). It has also recently been reported thet the GG
genotype of the —251K MUP-] gene was associated with
suseeptibility to voronary arterial discase (74). Aguilar ot al.
(2¢) demonstratzd an association between the presenee of G
at position —2518 in the MCP-} pramoter rogion and the
presenee of eutancous Vasculits smong pagents with sys-
tentic Jupus erythematosus. However, there has been no
study evalugling the assaciation between —25)% SNP and
MCP-1 level, which may necount far the process of arteriat
renindeling.

In the present study, the plasma level of MUP-) and the
2518 SNP of the MCP-1 gene wore determiined in 325
community residents, and their aelationship with the carotid
intin-media thickness [IMT) thickening and earolid atarial
dilation was investigated 1o address the following uarsalved
issues: 1) whether the plasnia level of MUP-) is assoviated
with the depree of carolid athemsclorosiss 2) whether the
SNP al —2514 js associsted with the plasma Jevel of MCP-
1 and 3) whether the SKFP at —251¥ is associated with
carotid athersclemsis,

Methods

Sublects

The Shimanami Health Promioting Program (J-SHIPP) was
started in 1999 in the Shimanan disteict, focated in the
southern part of Japan (27). 1-SHIPP is a Jongitadinal stady
cvalunting factors relating 10 cardiovascular discase, demen-
tia, and death. Vhe prescnt study s a part of J-SHIPP por-
formcd in a single community that participated in prvious J-
SHIPP studics, All rsidents aged aver 5B years were invited
to participate in the program, which consisted of an inter-
view, anthmpometric measurcment, blood sampling, and
carotid ultrasonography. About SUZ6 of residents aged over
50 participated in the prograns, Among thom, subjorts aged
aver SO and free from any history or symptoms of cardiovas-
cufar disease such as stroke, transient ischomic atteck (T1A),
myacardial infarction, angin, congestive heart failure, and
peripheral vascular dissase wers carolled in the study. Subjects
with inflammatory disease or infictions were cxeluded from
the study. Informed consent for the procedure was obtained
from cach subjeet All procedures wees approved by the
cthical committee of the Lhime University Schoal of
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Medicine, Thiee hundred and twwenty-five subjects completed
the whole procedures.

Evajuation of Carotid Artery

The right cartid artery was cvaluated with 2n SSD-910
{Alaka Co., Ltd, Tokyo, Japan) using & 7.5-MHz probe. Af-
tor having the subject rest for ot least H0nuin in the supine
position with the neck in slight hypenextension, we cvaluated
an optimal visualizetion of the right common carotid artcry
(CCA), carotid bulb, and extracrmnint intoreal end external
carotid arterics. 1'rom anteriow, fateral, and posterior ap-
paches, IMT of the for wall was measured in the right
canymon camtid artery § e pmxmnl to the bulh and sveraged
ta abtain the mean IMF (2 Fwvo-dimensionally guided
M-ade tracings of the right CCA at | e gyoiona) ta the
bulb were recorded in real time. Peok-sysiofie internal
diameters (Ds) wore obtained by eontinuous tracing of the
intimal-luminal interface of the near and far walls of the
CCA in 3 cycles and averaged. The axial esolution of the
M-mode system was 0.1 mnn

Por the analysis of carotid atheroselesosis, carotid 1M1
thickening was defined as IMT 2045 mm and carotid arter-
al dilatation was defined ss Ds>7mm based on the mean
+0.5 D values of studied subjevts free from any known
risk factors (21).

Evajuation of Risk Factors

talic and diastalic brmehial blaad pressune was aicastred
twive ata S-min interval in the supine position with an auto-
matic oscillamctric blood pressure recorder (HEM-TOSCP;
OMRON Ca,, L4d,, Tokyo, Japan) during the caratid echo
examiination. The mean value of two nicasurcnicnts. ob-
taincd. The validity of the device and the reproducibility of
its results have been established previously (24), Totad cho-
lstoml, high-density lipoprotein iHDL)-cholosterod, and
glicose were determined by conventional arhads.

Determinatien of Plasma Lavel of MCP-1 and SNP of
the MCP-1 Gene

Bland was withdmwn into 2 m2be containing EDTA. Plasma
was quickly obuined by centrifugatian, and kept at —804C
untik assay. The plasma levet of MUP-1 was measured in du-
plicete with an cnzgme-linked inmunosorbomt  assay
(ELISA) kit (R&D Systems, Minncapalis, USA). The in-
terassay varishility was 6,34, and the intra-assay veriability
was 6.2%.

Genomie DNA was extractad froms periphoral blood sam-
plos using an extraction kit (QIAGEN GmbH: Qisgen,
Hilden, Germany) (25). SNP of the segulatary region of the
MCP-1 gene, focated ot position — 2518 G or A), was detor-
mined according to the published method (26). In brief, a
Y30 bp DNA segment including the polymarphic site was

Hpids d’\utrg prnlnnged
Inaulin wction impuired by

fency of the Clpmtein subwit Gi alphad, Nature 37

enances inwdin
Vin suppression of protein-yTovne phosphitise 1B, J.
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Polymoxphism of the Monocyte Chemoattractant Protein
(MCP-1) Gene Is Associated with the Plasma Level of
MCP-1 But Not with Carotid Intima-Media Thickness

Yasvhar TABARA, Katsuhika KOHARA®, Yoshikuni YAMAMOTO?, Michiya IGASE™
{URA ¥, Tkuko KONDO, and Tetsuro MIKT*

Tun NA

Manceyte ehemoaneactant prateln-1 {MCP-1) plays an important role in atherosclarosls, Recently, singte nu-
cloalito polymarphisms (SHPs) In the MCP-1 regulatary regian have heen itontlfled, and an in vitra study
weinnnstratsd that the SHP at position =~ 2518 of the MGP-1 gene affecten transuription of hu gena, The purs

posa of this study was lo ol

ity ihe assoclation of the plasma leval of MCP-1 and the SNP of tha MCP.{

9ena with carotid atherosclarasia In community-based subjacta. The stutly subjacts consisted of 325 cam-
munity rosidents, aged 50 years ar aldas fnean age, 70.53:9.4 yoars) ant froe tram aay casdiovascular aony
plications. Gorolld Insimz-media Jhickniess (I4T] wha maasicad in the right comman saiolld arkery using
ulasancpraphy. The plasma level af MCI-t was maasured by enzyme-finked immuncsorbant assay
{ELISA). The SNP ¢f tha MCP-1 gena was determined by \he polymerase chain reaction [PCRRrestiiction
tragmend longth pelymarphism {AFLP) tachriguo. Tho plasma taval of MCP-1 was signiflcantly assuckated
wilth 1T {1 =0.12, 5005} Arif carotit arlerial dmeasion (0,13, p<i0.05). Thee was & significent tifter
ence In plasma MGP-1 level betwean the genotypes [AA, 168236 nyal; GG+AG, 18456 ng/ml; 4=0.035).
Analyata reatricted to Ihe subjects aot racelving antihypertansiva drugs or other medication further Increasad
The statistical slgnificanca. However, casolid IHT and carokid arteria) lamater ware not aigniticantly different
among the MCP1 genolypes. Stepwise rgreaslon onalysis tor pasma JACP-1 reveald that the MCP-f
enotyps was an Indepondent vstarminant af pasina MCP- lisvel, Thase tindings Indicate that plasina MCP-y

Is with carotls Although —2518 SHP Is assoclted with tha plasma level of MCP-1,
It was nay ditactly tated with 1 Ros 2003; 26: 677-683)
Koy Wards: monocyte protelne1, earotid

Introduction

Vhers is sevumulating cvidenze, both in wive and it vitro,
izt raonovyte chomaattractard proty ) plays on
important rale in athemsslcrosis £/, MEP-| shaws pots
chemotactic aetivity towand monacytes in nspoase fo |

atie fesion: animial madols :lnd h\l—
. The plasma fevel of MOCP-] hos alsa boen
wasc in palients with mysvar
unsiable angina (13), veneus thrambosis 74), and
Kawasaki disease £75). bz dso baer demarnstrated that
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152,57
Body weight (ki) 53904
BMI (kg EAX e
SHP (mmHy) 13893244
DEP (mmHy) 755109
Tulit chulestero} (mghdl) w3t
HDL-vhulesleru} (mydl) 415
Glucuse fmgilly [ e}
Smoking (%) "i
Curotid urtery
T™T (mm) 0.79:0.03
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Fig. 1. Relationship beween age and piavia MCP-1 level
in wll partivipants (e There was a aignificant positive

axwociation between age aitd the plesia fo

amplificd by polymerase chaln reaction (PCR) using a set of
aligonuclcatide primers: 5-CCGAGATGITCCCAGCACA
63 and S-CYGEIYITGCRIGIGECT Y The PUR
products were digested with one unit of Pvu 11 and separated
by 3% agarose gel clectrophosesis. If the polymorphism was
—251%A,  unique Pyu b restriction site would be eliminated
from this segment of the 5”-flanking region. The DNA
ment from GG homozygous individuals was digested into
708 and 222 bp fragments,

Statlstical Analysis

Al values an expressed as the means2ESD unless otherwise
specificd. Statistical comparisons among groups wen: per-
formed by analysis of variance (ANOVA). Differences in the

Protia-1 (MCP-1)

Risk Bclurs, B »
Age 0 .0001
Male .08 054
B (kg .05 0.34
SBI fmmHg) a7l 0.051
DBT fmmHy) o0l 050
Totad cholesteral fmgdl) 0 [oE]
HUL-tholesterol (mygidl) o0l 098
Gilucoss 004 .51
Smoking (% 002 266
Medicution 0.07 021

The whbrevialions e Lhe vame ws Table {.

prevalence smong groups and Hardy-Weinberg’s cquilibii-

o wore anslyzed by the £° ecthod. Sepise regression

amalysis w

plasmun MEI1 level, efass

type. ANl analyses waee performed using the software pack-

IMP (SAS Institute, Caty, USAL Values of p<0.05
indieate sttistivo] signifieanee

ical risk factors, and MCP-1 gena-

Results

Plasma MCP-1 and Carotld Atherosclerasls

niva) charastoristics of ali participanis arc seraia-
fized fn Fable 1. The ravan plasmia Jovel of MCP.
381 T 540ginnt. vhe plasaia MOF-i Jovel wae significantly
1e o signifi-
unt assosiations betwween plasma MCP-1 and other cinssical
risk facwrs, ineiding sox, systalic biood pro disstalie
blond pressure, fofad cholssterl, HDL-sholostarod, plasma

ghicass and smoking status, or heteen plasmia MCP-1 nad
The plasmca fevel of MCP-1 was
significantly assaciaved with cecotid 1M1 0.05)

mension §r=10.13, p<LU5). The
rotid atherosclecesis and plasma MUP-1
is smmmarized in Fig. . Carotid IMT thiskuning defined as
IMT>0Xs mm and caratin arterial dileintinn defined as
m wen: assavisted with o significantly higher Jovel
af plasroa MUP-§

Eflect of OP-1 Gena Polyinorphistn on Pagma Core
centration of MGP1 and Carolld Athetoselerosis

I'he breakdown of the total 325 sehjoats by the — 2518 SNP
mh MOP-1 g had y
the GA gonatype, and 117 |hL GG geaotype.
e genotype distributon of MCP-1
Hardy-Weinberg's equilibrium i p=
of MCP-1 for szch of the thre:
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No. 9 200

Table 3. Plasme Monceyte Chemoattractanl Pratela-i (MCP-1), Carotid Tatima-Media Thickasss (TMT), and Caratld

Arterinl Diameter {Ds) Acenrding t MCP-1 Geautype

AN A GG GAbGG A GA GG A GAtGG
" F ”
Tokal puputabion
” 47 11 137 278
MCP-1 (ngimt) 16635 151259 13454 18436 22 (] 44 0036
TMT tmm) 0TRE0U3  OK0T0.03 ARaEDIS  A0E03 92 0.7 04 0.50
Dy (mm) 67409 67109 65E0R f5ERY 3% a4 09 034
Subjects withuud medication,
34 9% 100 198
MCP-1 {rgiml) 163134 192349 %253 187456 kX3 0.031 5.6 nn1e
DT fanmy anto  emten  andody  arkan a4 0.65 X3 044
Ds {rm) 65308 66109 64209 6509 19 0.16 004 0.9%

Analysix ol variznee (ANOVA) with addibive as well ws dominant models 6f MCT-§ genolyps wis perfommed.

2u

Fmemic MOP- 1 tevet ing

Noamit Diteor AwnE Dk
D

Fig. 2. Plasma MCP-T level in subijecss divided into fow-
groupx according th the presence of carotid intima-media
thickening and dilutation. Carotid arterisd dilatation way de-
Jined as carotid arterial interual dismeter > 7.0mm, and
cwotid thickening was defined av carotid intinia-
thicknesy >0.83 o, The plasata tevel of MCP-1 way signif-
feandy different amiong the four groups (3, 321)=4.90,
P=0.003,

Table 3. Thers was a significant difference in the plasma
MCP- lovel botween subjeets with AA snd those carrying
the G aHele (GG +HGA). Subjects with the AA genotype had
a Jower plasma level of MCP-3 companed with G camicrs.
(GG +HGA), Analysis restrietad 10 the subjeets without med-
jvation farther increased the statistical significance, Howev-
er, eavotid IMT as well as carotd anterial dismyeler were not
significantly different among the MCP-I geaatypes i Table

3
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from that previously nzported in Asians {26). However, this
previously reportcd prevalonee was ealeufated using only 16
subjests. The allele frequency in our population was 36% for
the A alicle and 6444 for the G aflele. The previously report-
¢d G allele frequency in Catcasians (4=71) was 29%, sug-
posting & profound mcial differcace. A nocent study from
Hungary eported a G allele frequency of 23.9% in controls
11 =320) and 29.9% in paticnts with coronary artery discase
{9 =31%) {19). Vhe higher prevatence of the G aflehe in the
Japancse population and the rofatvely fow preveloace of
coronary artorial discase, together with the findings of the
present stady, indicate an cthaic dificrence in the salc of the
MCP-1 gene in the develaprient of atherose lerosis.

I'heee were several imiportant limitations to this study.
Virst, our subjects had no symptoms of cardiovascular dis-
case. Thus we canaat sxehude the possibility that the plasna
MUP-1 fevels, a5 well os the MGP-1 polymamhisny, would
show a stronger asseciation with cerotid athcroselerosis in
subjoets with known theroseleeatic disorders, particulary in
light of a previows ease-conteal study in which patents with
the MCP-1 polymorphism were mor: susceptible o coronary
antery discase (79). Seeond, the selection eriteria of the sady
population wore skewed 1o 2 relatvely alder population. We
previously meported the ape-related augmentation of genctic
fectors for the ) of carotid ath {crosis (37),

Multipte Ragresslon Analysis of Plasma MCP-1

¥o further investigate whether the MCP-1 genotype indepen-
dently affeets plasma MUP-1 level, stepwise regression
sis of the plasnin MCP-1 Jevel was perfosmcd with the
following paramcters: age, sex, systolic bload pressure, total
cholesicrol, HDL-cholostoral, plasma glucose, smoking sta-
tus, medication status, and MUP-1 genotype {in the domi-
qant model). the results revealed that the MCP-1 genatype,
in addition to age, was an indopendent determinant of the
plasma MCP-1 level (Table 4).

Discusslon

MCP-] has been shown 1o be & key factor initiating the in-
fHammatory process of atherogenesis and sustaining the pro-
liferative response to vessed injury (7, )
MCP-] have been reported in paticats with myoeardial in-
farction ns well as after myoeardial reperfusion (7, 8, 27).
Fhese findings arc eonsistent with the featurcs of an immedi-
ate-carly geae (7). Franseription of MCP-) accurs at the car-
Iy stage aftor vascular injury i28). Recemly, Cipollone ¢t ol,
(26} demanstrated that the MCP-1 level after percutaneous
transluminal caronary angioplasty {PICA) could pre
restenasis. They ohserved significandly higher MCP-) Jevels
sustained for $%U days after PFCA in subjects who develaped
nestenosis compancd with those who did not A similar finding
has also boon reporied in paticnts afier stent implantation
(2%). Schmidi and Stern (1) proposed a chronie stage of the
cfiecct of MCP-1, in which prolonged MCP-I production
vould have suteerine/pamcrine cficcts on monocytes and
smooth musele eefls to promote the development of
atherpsclersis, On the other hand, plasma MCP-} ean alsa
incroase in response o the sccondary leukocyte accumiu-
lation as well as in respanse to vasculer alterations {36), Vas-
cular stresses including high blood pressure have been
shown 10 lead ta the infiltration and activation of leukoeytes

cylevmacrophages. J Cell Biachen 1996; 62: 303-313,
Yha-Herlluala §, LiGun B, Rosenfeld M, ot ok Expressivn
ul MCP-1 in mucrophagerich areas of human and rubbit
wtherosclowwliv lesiuns, Proc Nai Acod Sei US4 1994; 8%:
5252-5256,

Nelken N, Coughlin §, Gordon D, Wilcux I MCP-A in banan
atheromatous phagees J Clin Anest 1991; BR: 1124-1127.

Yu X, Dluz 8, Graves D, ¢f ok Elevated expression ol
MCP-1 by vasculwr smuoth muscle cells in bypercholes-
lerulemic primstes. Proc Nofl dcad S 754 1992; BY:
69536957,

Kuwala M, Reces R, Bever S, Gu C, Valenbine M: Charusc-
tewization of atheroselerosis in LDL receplor knuckuut
mice: macrophugs accemultion wrrelates with ypsid and
sustamed expression of wortic MCP-AJR, Athaasclerosis
2004; 149: 323-330.

- Matsumurs A, Furekawa Y, Hashimoto T, o ak Plasma
levels ol monueyle Lheml»l.\un md nclivating Gclord
menucyle chemuatiag Tt elevided in patients
with soute myocadial ml.wumn S Mal Cell Condiand 1997,
29: 419423,

Suejima H, Ogawa H, Yasue H, ¢f al: Angiotensin-converl-
ing enzyme inhitition reduces munocyle chemaatiretunt
protein-1 smd lissue Faclor levels in patients wilh myoear-
diul infurction. J Aim Call Cardial 1999; 34: 983-9K8.
Auhmll‘ Berge RK, Urlimdt T, et ak: Interacbion heween
smd oxidative stress; pessible pathugenic role

©
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s

tn toms of the geac-sge interaction, we considered that the
present scloction af subjects would provide specifie predic-
tive ion for the developmant of caratid

sis. To easure the presont findings, however, further evaiua-
tion sith a wide mange of subjcets wil be aovded.

In surniary, the plasma level of MCP-1 showad a signifi-
vant association with carotid IM'T" thickening and carotid as-
terial difation. — 2518 SN in the promoter regian of MUP-1
was significantly related to the plasma level of MCP-1 in this
Jnpanese population. However, —2518 SNP did not directly
correlate with cartid IMT or carotid diameter,
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Tabled.  Stpwise Regression Annlysis for Plasma Monncyte

Chemunttractant Proteln-1 (MCP-1)
Tarameler A »
Age .23 <0.0000
MCD-| genotype (3] 0.043

Sex, BMI, systolic blood pressure, TMT, tolal-chulestera), HDL-
cholestevol, ghuea se, snd medicalion séadus were not entered 1
Ihe equitivn.

in target tissucs, whore these cells contritaite to the inerc-
ment of plasma MCP-1 level (31).

fn the present study, we abserved a niodiest but signifivant
positive association betsecn plasria MCP-1 and cartid IMT'
in comnunity residents free from any history or symploms
of cardiovascular disease. These findings indivate that circu-
Ieting MCP-1 may play a mlc jn the prgression of chranic
athemsclerotic lesions, We alsa observed that plasma MCP-
1 was associated with earotid aiterial dimension. These find-
ings further support the hypothesis that MCP-1 may act in
the chronic stage of astesial remyodeling. However, the asso-
viation between plasma MCP-1 levet and carotid IMT ob-
served in this study was weak compared with that in a previ-
ous ropart by Stork et af. (/7). One passibie explanation for
this diserepancy is the differnes of study design. In shart,
Stark and calleagues meeatited study subjects wha exhibited
at [east onc site of > 1.0mm IMT in the varatid artery sys-
tent from their Jarge cohort. Furthermor, they ovaiuated the
mean maxinum IMT in the camtid and femoral arterics,
while our evaluation was carried out at 1 ems proximal to the
carotid bulb, Bocause there are stifl no supportive cpidemi-
ological data available, this issue deserves further investipa-
tion. The influences of antioxidative factors and antiartc-
rinsclerolic reactance are another passible explanation. Fur-
ther cxamination involving these fadtors may reveal a
stronger association betwoen plasm MCP-1 Jeved and
casotid athemsclemsis,

In the present study, the IMT of the far wall of the ripht
common cambid was cvaluzied from anterios, latoral, and
postcrior and the mcoan of of three
points was caleulated as the IMT. Although carotid arterial
morphology cvaluated with the present mathod has heen
shown to be associated with the status of several pathophysi-
alagical factors {21, 32-38), measurements of carotid IMT ot
mare points could rettect corotid atheroseicrosis more accu-
rately. This finding leaves apen the possibility that MCP-1
gene polymorphism could affoet man: suble atherosclerolic
changes.

Several sdics have reported an age-dependent sugrients-
tion of plasma MCP-1 level (39, 4#). We also observed a
significant positive association between ape and the phsma
level of MCP-1. Although the cxaet mechanism of the age-
dependent augmentation of plasma MCP-] s not under-
stood, Geri ef al. (39) postulated an age-dependent shift in
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the cytokine network. Age-dependent augmentation of the
plasma fevel of MUP-1 may indicate oceult atheroselerotic
fesions (40). Howover, the result of our stepwise regression
analysis indicated that aging Rself determines the plasai
level of MCP-) independent of carotid IMT', Other knawa
classical risk factors had no effect on plasma MCP-1,

SNP in the promoter region of the MCP-1 pene has been
jdentificd at position —25)% rcfative to the major transerip-
tianal start site, and was shown to be related to the promoter
activity (26). An i vitgn study demonstrted that tL-1f-in-
duced luciferase activity was significantly greater in cells
(ransfected with construsts containing GA ot the —2518 po-
sitien than in thosc containing AA at this position. Jurther-
e, it has afso beca observed that 1L-1f-treated perpheral
blead mononurlear eclls from Ci earriers (GA +GG), and os-
pecially fom GG cagricrs, produced mare MUP-1 than cclls
from individuals hamozygous for AA. Our finding that sub-
jeets with the AA genotype had lower plasmin MCP-1 can-
parcd with G carriers is vonsistent with these in vitro results,
However, a co-dominant effect s cerainly mone in faver of &
phenotype-genatype association. A previous report demon-
strated the co-dominant isheritanee in the 1L-1B-induced
MCP-1 production, but not in the basal produdtion level, in
vitro (4]). Sinee paticnts with known athemseletic disor-
ders, who tend o produce high levels of plasnia MCP-1 (7,
¥ 27) and among whom there is a rclatively high prevalenee
of (2 carsices 1), were not admittzd in the present study, the
plasea level of MCP-1 may mimie G-allele-dominant inher-
itance, To our this is the first ity-based
repant to examine the effect of the —2518 SKP on the plas-
o fevel of MCP-1,

We alse investigated carotid mosphology in the three
genotypes of MCP-1, However, there was no association be-
tween MCP-] genotype and cither canotid stheraselerosis of
carotid anerial dilatation. These findings do not exclude the
possibility that the SNP is related to atheeoselesotic disor-
doers. With the knowledge that plasmia MCP-I is incrased
afier niyocandial events, and an inercased fovel after PICA
is associated with restenosis, we cannot exclude the possi-
bitity that the plasma MCP-] Jevel responds to events such
as myocardial infarction that could be affected by MCP-)
genotype. Recently, o case-control study reported that the
frequency of the —25)% GG genotype was significantly
higher in patients with coronary arterial discases, including
yocardial infarction (79). Although the genotype distribu-
tion was significantly deviated from Hardy-Weinberg's equi-
librium, the findings indieate the possibility that the SNP of
MCP-] is associnted with thromboembolie disonders. Fur-
thermore, the positive assoviation between plasma MUP-1
Jovel and earotid IMT, sxanvined using maximum IMT, was
previously reported. Although only the mcan IM1* was cval-
usted in this study, the examination using maxinum IMT, 8
well as piague seore, may clanfy the involvement of the
MCP-] genotype an carotid atheroselomsis.

The prevalenee of —251% SKP in our study was differcnt
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Association of Angiotensin II Type 2 Receptor Gene
Variant with Hypertension

Jing-Ji ITN, Jun NAKURA, Zhikong WU, Miyuki YAMAMOTO, Michika ABE, Yusen CHEN,
Yasubaru TABARA, Yoshikuni YAMAMOTO, Michiya IGASE, Xiao BO*,
Katsvhiko KOHARA, and Tetsura MIKY

The renin-angiatansin systen plays an importark role in blnott prassize egulation by Influencing salt-watay

hemsuostanls and vascidar fune. U, the majar aciive

of 1as aystam, exe

arts iis effect via Iwa pharmacologleally Uisting) sublypas of arplotensin i 1eceptnss, tho snglotunaln i type
1 receptor [AT+-R) and the anglotensin 1 Iype 2 receplor {AT=R). Thus, the ATR pana may be Involved in
hypedeasian, Accurdingly, cur Gbjective was 1o examine whether palymarphisme of the ATcH gane aro In
volved In hypanansion, Tha enilra AT=R gens nclutling the promoter reghon was sereaned to tind polymor-
phisms. As 2 rexufl, 1wo novel single tuclaotide palymarphisms {SNPs), A1A1BT In nfron 2 and GL393A In
exan 3, ax wall a2 twa knowin SKPs, A1675G in iniren 1 and C4539A In exon 3, were identltiad. Thesa four
$NP3 bad similar aflete lraquancles, aral the A1675G and CAS2YA polymerphisme were In almast compléto
Hnhage shizoquilibriv, Bovause the AT gano fs locatod 0 tha X chromasanae, wa analyzedt ihe pasainie
association batvssan tly: CA599A prdymorphisin and bypectension In nan and i woman saparataly In two
iarge Japanssa populations. This analysls showed that the C4B95A polymarphism was assoclated whh hy-
parkension In wamen {p=0.0058), bat nat Ia man, Morenver, ihis temale-apecilic association was pro-

nounced In wemen. The o

aay ba hatgdul in condsmting futhor

motecular and Blotogleol stuilas on the rlaifunship anong ssx, the renin-anglotensin system, and byper.

tanston. (Hypertens Rox 2003; 26: 547-552)
Koy Wards: H racepton,

Introduction

Hypostension is considend ta bz a complex trail to which
acndtic, environmcrtal, and raphic factors contnbute
interactively (7). The renin-ang systens plays an im-
portant rale in dlood pressure reguiation by infiucncing selt-
water hame: culor fore {2, Angiotensin B, the
ujor biolapicuity active compancet of this systcht, cxors

woman, astragen

its effect via two phasmacologiealty distinet subtypes of an-
giotensin [} receptors, the angiatensin 1} type 1 reeptor
AT~y and the angiotensin ) tyjes 2 roseplar (A1-K). AT>-
on 10 e in hal'\nu_ vith A bR

4 blood pressere m, 7), whereas mrice
lueking t show clevated bload prossure ond an
ineresed vasnprossor response o injeetinn of anglotensin 11
(8, 9. Thus, the ATi-R gene may b sn attmative andiduie
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Screening for Polymorphlsme in tha Human ATzR
Gene Includlng tha Promotar Reglon

The full geromic sequence of the human AR gene inefud-
ing the promsoter region (Genliank necession no. UZ086U;
Tig. 1) was divided into 13 averapping fragments for poly-
morphism detection by scquencing. All fragments wor
arund 500 by, To idontify polymorphisms and to obiain an
estimate of allele frequencies, we examined genomie DNA
from 30 healthy unrelated Jopancse men. The DNA was ani-
piified and the polymerase chain reaction (PCK) products
wore sequenced in both dircetions using a DipDye Ternina-
tor Cyele Scquenving kit PL Applicd Biosystoms, Foster
City, USA). Primers used for sequencing were the same as
thosc used for the initial PCR.

AT»R Gene Polymerphism Genotyping

Fhe SNaPshot (P Applied Biosystenis) ddN'IP primer ox-
tension mcthod and capillary clectrophoresis were used to
dotect the AT-R .'\lb75(. polymnqm.sm The forward
primer was 5-CFC

verse priner was 571 (:M

extension primer was S ACTGEATTY
and the G-alfele sxtension pmm.r was '
AAATAAT
toms) chomical method was used to detect the ATIR
polymarphisni. The forward priner was S-GGAT
GGETTTAGGEATATTG-3, the reverse primer was 5'-1C
FATATTCCTAGCCCTATTCAATAT '
allele specific probe was §'-Fans- VO

A

cd the peaotype was blinded to the clinical data of the
subjeets from whom the samples originated, We validated
the TaqMan cheavical mothad with the polymicrase chain re-
action-restriction fragment length  polymorphi
RFLPy method in 300 sclected subjeats (13).
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Statisticai Methods

Measures of linkage disequilibrium iLewontin’s D and eor-
selation cocfficicnt 4) were caliulutsd according to Divlia
and Rissh (76}, Aps s of varianee was used to sssess
differercus In means and varianees of coatintious Variables.
Logistic rogression mod~l< were used 1o assess nhn(hu lhc

craion of the effects of confounding factors, S6, nge, body
zstorol, high-density lipopro-

coride jovels wene vorsidered to
be vonfounding factors {Tables 1 and 2). Logarithmically
transformed plasma trigiyoeride vaines were used in the
analysss, Genem? lincar negnission modais wers uscd i as-
si55 whether the C459YA polymonphissi niade 2 stabstically
significunt contsibution t0 preciction of bload pressers, with
of the uffects of
58 than 0,05 were considercd statistical
iral enadysis was perfarmed with S¢

Results

Igandification of Polymorphiems

The fuit genomie sequonee af e hunian A TR gens instud-
ing the promater region was scrcencd to find palyrorphisms
by sequenacing 30 randomly stlected Japeness rgn, Fhis
sorecuing ideatified o navel single muclootide polynine-
phisms (SNP9), ASKIBT in intron 2 and G5
as weli a5 two knawa $NPs, AT6750G in intron | (/7) cnd
n exon 3 (8) (Fig. ) G4I03A and C4599A wene
in the 3-untranslated sepion. Miner allsle freguencies for
these four polyrarphisms were B33 for AlG7SC,
ARBIRT, D317 for GHIUBA, and 036 for CAS99A. Ass
rent of finkage discquiiibrum between the AH6T3G and
CASA polymomhisnss by sevirai measuis as weli as the
A test showed that they were in alimast compiete linkage dis-
brium i st p<OM01, Lrword 0.2, and
correlstion cosffivient A=0.K9),

Assoclatlon of AT/R CASS3A Polymorphism with
Hyperension

Heeause these fone SKPs had siniiar aliele froguoncies, the
AIET5G and Cis99A palymorphisis wers fn almost com-

some, we analyzed the poss ciation between
the C4599A polysunmphisn: 3ed hypatnsien in mon and in
wamea seporately in our two populetions (Tsble 3), The
genotype distibulion of the C4599A polymorpkism did not
ificantly deviate from the cxpec
I

< showed o macginally sigrifi-
in the frequencics of the genatypes

S48 ilperon Ko Vot ThNo. 1

Tuble 1. Charactesistics of Male Parlldpants According to Fiypertcasive Status

Tupulation | Pepuiction 2 Fapulatiun | nd 2
Vit N C

K (=660 =432} =139 O=LoE)  @m=w99)
Kge (yrars) Sifme | SSAIRe) SRR (83 SIABE)  SSA(10)
By msss inden (hg/m) 29007 4408 29 (2.6) N3N M2
SBP (mmilg) 124394)  (50900.0)  UAR(ILY)  43K(6.6) (2240104 14990125
DED (menky) n560  8AGH BAG) BT NIEN RS
Tutul cholesteral Gmgadl) 1959 1307)  20070307)  MS.20R6) 20000385 19570310 200803240
HDL-chubesterol (myidl) 5(127)  @A(134)  SLA(I2E) 51336 S16(1321) 5170140
Triglyceride (myidl) 13590773)  U602(RR0) 1272085 USROG 1339(193) 1596(H0L1)

SBT, syslalic bluud pressure; DBP, disstukic hlood pressare; HDL, high-density lipomolein, Dutu are mean (SD).

Tehle 2. Charscteristies of Fomale Pantdciprats Accordlag to Hyperieasive States

Toputation | Populstion 2 Papulation | and 2
Variatle N H; i Hyr
=231) =17 n=121) n=3{) 1 =152 (= 0K)
A lyears) 2006 SA2(54) SIR(GBR) 601 {8.8) WALSy 55801
Body miss index (hg/m) 2302 28106 W64 B2(50) WIS MEMAN
SBP fmmHyg) HBS(H.0)  149.4(93) W90123)  14350163)  1I6S(19) (R
DED fmmHy) 1.7 (6.5) BI6(6.3) 8.3 19,13 #4.5 (10.6) 61.9(1.5) 83.901.7)
Tuli vholesterul (mgiel) 1996 29.0)  BNIGLY)  T606.5  2SIEGI) 2025020 290063
HDL-chuleslera] (mgidl} 66.5(15.6) fi3.2{14.2) £4.7(15.2) 60.0 (15.6) 638 (15.5) £2.3 (14.6)
Triglycerite (mg/dl) 90.70R4)  I3LI(739)  TRR(SLE)  994(504) 362 (44.1) 12260693

SBT. systativ blood pressare; DBP, disstufic hlood pressure; HDL, igh-densily Jipoprotein. Distu are mean (SD).

gene for hypedcnsion,

The molecular structune af AT-R resembles that of the
superfamily of (i protein-coupled receplars, which contain
seven transmcmbrane regions (16, 77). The ATr-R gene is
located on the X-chromasome and spans about 5 kb (72).
The AT>-R gene has three cxons, with the entire eoding re-
gion on the third exon (713). Regulatory clements are located
in the first intron n addition to the promoter region (14). The
complete nueleatide sequence of the human AT:-R gene in-
cluding the promoter eegion has been clucidated (13) and is
publiely available via the World Wide Web in the NCBI se-
quence database {hip/Avwivackialmnibgovl) (22, On
these grounds, we sercened the entire A12-R gene incleding
the promoter region to find polymorphisms, and exaniined
the passible association briween a polymarphism and hypur-
tension.

Methods

Subjects

The clinival chameteristics of the subjects ineluded in the
study arc shown in Tablos 1 and 2. Population | (n=2,446)
originated from the Lhimc region of Japan, and population 2
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(4=#23) was from the Hyogo rcpion of Japan. All subjects
were Japanese ueban residents. Subjects in population | par-
tivipated in medieal chock-ups 1 ta 1} times faverage
6.2times por persan), and the mean vatuss of variables in the
personal health rocords were used in anafyses. Subjeets in
population 2 alsa underwent a medical check-up, and the
valucs of vaciables in the personal health rocords wers used
in anafyses. All subjocts gave their informed consce, and the
study was approved by the cihics commitice of Ehime Uni-
versity.

Diagnostic Categorles

Liach subject was assigned to one af the blood prossur: diag-
nostic catcgorics defined by the follawing criteria, Hyperten-
sive subjcdts had a previous dingnesis of hypertension and

i :d with antihypertensive medications, o

astolic blood pressure (SDP/DBF) ws

tecated with medication for hypostension, and theie SBPDAP
was <140/ mmbg Menopatsal status was defined based
on the avereps oge of menopause e Japan, 51 years old
(apzn Socicty of CGiynecology, Tokyo,
Inpary.

(p—00S5 for AA vs, ACTHCC; OR—-0.53; Y% Cl—
1.27-1.02, where OR indicates adds mtio and Y5% Cb indi-
cates 95% confidence interval) botwien the hypertensive and
aormotensive wonicn in population 1 (Table 3). In contsast,
the CA599A polymorphism was not assoviated with hyper-
= 0.89; OR= LU1;95% C1=0.84-1.23). In
population 2, the C4S99A palymorphism was significantly
mnfinud \\hh hyperinsion  in women (p= 0.038:
0.11-0.96), but not in men i p=0.81;
=0.65-1.200), Anabysis combining popu-
Jations | and 2 yiclded 3 p vafue of D.UUSK for the associa-
tion hetween the C459YA palymomphisns and hypertension in
women (OR=1.46; 954 €I 26-1.83). Fhis female-spe-
vifie association remained significant sven after adjustment
for age (p=0.KES) and far all confounding factars
p=0.0063).
n the female-specific associstion, we next analyzed
the association according to menopausal status. Fhis analysis
combining populations 1 and 2 showed a lower OR of 0.29
for the assaciation botween the C4599A palymorphisny and
hypertonsion in premenopausal women (=
CI=0.0-0.86) (Table 4). In contrast, in postacnopausal
wamen, a higher odds ratio of .56 was shown for the asso-
ciation hetween the CAS99A polymomhism and hypesten-
sion { 7=1.089; 95% C1=0.29-1.10),

More quantitatively, we further analyzed the association
between the CIS99A palymarphism and blaod prossure in
wonscn, This analysis failed to show any sigrificant asso
tion ('Table 5). However, there was a aon-significant teaden-
¢y for wamen with the AA genolype to show higher blaod
prossure than those with the AC and CC genotypes in both
populations.

Analysis of the association between the CAS99A polymaor-
phissn and blood prossur aecording to menopausal status al-
5o failed to show any significant association abte 63, Ho
ever, the probahility values tended to be lower, and the differ-
cace in blood pressure tended ta be [arger, in promenopsusal
woncn than in pastmenopausal wamen ( Table ).

Discuasion

The present study identified two novel SNPs as well us two
known SNPs in the ATi-R gene. The four SNPs had similar
allele frequencics, and the AJ6TSC and C4599A polymor-
phisms were in almost complete linkage discquitibrium.
These results supgest that the AT:-R region has a low muta-
tion 1tz and a low recombination rte, implying that this re-
aion is sxtremely stable compared even with relatively stable
regions, such as the angiotcasia converling cazyme 1ACL)
gone rogion (1) and the angintensinagen gone region 120,
27). In contrast to these regions, the calpain- )0 region ap-
puars o be unstable, because the region contains many SN Ps
with differcnt alfcle frequencics and with selatively high de:
sity §22). However, the diffcrence in the stability of the re-
gions might be partly aticibatablc to mcial diffcrnces, bo-




FaMed. Asscintne of AT2-R C.

Jincral: ATt Receptor Gene wnd Hypertearion  55E

994 Genntype with Hyperteasing According (o Meaopauss! Status

Menopusa) status

Genulype liequency

Normulensive {n =352)

alee  OR 95%CI
Hymerenave =108 "

Tremenopunal women

I8 (10%)

Ac+cCC 159 (90%})
Poslmenopaussl women

AA 23(13%)

Actcc 152 (§1%)

13 (12%) 0.027 029 (I-036
19 (21%)
7 (79%) 0089 D56 0.29-Li0

The abhrevialions me the sime as Table 3.

Tuble 5. Blood Pressure According tn AT>-R C4599A
Polymurghbm

Teble 6. Bhand Pressure Accerding (o Menupnusal Statux
sad AT2-R C4599A Pulymurphism

Bloud presare. AA ACHCC p vilue Menopausal satus AA ACH+CC  pvalue
Topulation | Tremenapausial women

" a7 261 " 3 172

SHP (mmHg)  1288(17.9) (264 (16.7) 032 SBD fmmHg) 215089 1176048 024

DEP (mmHg) 73.019.3) T4094) a1 DB fmmHg) 695(10.0)  R2KE) 040
Populetion 2 Pustmenopausal women

" 1% 134 » a2 ”

SBP mmHg)  1235(233) (RO (77) 024 SHI (mmHg) 130.5(193) 1273 185) 039

DBP (mmife) 260149 7LD o DR (mmHg) 745004)  NOOA3) 074
Paigrutidion § and 2 Datut ire meen (SDy. The ubbreviations ure the sume as Table 5.

» 5 395

SBY fmmHg)  1273019.5) 1234 (17.5) a0

DBP fmmHg)  T2901L0)  TLA(00) 19
Data awo mean (SDp. ATrX, amgiatensin 1€ type 2 receplar, SBP,
systolic blood pressun; DBP, distolic bluod pressure.,

vause the ACE and ealpain-10 regions have only been stud-
Ied in Coucasians thus far, Morcover, beeause our sorcening
1o find pelymorphisms was vardcd aut in only 30 randomly
sclected Japancse men, polymomhisms with fow alleh fre-
quencics coutd have heea missed.

in additian, the present study showed a femyale-speeific as-

tevel of statistical sigaificance (/5). Another study has
showa that the C allcle of the A12-R CASWA polymorphism
s significantly associsted with a low prabability of hyper-
trophiz cardiomyopathy in women, but not in men (24), Nev-
eitheless, given the fact that assoelation stadies ane often ir-
reproducible (23, and because the provious studics and the
prosent study were aff vonducted in relatively smafl popula.
tions, replication studics in Jerge papulations will be indis-
peasable for establishing the association {26, 27).

The female-specifie association between the ATr-R

sociation between the AT1-R CASY9A polymarphism and

Jarly in wamen, Women
with the AA genotype were significantly mare likely to de-
velop hypertension than those with the AL and CC geno-
types. Consistent with this assaciation, women with the AA
genalype in the present study also tonded to have higher
blaod pressurc than these with the AC or CL genotypes, al-
though this tendency was not significant, ‘Fhis finding may
be attributable to the unstable nature of blood pressure and to
1he presence of treated hypertensive subjeots €23). Some pi
vious studics have also shown a similar tendoney of associa-
tion, Iending, further suppost 1o the idea of an associntion he-
tween the AT-R C45995 palymosphisny and hypertension.
One study reportcd that women with the AA genotype were
mare likely 1o have hypertension than those with the AC or
CC genatypes, though again, this tendency did not neech the

Original Article

Genome-Wide Linkage Disequilibrinm

Cas99 hisni and cannat be radily
explained. However, becsuse revent studics have shown that
estropen uprogulates ATi-R (2, 2U), a possible penotypie
differcace in readtivity to estrogen may explain the female-
specific association. From this point of vicw, a simple expla-
nation may be that women with the AC and CC genotypes or
genatypes in linkage discquilibium with theny might react
normally to cstrogen, whereas those with the AA penotype
ar 8 genotype in linkage disequitibeiun with it might have a
lesser reaction to estrogen. H this is the case, in women with
the AC and CC penotypes, estrogen may upregulate AT-R,
resulting in reduced blood pressure, I contra;
with the AA genotype, esirogen may fail to upregulate AT2-
R and may, in tumn, fail 1o seduee hlond pressupe, resulting in
theie ectatively high prabability of deveioping hypericnsion.
Such an cxplanation woutd also be eonsistent with our obser-
vation that the association was pronounced in premenopausal

Aapping of

Hypertension in Japan

Zkihorg WU, Jun NAKURA, Michiko ABE, ling-Ji JIN, Mivuki YAMAMOTO, Yusen CHEN,
Yasuharu TABARA, Yoshikuni YAMAMOTO, Michiya IGASE, Xiao BO*,
Katshiko KOHARA, and Tetsuro MIKI

Hyperiaasion is a comman, complax ahenolypa resutting fram tha Intaraction belwenn ganatlc and environ-

mental fasiars. To sekact candidate reglons potantially

for we am a

ganome-wide Hakage dissquilitriems (LD} mapplng of hyperianalon vsing diruciantide repaat motkaes in 148
fypertansive and 138 narmotensive subjacts. Afthough Ihs LD mapping is st underway, 19 ellalos of 15
markars have already shawn a nominally algnilicant association {p<0.05}, with odds ratlos ranging tram
0.68 1o 512, suggusting tho presence of mary hypartension-rolaledt locl with woak effecta In tha buman
genoina. Theos Morkarn shauld ba further assessed, sdjustlog tor confaundiog factars and consicadng
gene~9ana and gane -environmental Interactions In additlonal samptes. in this rapan, we discuss our ango-
Ing LD mapping project zost doscribe tha 15 markers 1hus far discavered, Among tha 15 markera, D14S537
had a blyhly signifizant assaniation with hypsaasiun (p=5.3X107% OR=3.86; $5% CI=1.96-7.27; whero
OF indicates thu odss 1alio anil 95% C} Indleatns 1ba $5% confiiance intarual). Fusther anslysis 1 a targe

Jepanese poputailon showed that D10S537 was slgnificantly assoclated with hypertension { p=!

1.27; 95% cl

01-1.59). DIOSSIT wrs mora

.044; OR=

with I subjacts v hn

aomatrighycandamia In ous papirlaticn {5=0.007; OR=1.47; $5% CI=1.11=1.85).

{Hyporfens Res 2603; 26: 533-540)

Koy Wards:  finkoge mapping,

Introduction

Hypostension s a contrmaon, compfzx disorder that results
S interaniions betweon genetis and enviranmental
ord hes baen intensivoly studieg to iden

s, One widely ussd strategy for identifying
polymombisms far hyperersion i the saedidate genz ap-
sk, And in fact, polymoiphisms in muny vandidste
genes have becn tested for dheir assosiation with hyperten-

sian, However, assaviation stadios have mached divergent
canctusions (1), arit cven the vonchisions of mota-analyscs
have beon inconsistent (2-3). Massower, the candidate go
approsch i large kpancse populofions kas also faited ta
show canclusive resuits (6-77). Thus, then: is curontiy no
genotypie pelyaioiphisn thal kas boor proven to be assacial-
cd with hypertiznsion in huraars.
Anather sticgy o search for eq
for hyj
scaie linkag

c

te polymocphisras
sion is linknge wapping in hercns, ard farge.
mappings of hypertension have led 1o the idon-

Fouan the Deartioent of Genatae M
Mz, Cstraad South i cost
Ty wady seen wppeted
Cullure, Speay. Seraes
Soort s M

i, ool uf Matiars:, Linns U ceay. 1

tequn, ned ¥ Ipsimon of Nearobsgy, Saenyg Ve Seiwol of
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: Avsipiost o e fom: ) by 11,
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wanien, boesuse estrogen leves fall afier menopause.

The prosent study has scveral limitations. First, although
severad faclars ane known to infiucnce blood prossers, in-
cluding glucase metabolisn, ciarite smoking, and alcohol
consumption, quantitative pammeters of these factors were
not availeble in our papulation. Sccond, the prosent study did
not assess AI6T5C, AVBIRT, of GAI03A. Third, the prosent
study did not assess gene—gene interaetions, which may have
modificd the cvaluation of an association, In this context,
analyses of the intersetion between the AT:-R geac and oth-
cr gones involved in the renin-angiotensin systom may help
a llnpm\\. our understanding of the eclation between the

systent and fon. Finafly, because
the present stndy included few women, the results of this
study need to e assessed in fasge poputations.
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Tabtel. ¢l P in Linkaye Mappiag
Firsd group Sevond gre Third greun

HTI NTH U NT2 HT3 NT3
Nurmer of suijects ) a8 36 20
Age {years) 43.163) RN N S4R03.0) 4.0 04.0) 558(7.3)
Numiree 5o treabmenl 17 17 G 2% G
SBY fmmHg) 1825 (121)  1111(62; 156409.0)  [143(55) 160409.0)  111.3(55)
DBY (mmHy) 8.7 (84) 7.70.0) K013} T3R(104) MIA0.)  BORKR)

Daka sre mean (D). Each number following HT or NT means gruup number. HT, bypertensive subject; NT, nommolensive sulgect;

SBP, systolic blowd pressure; DBP, diustatic blood pressure.

tification of several enndidate axpions 178-2Y). However, no
repion showed highly significant linkage according to a pro-
posed eriterion (56, and the candidate negions have been in-
consistent, suggesting that the development of hyperiension
may not be atdbutable 1o a fow strong genctic factors. ln-
strad, many weak-to-moderate geactic factors may con-
tribute to the development of hypertension, sithough the
number of such geactie factors and their redative risks remain
unknown. Indeed, the authors of a large-seale Jinksge study
concluded thet the Jack of a highly significant maximuo lop-
aritha of adds seore vahuos jn their study demonstrated
how difficult genome-wide scarches for genes influcncing
complex traits ean be (). This difficulty may be stributable
10 several characteristios of linkape analysis, First, if we as-
sume that many weak-to-mademte geactic factors may con-
teibute ta the developricat af hypertnsian, thon the rlative-
Jy weak statistical power of Hakage anafysis could fail to
identify them. Sceond, the results of Jinkage analysis could
be influcnced by wide rogions of chromosames over the
range of Jinkage discquilibrium (LD), and such wide regions
may contain mare (han scveml genctic factors intucneing
the developmiont of hypertension, For cxampls, at Joast theve
functional polymomhisms ean exist in axlation ta hyperten:
sion cven within a singfe genc, s has been reported for the
2 adrenergie roecptor gone (37, 420, The interprotation of
results paay therefons be eomplivated, end the sttistiesl
powee of tinksge analysis 10 find a single geretic rmm Rl
be even weaker, 1insliy, lirkage snaj
1 sondut when corsidoring a number of g

taf and gune—peae interctions, despits b fact that ths
veioprient of hypertension is considered to be st least pantiy
attsibutabls such interactions {39).

(rwing t the complex nattire aed late onsct of common
disomder, LD mapping of genes in papulation sampies has
been suggested as an alternative o vonventional
riapping. Indeed. fasge-scale LD aiappings. of Aizheimer's

isease hove identitied jaci i34, 35).
cver, 1o date, oo lasge-seate Ll)nnpplng of hyperansion kas
been conducted. We therefore planned 1o conduct on
large-seale LD mapping of by,

ated with hypertension. |6 this repart, s
ing, LI cvappieg, projoct and duseribe th
discavered

our onpa-
1S thus far

Methods

Sublects

{0 the criteria d
< subjests we 4 froni & popuia-
tm\ compsed af 2,426 subjedts who worked in o company
e rgion of Japan. Al subjorts sers Japanss
Fhey pirticipated in medieal sheck-tp
iries por peson), and the niesn \.-lncs of vnmhl;s
sotat heokth sevords were vsed in analy: Thise
46 hypestensive and 136 nomuolcrsive subjects wen fur-
ther assigred to one of thrae groups §lable 1) sccarding to
the availzble antount of DN AL Far cach of the six subgoups
thits secated, a DNA peal was estabiished by taking ar eyual
amaunt of genamiz DA from each member,
pave thie informcd consent and the study was spprov
the cthies cammitice of Lhime University,

Diagnostlc Categories

In owe view, 2 case-control foreacd it or-
dor to sensitively serezn candidate polymosphisras for hypir-
tension. n cantest, & papulation swily should be perfomnsd
in onder to sssess the cxlert 1o which candidate palymar-
isms sffect the developuient af hypericasion, with the goal
of esizblishing a geactic dagansis. Therofre, in the
(;momc.md LD mopping of hypertension, we st vesy
i 5 for hypertersive sehjonts but refaxed eritecia
Seance, whereas i in our papuiition stucs,
ubjects with strin-
gort eriterda far signifivance. 1he veteria for hypenicnsive
focts in the genome-wide LEY mapping of hypmu.sion

wore uﬁmd s follows {Table £f: 1) malz,
iz blaod prussurs (5B

repeat markers. Aud slthough this ntapping
15 maskers have elready bien found to be nominslly assav-

subjects in the penomewide LI miepping of hypedersic



Talle 2. Charncteristics af Partelpsnts a Populstion Stady
Accurding to Hypericasiye Status

Variable N{A:mulﬂ\\‘hn H_\"”vr:ll;ﬂﬂ ve
Sex (male %) %64 %3
Age(years) 516017 $52(6.1)
Budy mass index (kgm') 22R(27) 244(3.0p
SHP (mmg) RO 150969)
DBP fmmHg) TLU63) X1.7(63)
Tot chulestero) fmgidl) 1967 316) 2029 {31.6)
HDL cholesteral (myi) 604133} 604(13.6)
Triglyceride fmgl) 1309 (758)  156.2(85.5)
Smoking (hewvy smoker %) %5 M6
Alguhol

fmulerate to beavy dreker %) 202 %2

HDL bigh demily fipoprotein; SBP, systulic hluod pressure;
DB, disstolic bloud pressare. Diala wre memn (SD). Bluud pres-
sure readings prior (o the sl af ntihyperlensive (restment
were nol avishible Tor 141 hyperlensive subjects whose vales
were meisared under fretment.

were defined as follows: 1y male; 2) oge between 49 and
60years; 3) SBP <) 15mmHg: znd 4) no history of angina
pectoris or myocardiae infarction. In the papulation study,
(he eriteria for hypertensive and norntotensive subjeets were
defined as follows (Tablc ). Hypertensive subjects had pre-
viously boen diapnescd with hyperiensien and wene being
treated with antihyperiensive medication, or their SBP/Adias-
talie blaod pressure {DBP) was 214090 mmHg. Normoten-
sive subjeets had never been treated with medication for hy-
pertension, and their SEPDBP was <140/90 mmHg. Hy-
pertriglyceridenia was defined as triplyeeride 235Umg/dl
(1apan Athemsclemsis Sovicty, Fokyo, lapany.

DNA Analysls

DNA was extracted from whole blaod with a QtAzmp Blood
Kit iQisgen K.K., Tokyo, Japan). Mulliplex fhuorescent-
based genotyping was performed using the ABI Prism Link-
age Mapping Sict, HD-5 (PE Biosysterns, Faster City, USA).
Polymerase chain recetion (PCK) analysis was used to gena-
type dinucleotide nepeat markers. Sizes of the PCR praducts
were determined with an ABI 3100 genctie sralyzor (P
Biosystems). Peak heights dedved fron electropherograms
of pooled DNA amipfifications were converted 10 96 allefe-
frequency counts. The average spacing hetwesa markers was
5 centimiorgans (¢M).

Statistical Methods

All statistical anakyses were perfammed on & personal com-
puter using SPSS software (Version 100 for Window
SPSS Ine., Chivago, USA). Categorival variables wene com-
parcd using the 3* statistic or Fisher's exact 1st, as appropei-
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ate. Lagistic regrossion models were used 1o assess whether
the polymomhism made & statistically significant contribu-
tion to prediction of hypertension, with consideration of in-
teractions between the polymiophism and confounding fac-
tors. Sex, age, hody mass index, plasma total cholesterml,
high density lipoprotein-cholesteral, tdglyeeride levels,
smoking siatus, and aleaho! consumption were considered te
be confounding factors (Tabke 2). Logadithmically trns-
formed plasma triglyecride values were used in the anal
General lincar meprossion models were used to assess
whether the polymorphism made a statistically sigaificant
contribution ta prediction of bload pressure, with considera-
tion of interactions butween the polymomhism and con-
founding factors. A prabability (77) value of less than 0.05
was considercd statistically significant,

Resuits

lde Linkage
Hypertension

Mapping of

Yo canduct a large-scale LD mapping of hyportension cffi-
cicatly, we used a multi-layened design and poofed DNA
sercening, First 453 of 811 dinuclentide repeat markers
were genotyped using the peofed DRNA of the first subgroup
and analyzed for an allctie association with hyperiension,
wheeeas the ather 358 markers remain to be genotyped, As a
result, 205 of 453 markess showed a nominal association.
Subsequently, 203 of the 205 markers were genotyped and
analyzed using the pooled DNA of the seeond group, with
the other (wo markers remaining to be genotyped. As a ne-
sult, 151 of 203 markers showed a nominal affelic associa-
tion in the group made up of the first and sevond proups
combincd, After this rough sercening of markers associated
with hypertcnsion using pooled INA, 77 of the 151 markers
were individually genotyped and anaiyzed in the grup made
up of the first and second groups combined. The other
Zanarkers remain to be genotyped. As a result, 28 of the
TTmarkers were confirmed to show o asming) alfclic associ-
ation in the proup made up of the first and seeand proups
combined. Further, 23 of the 28 markers were genatyped in
the third group and analyzed in the group miade up of the
first, second, and third groups, whereas the other five mark-
©fs RMain 1o be genotyped. As a result, 15 of the 23 markens
showed a nominal aflclic assaciation in the group made up af
the first, sccand, and third groups (Fzble 3). Thus, although
the LI sercening of hypertension is still undesway, 15 mark-
ors shawed a nominal allelic association in the group made
up of the first, sccond, and third groups combined, as well as
in the group made up of the first and second groups com-
bined.

Subsequent comparisons of individual allele frequencics
at these looi between the hypertonsive and normotensive
subjiots arvealed only ane affele at cach focus showing sig-
aificance at 11 loci and two affcles at cach Jocus showing
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Fable 5, Assaciation of DINSS37 Geautype with Hypertemdon Aceordiag o TG Statas

Genolype frequency -
Genalype Nommatensive fn=1,687) Topmiemwe =Ty " oRr st
Normotriglyveridemmia (n}
Allela 8 currier (272) 194 (14.9%) 402059
Allele 8 non-varrien (1392 1L05E (RS.1%) 341 (19.8%) 0007 147 1LD-19s
Hypertiglyceriuermin n)
Allele 8 cursier (113) 67 (148%) 46(143%)
Allehe R on-sarrier (649) 388 (85.2%) 264 (45.2% 0998 0 070-150
TG, wighyoeride; OR, udds rtiv; CF, comfrdence iterval.
Talle 6. Auvnclatdon of DIOS337 Geanlype with Bload Adit for all ding factors shawed a ipnifi

Fressure Acenrdlng to TG States

Genotype SBI (mmHg)  DBT (mmHg)
Nomatriglyoeridemia (n)
Allele R carmier (272) 1323{16.1) 76.7(9.7)
Allele & num-cartier
505 129.4 (153 752(9.0)
P vl a.005 0018
Hypertriglyceridernis (n)
AltelsBcamier (113) 13660152 19.80.3)
Allele 8 non-ciarser
49 136.R(15.%) 79.919.4)
p vatue .94 0896
Tutal ()
Allele R camries (085)  133.6(06.0) 77605.7)
Allele & non-ca
(2 ‘,‘MI"""*“""" 131.8015.%) 76.7(9.5)

lue 0.038 0.093
m, wiglycerile. Dala e mean (SD). SB, systalic hioed pres-
suare; DBP, dhaslolic hlood pressuae.

tion was pronounced in subjects with

cant but similar trend {7 —05¥ for SBP aad p—0.369 for
DBP). In contrast, DI1USS37 was not associated with blood
pressurc in subjects with hypertriglyeeridemin (p=0.94) for
SBP and p=1.896 for DBP).

Discussion

We ane prosently canducting a Jarge-seale LD mnpplng nf
ion using fepeats and a mul
design.  Two  similar  large-seale LD nmppmgs uf
Alzheinier's disease have heen conducted using, tri- and
totrnucleotide repent mackews (34, 35), and most of the
markers were shown (o averlap with cach ather, However,
mast of the markers that showed a significant association
weee differont botween the two mappings. This msy have
been altributable 1o the insufficient ssmple sizes in these
mappings, andor 1o their relaxed eriteria for
Neverthelass, one of the  markers  assoc
Afzhelmer's disease in the first large-seale LD mapping of
Alzheimer's discase (34), D10S)423, was repeatedly shown
to be assoviated with Aizheimor's discase in cthaically dif-

(p—007; DR =147, 95% C1 =131 95)(|ahin. 5). The

jation in subjects with was sig-
nificant cven after adfustnient for alf mnloundmg factors
(p=0.49; OR=1.36; 954 CE=1.00~1 84). In contrast,
DIUSSI7 was not associated with hypericnsion in subjects
with hypertiglyeeridemia (= 0.995; OR=0.99; 95%
CI=0.70-1.50).

More quantitatively, we farther analyzed the association
fetween D108537 and blood pressure (Table 63, This snaly-
sis showed a significant association between DI0S537 and
SBP {p=0.038), Adjustimeat for all confounding factors
showed a non-significant but similar tread (p—0.101). The
aralysis also showed a non-significant trond supparting the
proscace of an association between DIOSSI7 and DUBP
{ p=0.93). Afer adjustment for all canfounding factors, the
p value was 0260, Analysis of the assoviation betweon
DIVS537 and SI3P aecording to stratfied wiglyceride fevdls
ignificant nsseciation botweon DIUSS3T and
biood pressurc {p =005 for SBP and p=0.016 for DBP).

ferent i i (36). Morcover, the repion
including this marker was voincideatally shown to be assovi-
ated with Alzhcimer's discase in the second Jarge-seale LD
mapping of Alzheimer’s discase (37), although the region
has acver been deteeted in linkage mappings. In addition, in
the case of diahetes mellitus, the insulin gene has been de-
teeted in assaciation studics, hut not in lickage mappings
(30, 37, 34). Thus, linkage mappings may Rot he appropriate
10 find candidatc regions inffuencing the development of
common disorders with weak cffeets. In contrast, farge-scale
LD mappings may be potentiaffy uscful to select such candi-
date regions, However, large-seale LD mappings have sever
al drawbacks, including the necd to analyze a number of
polymamphic markers in numerous subjeets to inercase their
reliability,

I addition, large-sealc LD mappings of hypertension ans
influcnced by LD cristing throughout a popuiation. in this
context, although the size of LD blacks is dopendent on the
foci, and the maximum size of LD blocks in Japanese
appears to be larger than 2.3 ¢M (39), the mecan size of LD

S35 fhportvac e Yol 26, Nu. 7 2000

Tahle3. Summary of Ales Assarinted with Hyperteaston la Cumidacd Graup of Finst, Sccond, nad Third Geaaps

Maker Locus N Al ;“TH“ "“‘""’NT or 95% CT palue
DIS2667 63 i 3 0369 025 157 116240 006
DIS2667 193623 m % 0075 0143 048 026-034 0040
DisaTRS 1943 10 % 198 i 152 0.013
D252163 3163 1 3 a5 0309 1.5 0014
D3s IS 2130 1a " 0004 0.045 a0 y 0.002
Dasn nls.d " s 0040 0.008 512 129-2033 a0
DasHI2 apls.t " % 0.435 0224 084 034-nas nans
DSSAI Spts2 24 3 0187 120 L68 103 N6
D849 19 14 0026 0066 037 0le-0m 0024
75493 19 I 0004 0038 i 0.64-002 0014
DIS5E5 12 3 f031 n.000 0.006
78815 12 4 0069 013 a4 021-089 2015
DISIER 13 3 0049 014 357 -1 003K
Dinss3? W0 % 0% 0040 330 196721 $3%107
ias27 12 7 0400 a.190 04r  029-079 004
1351320 ® 3 aars A6k 027 aso-0nt 0.008
DS I8 7 | 0939 nRHY 194 104-3.63 0.037
DIGSS2A0 10 4 (79 0.103 190 112325 0.01%
D16s3075 I6n133 » 3 na62 012 048 D260AE aai%

* Matker ullele shawing nssociation in simgle-attele fest. HT, hypertensive subject; NT, numutenvive sabject; OR, adds ratiu; CT, cm-

fidence inlerval.

Tabled. D1ASE37 Genotype and Allele Freguencies in Hyperteasive snd Nurmatensive Subjects

Genulype [requency

dallele - P vatue oR 95%CT
N ive (n=1,687) Hy (1=139)

TINS5 genulyes

Aftete & currier 251 (14.9%) 134 (18.1%)

Allele & nun-varrier 1,436 (§5.1%) 605 (§1.9%) an 127 1.00-1.59
DI0S537 ulleles:

Allele & 266 (7.7%) 138 (9.3%

Dther alleles 3,114 (92.3%) 1,340 (90.7 0,057 1.3 1.99-1.52

OR, udds raliv; CT, confidence interval.

significanee st the other four lock, rosulting in detection of 8
tota] of 19 alleles showing significence ¢ Table 3). This sug
@ests the prosence of 19 hypertonsionrefated loci in close
proxinity o the 15 loci, The Jevels of statistical significance
of the 19 alleles ranged from 0.03% to 107X 5.3, Of the
19alfcles, 10 allotes appearcd to have a risk-inereasing effcct
on the devetopment of hypedension, while nine alleles ap-
peared to have s protective offect spainst the develapmeat of
hypertension. The odds mtios {ORs) of the 19 alteles ranged
from 0.08 to 5.12. it should be noted that in this L sercen-
ing of hypertension, we ould detoet an OR of 2.6 with 0%
power ata $% type ) eor probability,
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blocks in Jepancse remains to be cstimated, Hawever, given
the finding that the mean size of LD blacks in northem
Kuropeans is unlikely to be larger than 100 kb (46), our
Jarge-seale LD mapping using markers with an average
spacing of § eM is far from able t deteet alf of the hyperten-
sion-rolated Joci, and thus fasther mappings using more
donsely spaced miarkers are Warmnted.

Lech of the twe Jarge-seale LD mappings of Alzheinee's
disease employed approximately 5t eascs and 50 contmls in
their initial mappings (34, 35), The numbers, of Jovi deteeted
in their mappings were 6 and 22, respostively (34, 35, 47,
42). In apparcnt agreement with these numbers, our mepping
of hyperiansion detocted 15 loci that wen nominally assaci-
ated with hypertension (Table 3). However, our mapping Is
stll undervay, and if aur cumcnt mte of loci detection were
10 continue, the wsulting numtber of hypertension-assacinted
loei in the human genome would likely be too high. This
fay suggest that our mapping vontained some false positive
results. On the other hand, our high rate of loci detection
might be partly attrifiutable (o the compics natre of hyper-
tension. For cxample, the functions of many organs have an
ffcct on blood pressure including the hean, vasculature,
Kidacys, adrenal giand, thyroid, sympathetic ncrves, and
brain. Morcover, many non-genctic factors, inchiding age,
body weight, stress, smoking, atcoho! ion, and dict,

Assoclation of D168537 with Hypertension in the Gen-
eral Poputation

DINS537 showed a highly significant assoeiation with hy-
pertension amang the 15 markers thus far selected through
the ongoing genome-wide LI mapping (Vable 3). We there-
fon analyzed the associstion betsveon DI0SS37 and hyper-
tension in the whole population from which the 146 hyper-
tensive and 136 normotensive subjects were selocted. This
analysis showed that DIDSS37 was significantly associated
with hypertension even in the whale papulation {p=1.033;
1N-1.59; where 95% C) indieates
9544 confidencs interval) (Fable 4). Adjustment for all con-
founding factors showed a non-significaat but simitar trend
(p=D.069; OR=1.26: 95% CI=0.98-1.62). This associa-

However, it will be warth having rigamus cvidence in hand
befor: undertaking positional cloning to avaid the unpieasant
prospect of ehasing a phantom fecus (30). We theacfore plan
to examine DIOSSIT in additional populations with suffi-
ecient information an environrientat factors.

T'he association between 1108537 and hypertension in
subjects with normotriglyceridemia wili require further con-
sideration. In genoral, hypertriglyceridenia was assaciated
with hypertension, aithough the mechznism remains obscure.
Therefore, if & gene in closc proximity to DIDSS37 is on a
pathsvay from hypertriglyccridemia to hypertension, a paly-
morphism in the genc eould alter the effect of hypmnglyc
cridemia on hypereasion, 1F this is the case, allcle 8 ¢
might activate the pathway canstandly, leading o a rel
constant level of hlood pressune, In contrast, allele 8 non-
rices might activate the pathway depending on wiglyceride
Jevels, leading W a changing level of biood prossure depend-
ing an triglyceride levels.

Our farge-scale LD mapping has additional Jimitations.
Virst, because the markers used in the mapping are sparscly
spaced, we likely missed many hyperiension-refated toci.
Mare densely spaced markess should therefore be used in fu-
wre studics, Morcover, LD is ant complete cven within an
LD block. ans:mlllh. markers in LD with a functional

for ion should thensfare

influcnve bload prossurc. The cffocts of such non-genetic
factors on blaad pressun: are aiso thought to be madificd by
genctie factors,

As a result of our ongoing Jarge-sealc LY mapping,
DIDSSIT was selected for Jts hlghly significant assaciation
with ion in selevted h nnd
subjeets (Table 3). However, nur large-seate LD mapping is

be less sensitive than the functional palymohism itself in
deteeting an associntion with hypenension. Sceond, the sam-
ple size may have heen insufficient to deteet hypenension-re-
tated Jaci with minor effeets on blood pressure or to show
statistically conclusive evidenoe using a more strict p value
corrented by the number of hypotheses tested, The deteeted
markers should thercfore be further examined in additionat

only a screcning based on a laxed eriterion for si
to Jessen false ncgatives, and the results of hrge-seale LD
mapping may includs false positives. For this reason, the re-
sults should be fusther cxamined in peneral populations. In
this cantext, DIDSS37 was assacinted with hypertension also
in our populatian (T'shlc 4), supparting the efficacy of the
sercening (o same extent, However, the association in the
population was relatively weak, despite the fact that the 146
hypertensive and 136 npmiotensive subjects heing used in
the scrconing were included in the population. This stresscs
the need for studios in additionad geacral populations, al-
though the weak association in the population nny have
been due to the differenec between the soven: eriteria for hy-
portensive subfects in the gonomewide LI mapping of hy-
pertonsion and the relaxed eriteria for hypertensive subjects
in the population study. Morvover, bocause obvious candi-
date gones for hypericasion have not yet been identified in
the elose proximity 1o D10SS37, the biologieal plusibility
of the association between DIVSS37 and hypertension, par-
ticularly in subjects with aomintriglyceridesuia Fable 5), re-
ntains to be investipated; such an associatian coutd simply
reprosent a falsc positive crror., Novertheless, gene hunters
might cansider an cxamination of the surmuading markers.

samples, Adjustment for factors and analysis in
the light of gene-pene and gene~cnvimnmental intermetions
could also be helpfil to assess these results.
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Association of the GNASI Gene Variant with Hypertension
1s Dependent on Alcohol Consumption

Yisen CHEN,
Yas

Jun NAKURA, Jing-ji JIN, Zhihong WU, Miyeki YAMAMOTO, Michiko ABE,
ant TABARA, Yoshikuni YAMAMOTO, Michiya IGASE, Xiao BO?,

Katsuthiko KOHARA, and Tetsuro MIKT

The 6 (f-ARF ¥ guanine

5 {G3) proteln system Fas baer shown ta

play imporiant rulas in tha cardlovassulor sysiea, The mxm ancorting the Oyubunit of Ga protaina

{GNAS1}ix a candldale genetlc tar

tachol is knowa la ot

fact blood prassure partly through the A-AR-Gs proteln system, we esamined the passibia interaction be-
Iweon GNAST T383C potymarphism and drinking atatus in the assaclation with hyperenslor in the prosent

Study. A8 2 18Ul & non-signficant but

tand Ing the prasence of an Intoroction was

shown { p=0.078). It Hina with 1his irend, the T383C m!ymommam signiilcanity interatied wih drinking sta-

tus in the association whh systalic blood prassure {p=

28). Mareaver, supparting the presense of an In-

teraction, T ollale carlars canstatently had a higher probablmy o hypanension, Nigher systalic blaad pras-
surg, andd bighuy diastalle hinod prasaure than CC hemazygates In non-drinkers and lighi drinkeis. 10 con-
trast, GC homazyaatas consistlantly tiad a highas eabablily of hypariension, higher sysialic 5itaod pras-
sura, and highar diastolic blood pressura than T alisls carrlars in modarats to heavy drinkers. The present
sttty atso shawed a sigaificant intoractlon betwean tha TIS3C polymorphism and drinking status in 1he as-
scciatian with pulss prassurs { p=0.023), raflocted by a significant assacisiicn betwaen tha T383C polymor-
phisn and pulse pressim In mouerate (o heavy drinkers {p=0.026). Thess lincings may da belpfid In con-
ducting furthar molecutar and blatogical studies an the relatlansiip amang the effects of akcohol, the 8-
AR-Gs prokabn sy siem, and hypaertansion. (Hypevtens Rex 2003; 26: 438-444)

Key Words: guanine peateins,

Introduction

guanine nucleotide-binding proteins 16 pro-
tins) eouple scven transmembane reeeftors 12 2denylvi

aleahol

units, G prifeins aoe ciassified int foue major iossis 1Gs,
Gito, Cigf)1, and € ) (1=3). Ubigy exprossisd Gis
proteins mediate signal transduction Rerass ool membeancs,
Sumuiation. of the Gs subfamily activatss edenyly) o
ralting in sccumulstion of the seeond messaager, CAMP
(3.

The f-adrenoceptor (f-AR)~Gs protein systers has baen

elase. Kach G pmicin is camposed of thres distiet subunits
i@ fi, ard 7). Based ca anning anid si us of the t-sub-
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Tuble ), Characteristes nf Participants Acearding U Hyprortensive Staas

Viriahle Vi I=1E09) P udue
Sex el %) 8. NS
Ags vy 554162} <064
Budy mass indes (kgm'y 244 3.0) <00t
Systolic niond pressare tmmHy) 9 150.9010.1) <001
Diastolic blund pressure (mamHg) 720162 37.6(63) <6001
Pulse pressure (mmHg) 517150 63.2(6.7) <001
Total vholesterol (mig/dly 1965031 2034(32.0) <0001
HDL cholesteral émg/dly 60.4(13.4) 0.5 (13.7) NS
Triglyceride (mygdt) 1300 (74.0) 157.2(84.8) <0.001
Smuking (heuxy smoker %) w7 2.7 NS
Alsubo) (minlerute to heavy drinker %) 2.4 379 <0.001

Ditu sre mean (SD). HDL, higgh demsily lipoprotein. NS, nul significanl. Bhud mressure readtings prior s the start of anfihypertensive
freudtment swere no € wvanlube (br 141 hyperlensive subeets whuse vitlues wers mesured andler (reutment.

shown to play important roles in the cardinvaseular systen.
To date, three distinct B-AR subtypes have been identified
(B1-AR, P2-AR, and B3-AR) (4=6). Sigrals of ait theee B-
AR subtypes arc transmitted by coupling to s protcins.
However, in the cardiovascular systeny, the o-subunit of Gs.
proteins couples to B1-AR and f2-AR (7). ‘The gene cncad-
ing the asubunit of Gs protcins (GNAST), comprising
13 exons, maps to 20q13.2~q13.3 (),

Recently, based on several fines of biolagical evidence
suggesting en assoviation of the @subunits of G proteins
with hypertension (Y7 7), an initiad study cxansned the asso-
ciation between 6 common silent polymorphism (1393 in
GNAST and hypertension {12). This study showed that the
T393C polymomphisn was significantly nssociated with hy-
periension. Subscquently, we also studied this association in
a lnrge Japancse population (1), resulling in weplication of
the resuits of the initial siudy. Additionally, in the same pop-
ulation, we showed that the 1393C p signifi-

subjcots and 1,609 nomnotensive subjeets wer sefected from
among the employees of a company in the Lihime mgion of
Japan (Table 1) §73). All subjevts were Japanese. They had
panticipated in medical chock-ups 1 to H times fmesn
6.2ies per person), and the mcan values of variablos in
their personal heafth records were used in the analyses, All
subjocts provided their informed consent to participate, and
the cthies committce of Lhime University approved the
study,

Dlagnoslic Categorles

Liach subject was assigned to one of the blaod pressur: diag-
nostie categarics defined by the followiag eritseia, Hyperica-
sive subjects had a previous diagnosis of hype
were being treated with antihypertensive medications, or
theie sysofieistolic blood s SUPDBR) was

cantly interncted with ciganctte smoking in the px\(hogcm,us
of hypricasion { 13). Because aleohal consumption, like vig-
srette smoking, is kaown to affect blood pressure at least
partly through the B-AR=Us potein system i14=16), we
speeulated that the T393C polymarphism could also interact
with alcohal consumiption in the pathogencsis of hypericn-
sion. Because information on sleohel consumption was aot
available at the time of this earlicr study, we were unable to
examine the possible interaction between the T393C poly-
morphisn and drinking status, However, because, nore e
cently, such infomation was available in subjects inchided
in the population, we wer: able to examine the possible in
teraction in the present study.

Methods

Subjects

According to the critera describod below, 699 hypericasive

ots had mw
mamj with de sion for h), rension,
SHPADOP was <HSOmmHg Heavy
fined os subjedts smol 20 or more cigarettes por day,
Drinkers (roderute 10 heavy) were defined #3 subijocds drink-
ing 25 g of sthanof o mon: per day.

DNA Analysis

The polmesass chaie action {FCR) wes wsed o deteet the
GNAN 13930 i u’; The soi i
ACATGGT

U Taq DNA pnhh
merase fPakse Skuzo Co., Lid., Kyoto, Jepany in o finef vol-
ume of 25 4. Ater initinf denabirction at 94°C for S i, thy
DA A was amplified by 35 PCR cy of denaturstion al
$4°C for 45 5, annealing 51 S5°C for 45 5, and extension 21
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and Y Subfeets

Gienotype frequency

: o
Gemolype - T T Ty Pvwe OR st
GNAS/ genutymes,

T 500 (31%) 238 134%)

T 176 (48%) 342 (49%)

cc 333 21%) 119 (17%) Q0460 1275 10I=L600

AS4 alleles

T 1776(55%) R1% (89%)

[ 1,442 (45%) KO (41%) 0.036 115 La=130

“  values, OR sl 95% Clare for TTHTC ws, CC, GGNAS/, Gsubunil uf sémulatory guanine naglevtide-binding prolein gene; OR,

adds eatio; CT, confidenve fnter v,

Table3, Assucintiun of GNASI Grantypre with Hypertension According (1 Drinking Status

Genolype liequency

Genul;
Jenlme Nurmolensive (n=1,609)

- pralus  OR  95%CT
Hypertensive (n=699)

Non-drinkers und light drinkess

TT+TC ¥97 (19%)

cc 244 (21%)
Modersle (o heavy drinkers

TTHCC 3 RI%)

<o 9 (19%)

367 (88%)

67 (15%) 00084 149 Lii=200
243 (80%)

52 (20%) 0.84 036 066l

The ublevialions ure the sume us Tahle 2.

72°C for 2min, followed by firal cxteasion at 72°C for
Tmin. The amplificd PCR pmducts were digested with 3t
of the restricbon cnzyme, Fakl. The digested samples were
separatcd by cloctropharssis through an agarase gel and vie
sualized under witraviolot light after cthidium bromid stain-
ing. A thymine at nucleotide position 393 was shown by a
fragment of 345 basc pairs (bp), whereas a cytosine at mu-
eleotide position 393 was shown by two fragments of 263 bp
and 82bp. The person who assessed the genotype was bliad-
cd ta the clinical data of the subjects from whom the samples
ariginated (79).

Statistical Methods

Analysis of vasizace was used to assess difforcnces in means
and varianres of continuous varizhles, Lopistie regression
riadels were used (o assess whether the GNAS! T393C poly-
arphism made 2 statistically significant contribution to pre-
diction of jon, with i ion of i if
between the T393C polymarphism and drinking status.
age, bady mass indes, plasma total cholustorol, high donsity
Jipoprotein cholestorol, triglyreride lovels, smaking status,
and aleoho! consumption were cansidered 1o be confounding
factors (Table 1), Logarithmically transfornsed plasma
triglyeeride values were used in the analyses, General lincar
rogression madels were used o assess whether the 13930
' phisa aade a statistically significant vontribition to

prediction of blood pressure, with consideration of interac-
tions between the polymomhisn and drinking status. £ val-
ues loss than 005 were considered statistically significant,
cal analysis was performicd with SPSS statistical soft-

Resuits

Assaclation of GNAST T393C Polymorphlsm with
Hypertansion

A total af 2,308 Japancse individuals from the Lhime rogion
were ized as hypertensive o ive and geno-
(yped for the T393C pofymorphism i Table 2), The frequen-
cies in both hyperensive and normotensive subjects were in
Hardy-Weinberg equilibriun, Logistie repression analysis
showed a significant differeace in the frequencios of the al-
feles (p=0.036) and genatypes (p= 0046 for TEHTC vs.,
CC) between the hypertcasive and nannotensive subjocts, as
shown also i our previous study (73) (Table 2),

Interaction of GNAS1 T393C Potymorphlsm with Aleohol
Inthe with

In the prescnt stady, we snalyzed the possible interaction of
51 1393C polymorphism with drinking status in the

Tuking these results tagether, the prescat saudy supgested
an interaction between the GN. T393C polynorphism
and aleohol consumption in the association With hyperica-
sion and with pulse pressure, Because aleoho) is known to
affect blaod pressure through the B-AR=Us protein system
(74=16), an interaction between the Y393C polymorphism
and aleohol vonsumption in the nssoviation with hyperten-
sion seams reasonable. This interaction could be reflovted by
the interaction between the 1393¢ polymorphism and aleo-
hol consuniption in the association with pulse prossure, be-
ecause hypericnsion promiotos atherselerosis (78, 74, which
rosults in large-vessel stiffening and increased wave reflee-
tion, and thereby amplifies pulse pressure (26), However, the
precise mechanism of these interactions remains clusive.
Previous studics have provided evidenoe that the T allele of
the 1393C polymorphism is associated with poor respon-
siveness to B-blackade £77) and that the 1393C polymor-
phism intemets with cigarctte smoking status in the patho-
genesis of hypertension (/3). Based on this cvidence, we
previously speculsted that the T and FC penotypes or geno-
types in linkage discquilibrium with them might produce o
vonstant amount of the &-subunit of Gs protcins indcpendent
of activation of the sympathetic nervous system (73). In con-
trast, the CC genotgpe or genotype In linkage disequilibriuny
with it mipht produce a vontrolled amount of esubunit of
Gs proteins, Indeed, subjocts with the CC genatype tended to
b more strongly affected by aleohol consumption than sub-
Jeets with the V' and TC genotypes in the association with
hypertension (Vables 3 and 4). Thus, the above explanation
appears also o b applivable to the intemetion between the
1393 polymarphism and alcahol consumption in the asso-
ciation with hypertension. Allornatively, depending on the
aonotypes, alcohol could nfluence ghicose mctabolism,
which in tsen could influcace blood prossuns (27), tndeed,
/48! penc knockeul mive have been shawn (o exhibit a
sigaificent increasc in insulin sensitivity (23). Data on the
parametars of glucoss metabolisn, however, were nal avail-
able in our papulation, proventing assessmont of the associa-
tion between the T393C palymorphists and ghicose metabo-
lism. Another possible explanation for the intcraction be-
tween the T393C polymorphismy aad alcaho! cansumption in
the association with hypertension and with pulse pressur:
might be that this interaction might reflect the intemetion be-
tween the T393C polymorphism and cigarcite smoking sta-
(us. tndeed, in our population, alcohol consumption Was as-
sociated with cigarctie smoking status fdat not shown).
Marcover, the 1393C polymorphism interacted significantly
with vigaretic smioking status in the assoviation with hyper-
(cnsion { p=1,00US0) and with pulse pressuse { p=0.00067).
However, considering that both ciparette smioking and alca-
fot consumption cauld affect blond pressune through the B-
protein system, the final cxplenation may be less
plausible than the former two.

The proscnt study has additional limitations, Information
an the history of atvohol consumption and the aceal amount

with ian in 5 foglstic ecgression model,
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of aleohol drusk by subjects was not available in our popula-
tion, proventing quantitative assessment of aleahof consump-
tion, in this regard, analysis of the aldehyde dehydrogenase 2
gone miay be helpful to some extent (24). Marcover, the pre-
sent study did not assess gene-gene interaction, which s a
candidate factor for modifying the evaluation of an associa-
tion, In this cantext, intoraction analyses of the GX.
with other penes jnvalved in the S-AR=Gs protein system
may be helpful to improve understanding of the relation be-
tween the B-AR=Us protcin systcm and bypertension.
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Tabled.  Assuctatian of GNAS! Genstype with Bland Pressare Accurding o Drlaking Status

Gienolype Systolic blvod pressure Drisstulic hlood pressure Talse pressare
Non-drinkers ndl ight drinkers

TTHTC (1,264) 1304 116.2) 137007 4900

iy 129.8(15.2) 74.7(93) 54.4101.5)

P value 0.5 n.092 0.5
Moderale o heavy drinkers

TTHTC (592) 1353014.5) 792 (R.5) 56.0 (1.6

CC{idl) 132.8{16.3) £0.249.0) 5761082y

pvalue 74 .23 N2
Tutut

TTHTC (1,856) 132.0(15.8) 65(9.5) 55.0(1.7)

CC (452} 131.8(16.0) 6.4 (9.5) 554(19)

pvalue 052 039 0.50

Dt are mean (ST, The abbreviatins wre the same o Tutile 2.

This analysis showed a nan-significant trend supporting the
presence of an interaction {p=1.076). Given the suggestive
teond, we aext analyzed the assaciation betsveen the 13930
polymamhism and hypertension acearding to stratified aleo-
hol consumption (Tablc 3). This analysis sevealed that the
I'393C polymosphism was associated with hyperension in
non-drinkers and light drinkers (p=0.0083, OR=1.49, 5%
Cl=3.11=2.00, where OR indicates odds ratio and 95 Cl
indivates 95% confidence interval). Fhis assaciation re-
maincd significant cven after adjustment for all confounding
factors [ 2 =1.046, OR=1.36, 95% C1=1.0)=1.90), Ia con-
trast, the 1393C polymorphism was not assaciated with hy-
periensian in moderats to heavy drinkers (=084, OR=
1.04, 95% C1=0.71-1.52) (Tablc 3).

More quantitatively, we further analyzed the interactian
between the T393C polymorphism and drinking status in the
assoriation with blood pressurs in gencral Tinear regrossion
moduls. This analysis showed significant interactions be-
tween the T393C palymorphism and drinking status in the
assaciaian with SBP {p=0.02%) and with pulsc pressure
{ y=0.026). The analysis also showed a non-significant trend
supporting the presenee of aa interaction between the T393¢
polymamphism and drinking status in the association with
DBP (p=0.059).

Given these interactions and tronds, we nest analyzed the
association between the T393C polymorphism 2nd blood
pressure according to stratified alcahol cansumption in gen-
cnl lincar regression models (Vable 4). This anatysis showed
1 significant association between the T393C polymorphism
and pulse pressure in moderate to heavy drinkers, However,
exeept for this nssociation, the analysis failod 1o show any
significant association between the 1393C polymorphisat
and bisod prossure in stratficd aleohol consumption groups.

Discussion

We previously showed a sigaificant interastion between the
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blued preassuve and plasma calecholamines. Clin Sei 1984,
66 643=fidk.

. Puddey B, Builin LI, Vandongen R, Rowss TL, Rogens T2
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GNAST T393C poiymorphism and cigarette smoking status
in the assaciation with hypertznsion in a Japanese population
(73). Prompted by the proscnce of this intoracton, in the pres-
ent study, we asscssed the interaction between the 1
T393C polymarphism and alcoho) consumption in the ass0-
cintion with hypericasion in the san population. As a result,
a non-significant trend supporting the presence of an intorac
tion was shown. In line with this trend, our resuits also
showed a significant interactian between the T393C poly-
morphism and drinking status in the assoeistion with SBP,
and a non-significant tread supporting the proscnes of an in-
(eraction between the 1393C polymamphism and drinking
status in the association with DIP, These results suggest that
the apparcat effeet of the 1393C polymorphism differed de-
pending on aloohol consuniptian. Association analyses of the
1393C polymorphism with blaod pressur in stratified alca-
hol consumption proups also supported this difference. Al-
though a significant association was shown only in nen-
drinkers and light drinkers, subjects with the 1°F and TC
genotypes vonsisteatly had a higher probability of hyperten-
sion, higher SBP, and highor DBP than subjecis with the CC
genotype in this group (Tables 3 and 4). In contrast, subjects
with the CC gonatype consistently had a highor probsbility
of hypertznsion, hipher SBP, and higher DIP than subjects
with the TF and TC genotypes in moderate to heavy drinkers
(TabJes 3 and 4),

The prosent study niso showed a significant interaction be-
tween the GNAST T393C polymerphisny and aleohol con-
sumption in the assaciation with pufse pressure, reficeted by
1 significant association between the T393C polymorphism
and pulse pressure in maderate 1o heavy drinkers. A wide
puise pressure sulting largely from cxeessive Jarge artery
stiffness s assaciated with systolie hypertension (/7). Con-
sistent with this cstablished association, the prosent study
showed  non-significant but strong trond supporting an as-
sociation between the T393C polymoiphism and SBP in
modesate to heavy drinkers {Table 4),
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sociation of Endothelin-1 Gene Variant With Hypertension

Jing Ji Jin, Jun Nakura, Zhihorg Wu, Miyuki Yamamoto, Michiko Abe, Yasuliaru Tabara,
Yoshikuni Yamamoto, Michiya Tgase, Katsuhiko Kohara, Tetsuro Miki

) is a pawerful vasocanstricior peptice produced by endothelial and saofa mnscls cells.
Mzmy Hnes of birlogical evidence suggest that the ET-1 gene is o candidate gene for hypertension. Moreover, tecent
i gvemaj ﬂm 2 GIT m!wmphmn with an aming substitution Ly Asn) at cedon 198 i t
s index (BMT} i asseciation with Moed pressuse. They suggested r]ml T
&3 :\r- mere sensitive \\'elght g;\m than GG homnzygotes in association with bload pressure. However.
are often § and the first stady often suggests 8 stronger genetic effect than is found by
subsesuent studies, We therefore assessed the inleraction in 2 large Japmtese populations. The present study shawed a
sonsignificant M simitar trend to the sesults of previous seports. Moreover, in line with previous veports. this study
revealed a significant intesaction besween the ET-1 KI98N (G/T) g and BMT & fatien with
hypertension in oue popitations (P=0027} The intzraction was significact, even after adjustmant for gender and age
{P=0.045) aud for all confrmding f.\a.)ri (P=0.044). T carriers wese more sensitive to weight gain thay GG
1 veotes in jation: with b T ! iz combined impast of obesicy and hypertension o the
d of i ¢ and o disorders. T alele carriers might represent elestive targats for
Ereeapy 1o lower theie body weight, (Hyperrenslon, 200041:163-167.)

Key Words: endothelin & bypertension, esseatial B pgenelics & polymorphis

ndothelin-{ (ET-1) is o powerful v
vascular snduthelial

ot peptic
Some patients

imterasztivn i0 2 Jarge Japnest populatizos. Th preseat stud
wad 4 sigmhicant imeoction Letween the ET-] KI198N

wssenting Ty similar to (G/T) polymorphism snd BME in the associstion with
some experimental tat madels with severs blood pressure hypertension,
elevation, exibit ecdanced endotielial expressicn of the ’
ET-1 gene.* Plasma BT concentestion is elevsted in hyper- Methods
tensive patients.? % An endathelin-reeeptor antagonist sigrit Subjucts
icantly lowered blood pressure in patients w ool The elnica? chanscleristes of the e n

uded 113 (ke stidy wre
n

hypertension.” {hiven these lines of bologival evideace, the
ET-1 gene is 8 candbidute cesponsibie e hypaitension,
Hypertension is a comman, camplex phonatype snd Bas
been intensively studied w idenify sesceptibitity laci in
onetheless, thuie s ms known genotypic poly-
hism cansistently as ted with hypertansion in by
mans, thus far, Moreover, aibeit that the development of
hypertension s considered tn be dee at least pardy to
geme-pene and gene-environmental interactions, fewer inter-
satinn snolyses have been conducted than shngds nssociation
. Tn this regard, te B pent is an atractive
candidate because, in additian 1o it gical fmetisn, this
wene s been shasva to interact with body nass index (BM1)
in assuciation with Bluod pressure in 3 large populations.??
Huwever, mssociation studies are often ieproducible, and e
first study often suggests 8 stinger genetie eeet than is
found by subseguent studies ™ We therstre oy
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TABLE 2. Genwrat Linear Model for Rewassion of BM in Assoclation With Blood Prassure Ascurding tu Genolyps

Gencyps r Datsrmination r
Horst Pressare S b Costilat  Oorstart {Rsguiaskr)  Goefficleat  (ieeedticn)
Systes oo pressure Popalaan | 56 1128%) 1.5 MG <00 209t
T (118 185 588 <nom ant w7
Puplatian2 6 W2 152 501 <000M 2048
GTHTT B8 193 2,078 24
Populations ? and 2 68 {1704) 161 w7
GTHTT pE6Y 192 518 210
ECTRY sy 56 M5 075 o022
Gi+TT 308 19 2R <0001
Dizstolic bied pressate Population | 5a g2 105 210
ST AR 15 21z o4
Popataton2 48 (@2 118 2087
GT+TT R348 13 2088 293
Populations1and2 68 {1794 107 20 2003
GTATT (1388 1M 54 2.103 250

*See Tirst el 214

the inten . hut has
. in obese wuhjeer,
anificantly higher in
* The swdy has alsa
shawn n similar trend in the elation of e polymorphism
with vasual systolic bload pressure in ubese subjects,
Finally, the present study shewed a similar trend Siat T
vaniers e more sensitive to weight gain than GG hamozy-

Discussion
Assuciation studies are mlm SR ble, ™ Feplivation s
studiey in lange o 3 r at divstelic blood pressure Jevel i
" n.'t The L(."IM \'m(ly \lm-\ed ahang interse- T carrier than in GG homoezygotes
tion hetween the ET+1 KI9RN (€T) pelymosphism and BMI
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A novel giant gene CSMD3 encoding a protein with CUB
and sushi multiple domains: a candidate gene for benign adult
familial myeclonic epilepsy on human chromosome 8q23.3—q24.1
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Alstract

We identified # novel giant gene cncading @ transmembrane protein with CUD und sushi multiple domuins on the huntn
chromosome 8¢23.3 ¢24.3 in which henign ndult familial myeclonic epilepsy type 1 (BAFMEYFAME, OMIM:601068) hus heen
mipped. This giant gene consists of 73 cxons and spans over 1.2Mb on the genomic DNA region. It showed significant homology to
two genes, CSMDIT gene on 8p23 and CSMD? gene on 1p2d, ait reduced amino ucid sequence level and hence we designated as
CSMD3. The CSMD3 gene wus expressed siaindy in adult and fetal brains, We performed mutation analysis on the CSMD3 genc
for seven paticnts with BAFMEI/FAME, but no mutation wus found in the coding sequence of the CSMDA gene, Comparative
genomic umalysis revealed w conserved famiily of CSMD genes in the mouse and fiugu genomcs. Possibte functions of the CSMD gence

Family are discussed.
© 2003 Elscvier Tne. All rights reserved.

Keyunrds: BAFMEL; FAME; CUH; Swh

SML; Epilepsy; Brain; Comparative genomics Chromosome §

We have constructed # BAC contig of 30 Mb corre-
sponding to the humnan chromosome $q22-q24.1, and
performed genmmc DNA. sequencing folln\wed by
extensive ided gene m
tion with Ilhumd] and We

fumilia] myoclonic epilepsy type | (BAFMEI/FAME,
OMIM:60106K) which lus been mupped 1o this chro-
mosomal region.

The BAFMEI/FAME is charucterized by adult-onset

identified 120 genes, among which we focused on u giunt
gene (named CSMD3) of 1.2 Mb consisting of 73 exens,
We determined the complete structure of CSMD3 gene
and found that it encodes u trnsmembrune protein of
CUB and sushi multiple domains and it is expressed
mainly in fetul und adult bruins, suggesting a good
cundidute for the pathagenic gene for the benign adult

* Correxponding unthor, Fix: §1-3-3351-2370),

il acdress” shimizgadmb.med. kebo.sejp (N, Shimiz).

? Dresent addrexs: Photon Medical Rexcarch Center, Humamatsn
Lniversity School of Medicine, 1-2%1 Hundayanw, Hamumats,
Shizuokn 431-3192, Jupan.

DOUG-291 X7 - see front amatter © 2003 Elvevier Ine. AH righty reverved.
Aol 1101 (/500062 LXCO01 5559
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located within an 8-cM interval berween DESI784 and
DB8I1694, indicuwting thue this §-cM region contuins n
cuusative gene for BAFMEL. For the linkuge ainulysis of
FAME fumities by Pluster et al. [2), we reviewed their
data aecording 1o precise order of microsutellite murkers
based on the finished human genowme sequence. We then
found e the FAME locus is mapped on &t region
proximal 1o DS54, which is overlapped with
BAFME! candidate region. According 1o these infor-
mation, we focused on the ¥cM interval berween
DRSI784 and DBS16Y4 as target region of BAFMEI/
FAME. The mapped locus is distinct from three other
epilepsy-reluted loci on chiromosome 8 (KCNQ3,
ECA), and FEB)) [4-6].

Here, we report aL novel giunt gene CSM D3 of 1.2 Mb
encoding « transmembrune protein und describe initiud
churucieriztion of the gene in terms of its genomic
structure, truseript variuots, tissue expression profiles,
evolutionary relutionship with the CSMD family genes

Table 1

finger 5, epileptic sei-
Zures, and & non-progressive course [1]. The uge of onset
of the disorder is between 18 and 50 years old. The
BAFMEHFAME showed u clear autosomal dominunt
pattern of inheritance. Linkuage and of Jupunese
patients indicated that e re%pm\sxble gene for the
BAFMENFAME is locuted o chromosome §q23.3—
q24.1 [2,3]. Mikumi e al. [3) showed 4 muximum two-
point LOD score of 4.31 for & marker DRSSSS with a
recombination fraction of zero and a maximum muli-
point LOD score of 542 for the interval between
DBSSSS und DRS1779 for u large Tapanese pedigree. ln
this funily, no recombination wus observed with three
markers, DESI830, D&S555, and DESI779, which are

sl Research Cosmnusicattons 309 (20031 143154 145

in a phylogenetic tree, and mutation anulysis us & can-
didate gen for u type of epilepsy BAFMEVFAME.

Matorials and methods

BAFMENFAME pustonts. 'Vhe DNA anplex were ofRained from
bealthy individuats and paticnte with BA FMELFAME ufter receiving
informed consent for thls study (23],
pstruction of BAC eontlgs and sequenchig. BAC contig of 30 Mb
| wax constructed by digital bybridization
mcthod wing Keio 8AC Fbrury [78]. Fhese BAC clone were ve-
guenced by shotgun xequending aiethind. We generated contiguons
genomie sequence by combining wur dits with thow gencrated by
wtber equending groups for chromosome 8. For thiv process, we uti-
fized the BLAST progrum to iderntify overlapping BAC dones und
confirmied their relationship by dot nrutrix aralyxiy.

Gone prediertan Gene prediction wax performed by nxing two dif-
N il MZEF. Uredicted cxony were
ify CL'B and suxhi domains. All ana
were performed with default purameters.

ysex

List of partial CONA fragnonts for reconstriction of R fength CSMDI cUNA

Fragnent Size (bp) Exons

Jostian in ceding region® Vosition in CDNA Comments

873 4 Ta 5-15%:63
87 T a2
B7 168
BTl 387
485
m
7
Bt
138
w7
37
387
63
n?
16
w9

04176
AUBLASE
396504

IO"}{) 3732
A0S
J‘ HM: 31565 1493148 ¥ RACE

5 RACE

5 RACE

9141232
[TIRERI
RS
HASI89L

VIRGEI3148 ¥ RACE

~ indicates buse postion upstreans from the inRiation mdnn 3 indicate buse poion dowmdram from fhe Gt bave of op codon.

™ Base position bisxed on the numbering of exon L tranveript (Howeset, ~# and | in iy e cotited bied beting of cxon

b tramerip).
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Fig 1. A povel biunian gene CSMD3: chronosonaf hcution, gene structure, Gt idnds, und profein donsuins. (A) Dia
mukers finked to BA FMET/FAME und location of CSMD3 gene. Whit
S (o ¥ direction of the genc. (B) The exon-intron structure of the CSMD3 gene, positions of exonx un the npper DNA strund predicted by
GENSCAN and MZEF, BAC contig und nucession numbery of BAC dlone xequence duta, GL/CpG contents, posisions of predicted exonx on the
fower DNA strand. (C) Location of Cpti iandy and §' ends of two st exons, (D) N-temminal amino acid sequences of proteins franduted from two
{ranxcripts (CSMD3a and CSMDIBY. A part of CL B donrain is shown by durk gruy. () Exon structurex of
and stop codons wre indicated by ppen and solid arrowheady, respecti
depicted by durk gray, fight gray and filed boxes, respectively. ‘Ic connected finex ubove the trunscript indicste ulternative splicing of exonx 7, 33
and 34, CSMD3 represents the traeript started at exwon Ta. () Predicted vructure of the CSMD proteiny. Rectangles, xyuiares, ovaly, and vertical
fatchey represent ptative vignal pepfides, CLUH domai, xinki donmin, and putative transeembrane donmainy, rexpectisely. The bluckened CLY
domain it subject 1o xkipping hy utemative splicing. CSMU3 represents the protein trandated from CSMD3a.

im of chronosone R,

16 A Shomizu et al. | Biocheteal md Blaphy
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3
Exonditron structure of hurun CSMD3 gene

Exon number Exon ize (bp) CDNA (nt) CGenome position NCHI build 33 chrS (bp)

ta 16 VATTRO3- 1141765
1 B VLA036175-11 4058095
b2 145 40570711 4057760
2 3 IIISHIS-1 13995593
3 u3 60472 113959726-1 13959614
4 195 GTRR67 1138549381 13654744
5 ] 681075 N3TTHRS-LLITIONTS
[ n3 1076-1 184 1137002011 L 3T00089
H n2 11801 50R 1136571 70-1 LISB8S9
H i 15011578 1136387834 13635706
9 % 1574666 VI362RR9U-L L3620 2
1w 125 171391 TLIG02773-14 3602649
n 12 21913 11384028814 3540167
&1 104 19143017 TLISIRYI-H ISITOR
3 13 Wi8-2930 TLHRLIG-11 3BT 84
“ 19 WD 1337167241 332080
15 327 114-2640 1LI366T4-11 3366028
16 195 41-2835 11336365811 3363464
I 139 WIG-TT4 1334743711 3347299
18 135 H75-3162 VI3 G
19 159 363338 WD
0 w2 3382168 WMT113326131
1 ne 3460-3684 HINPWITIIIY7I8
n 15y IO85-3RT3 IECEERIETE S
&0 -4 1IRIST-1 IN0RS
157 4444200 IS5}
92 42014392 NILIIG-ULILITTRS
127 43934519 3743113233016
W3 45204712 1323189511 3231693
w2 AT34514 113092471 L319R056
139 4915-5083 TINHTSL-LL3IRTTEY
1RE Ss4-5241 TU3RA999-113TRB1L
195 T3ITIHS A3 23844
i 11318372914 3153613
m 109065411 R4
[ TLIRIISL B9340
4 14-5967 TLURTHAO-1 HIRTS46
128 SORRAHI9T TLITLSI0-44 6T 686
97 E93-RY TLIOGHHS-1 IDGASEY
08 HOU-704 TLH6I P11 3061374
19 F295-0413 1303355611 3033438
7 46483 303226611 3032197

nr ARA-6600

HOL-R10

14999
UIOUTRSI-11 3017674
L30L6E6-11 3016351
T4 300100311 300023
S-S U999972-11 WWRSY
9-7707 WIHYSET- 112998481
THR-THS WI9YSOTA 112994975
78553 U I92U8E-11 2992000

4RI 1Y 987114-11 2933029

3 11298593711 2985743
112982958~ 112932815
1297702811297

78946

F47-9132 NWRFN V7532
91339306 11297050011 2970387
Y4489 11296826511 2968086
Y061 112962372- 11396219
YO6T-YE40 11294661 2-11 2946433
PRA7-10020 11394463411 944660
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“Table 2 (cominued)

cal escarch Comvrunioqtions 308 {2003 143-154 147

Exon number Exon size (hy)

CUNA (o)

Uenome position NCHI buitd 33 chri (bp)

&) N IGHY-1 IR

63 3

64 10,2910

6 -1,560

[ 10,561-1,626 UL 2923307-11 2923742

o7 W627-10755 11 91K370-UL 91K

" WLTR6-10,895 11391 349911 1915357

® W.899-40,936 11291265411 2912567

i 136 WYE7-41,122 2091311 04778

7 199 L3131 11290595211 1903954

dmplificntion and Sequenchig of £DXA between predicied exons. between adupler primer § [A] T ‘IAA TALGACICACTS
Primens with forward sind reveree directiony were devigned aocording TAGGUC) und 5" wnti-sense primer (C CA

tothe xeguence of each predicted exon, which putatively encoded CLY
and i donuins, We attempted o amplify partisl cONAX srong
Justupored exons with thive primers in_proper corbination wing
TDNA of atult brain, fetal braén, and tevtixin Human Multiple Vivsve
CDNA paneb {MTC pinehc Clontech) us template. We then examined

on umong thexe putative genex by PCR. The inul setx
of PCR primens 40 recover the entire eDNA of CSMU3 pene are fised
in Table 4. Ampi Were xeguenced wi prinkers
and Biglse “Termintor Cycle Scquencing Reaction Kit {Applied
Uiosystens, Foster City, CA) wsng ABI Privm 3500 DNA anafyzer.
Quulity of the sequencs wx proven with Phred/UhrugdConsed -
gram. Homology plot unalyxix wax perfarmed wing DNASIS-
voftware vendon 3.5 (Hitacki Software Engineering, Jupan).

RACE PCR “The & und ¥ sequencex of the CSMD3 gene were
deterniined by RACE txing Murathon Ready cONA Kits of buman
fetaf brain or adult testix (Clontech) scconfing to the munufactuner's
instructions. For exon La, fir S-RACE smplification wax performed

“Fable 3
SNI® cundidates in CSMD3 gene region

FIGUATICCTN wing human fetal brain IlA(
then xecond amplification was performed betwee
(APZ ACTCACTATAGGUUICHAGCGUO) and scund § anti-
vense prinkr (GUAGTGGAFITGINGCIGTITGITGGETH).  For
exon Lh, fird ¥-RACE wax performed between APL and first
sense primer (FOCTATTAFTACCCATHIGCAC wing huaan
testis RACE templute, und then weond amplification wax performed
between ALY and second § unti-ense primer (ACEGGUUTTCIG
CTGAAGAGGUITITTA: thix primer wiy designed according to w
draft verdan of ACUSSTRR. Later, thix origival
w be ACCUHUGTTFGTGCTUHAAGAGTTIGT
verdon of ACUSSTHA. However, the original primer warked to obain
proper RACE product). 3-RACE umplifications were performied be-
Aween Al'\ und ¥ wpecific first senve primer ICTTGGOTCrATY
TCTAC A, und then performed bctween AP2 und 3 xpe:
dfic vel:mxl senwe primer {1 ANTITTATGCCATCAG Y.
“The PCR producty were purffied and sequenced.

Amino cid chunge Exonfiatron Troxition of audeotides Allele frequency NCHI SNI chister 1)
None lu 78 GifA I None
None b1 1¥8Eb2-21 AL (24 None
None th1 IVSib2-116 Al ns TARTASIZ
1219M 4 05T AP 30720 nI2i9RYE
None 4 1VS4-58 AKC 3 PCUMIS06
None 4 IVS45 1A 1w Nose
None n I¥SLL-21 ¢ W4 None
None (£} VSI4~56 A/G "3 None
None 15 1VSIS-68 O W None
None 1% IVSIR. 1 o None
None 19 IV§19-91 C1A N0 None
None 23 1V§23-88 Cr1° w Noae
None 3 I¥S23-99 (A w Nose
None 1 b None
None 1% 1272 534
None % v 72 None
Nope 3 IV\3| <TRCTICG [k/E) None
YIHSY » EHHTC e None
None 3 r " Noae
None a5 95 Nosie
None 53 ki ARG
None sh m None
None 57 m FABGLTSS
None ot # n wiR61753
Nene 131 86153 HC 71 None
NIRWH H T0R6L AC s 159262
None H WWSI0-21 W Nosie
¥ Russbers front the frst base of Fithation cadon of exon L trunscript.
A Sibvitzis ox ol ) Blohengicad and Blapipysicol Researehy Conpbtions 38 {2035 143-158 149

Tuble 5
P'rimers uved for mutation search

2t Kl

Murtation search. PCR primers of S0-250 bp Aunking exon-intron
boundaries were devigned oramlly or by the program Primerd. Ue-
nomic DNA (W) From paticnts or control individuate v used for
amplification of cach exon. For exons of more than 400 bp, two o
more paiss of prinkers were designed 1o keep size of PCR producty less
than S0bp. AH primier seqiences ure lived in ‘Vable 3. "the POR
products were seyuenced by ABI Priwn 3700 DNA equenter. ‘These
sequences were wwxemibled and searched for SNI by Conved with
potylhred (9.

Multple-tissue DA pancl amd Korthern blot uncfysts. Expression
anulysis of CSMD3 gene by PCR was performed udng MTC panek
((_Im\esh 110, Jetad and immune wystent p.\neh\ &I)Im\lmg of cDNAx
bunan wlukt um] fetul tivsiex with priser pain of Ac [(_U(.

CI’ IUI( ACT A

COCATAA AAGCTACITHUCCATIHITAN
ogramy of cDNAS wias uxed i templatex.
ation wax performed with Hunman MITN
ded with 2 pg of pnMAY KNA from 27
B adult and fetud Gisues. ‘Twenty mnograms of cl

rugment nenpiifed by POR it » pifr of rimers (AICIACTTAA

CUCCTAATATT
s shown in Fig

itz et ol | Blochewteed and Blophysical Rescarcls Conmurisations 309 { 20037 143-154

Fabeted with 2P PIICTT by random priser exten method. Hy-
bridizution wax carried out according (o the manufacturer’s protocol.
Automdiography was curried o wing 11* plate (Fujifilm, Jupon) for
24t und then hebsidization signadx were detected by FLA-3000)
svtern (Fugifitm, Japand.

Segucice @wdyss. Homology vearch of nuckotide wx! -\minn

l

NCBI wing BLASTN, BLASTP, and BLASTX. The fugu genomic
DNA soquences correspending t CSMD gene family (Seaflold 3752
CSMD}, Scaffold_380; CSMD3a, Scaffold 55; CSMD3b, and Scaf-

uninfyzed by DOIFER progrom to eompare with cONA sequeiney of
buran CSMD. Identified exons were joined tn construct putative
CDNA seyuences and ised for furiber @
Erolurtmary adysis. The smino ueid wqucmc\ deduced from the
mdmg sequences of CAMD family geqes of buman, mouse, and fign
re uligned wing the Clustad X {ver L82). An crolutionury neightor
vir constructed by Clustal X. “The phylogenctic tree was
recView fver 1.9). Gphic sepreventution of the sligned
id xequence was obtalned by BOXSHADE 321,
GonBank aveession msubers. Accesdon mumbery of BAC clonex
covering the cntire CSMDY gene are ax follow ACHSSTAS, ACIARK),

TUUCACTAFAGA MGAACA UGAAAATTT ALOUSOTS, AMUBATI I, ACDITIRY, ACOLH, AHRBAG, AINNOI4,
“Yuble 3
Trimers wsed for ampfification of CSMD3 cDNAY
Exon Forward primer (-3} Heverw priner (5
Ane
Al

o
TEATTTTACTUTUUETOAL
CUCTTTIEANTOAL

T AAATTTTEACE AALATEAT

TSSO
GUTTETECTEA ».u.x

[

ATCCCASGAT
AACCUTTCAT
AAGLOTACTES

AASTALAITAR
TCAACATTTOETAACTET

TTTTAAATTTTATUCCATCAGTTATT

CACTOTTAMCTO
CTEAGCAAMIGCA

TASAGATOI
CRATEEAUTEAIT,
ACACCTSSUTTIT
CTTTTCCALTCCAL

" Tse seguienay of AN pnd ALY which were uved for §- and ¥-RACE are deveribed in Materials and method.
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“Table 5 (continted)

Exon Reverse primer (§-3)

Ta
b2 TLAUTTY

2 OTTUCAANTEE 48T

3 TICTCLAMAT HACATAACATC AAATUT

4 ATAASALTATCS CTCTATCOTTTACATICCUTACAMAAAC A

s TTEAACTY y AMIAT

6 ATATASTTESACATTTRTTICSTORC SACCATTTITTTCAAT

7 TETTUATTATCTTAMIS TAATAU CUCTCTLTTTCASCTCATTCTCTAATTAL S

® ATCTTUCATAN GCATUTTAGACAGA CAUTTAAT

v ATTATAL GTTICATUCEACTAMUASTICATUTTITATA

w < e, AATEATATTAC, 1y
1 AATGTTUAMATATCHAISTTOTEANTOIC CCCAANTT STTTAT. 49
12 TATTCTAACATE X CUALCEATCAATOTAAAACAATARTTTL, 391
1 o TdAS AT AAA T ATET T T TEAAATCTAL 6
n TAA ATTAAT’ scx 368
15 PACAUCOTTAMS TTTATOTAAAY G EACAAT AL ATTIACALCTTTTASAAAY W
1 TCTCTCTTITOCARMAATATACAALS ATETE CTTUANCCTT ATA TTUC 6
v ACAAACTAATTUACTASATUTACEATTUG (.w.cum\.w;cx-xuc,unue.cmr 425
It ANTTTAANTALCAGTECAS c: 437
it} LT TTETTTUAMIARC: GOTTTE, 4
w ACATAATUSCACTOCTCAATTCAAG AGALS n2
2 TATTTHGANTATTT 460
n ATAICTATICATATAGTCC0T CMAATECAATACATIATAAMEME A an
% TAACAST - REy— CCTTAATA 389
e SEATATSATTT: nTuTuC\,.TumJT 3
] GCTATLAG 471
% GLETAAT. ha 638
7 COTTTUC 460
» ATACTATUCCACTTTTICAAATAALTT. CACTOTOATATAGARTETALTC 452
n IRt T HCARAATH W4
W GTTACCAUSTUATTTTTTATATTAL ATACTANTSTTAATI TS TTTSCOTUATAC 91
k] TTTTAAASCAATTARTCTTATA TAUTACCACACTIUTAATTSIATE I AL 383
» TTA ATETASTC, TAAMGATATE 7
» ITTAUTAA TTSARTITECTTTATTICTTATATISATI A 77
3 3 : TUGTTAAAAAL, 7
35 AL TICTH STCACTAATAGC AR s
36 < SACK n\cru CTTHCTAAACTTIT. TAATETTCA o
37 CUATTT 2eAAGUGEL. AATTAAMCTASEAATAAUACTTSTAGAT M1
# AACTTUAATAATY Amn.‘\.mm\r IAATATA "
» AL ACACTUATATTEAATTTTASCAALIT. ATG 0y
0 AT TUTATAMAATARAL ATTTCCATAMATETSS TARMECEAMET M7
1 §TeAL A TAAATATTEALALOTY 323
2 TAAATCCARACTTATEY, CTAARAATCTTOOTAATTHAAICTZASITT 466
43 AAUTTECALL TTHEAMALEAALAC, 0
44 TTTATTCCAAUCTTOITTIACTUTSTATAT 358
4 TITECAGH CTAUCARATS 3
46 1 T 3
5 TTATAAMATUTATAUCATTATTTCS: 435
40 CTATANTITOTAMATARTAG TS 474
] TATTATTETA AANTLCTTTTASGATATATAUEATANTTL, 514
@ TATASSTETTTAT: ARAACHTTAL ARTCTOACATTE 3
B TCAY AEANTTEAT. CCCTLTT. ACACATCATATTICAUTTTALGUATTECTT 4%
Q ATETAAABAATCLANT AUATE CATTO AR AT TOEATAAOCAAATAT A 137
Pt BT AAATACATCASATCATAGEAAL 2T, oTA STTITIAACATACTTACTE 1
“ ATAAITOARATTETOTICAACATATTOCAC 97
55 TCTHCT STTTTAAITETETCACTS 397
P ASAATAMATEA N s
57 ATTSTTTRUTUTATACST: CTACTAC 4
B3 AT 393
59 AATCCTTTANTCT a0
w T 1
it ATUTCACACATAT ABGARECTTAACA Wi
£ ATTZACTAIT AAATUTCACUOTTATTAATTACA 409

Exon Forseurd primer (-3} Reverse primer (5-3) Size (bp)
@ TTCCTTCAMATTAACAISTTS T TOCAT HAACCAAAG : 307
" CATAACAT’ ST ATUCATATAAATTOTTA SATAL kY
s TATATTTUCATTHAMACATTTITCTUATTT AALCANTAGTUCAAT: 7
P BOATCAACTITTUTAAACADS: o ACTATL, g 306
7 TARACCTARTATCTTTAS TITCT ARACAT s
& AT TAAACCOEATAACT AN ALATAMT BACAAAARTAAC u3
& T TATTTATTAMGETECE, ITTATAATUCAGTAASTE TACCTAATE 3
b TATTITTSTITACTATY TATSTTSTANTANTGTTEC, T 452
n TATTTITAMTTACAT ABSHTE, COTUAAACTUT 32

AIVOSILT, APOOTYTY, ACURTTIO, ACU24I96, and ACUOTTIY. Acces-
sion number of cDNA sequences of the CSMD3 gene are ABL 464
(CSMD3s) and ABY 14105 (CSMDIB).

Results.

Hdentification of CSMD3 gene

We have sequenced and anslyzed a BAC contig of
30 Mb cormsponding to the 8922-q24., within which
the genetic locus of un epilepsy BAFMEI/FAME las
heen mapped (Figs. 1A und B). Excensive computer-
aided analysis with exan prediction progratms revesled
many potential exons, some of which encoded CUB
und/or sushi domains (Fig. 1B). We integrated tliese
predicted exons and formulased inivintly eight putative
genes (CUBI-CUBR, duta not shown), CUB} showed
significunt homalogy to u ¢cDNA clene KIAAIRY4, but
0o other putative genes hud any significiet omolagy to
the cDNA sequences deposited in GenBank 1w databuse.
We then designed u serfes of PCR primer pairs to um-
plify every exon of the eight putative CUB-containing
genes and attempted PCR amplification using human
©DNAs of wdult brain, fetad bruin, and testis. Moreaver,
we exumined possible connection umong these putative
CUB-contuining genes by PCR und found thus ail the
ueighboring two genes were uctually connected to each
other to form a single gene. Consequently, ul) the partial
©DNA fragments were integrated into 4 singls contigu-
aus eDNA sequence of 13 kb {Fig. |B, Tables ) and ),
At this stage of unalysis, we realized thut this is a giuns
gene homologous to CSMD! gene consisting of CUB
and sushi multiple dosmatins which was on human
chromosonie 8p23 [10} und hence we tenatively nwmed
it CSMDIL gene. However, as described luter, we
identified wother CSMDI-like gene on humun clvo-
mosome 1p34 and his new gene wus more closely re-
Tlwed to CSMDI gene. We therefore designated this gene
us CSMD?2 and senamed CSMDIL us CSMD3 gene.

PCR amplification  analysis using various tissue
cDNAs indicated thut there ure two witermnative first
exons, namely exons liand 1b. by fict, two remarkuble
CpG islands were found in e genomic sequence of
corresponding region (Fig. JC). Transcripts in which

exon la was connected directly with exon 2 were found
i wdult and ferud brains, whereas wranscripts in which
exon ib wits connected with exon 2 wers found in res
However, no eDNA fragments connecting exons Ja and
Ib were wnplified from wany tissues in the MTC panel,
and hence we concluded thut exons fa und b aet as an
mdependem hm exon, generating two distinet trn-
scripts. The first buse of exon Ja was determined by
sequence analysis of the longest 5RACE product from
ferat brain eDNAs. We ulso analyzed 5" end of exon Ib
using testis cDNAs and unexpectedly we found un ad-
ditional exon very close 10 exon Ih. Therefore, we
numed the original exen 1b as “exen 152" und the new
exon us “exon Ibl™, respeciively. Thus, this new gene
consists of 73 exons wnd produces wo transeripts from
two independeat first exons (I and 1b1) (Fig. 2A), We
also found in the tunscript of brain that exons 32 and
35 were connected und therefore two exons 33 ind 34
were skipped, generating a shorter transcript. 1o addi-
tion, we found that exon 7 was spliced out in the tran-
seripts of testis, In aduit and feral bruins, two srunscripts
with or without exon 7 were observed. The langest
coding sequences are estinuted 1o be 11,124 bp for the
trnseript with exon la and 11,004 bp for the transeript
with exon tb. All the exon-intron junctions follow the
GT-AG rule.

Protein struciure of CSMD3

The lengest open reuding frame of 11,124bp in this
new gene CSMD3 eicodes u protein of 406 kDa con-
sisting of 3707 wmine acids (Fig. 1 F). Examination with
SMART progrun revealed multiple units of CUB wd
sushi domuins. The protein deduced from u transeript
viriant withour exons 33 and 34 Jost 10th CUB domuin
and therefore the predicted molecular muss was de-
creased 10 398kDu.

There are 14 CUB domuins which are located from
N-terminus and intervened by 13 sushi domains
(Fig. IF). There are additionat 1S sushi donwins which
are urranged in tundem starting from (e lust CUB
domuin tewurd the Cterminus. A transimembrine do-
miin was predicied at 4 position ufter e lust sushi
domain. The transeript which sterted at exon 1b cwused
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no change in dowain structure (Fig. 1 D). These wnilyses
indicate that CSM D3 protein is o rransmembrase pro-
tein composed of a long N-terminal polypeptide with
CUB and sushi multiple dosmains exposing ouside the
cell, & single transmembrane domain, and C-termingl
domain of $5 amino acid residues locuted in the cyto-
m.

Expression of CSMD3

Northern blor hybridization was performed using
Tuman adul and fetal multiple-tissue blots with 5-
panial cDNA of C8MD3 (containing exons 2-4) as 4

A

Gene

probe (Fig. 2A). The Northers blot analysis indicuted
that the longest transcript of about 13kb is detected
mutinty in the adult brain, fetal brain, and testis (Fig. 2B).
Same shorter transeripts were also found in the testis
and feral briin. The 13-kb cranscript was not clearly
detected in other tissues, but smeurs were seeqn in some
es such us puncreas and spleen,

We then made further expression wmlysis by PCR
amplification of cDNA fragiments in the MTC punel.
For this, we used three sets of PCR primers, which nire
designed (o detect any cDNA fragments with e
quences covering exons la-3 (primers A), exons Ih2-3
(primers BY, and exons 6871 (primers C) (Fig. 20). The

Jeaucicis

A

R

Kidnry

Resin
Harct
Saver

. Bone msrrom

Fotot

Bear

Peatibyon

¥

Fig 2. Exprexcion of hunun CSMD3 gene in vasiouy tioes, (A} The poxition of 2 cDNA probe used for Nurthern blot hybridization. 1t detect
exons 24 of CSMD3 gene correxponding 10 the N-termsinal CLB ud sushi domainy, (1) Northem blot analyxis of CSMD3 gene exprevsion wxing

human nakiple-tixvoe Northern bloty of 27 esuex. Arrow

indicatex the {ongest trameeript of (3MD3 gene, (C) Fhree setx of 'CR pristenc (4, B, and

€ used for expression wualyvis of CSMD3 gene. (9} PR productx amplified from each thue in the MTC panels with three sets of primers. A sacond
band in the fung with prinier set A may represent wn altematively spliced tranweript variant.

A, Mubmtza of ol 1 Biochenical ad Blophysical Resconch Commwaleasions 309 {20037 193-154 153

with BAFMEN/F AM E und identified three types of single
nucleotide changes, such as 624T/C, 10B6JA/C, and
65TAIG in the coding sequences (Tuble 3).

The 6204T/C transition wus found i the tird letter
of Tyr codon, but caused no amino teid substitution.
This single sucleotide polymorphism (SNP) wus o new
type and was not deposited in the NCB) SNP dutubuse.
The 10B6JA/C transversion caused wino acid substi-
wiion from Asn to His (N3621H). Interestingly, two
patients from two unreluted families showed homozy-
gous chunge of this type I0861A/C, however such a
Tomozygous chinge is unlikely in the case of autosomal
dominunt diseuse dike epilepsy BAFMEI/FAME. The
65TASG transition cuused amino ucid change from He to
Met (I219M). We expunded the mutation analysis of
6204T/C und 65TAJG for uddivional I8 members of ane
of the patient fumilies. However, thiese changes were not
ussociated with the patients iy the fumily and in fuet
shese substitutions, H0861AJC and 657A/G, were found
in the 8NP durabuse. Thus, we conclude, these three
types of buse-substitution are ot responsible for path-
ogenesis of the BAFMEI/FAME.

During the course of mutation search, we identified
24 potenmtind SNPs including 18 new SNPs for flunking
sequences of 72 exons of CSMD3 gene. These SNPs
should be useful for further genetic analysis, particulasly
for linkuge disequilibrium mapping of the region.

Comyparison of CSMD genes among human, mowse, and
Jugu

We performed a homology seurch to the genomic
sequence datubuses NCB1 und Ensemb] using the se-
quence of CSMD} [10} and CSMD3. We identified an
additionul CSMD gene (CSMD?2) on human chromo-
some 1 p3d. We uiso found shree CSMD liontologs in the
mouse genome and four CSMD genes in the fugu ge-
neme. Thus, we could construct purutive structure of
Tumun CSMD?2, mouse CSMD2, and 3. Fig. |F shows
protein structures of uman CSMD protein family. The
musnbers and positions of CUB and sushi domains und

domain  are ¥y couserved

among the human CSMD family, Fig. | E shows comi-
parison of exon structures and corresponding protein
d0x||mx\ winong human CSMD family genes. The exon
structures are also well conserved except for exon 7 and
last exon of CSMD2 and exon 7 and § of CSMD3, The
exons 7 und 8 correspond to a portion of CSMD3
protein between second CUB und sushi domains. Con-
sequently, CSMD3 pratein is longer thun CSMD| and
CSMD2 proteins. Interestingly, exon 7 of CSMD3 gene
was subject to alternative splicing. We could not con-
struct the entire structure of fugy CSMD because in-
formation on fugu genome sequence is incomplete.
Nevertheless, using the sequences of lumin wd mouse
CSMD gene fumily and all wvailuble fugy sequences, we

could identify the fifth unit (designated E unit) of CUB
und sushi domin in the CSMD genes of liuman, mouse,
und fugu (Fig. 3). Using the deduced amino acid se-
quences of the E unit of CUB und sushi domain, we
were uble to draw 2 phylogeuetic tree of CSMD gene
family. A relationship between CSMDI and CSMD2

vts found to be much closer thuny CDMD?3. In addition,
we found u fourth CSMD gene in fugu genome which
could be derived from fupy CSMD3 gene.

Discussion

We identified u novel ghuit gene encoding a trans-
membrane protein with CUB and sushi multiple do-
mains on the human chromosome q23.3-q24.1 in
which benigin udult fumilial myoclonic epilepsy type |
(BAFMENFAME, OMIM:601068) lus been mapped.
This giant gene consists of 73 exons und spuns over
1.2 Mb on the genomic DNA region. Deduced wnine
acid sequence of the protein showed high homology to
wo other CSMD genes (CSMDI on 8p23 and CSMD2
on 1p3d) and hence this new gene was nwmed us
CSMD3. The CSMD3 gene was expressed muinty in
adult wnd fetal brains us severul forms of trunscript
varients, Comparative genomic analysis revealed the
conserved fumily of CSMD genes in the mouse uad fuge
genomes.

There is liwle information ubour the function of
CUB-containing proteins, aithough it has been postu-
luted that they would be mainly involved in develop-
mentul process [11]. On the contrury, some sushi repeats
are known ns CCP domuin, which exisis in a wide v:
riety of complement and adbesion proteins and is
knows to fonn a f-sundwich arrngement [12].

Epileptic seizures ure induced by ubnonmnal electrical
dischurges in the brtin. Recent studies have reveled
Qe membrane proteins for potassium, sodivm, und
calefwmn jon chanpels are the “gates™ to regulite neuron
signwling und are considered 10 be involved in some
types of epilepsy. For example, it is reported that mu-
ation of potussium gate proteins KCNQ2 and KCNQ3
causes benign funitial neonatd convulsion [13,14]. Since
ion chunnels are fundimentsl in generation of mem-
brane patential, smutation of genes encoding some types
of jon chanvel proteins muy cause epilepsy. However,
mutation of non-gite proseins also causes epilepsy or
seizures in same cases. For instunee, cystatin B, which is
u widely expressed cysteine proteuse inhibitor, is re-
sponsible for u severe neurologicul disorder known us
progressive myoclonus epilepsy of e Unverrich—
Lundborg disease (EPMI} [15). More recem study
s}mw that SEZ-6 cantaining hoth CUB and sushi do-
involved in signaling and cell-cell udhesion, The
\EZJ; was first identified as « seizure reluted gene by
differential screening of mRNA from cortical neurons
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cDNA fragments covering exons ba-3 were detected in
many tissues including adult and ferul brains, whereas
those covering exons 1b2-3 were detected only in pla-
venta and testis (Fig. 2D). Interestingly, eDNA frug-
ments covering exons la-3 were not found in placenty
and testis, indicating the alternative use of first exons 1i
and 1h, In seven tissues including adult brain, fewd
brain, and testis, cDNAs covering from §'-end through
3'end were detected. These results are not pesfect match
with the Northern blot diea, but strongly support that
CSMD3 gene is expressed mainly in adult and fetad
5. The expression in the adult brain led us to ex-

amine CSMD3 gene us a candidate gene for the
BAFMEI/FAME.

Muuation analvsis

Wei bl jutions in the
cading resions of CSMD3 gene by PCR-tased sequence
analysis. Based on the exoi/intron suucture of CSMD3
gene, we designed sets of PCR primers to anplify every 72
exons except Jbl. For some larger exans, multipte over-
lapping PCR primers were generuted. Using these PCR
primers, we unalyzed seven patients from five fumilies

S

Fio URML2
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Hlyuss CXMTE:

Eoeman L3S

Mg (ISR
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Fig 3. Compurixon of CSMD3 gene fumiliex smong hunn, motse, and fugin (A} Fhe poxition of the Sth unit of CLB und sudi domain (E wit in

1he CSMD3. (B) Alignmient of the £ unitx of €
by uxing the BCM implenentation of Clastaf X

tuckgmund indicites that these amin adid rexiducs wre identical for more than hatf of the uligned amino aci

1 B-ushi donmin in the CSMLY gene faniiliex of hunan, mouse, and fugt. Afignnient wax preformed
he CLB and vushi donmine are underfined with thick gray und white burx, repectively. Uik

resduex. Three X" letters ud amino

add resdoer 108-110 in fagn CSMD2_E indicate undetermined amino acid sequence semaining in the fugn genoma scafiold sequences. (C) Evo-

Iutionary treex of €
refiability of thix tres deduced from 1M boottrap repficates.
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tredted with pem\]enexelmm]e (PTZ), which isadrug to
induce epileptic seizures. The SEZ-6 s strongly ex-
pressed in the developing forebrain and necessary for
the formation of neusul network [16}. These findings led
us to examine CSMD3 as a candidare gene.

A]l]mugh our initial trial to identify causative mu-
tions in the CSMD3 gene wis umm«rm  possibility
of CSMD3 gene as a candidate gens for BAFMEI/
FAME still rematius because many other types of mu-
wutions hisve not been anulyzed due o unusuully lurge
size of CSMD3 geue. As u similar example, majority of
mutations in the Parkin gene, which is one of the major
famitiul Parkinson's disease genes, are exonic deletions,
and such exonic deletions are often difficult to find,
particularly in she case of patjents with compound het-
erozygosity, when simple PCR -bused method was ap-
plied [17). The size of CSMD3 gene is us Jarge as Purkin
and dystrophin, therefore it is likely that exonic dele-
tions might frequently occur in the CSMD3 gene as
observed in those giam genes. Decause BAFMEN
FAME is un autosomal dominant inlieritunce, wnd
Jjudging from the pedigrees of patients, it is very uniikely
st both wileles harbor causitive mutations.

Furthier genetic linkage analysis with newly identitied
SNPs will be uecessary to idenify the cuusative muts-
tions for BAFMEVFAME,
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Association of a GNAS1 Gene Variant with
Hypertension and Diabetes Mellitus

Miyuki YAMAMOTO, Michika ABE. Jing §i JIN, Zhihong WU. Yasulare TABARA,
Masaki MOGI, Katsuhiko KOHARA, Tetsuro MIKI, and Jun NAKURA

Praviaus siudles have shown [hal the T allala of tha GNAST T383G polymerphism Is szsaiated with poor re-
Bsponsivenass to S-blockads and that the TI93C polymorphism interacts with cigarsttc emoking and slechol

in tha of

A {#-AR} elimulation in the

Thus, the T383C

ia Bikely lo tnteract with

of Althaugh this Interaction might ba

caused by 8 direc) oltect of Gs protelns on the cardiovascular aystem, it could also result from an indirect
effect of G proteina mediated by glucose metabiolism. Moreovar, associstion studies are oltun lrrepro-
ducibie, We therefore exemined tha pogsibla Interactlon between the T393C pelymarphism end y-glutamyt
transpeptidase (GOT), which Is an ssiabiished blomarker of acoho! consumption, In the associstion with

ucose a5 woll g with in a epanasa

for GNAS1 was per-

farmed by using the polymerase chaln reaction-resbriction tragmvent length polymorphism method In it 821
=mmples. Tha presant sludy showed a significant interaction betwaen the T393C polymorphism and GGT in
the aszactation with hypertenslon {p=0.033), This Interactlon was even more significant aftar adjustment lor
all contonding faclors (p==0.0025). In conirast, snslysis of the passibla interaction of the TI93C polymar-
fhism with GGT In ihe associatian with disbeles mellitus of fasling plastma glucase faitad to show & ignith
cant resuit, These resuils did not support the hypothesis that the inferaciion between the T393C polymor-
phism and GGT In tha assoclstion with hypentension courd ba caused by an indireat ettec) of Gs proteins
¥ glucoss Res 2004; 27: 818-024)

Koy Words: G proteins, glucose, hypertansion, palymorphism, sympathatic nervous system

Introtfuction

‘Hypertension is considered to be a complex trait to which
genetic. envisoimental, and demographic factors contibule

ively (/). The f (B-AR}s y
guanine nucleotide-binding protein {Gs) system has been
shawn to play important roles in the eardinvascular system.
Receutly, bused on severl fincs of bivlogical evidence vug-
gesling an association of the e-subunit of Gy proteins with

Typerension {2-4), an inital siudy examined he ussocidtion
botween a common sitent polymarphisin (T393C) in GNASI
und hyperiension (33, This study showed tha the TI3C
polymorphism was significantly associated with hyperten-
sion and wilth poor rsponsiveness 1o fi-blockade, Subse-
quently, we also stadied the associmion in n farge Japanese
population, resulting in weplication of the sssacintion be-
tween the TI0IC palymorphism and hypertension (8). Addi
Gonally, in the same papulation. we showed thit the T393C
polymarphism interacted with cigurette smoking and with al-
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Table 2, GNSAT Genatype and Attele Freq tn

and Subjeets

Genonrpe Genotype Irequency

Nocoreusive (1=554) _ Rypencnsive (n=167)

pvatue® aR* 957 CI"

GNABY genoiypes

TT(R) 187 (33,8 $7226)

TC (%) 254 (45.8) 136(47.2)

CC (% L3204y 54202} 0.954* o 0,76-1.45%
GNAS| alletes

T(%) 628(56.T) 30 (56.2)

@ 180 €43.3) 234 (43.4) 0319 098 079-12

* p value, OR and 93% Clage for TPHTC vs, CC. O, odids rutio; CY, confidence interval.

by of gt

ey

Fig. 1. Genotypic vaviations in the positive relationship
between GGT and the probability of kuving hypertension.
The solid line indicates the TT aud TC genonspes: the dotted
line indicates the CC genciype. The regression bavveen GGT
sund the probubility of huving hypeeiension in T varricrs was
represented by the equition, Y = eqpO.RSX — 0.946)1 +
expi0.006X —0.946}. The cquation was Y = exp(.020X ~
1ASOY[ I+ explON20K— 1430} by CC homozygates, €C
homozsgoies show w sweper slope than T cariers (p=
nau, nfm adjusiment far all confoundiag Jaciors. p=
0.0025

Resuits

Assaciztion of GNAS? T383C Polymorphism with Hy-
pertension

A tatal of 821 an(m:w |nd|w&|uals fromt the Hyogo mgion
were ive nd geno-
Typed for the m}c pnhmmph.m. (Tahle 2). The frequen-
cies in both hypertensive and normetensive subiects were
Hardy-Weinbers equilibrium. Statistical aaudysis iiled
shaw a significant difference ia the frequencies of the alleles
(p=0952) and genotypes (p=0.849 for TT+HTC 15 CC)
besween the hyperrensive and normoleasive sbjeets (Tahfe

2), Morcover, thete wa oo significant diffeccnee in GGT and
FPG between the gemorypes (TT+TC we. CC) (data not
shownj.

Interaction of GHASY T383C Polymorphism with GGT
In Assoclatian with Hypertension 2nd Diabatss Meill-
tus

We nemt mmlylcd the possible interaction of the GNAS]
TIIC hism with GGT in the intion with hy-
pertension i logisiic rogression model, This analysis
showst n signilicant interaction ¢ p=0.033) (Fig. 1}. This in-
leraction was even more significant after adjusiment for afl
contiurling Tactars (pr=0.0025). Because, all nine of the
cubjects with 1 GGT level ubove 150UA of GAT tad the T
afleleqs, and despire the Fact that the T393C polymorphisn
was 1ot gssocisted with GGT (p=0.686), e nlso examined
(his interaction using GGT stratified by quartiles (13,
47UA). The results showed that the p vaboe for ihe jnterc.
sion was 0.034. The p vatue wis (L013 after adjustment for
confounding factors. In conteast, saplysis of the possible
interaction of the TIV3C polymorphism with GGT in the as-
sociation with diabetes meflitus failed o show & significant
relation (p=0.492)

We further analyzed the imeracrion berwesn the TI93C
polyworphism and GGT in the associstion with tlood pres-
sure in geneiat finear regression nvodelds (Table 3and Fig. 2).
This unalysis showed u marginelly significant interaction be-
tween the T393C pelymorphism and GGT in the assaciation
with DBP { p=0.049). This intcsaction was more significant
aiter audjustmen for ail confounding factors (p=00027).
The nalysls lso shawed a non-significant trend suppotting
the presence of oo interaction betweea the TIDIC palymor-
phism and GGT in the assoristion with SBP (p=0.198).
However. this interaction wus sigailicant sfier udjustment fim
all canfounding factors (7= 0.011). Analyses of hese inter-
actions using GGT stratlfied by quardles showed that the
values for Wese inleractions were 0.039 and 0.183 for DBP
and SBP, respeciively, The p values were 0.0011 for DBP
and 00041 for SBI? utier adjustment for all confounding Fac-
tors, i conrast, analysis of the possible imeracion of die
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‘Fable 1, Characterlstcs of Parikeipants Acearding ta
Hypertension Stalug

Norwotensive  Hypertensive

Vaiable 554 pvaiue
Sex (male %) <0001
Age (years) <0001
BMI (kg/m) <uA0l
SBP (mnkig) <001
DBP () <000F
T-Cho ng/dl) NS
HOL-Che Wnghlty SLIEI4E NS
TG (mghlty 181651202 <6001
FPG togldl) <0001
AST 1) NS
ALT (U/D NS
GG (UiTy 40%454 NS

TSN, By ey 0e%; SBE, sy e Biind e P, 07
astolic blood pressure; T-Cho, plesma otal chotesterol: DL~
Cho, piasma high deasity tipoprowin chatessesok TO, plastna
welglyceride; FIG, Tasing plas T, aspartite amino-
tronsferves ALT, alanine. amiwotransferase; GGT, y-ghitainyt
transpepridase, Dam wre mean£SD. Dlood pressure readlngs
print 10 tho sturt of antihypertansive mrediculiua witre nol avail-
abl for 113 iypertensive subjocts whose valuex were measured
uidler teeatment,

cahol i in the path of hy ion (6,
7). Taken togother, thosa resulls indicase tha the T393C
polymophisim is likely to inleet with J-AR uladion in
the pathogenesis of lypericnsion, Although this ineraction
cauld be caused by @ direct effect of Os proteins on the car-
dlovasclar system, i could also resoll from an indirect of-
fiect of Gs proteins mediated by glucose metabalism, Howev-
er, we were unable 1o assess these two pussibilities in the
populatinn previousty anatyzed due to a lack of informatian
on glucose metsbokison. Ju tis regard, infornation on glu-
cose metabolism a5 well as a well-established biviarker of
aleohol constniption, y-ghutzmyl waspeptidase (GUT) (3=
11), was avaitaule in another populaion. Moreoyer, #ssocin-
tion studics aften Imeproducibie. We iercfore examined
the possible inferaction betweea the T393C polymorghism
and GGT in the assoeintion with glicese metabolism as welt
as with hypertensian.

Methods

Subjacts

According to the critaria describead below, 267 hypertensive
subjects at 354 normutensive subjects were selected frema
population in the Hyogo region of Japan (Fabie 3}, All sub-
jects were Jnpanese, They had participated in & medical
check-up, sl the values of variables in fheir personal bealih

922 Hypestors Res Vol, 2, No. 12 {004)

vecords were used in the aualyses. All subects provided in-
formed consent to participate, and the ethics commmiites of
Ehime University approved e study.

Diagnostic Categorles

Exch subject was dssigned ta one of the bload pressure disg-
nustie categories defined by the ollowing criteria, Hyperfen-
sive subjects had a previous diaguoyis of byperiension and
wete being eated with antiby penensive medication, ar their
systolicidiosiolic blocd pressure (SBP/DBP) was 214000
mintdg, Nohnotensive subjects had never been Leated with
medication for hypeneasinn, aad thelr SBP/DBP was <14/
90mwutie, Diabetic subjects were diagnosed acconding to the
WHOO8 definition of type 2 diabetes {/2). Subjects were
cansidlered o have disbetes mellitus if their fosting plasma
glucose (FPG) concentration was 2126 mg/df.

BNA Analysis

Polymermse chain reaction (PCR) wos wsed o detwet the
GNASI TI0IC polymerphism (53 The sense pligona-
clentide primer was 5-CTCCTAACTGACATGGTGCAA-
3 andl the antisease primer was 5-TAAGGCCACACAAGT
COGGGT-Y. The amplified PCR products were digested
with 3 U of the restristin enzgme, Fokl. A (hymine at an-
cleottde position 393 was hown by a fragmenr of 345 bp,
wherens f eyosine il nueleotide position 393 was shown hy
two Traginents of 263 bp wnd 82 bp. The person who as-
sessed dhe genolype was blinded o the clinical data of the
subjects from wham the samples originated,

Statistical Methads

Aualysis of variance was used 10 assess differences in the
means and vanances of coilinueus variables, Logistic re-
gression models weee nsedl to dssess whether the GNASH
TI3C polymarphism made a statistically significant contri-
hution o prediction of hypenension of dizbetes meffins,
with consuleration of he inteructions beeween the T393C
polymarphism md rm Sex, aze. body s mdcx plasina
fotal and
iriglyeeride levels were considesed 10 be conloundmg Factors
{Table 1), Because the distritwions of plasma tiglyceride
and GOT vatues were skewed, their logarithmically trans-
formed values were used in 1he analyses, General linear re-
gression wodels were used 1o assess whether the T32IC

ism made 1 staristically significant cuntsi w
prediciion of blood pressure or of G, with consideration of
interaciions hetween the polymorpiism snd GOT. p vatues
Jess thun 0.05 were consideredt sutistically significant, Stri
tical analysis was perfonned wish SPSS statistical siftwase,

Table 3. General Linear Model for Regression of GGT in Assudutivu with Blaod Pressure snul FPG Accarding to Genotypa

. | value | Determimation valte
Flenolype Genatype () Coelicien Constont l'ul',l’cg(cssiml cocfiiciant [urli,nlcmcuun
SBP (mmitgy TTHTC 1659) 008 1230 0037 027
CCA6Ty ol 1196 G106 [ 0.198
DBP (i) TTHTC 659 () 7.5 0.003 0514
ceuen 01 T4 0.003 o122 0049
FRG (mehd) TEHTC0654) 589 150 <0 0068
CCLHen 358 340 <000 0071 [

GOT, y-ghiamy! transpepiidase: FPO. Risting plasma glucose: SBP, systolle blnnd pressare: DBP. winslolic tloud pressure.
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Flg. 2. Genotype-specific regressinn slopes af blood pressure i GG

dotted line indicates the CC genstype.
Y=0101X-F 1196, The equation was Y
carriers {p=0.495: after wljustent Jor ull cong
viers was represeated by the equition,
muzygates shaved a siceper slope than T

T393C poly ism with GOT in the iurion with FIG
faited w0 show a signillenst resudr {p=0.998) (Table ).

Discussion

The present study showed u sigsificant interaction of the
GNASYE T393C with GGT in the

with Isyperension in @ Japsnese poputation. T subjocts with
lower GOT, the CC genotype appeared 10 have a protective
effiect agatnst die devetopment of hypertension. whereax the
TT and TC genotypes appeared o have 4 1isk-incoeasing vf-
fect {Figs. | anul 2). However, CC wére more

Bl

i
:
3
3

U SD 100 IS0 200 239 30 35
oarum

e solid ling indicares the T8 aqud TC getnypes: ihe

e regression betweent GG nd SBE in T cortlers was represeated by the ¢quation,
049X+ 1220 in CC homazygates, CC homazygaies showed  siceper slope than T
ormiling fisctors, p=0.011). b: The regressian benween GGT and DRP in T car-
0.090X +74.1. The cquatinn was Y=0.034X+76.5 Iy CC oo
rriees (R=0.049: after adjustment for all confounding factars, p

hose in the incraction of the TI3C potymorphism with
cigarette smoking and aleohol cansumption in the associa-
tion with hypertension (6, 7). Given fhat bath clgaretie
smoking aad aleobol consamption cautd affect blood pres-
sure through the f-AR-Gs protein system (£3-16), and be-
cause GG is a well-established biomarker of alcobo) con-
sumption (8-11), the significant interactions of the T393C
pulymarphism with cigarette smoking, alcohut consumption,
and GGT I the associaion with hypertension may cach in-
dicate the prscoce of an intersevion herween the TAC
in the pati is of

P

seasilive to nn increment of OGT than T caniers in the asso-
ciation with hypertension. Consequenily, in subjecis with
tigher GGT, the TT and TC genotypes l\pw:’\rc(l o bave 4
pretective effect against the

Indecd, the T393C poty-
wmorphlsm hos been shown to be atsociated with blood pres-
sure response ta [Jblockers in @ Caneasian population ().
However, inote acurle assessment will require addifionat

whereas the CC genotype appearsd io bove mk-mcl:usm;
effect. These relations and direcrions weee very shufiay o

an drinking histeyy.
Thie present study failed to show a siguilieant association
herween the TAYAC polymospism and hypertension, How-



ever, given the above intemctions, this failsre may not be
surpsising, because aw assaciaion between o polysios phism
sml hypurtension cowld he masked in the presence of gene-
environmental interactions even when analyzed In Suhjects
with matched confounding faclors (6), 1n s contexi, the
signiticant association shown in the population prwmmly
analyzed was farpely dependent on tie fact alist

o e al: GNAST Gene, ityperiension, ang Dishetes Meltitus 923

were mat availuble in the present popolation, « farther study
iucluding such data should be performed.

Taking advantage of the fact that GG is a good hioinark-
et of ulcahol consomption, the present study provided n ud-
dirionat piece of evidence supporting she prosence of an in-
teraction between the GNAS) T393C polymerphism o -
AR in the of jon. Mare-

subjeces hnd & significantly higher frequency of the TT and
TC genotypes than normotensiv subjects bath is non-heavy
smokers and in non-driakers o light drinkers, I the presest
population, o passibly fower B-AR stimwlation might have
resulted in faifure 1o show a signilicang association between
the T393C polymorphisn anl hypertension, ahbough the ex-
e of f-AR stimalagton is difilcult 10 estimate,

The precise mechanism of the interaction hetween the
T393C polymorphism and J-AR stimslation i the patho-
genesis o tiypestension is elusive ani semains (0 be vesti-
gatzd. Previous studics have shown that (e T sllele of the
T393C polymarphism s ussociated with puor responsiveness
10 f-blockade (5) amd that the TID3C polymorphism inter-
acs wilh cigarene unoking and alcoho! consymption in the
pathogenesis of hyperiension (6, 7), Bused on this evidenee.
we previously speculted thas the TT and TC genoispes or
genotypes in linkoge disequilibrivm with them might pro-
duce a constars smeunt of ex-sibunit of Gs proteins indepen-
dent of activation of the sympathelic nervous system (6}, Iy
contrast, the CC genotype or genotype in linkage diseqaitib-
Tivn with 1t might produce 2 controlled amouns of g-sibimit
of Gs proieins, tn this context, it is nuteworthy that CC ho-
mozygotes 1ended 1o he wore sirongly afiecied by an incre-
ment of GGT (hap T carricrs o the association with hyper.
teosion (Figs. | and 2). Thus, the ahove explanation appears
also to be llpphcuh’L 10 the interaction between the TI9IC

und GGT in the iativn with hypertea-

sion.

Anather paint of view in regard w the intersctlon between
the T393C polymorphism and A-AR stimulation in the asso-
cintion with hypertension is that, depending on the genotype.
AR siimulmion could inflaence glucoss merabolion,
1 in hura could influsnce blocd pressure (6). I onder 10
assess this possibility, we exsmined the passible inzeaction
Detween the T303C poiymiorphism und GGT in the associa-
tion with diaberes mellitus, and failed 10 show a sigiticant
interacvion. Analysis of the possible interaction berween the
F393C polymorphism and GGT in the association with FRG
also failed 1o show  significant interaction. These results ap-
peared to contribute evidence againsl he hypothesis ha the
interaction between the TI93C polymarphism and GGT in
she associntion with hyperension coukd be vavsed by aa in-
direct effect of Gs proteins mediated by gtucose metabofis,
Furiher extending his, the interuciion between the T303C
pulymonpbism ucd fJ-AR slimuiation in the iation with

over, by amlyzing the possible foemction between the
TI93C ism and GGT in dhe imion with din-

botes mellitus and with FIG, the present study provided evie
deace against the pssibility shar the interaction may b
caused by an indisect effect of Gs proins medialed by glo-
case metabnlisn, However, the preseat study did not wesess
gene-gens interaction, which is a eandidate favtor for modi-
fying ihe evaluation af nn wssociarion. In tis context, infer-
wction wnalyses of the GNAS] gene wills other genes In-
sulved in the fi-AR-Gs protein sysem may be hefpful to im-
prove undersiending of the refation between ihe fl-AR-Gs
protein system and hypenension, Furthetmore, in ordet to
cslablish an ascociation, il is also impertant hat associated
atleles affeey the geae product in @ plysiotogicaily meaning-
ful way, T this conext, thas far, there is no evidence show-
ing that the TISAC polymarphism aficcis the gene product in
a physiolagicaily meaningful way, Therefons, it is necessary
10 investigale the possible biological change of the genc
product by the T393C polymorphisem or another varimit in
tinkage disequilibrivm with it.

&
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Abstract

Objective: Lacunar infaretion Is a uniqua stroke entity
with characteristic symptoms. Howevar, it is often silent
clinically. The possible genellc pradlspna\llon to symp-
toms of lacunar inf; was

tomatic subjects (0.44 va. 8.36, p < 0.06). The penatype
distribution of AGT was significantty ditferant between
symptomatic and asymptomatic patients {32 = 6.6, p =
0.037). Multiple Jogistic regression analysis revealsd that
ACE gene and AGT genntypes were independently asso-
ciated with the neurological manifestation of lacunar
infarction. In subjects with 1 lacuna, the odds ratio of the
ACE DD ype for sy ifustation was
4.98 (95% C! 1.25-19.9), In subjects with 4 or more facu-
nas, the odds ratlo of the ACE Il genotyps for symptom-

Qne-hundred and fifty-one patients with tacunar stroke
werg consecutively rocruited. Lacunar stroke was diag:
nosed based on both neurolegical symptoms and lacu-
nar lesion(s}, demonstrated by MRI, that were responsi-
ble for the symptoms. One-hundred and fifty contral sub-
Jects with MRI-provan lacunar leslons withowt neurelogl-
cal symptoms served as controls. Thera was no signifi-

atle fon was 0,24 {65% Cl 0.10-0.58). Fusther-
more, the ACE gene polymorphism was significantly dif-
ferent betwaen symptornatic patients with a single tacu-
na and asympiematic subjects with 4 or more multiple
taeunar infarctians [y? = 0.8, p = 0.005). Conclusion:
Thase findings suggest that 2 subtypes of lacunar infarc-
1lon, single symptomatic lacuna and multiple asymp-
\omatic iacunae, may possess different ganailc back-

cant di in age, sex and p i of known risk  graunds. Subjects with the ACE DD genotype could be
factors between cases and controls. unsamon and dele- more predisposed 1o be symptomatic in first-ever jacu-
tion i of tha i ting en- nar stroke, while the ACE 1} genotype may convay resis-
zyme gene {ACE), M235T itution of the tance to aven after multiple lacunar strokes.
nogen gene (AGT), and A1133C ton of typs t af ganes of the reni in system

receptor of the angiotensin il gene were determined.
Results: The frequency of ACE D ailsle was ifi

cuuld be inveived in the mnnf{esmllun of neurological
of |m,u||ay i

higher in symptomatic patients compared with asymp-
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The candidate gene approach is the nuuinstay ufgt,ncuc
study of ischemic stroke {1], Among

13, Cryer P Haymoud MW, Sunfizgs JV, Shah SD: Nurepi-
nephrine and epinephiine release and adrenergic med
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B

to the ic manifes-
mnon of facunar infarction. We also compared subjects
with first-ever lacunar fnfarction with neurological elini-
cal ifestati well 85 MRI documentation. and

genes, insertion and deletion pol hisn: of the angio-
tensin-converting enzyme (ACE) gene s the mast fre.

ic subjects with niltiple lacunar infarciions,
1o determine whether (here i isany genetic difference in the

quantly studied in the feld of i «discases
inchiding stroke (1-8}. However. conflicting rosults have
been reported {1-8).

The lack of precise phenotyping of ischemic stroke is
thought 10 be a major problem leading 10 the conslicting
results, Many studies have evaluated ischeinic stroke
cases with diverse clinical manifesiations incloding athe-
rothrombotic as well as lacunar infarctions [2, 3, 5. 6]
Since the pathophysiological backgrounds and mecha-
nisms are significantly different among subtypes of isch-
emic stroke, a maore precise approach with accurate phe-
notyping of the siroke subtypes should be taken, Among
subtypes of ischemnic stroke, many studies have reported
the strongest association of the ACE genotype with laco-
nar stroke {1-3]. However. the nomber of cascs in these
studics was 1oa small i reach a conclusion,

Laconur infarction is a common form of stroke, ac-
counting for 10-40% of stroke coses [9-12) Lacunar
infarction possessas several notewnrthy characteristics in-
cluding low morlality tute [12-14}. Although its symp-
toms are well known as lacunar syndromes, lacunar
infarction is more often silent {15, 18] The prevalence of
asymplomatic lacunar Jesians has been shown te increase
with hyperiension and aging [15-17]. Since a previous
study showing a posilive associulion between lacunar
infaretion and ACE polymorphism anadyzed both symp-
fomiatic and asymptamatic tacunar subjects together [3),
phenotyping of lacuvar strake has not been comptetely
accurate.

F v ic lacunar b ions are of-
ten mutdple [15, 16). This other feature of lacunar infare-
tion raised the possibility of two distinet clinical entities
of lacunar infarction: single symptonatic lacunar stroke
and asymptomatic multiple facunar infarctions [18-20).
Based upon \hwe I‘ndmgs we hypmhcs(zcd lhnl 1herc isa
genetic 1o the ol
cal sympioms of lacunar ifarction, llowwpr. lhcle has
been no study investigating the genetic background of
Tacunar infarction including these clinical characteristics,
1n the present study, we performed on association study
of genes of the renin-angivtensin systein {RAS) between
symptomalic lacunar infarction patients and subjects with
[acunar i clion without 1p! . In this
particular case-contrel matching, we revealeu a genetic

2
E:
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1w eories of lacunar inf:

Subjects and Methods

Subjects

The eases were Tecruited from paticats admirted to Ehime Unis
versity Hospital, Kalagi Nenmmsurgieal Clinic or Kyoto Second Red-
Cross Hospital in Japan with the manifestation of Brst symptamalic
lacunar stroke between April 1998 and Deceimber 1999 The diagna-
sis of laeunar stroke was made when both newiological symptems and
lacunar ifarctions were confirned on an MR scan by newrafegls
Cases with & history of symptematic lacunar stroke oveats with docu-
mentation in Toth the clinical cecards and MR1 were 3ls0 included
121

)

Canteof subjocts were recrulted from consecutive subjects who
visited the same institsle for medical checkup. They had several risk
Tctors for stroke and endsrwent brain MRI examsination for evalve-
tion af atheraxcleratic conditions. The eciteria for asymptomatic
tacunar inf ) lacunar lesion(s) demonstrated
by MRI, (ii) abseace of neurslogical signs und symptoms snd (i) no
pas history of stroke including teangiant ischemic attack.

Risk Factors for siroke were determined fr cach participant.
These included nyperiension, dinbetes mellitus, dyslipidemia and
curcent smoking. Hyperiension was defined as systoliv boad pies-
suse > 140 mm Hg or diasiclic blood pressure 290 min Hg without
medication jn the outpatieat IEaic oft at ieast 2 separate neasure-
ments or taking smihypertensive dmgs. Diabutes mellitus was de-
fined as fasting tood Wecosc = 126 me/dl {7 mmolff) or nonfasting
hlaod glucose 200 mg/di {F,E3 minolidj or wse of medication for
digbetes. Dystipidemin way detined a5 1otal chalesterol = 220 mg/dt
(5,69 memolfl) avdzor (DL, chokesterot %38 mg/dl (0.90 mniold)
and/or uighyeeride 2 130 me/d) (171 mmolly or use of medication
for dyslipidemia. Informed conseat to the provedure was ofstained
from each participase. All procedures were appraved by the Ethics
Conmitte of the Eltime University Schoo! of Medicine,

Brain MRT Examinaion

‘The dingnusis of Tacunar inforction was nade by brain MRI
examination (2i-23} MR was performed with 4 supecondiscting
nwgnet with a main field sieength of 1.0-1,5 7, A lacunia was defined
as an area of Jow siganl intensity that nieasurzd >3 man and < 15 mn
on Ty-weighted intages and was alsu visible ns a hyperimense lesion
on Toweighted images. The number of Lirunae wzs countad For each
subject. Both sympromatic md asymptamatic pationts wero divided
inta 3 groups according to the number of lacunae; single lacuna, 2 or
3 {acunae and 4 3¢ more lacunae. MRI was evalualed by 2 aulhors
(KK, and Y.¥.) wha were 1ot aware of 1he types of gene polymor-
phismis. An active lacura Jesion among multiple tacuna infarcss in
sym promatic paticnls was determined by the scquential change in
MR findings 2ad brain CT lesions dusing tcir course of the stroke,

Zhang 2, 8).



Detection of Gene Polyronphisrvs

Genomic DNA was extacied from pesipheral blood samples

using o extraction kit (Qiagen GrbH, Hilden, Germaty). Gure
(L

rone

(AGT) M2351 nad type 1 teceptor of augiotensin 1 gene (AT1R)
AI66C were determined by standaed methods [24-27).

To the insertionideietion polymorphism uf the ACE gene
was identilicd by polymerase chain reaction (PCR) asing d set afolig-
Sile in intron 1(»‘5{:"%
EGT-3" and gn:

PTG (), To
ping. each smple found to fave the XD geantype was
subjected 103 secnnd, indepeadent PCR amiplification with a prinier
pair Ihat recognizes an Insertion-specifie scquence (§-TGG GAC
CAC AGC GCC CGC CAC TAC-¥ and $TCL €CA GCC CTC
CCATGC CCA TAA-¥) [25].

To identify the AGT M2IST polymerpisisn
TOACAGGATGGAAGACTGGCTGCTCCCTOH 2
souse primer S-AGCAGAGAGGTTTGCCTTACCTTG-Y were
used |26], The PCR product 65 (1} was digested with 5 unils Afsp for
¥, and cleaved products were separated by eloet opharesis.

The ATIR AI166C polymorphisn was detznniced using sense
prinier 3-TCCTCTGOAGCACTTCACTACCAAATGGGC:
antisense primer $=TTCATCGAGTTICTGACATT-Y {27). The
PCR product (5 pl) was tigested with 5 units Haelll for ¢ h, and
cleaved products were separated by eloctrophoresis,

wmm $-GCCCTGCAGGT TGCAGE
$-GGATGUCTCTCCCCGCCT

Stavistical Anudysis

Al values arc eapressed as means + SD if not specified, Starist
vl analysis among genotypes was perfarmed by ANOVA, Prevatence
of genolypes and the Hardy-Weinberg equilivriom were analysad by
the * aiethad. To sssess the independent rolz of risk factors, multh
plo logistic gression analysis was perfarmed with nzurological

Tabla 1. Clinical profile of cases and contrels

Latunar infarction pationts

symptomasic - asymplomatic

Number (maleifemale) 15) {48/63) |so ( «"lbx)
Age. yeurs 6629
Hypertension, % L1878y l"O(ﬂﬂ)
Dyslipidomia, % 66(24) 59(39)
Diabetes mehlius, % By 23215}
Current smoker, % $7(38) 607
Number of zcunae

Whele brain 19221 2718

Thasal ganglia JREJ Wi Lixis

Corona cadinin 09x12 LiE14

Brainstem 0103 0.0620.8
Symptoms!

Hemiparesis ns

Sensory disturbarce 19

Alaxin &

Dysarthriz 9

* p<0.05 versus asymplomalic lecunar infarction patiznis.

U Four patients had niore than ¢ symptom,

Tabte 2. Genolype onid aliele frequencies of ACE, AGT and ATIR
B the stedy poputation

symptoms as dependent variables, 3nd age, sex. curreal smoking.
hypertension, dyslipidema, diabetcs, foted numbes of lacunos and

variatlcs, The i dels o o=
inam (DD + 10 vs. 1), additive (DD vs. 10 vs, Hy s well as recessive
(DD vs. 10> + 1) were all considercd. For each odds ratio, the 95%
confidence intetval was caleulated. A probability vatue less than D3
was considered statistically significaud. All staristica) amalyses were
performed using StasView package and JMP 4.0 {SAS).

Results

Demagraphic Characteristics of Cases and Comrols

The clinical protiles of the two populations studied in
the present study are summarized intable 1, There wag no
difference in age, sex and the frequenty of visk faciors
including hypertension, dyslipidemia, diabetes melitus
and current smoking between the symplomatic and
asympiomatic [scunar infasction groups,

The number of jacunae and their locations are also
summarized in table 1. There was io difference in num-
ber of lacunae in the whale brain, deep white matter as
well as brainsient between the symptomatic and asymp-

ACE Gene and Symptoms in Lacunac
infarciion

a2 - @ ACEDD ve. I 4 11
© ACENlv. D2 DD

16 bt ¥ §1e

Lacuna infarction paticnts

sympfomalic . asymptomiatic

tn=151) (o= 150)
ACE 1] 49(0.32) $9(0.39)
i) 71(0.47) 24(0.49)
DD 31i0.21) 17011

Allsle D 044 036
AGT MM 2000 $1007)
MT 46{0.30) 42(028)

T 1030.68)* 97(0.6%)
Allgle M 217 021

ATIR  CC 201 0(0)
AC 1501 22(0.15)
Ar 13340.88) 128(0.65)
Allcte C 007 007

* p<0.05 versus aspmptomatic Iscunar infurction patienss, Fig-
ures in prseniheses indicste ralio of gmatype.

Corvbravase Dis 200:4:17:273-279 275

divembotic infarctions, Accordingly. the genetic back-
ground for lacunar infarction could also be different from
that of ath i as well as cardi infare.
tion. However. no study has evaluated the genetic back-
ground of symptomatic lacunar infarction alone. The
diversity of the { for the different ies of
stroke could undertic the failure to detect an asseciation
m previous studies. Farthermors. the number of lacunar

1 2.3 2
Number of lacunsa

Quds ratla for aeuralogical symplams

Fig, 1, Odds r2tios of ACE genetypes for the manifestation of neuro-
\ogica) symptoms of Jacunar infarctions according 1o the number of
tacunne. Closed citles indicatz the odds ratio far ACE DD genatyps
compared with ACE 1D + 11, and open circles indicate the odds ratio
for ACE 1l genotype compared with ACE DI + 10. Bars indicalc
95% sunfidence intervals. Odd ratius were correetud for qther visk
Taclors inctuding by diabtes meltitus, dy age
and smokivg,

nae arc shown in figere | The ACE DD gu\uly
nificantly tated with the

patients cvaluated ing 10 genetic back-
ground was smnall in previous studies [4. 5. 7). This conld
be another reason for the negative results. Iy the present
study. we facused ou lacunir stroke as a single category of
ischemnic siroke.

Fisher {28, 291 defined lacunes pathologically as areas
of infarction of less than 2 em in size, Lacunar stroke is
more ofien asympiomatic than symptomatic. although
he symptoms af lacunar infarction ore recognized as clas-
sical tacanar syndromes. In the Cardiovascutar Health
Study, 3.660 ctderly subjects aged =65 years underwent
brain MRI examination {15]. Among them, 751 subjects
without any history of TIA or stroke had MRI-proven
lacunar lesions. The frequency of asymptomatic lacumar
kesions was more than 30%, Oue third of lacunar lesions
were multiple. Accordingly. an asymptomatic status as
well as multipie lesions are clinical features of lacunar
infarction. The genetic backgraund of asymptomatic lacu-
nar stroke in the Japanese population has been investi-
gated [4, B]. Althongh the number of patients with lacunar
infarciion was small, both studies failed to demonstrate

ol smglcl:uunur||\lnrc!mu Or the otherhand, the ACE1T
genotype was signil i with an

an iation with ACE gene polymorphism. [n a com-
munity-based study. it has been shawn that the numsber of

atic state in patients with nultiple lacunar infarciions.

Discussion

In the preseut siudy [‘()lymm‘[‘hlhms ot g\.ncs mcudmg
the reni i in system were si
with a symptomatic manifestation af facunar stroke. Sev-
eral studies on the genetic predisposition 10 stroke have
been reported. with conflicting results on genes related 1o
camponents of the renin-angiotensin systean {1-8), Many
of these studies evatuated sicake paticnts combinfug dif-
ferent categories of infarction including lacunar stroke {2,
3.5, 6]. Since the wain underlying iechanism of lacunar
intarction has been shown la be anerioselerosis and lipo-
tyalinosis tn smalf arterioles such as perforatiog arteries
(28], the ctiology of lacanar infarction is quite diffeeent
from thay of atherothrembotic infarction as well as car-

ACI

e and Sympioms in Lacunal

ic lacunae was y with
ATI AC and AGT MT genolypes [4]. However. no study
has ever investigated the genelic assoviation with neuro-
Togici] symptoms in IZILLI'\A'IF stroke. In the present stady,
we Y i¢ lncunar infarc-
tiow patients with asymptomatic parients, Background
risk foctors ineluding uge, prevalence of hyperiension.
digbetes mellitus and dysfipidemia as well as curremt
smoking were not significantly different between the two
groups. In this population, it was revealed that ACF and
AGT g Pes were d with sy mani-
festarion,

Fisher [29-31] distinguished 2 canses of focal small-
vessel obsiruction: lipahyaiinosis, mainly found in hyper-
tensive patieats with small. multiple and usually asymp-
osuatic lacunes, and microatheromatous disease, which
mainly occurred in patients with a farger. usually single
symptomatic lacuna. Fowever. recet study indicates
that smalt disease but rot lipahyali

Curchrrvass D 20041 1.273-279 2

Tehie 3. Multipic logistic rkbn.
analysis with

n .
variables

© ORr 955 CH p value

dependent variable in patients it
tacunar infaretion

Sex (k)
Hypestension

Current smoker

PNumber o licuane {toral)
Number of facunae (basal ganglia)
ve)

ACE genetype D recess
AGT genotype (T dor
ATIR genotype (C dow

0.9%-1.04 0.32
081
0.52
047
0.84
0.66
0.1
0.007
0,026
mnt) ; 0036
pinant) 016 087 l) A1 7: 0.69

ACE gonotyps (D recessive) | =11 +1D, 2= DD: AGT genorype (T dominsntt: 1 = MM,

T+ MT. ATIR genotye (C dontiaant): 1 = AA,2

tomatic lacunar infarction groups. However, the number
and prevalance of iacunae in the basal ganglia were signif-
icantly higher in symptomatic patients with

Vablo 4. Single symplomatic lacunat infacction and multiple asymp-
lomatic: lsconar infarcsions: istributian of genotypes cacoding the
senin-angintensin sysizm

asymptomatic subjects. In the symptomatic lacupar in-
Farction group, hemipasesis was the must common symp-
tom. followed by sensory deficit,

Gene I phisi af RAS and S

Lacunar Infasetions

‘Table 2 summarizes the genotype and allels frequen-
cies of ACE. AGT and ATIR. The distributions of ACE.
AGT and ATIR genotypes observed in the study popula-
tion were in agreement with the Hardy-Weinheng equilib-
rium. The frequencies of ACE genutypes were not differ
ent between symptomatic patients and asymptomatic
suhjeets. However. the frequency of 1he D allele was sig-
nificamly higher in symplomatic patients compared with
asymplomatic subjecis. The genotype distribution of
AGT in symptomatic patients was atso significantly dif
ferent from that in asymptomatic paticnts.

To fucther investigate whether genotype was indepen-
dently i with the of
lacunar infarction. multiple logistic regression analysis
wus performed in all subjects with lacunar infarction (n =
301) with neurological symptoms as dependent variables
{table 3). 1t revealed that the number of lacunae in the
basal gangliaand ACE and AGT genolypes were mdcpcn-
dently i with the i of
sympioms, On the other hand, other risk factors including
age. sex. hypertension, diabetes melfilus, dyslipidemia
and smoking wese not significantly vclalw {0 the symp-
tomatic man ion of Jacunar inf

Piticntynitha s

Paticnty with 4 or mae
mal

mptomalic i ipte asymplomatic
(n=sy Lacanar infdrelions (n = 42)
ACE 1 18(0.3% W07
D 24(0.4M) 10{024)
Db 120.22) 4(0.10)
= lO 60 f=2,p=0005
AGT MM {0630 2(0.08)
MT 1640 10) 12 (0.29)
T 36067 28 (0.67)
£=007.1=2p=09
ATIR  CC ) oy
AC 1(6.08) 4(0.14)
AA SEs4 36.(0.86)

=212 0=1,p=0.15

s aid RAS Genes
The genctie difference beiween 2 lacunar categorics,
single symptomatic lacunar infarction and asymptomatic
multiple lacwiar infarction. was forther evaluated (ta-
ble 4). There was a significant difference in ACE genotype
dist ribution between the 2 lacunar subtypes. Multiple log-
istic regression nnalysis also showed that ACE genotype
o dnmmam) was independently associated with the
of 7 i this popula-
tion (odds ratio 11.09, 95% €12.0-146% p = 0.0009.
Odds r'nu)s of ACE grnolypes for the manifesiation of

|
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nosis may be a primary mechimism for lucunar infarc.
tions [32]. There have been suggestions that the profiles of
risk factors for lacunae muy differ between single and
multiple lacunae, as well as silent and symptomatic lacu-
nac [15, 18-20]. However. a study sith a large cohort of
elderty subjects failed to reveal significant factors to dis-
eriminate single and multiple, as well as symptomatic and
asymptomatic bacunac [15]. To examine the POSSIhI]lly

1o the number of lacn.

Zhangetal.

genotype distribution between patients with asympiomat-
i¢ cerchral infarction and subjects without a brain Jesion
demonstrated by MRY {4, 8]. These findings may indicate
that the present findings are related to symptomatic lacu-
nac raiher than control-refated conditions.

We conld not exactly explain the mechanism by which
the gene encoding ACE was assaciated with neurological
manitestation, The site and size of the lacunas ara respon-

that the genctic for multiple
Tacunar infarciions is different from that for single symp-
tomatic lacunar infarction. we analyzed the gene poly-
morphisms in symptotnatic lacunar strake patients and

sible for the [33]. Jn the present study, there
was o difference in the total number of Jacurtac between
symptomatic and asymptomatic suh}ccls However, the
numbu nnd prevalence of lacumace in the basal ganglia

Iacunar infarctis Subjec(s focusing on the

were ficantly higher in patients than
farc-

number of lacunae. We observed a s bigher
prevalence of ACE DD in patients with single symptom-
atic lacunar infarclion compared wilh subjects with mul-
tiple asymplomatic Yacunar infasctions. Analysis of sub-
jects with multiple lacunar infaretions revealed that those
with the ACE 11 genotype might be resistant to being
symptomatic even after multiple lacunar steokes, These
findings have never been obtained in previous analyses
between patients and normal coutrols, Our finding indi-
cates that the ACE DD penotype predispases to micro-
atheromatous Jacunae, since microatheromatous discase
oreurs in cases with a larger, usually singhe symplomatic
lacune [29-31, 33].

Recently, relatively high prevalences of distines mech-
anisms for lacunar infarcts, cardioembolism [34] and
carolid arterinl stenosis [35) have also been reported.
Since these reports studied symplomatic lacunar patients.
il is conceivable that our symptomatic patients might also
have bad these underlying mechansisms. To address the
mechanism-specific manifestation of lacunar infarcts
more precisely, a more detailed determination of phnm}
type including carotid as well as

ic subjects, ing that the site of il
tion could be associated with genctic predisposition.
However, our finding that ACE as well as AGT gene poly-
merphisms were signiticantly sssociated with the symp-
tomatic manifestation of lacunar stroke was not due to
genalype-specific accuniulation of lacunae in the region of
the basal ganglia (data not shown). These findings indi-
cate that ACE gene polymarphism could affect the size of
Izcunar infarctions. However. to reach the conclusion,
studics with ore precise determination of phcnmwc
with ion as well as prosp
studies with a farger population are needed.

Insummary, ACE gene and AGT gcnntyru WEre asso-
ciated with the ifestation of
in patients with lacanar strokes, Furthermore. lhe ACE
DD genotype was an independent visk factor for being
symptomatic with the first-ever lacunar stroke, On the
other hand, paticnts with the ACE 11 genotyps wese less
symptomatic even after multiple Incunar infarctions,
These findings suggest the existence of diverse mecha-
nisms in single symptomatic lacunar infarction and multi-

gram wauld be necessary.
In the present study. control subjects were recruited
from patients who underwent broin MR1asan i

ple wsy tacunar i

of atherosclesosis because of their risk lctars. Although
they did not have any newrological symptonts inchudiing
lacunar syndromes, (hey might have had nonspecific
symptoms such as heudnkh: Furthermore, it js also

‘This study was supponted by reszarch grants fram Sosagaws Med-
ical Resesreh Foundation, & GrantIn-Aid for Scientific Rescarch on
Priarity Area (C) *Medical Genome Science’ from the Ministry of
Bducatian, Cullar,Sports and Teshlogy of zpan, and a grant for

reported that lacunac were fated with
copnitive impairment [15, 36, 37). depressive wmood (38)
aswell as } lities such as
of blood pressure (21, 37, 39). Accnrdmglv wcmuld Rot
rute oul the ibility that p could
be associated with the present genetic finding rather thea
symptomatic strake conditions. Two lapauese studies
bave reported no difference in ACE insertion/deletion

8 Cerebawass Dis J0M417:173-299
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ACE Gene and Synptoms in Lacunar
Infaretion

{Zhao e al, 1998) und 325 (Schneider & al, 2002). Schneider
e al (2002) examined the dillerence in therma) stability and
antifibrinolyilic activily between Thr-325 and lle-32
A mulnumre Eurupean study was performed 1o clarily the
hetween TAR polymorphism and myocardial
inarcian (M) {Juhan-Vague o al, 2003 Morange o al,
2002), There are many dinical signs that make M1 rdatively
ey 0 disgnose, However, it is a Tiule mare difficalt 1o

Tiical

disgnase a case of cerebral infarction {€1) using on
symptams and camputed tomogeaphy (CT) of the brain,
A clinicaputhalogical canfirmuation s essential. In this report,
we used autopsy samples fram 233 patients tht were stored in
the Fukushimurs Brain Bunk. These palients were confinned
to have had no infarcis, microinfurcls or severe infurcts, and
TAF palymorphisms were analysed wt The/Ala- 147 and Thef
1e-325. We estimated the eatent of arteriosclerasis and the
dinicapatholagical €1 grading using clinical histary, neuro-
Tagical symptams, brain CT seans and macrascapic/micro-
scogic paihological findings.

Materials and methods
Paticnts

All 253 patients had died while hospiulized, and a high
percentage of these have slready been included in o previous
neurapaibological evaluation {Akatsu o af, 2602), We had
vecords of their past history, and reporis ol interviews
emplaying u camprehensive quesiionnaire concerning psycho-
Tagical and medical symploms, chrmic canditions, treatment
wnd activities of daily life, All had undergone CT scanning of
(he brain, We excluded patients wha had been diagnosed with,
or when medication for DM, valvalar problems, atriab
Gbrlation {AF} or hyperlipidaemia (HL) because these
prohlems pose 8 Tigh risk of hrambosis, Four patients who
hud esperienced o subarschnaid haemasthage (S AH) were alsa
excluded hecause these sould muanilest cerebrovaseular and
ather problems. However, hyperiension (HT) is
alsor w thrombusis rish faclor, and ws the ederdy tend w eabibit
inoreases in Maad pressure, il was nat surprising thal 92 of vur
patients (36%) had a history uf HT. We evaluated the
canteibution of TAFT polymarphism ta the risk uf developing
CH using 189 neuropathalagicdly disgnosed cases including
those with HT; 180 cases had evidence of macroscopic
arteriosclers, while in nine cases, no vaseular sanple was
awailuble.

Dissections were carried uul at the Choju Medical Institute
{Fukushimuns Hospilal, Japan) fram 1993 10 2002, These were
periormed witer cbuining the agrement of the patients'
guardians lor diagnosis, wnd biochemical, molecular hiologicat
and genousic research, This study was approved hy the Ethics
Commivee of the Chaju Medicd Institute on 24 February
2003, und assigned spplicatian number 93,
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TAFI Polymorphisras and Cerebral Infarction

Table 1. Sex distribotion of he 253 TAB simplog/ |08 PBC and Th!
Ali-147 and Thelke-325 polymormisms,

Makes (FRIVPRCI  Femakes Tonl
Numher 121/ 132136 2508
Age (years) LUTESNN AR LAY H24 £ RS
05 £ A0 NG a7 LIS )
Thi17Al
ThifThr 50 100 151
ThifAL 5019 52038 102447
AbfAl k) TOM5 LANSR
Abcte Ths 609 70 [EFE)
Abde Ali a5 wanm 748
Thea25Th
ThifThr w7 ot 0
Thrlte nH Hn7 s
Tt mn s st
AbdeThe 21 s 12083
Abde e 26 wm i3
B, imwira Brain Bank, PBC, population-bascd controls.

OF the 252 paticms, 16% were K0-39 yvars ofd.

Unisersity School of Medicine {Touon-shi, Ehime, Japan)
and evalusted by u questiunmaire thas included questions
regarding pust and present illnesses, Writien informed
consent was obtained from each individua sccording o a
protow] approved by the Genome Ethical Commiliee of
Ehime University School of Medicine, These pupulation-
bused non-demented conteals were. compused of 86 females
and 22 males, with & mean 2 SID age at blood drawing of
805 £ B0 yeurs and 819 £ 67 years, respectively {range,
70-101 years) {(Table §).

Autopsy and sumpling of brain tisues

Each brain was remuved at utopsy, weighed, cul midsagitially
and exumined Tor vaseular and uther macroscopically detect-
able Tesions. Specimens for disgrosiic examination were tahen
from the ahnorma) hemsisphere, as determined by €T
scanning, or from the lell hemisphere, if no dilference vas
n|ysened between the left und right, .\nd fixed in 4%
(PFA). The other wns divided
i several regions. Somne samples were froen fur Jurther
analyses wnd stored a1 —80°C, while athers were fised in 4%
FFA for ipnnunohistochenical analysis.
Sumples for diagnistic purposes were Liken from the frant,

temporal, parietal und accipita) lobes, hippacamypal formation,
amygdaly, basal ganghia, thalumus wnd the midbrain including
the subssuntia nigrs, pons, medulla and cerehellum witer
separating the anterior, middle, and ponterior cerehral arieries,

the internal carotid and basitur arteries. The specimens were
:mbeddml in p.\mlﬁn and processed m\n A jun sections Jor

To ohuin pupabation-based camrals as @ non-d 4 and i il exwmminae
growp, Aderly individusls were reeruted from Ehime tion.
£ 2004 glackwelt Publishing L16, #ntish Journal of Hacmatology, 127, 440 44/ a1
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TAFI polymorphisms at amino acids 147 and 325 are not risk

factors for cerebral infarction
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Thrombin-activatable rinol;

infarction (C1) by exami
cliniconeuropathologically comfinmed. We found lide that
significant in terms of these polymurphisims among patients with 1o vascudar

inhibitor  (YAFI) was reported as an

naphylaloxin-inaclivaling enzyme generaled by proteolylic deavage of ils
eymopen, and is the same enzyme as thal first designated by our group as
procarbuxypeplidase R {proCPR). Lis Tevel in plasma appears W influence
e, b addition, TAFL
polymorphism, «pecially al amine adds 147 and 325, We inves
Medicine, Bhime Univevsity Schvol of Moficion,  whether these AT polymorphisms would act s

ivity is strongly influenced by genetic
igated
a risk factor for cerebral
samples in which the disgnosis was
statisticaily

=

ing

problems or in a pupulation-based contral group. I the present study of an
elderly Japanese growp, our sumples revealed a lower percentage of the He
allele al ‘1hi/lle-325 compared wilh weslern counterparts. Although palients
with severe infarcis had a lower percentage of the He allele {109) at aming
sgosw, Japan acid pusitivn 325 campared with the slightly and moderately alfecied patients
and the population-based control proup (1.

18%), no stalistical s

gmificance

Revcived 13 July 2004 accrpted for publication 28 found. None of our results showed any statistical correlation between

25 August 2001
Correspondence: Dr Uimyasa Akutsy, Crajis

FAF1 polymorphisms and CL.

Medicad Instine, Fukushimura Tospinl, 19-14,
1 Toyohashi, Aichi, 141~
akstehojuken.net

Azspamanada, Xo

A1, fapan, E-mail

Theambin: Aahle flhmml)\l\ inhibitor (Tr\FI) i nku
termed i (proCPR),
dase U wnd plasim pmmﬂm,pzpu.l.\sg L

We were the first W identily this engyme, which removes
cubosylerminal arginine of complement {C) 3 und C3a, a5 4
plasma carboxypeptidase distinet from ewhosypeplidase N
{Camphell & Okada, 1989). Sis years Jater, Bajass of al (1993)
reported this prowin s TAFl, since when adivated, it
inhibiled the 1ysis of clois formed during thrambin weivation.
In addition, we showed Dl fullowing the acivation of
proCPR by (hrombin {T) wnd (hrombamadulin (TM)
complexes {T/TM compleses), cabosypeptidise R {CPR)
removed carbosyterminal lysine residues from phsminogen-
binding siles, as did aclivated TAF (TAFh) {Redlite et af,
19955 Wajear et aly 1996; Sakharov ef al, §997)

The TAF1 levels in plasma and iis enzymatic sctivity saggest
hat this emeyme is an imporiant regaltor of fbrinalysis.
Disturbasces in TAF) levels and activity may represent a sisk

doiz10.1 11141 365-2141.2004.05219.%

H. Akatsu et al

Neuropathological evaluation of cerebril infurcts und other
dingnostic signs of neurodegenerative disease

For macrascopic unulysis of CL, the fised hali af specimens and
separated urlexies were examined in detai by a neuropathul-
ogisL. To ussess the extent of urteriosclerasis, the investigatars,
neuropatholagist and several medieal ductors evalusted the
degres of Blockage in each artery and wrrived al un average.
Grading was as fllaws: 1o blockige, no arteriosclersis; 30%
bluckage, slight artesiosclercsiss 500 blockage, mild arterio-
sclerosis; wnd aver 70% hlackage, severe urteriosclerasis. The
fised specimens were cul into 1 em thickness und carelully

examined by Lauch and ohservation,
For microscapic examination, sunples were embedded in
paralin snd processed into 8 jon sections ioe et
and

mens were stained using Tenatosylin-eosin mz) wnd
Kliiver—iarerra (KB} swining methods, Methenamine sitver
(MS) staining, Conga red (CR) staining and inmunaskaining
were ased when necessary, For diagnosis of neurodegenentive
diseases, we used aur previoudy reparted critecia (Akatsu o al,
M02).

Far cliniconeurupathological classification of infarctians, the
patient group cansisied of 86 male wnd 103 feorle patients
dged 44-102 pears, Cls were classified o5 given bedow.

A Turge infarcl was marked by neuralogical findings, a
climical history of o stroke, involvement of a large, low-density
{in il over 2030 of the hemisphere) area on the hrain
severe macroscupie snerinsclerasis (il reported), mnd a wider
spread ared ol infarclion (in towl, 2% ol the hemisphere) on
seroscopic and micrascapic analysis.

A voull infardd’ was chameterized by a small, low- density
{in Lotal, 2000 ul he hentisphere) area an the hrain CT, mild
macroscopic witeriosclerosis (il reporied), and w smal) infare-
sion {in total, «20% of the hemisphere) on bath macroscopic
and microscopic anlysis,

‘No infiretion” wis presumed when there was no Jose-
density area on the hrain CT sean, no macroscopically detecied
infarction and na macroscopic arteriusclerosis (il repaned).
Cases with only smicroscopie micruinfarcts weve included in
his group.

Chemicals

For brin tissue Hxation, PFA wus purchased from Merck
(Darmstadt, Germany) und for debydeation, sylene wnd
ethanol were obined from Wako Pure Chemical Industries
Ld {Osaka, Fapin). Reagents Jor HE, KB, CR and MS suining
were Trom Wako Pure Chemicll Indusiries 1ad. Bori
sodiam sulphate, d civic acid used in swining
were from Sigmu Chemical € ). The ghiss
ides und cover ghasses veere from Matsumami Glss Industry
Ltd {Osuka, Jagan).

For investigation of genomic polymorphisos, Tag DNA
polymerase was oblined from Takara (Kjolo, Japan).

i,

R, thrombin-activatable fibrindlysis inhibitor,

pu])mnrphhm. ‘Thi/A- 147, ‘Thr/le-325.

ftctor in vasealr disasders und severs) reports have heen
published on the celationship between TAF! and deep vein
Quwmtbosis (van Tilbure e al, 20005 Kostka es af, 2003),
disseminated intravascular casgulation {Walunabe e al, 2001)
and corondry artery disease (han-Vague of al, 20005 5
et al, 2000 Schroeder ef al, 2002; Zorio 2t af, 2003). In patents
with dm.bem md)uus {DM), whidh i often uct ump.\med by
jons, the plasa and
activity of TAF| were significontly higher than in ealthy
cantraks. Furthermore, these parameters were significanly
elevated in vhese DM patients compared with non-ubese DM
putients und nun-ubese healthy subjects {Hori e al, 2002).
Levels of circulming TAF are steongly influenced by
pulymorphisms in the pronsoter and the SUTR of the TAFI
gene {Henry ef al, 2001) and may have wn elfect on the sk of
venaus thrombophilia (Franco ef al, 2001). Severa] investiga-
Lars have reported a functiomal polymuosphisoy in the promater
region as well as in the exon al amino acid positions 147

veirs
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Restriction enzymes, Bl snd Spel, were from New Englind
DBikbs (Bevery, MA, USA). Seakem GTG agarose was
puschused fur is from EMC Bi
(Rockland, ME, USA).

Genomic anolysis of TAFL The/Alu-147 und Thr/tle-325

Genumic DNA was extracted using the phenol-chloroform,
method. TAF! gene mulations could esslly be detected by
polymensse chain resclion—restriclion (ragments Jengih poly-
morphism (PFCR-RFLP) analysis using the restriction enzyme
Bbv) Jor TAFE-147 and Spel Jor TAFI-325. Sequences of the
TAFE-147 und TAF)-325 regions were retdeved Innm GenBank
{uccession numbers AL137141 and ALIS?738). PC
camried oul in 4 25 i reaction valume conlsining a sk
reaction hufler {13 mmol] Mgllz, 50 nmel?) KO, (0 mimol/]
TrisHC] (pHE-3), 200 jmol/l of each dNTP, 10 yunolAl of
each primer, 0-5 U Taq DNA polynierase) and 50 ng genomic
DNA a o lemphie The primess were TAFILGF
TTCCACATGUAGC-Y), TAFHA7-R (5 vAT((
ACCATTTTGAG-Y), TAFS. i ANAL
AAAACAGATCACACAG-Y), TARILS-R {3-AAAGCCAC
CAATTGTGATT-Y). The protacol consisted ol 30 cycles of
94°C Tor 3 5, 60°C For 30 s and 72°C (or | min, The TAFI- 147
PCR product siee was 436 by, and the G {Ala) allele was
digested by Bhvd int 28 + 124 + 304 bp, whereas the A (Thr}
allele was digesied into 28 + 428 bp. The TAF-325 PCR
product was 363 b, and the ¢ {The) allede was digested by
Spel into 118 + 245 bp whereas the T (fle) allele was not
digested at all by Spel. PCR products were digested with each
enzyne, resalved on 2% agaruse gels and visuslized by
elhidium bromide staining {Fig 1).

Statistical nnnlysis

Staisticad andysis was carried out on a persanal computer
rumning the Windows XP system. The significsnce of dilference
Jur each genatype was exsmined wsing both the chi-squared
est with Yales's carrection and Fisher's exaci 1est using 2 x 2
Lbles, The Jeve) of significance was taken aL P < (403,

Results

Fhe 233 palienls examined consisted of 124 mules and 132
Females with wn average age of A24 £ 83 years {mean = SD)
it he time af death, and 46% {117 caces) were belwveen 80 and
A9 years of uge. Among these 233 patients, those at risk ol
thrembasis ox infarction because af 3 disgnosis of DM, VP or
AF, HT and HL numbered 21 {8%}, 26 { 10%), 92 {36%:) wnd
six putients §2%) respectively. Several patiemts had two ur iree
diseases that placed them al risk. Four patienis with SAH were
ahsor asnitted, hecause Dhis conditinn conslitutes 4 complicsting
Tactur, Nine patients 4%) received o pathological dingsenis of
amyluid ungiopathy wnd these were eactuded us well s this
candition o poses o viscalur risk. This it 189 patients
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