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Table 1 Clinical Characteristics of the Control and Ml Groups

HIURAY et &

Contralx M cazes P value
n(M/F) 2475(1,102/1.375] 589 (510/7%)
Age (years) a5. /=110 61.320.3 <0001
BMI (kg/m”) 22.823.1 237230 <0.0001
% current smakers i63 sov <l (i
% current drinkers 454 40.3 vuls
% subects with kypertensicn 6.5 35l <0.0001
T subpects with diubetes 23 424 <0.000)
% subyects with hvperispedemia 525 557 @10

Age and BM] are p
M1, mvocardial infarction; BMI. bodv mass :ndex.

susceptibiliry o MI in a Japanese population and to investi-
gate the effect of these SNPs on cardiovascular risk faciors.

Methods

Study Population

‘The inclusion criteria and study design of the Suita Study
have been described previously?-'5 In brief, the sample
consisted of 14.200 men and women (30-79 years of age al
enrollment), siratified by gender and 10-year age groups
(10 groups and 1,420 subjects in each group) who had been
randomly selected from the municipal population registry.
They were all invited, by letter. to attend regular cycles of
follow-up examination (¢very 2 years). Subjects who were
recruited into the Suita Study between April 2002 and
February 2004 and were free from CAD served as controls
(n=2,475). MI cases (n=589) were randomly selected in-
and outpatients with documented MI who were enrolled in
the Division of Cardiology a1 the National Cardiovascular
Center berween May 2001 and April 2003, Both controls
and MI cases were of the same ethnicity (Japanese) and from
the same geographical area. Only those who gave written
infarmed consent were included in the study. The study pro-
tocol was approved by the Institutional Ethics Commitce
and the Committee on Genetic Analysis and Gene Therapy
of ihe National Cardiovascular Center. Subjects with sysiolic
blood pressure (SBP) =140 mmilg, diastolic blood pressure
(DBP) 290mmHg and/or the current use of antihyperten-
sive medication were categurized as having hypertension,
Subjects who had total cholesterol (TC) 2220mg/d! or
wriglycerides (TG) 2150mg/dl, or were taking aniihyper-
lipidemic medication, were classified as hyperlipidemic.
The definition of type 2 diabetes were based on fasting blood
glucose levels =126 mg/dl, hemoglobin (Hb) Al 26.5%,
and/or current treatmenl for diabetes. Mean and maximum
intima—media thicknesses (IMT) of the common caroud
anc;y were determined by high-resolution ultrasonogra-
phy

Genotyping Assays

"Ten SNPs were selected based on the resulis of genome-
wide association analyses: 7 SNPs (rs2943634, 156922269,
312333049, rs599839, 1317465637, rs501120 and rs17228212)
from the WTCCC and German MI Family Study? 2 chro-
mosome 9p2] SNPs (rs10757274 and rs2383206) identified
by McPherson et a® and rs10757278, the most significant
SNP on chromosome 9p2l reported by Helgadotar er al!
The sequences encompassing the selecied SNPs were de-
termined by an ABI 3730 Sequencer (Applied Biosystems,
Foster City, CA, USA) in a subgroup of control subjects (n=
192) for the assessment of minor allele frequency and the

d as mean = fandand devalion; other variables are shown as percentage.

degree of linkage disequilibrium (LD). TagMan allelic dis-
crunination assays were performed on a 7900 HT {Applied
Biosystems) according to the manufacturer’s instructions.
Genotype frequency distributions for each SNP were (ested
for apreement with Hardy -Weinberg equilibrium hy
SNPAlyze Ver.5.04 Pro «Dynacom, Chiba, Japan). The de-

¢¢ of LD among polymorphisms was evaluated using

yNPAlyze Ver.5.0.4 Pro (Dynacom).

Statistical Analysis

Data are expressed as mean xstandard deviation, Allele
and genotype frequencies between control and Ml subjects
were compared by chi-square (y*) rest. Odds ratio (OR) and
95% confidence inierval (CD for the sk allele were esti-
mated by logistic regression analysis with adjustment for
age, sex, hypertension, diabetes, and current drinking and
smoking habits, Continuous variables were tested for nor-
maliry of distribution, and logarithmic transformation was
applied for those with skewed distributions, Residuals, de-
fined as the observed value minus predicted value, on the
basis of confounding Faciors, were used for the phenotype -
genotype association analysis by 1-way analysis of vanance
tests. Covariates included in the model were derived from
multiple logistic regression analysis and used 10 calculate a
residual value for each variable. The level of significance
was adjusted for multiple testing by Bonferroni correction,
Statistical analysis was performed using the JMP statistical
package 7.0 (SAS Institute, Cary, NC, USA).

Results

Clinical characteristics of the controls and MI cases in-
cluded for penotyping are summarized in Table 1. The pro-
portion of male subjects was higher in the M1 group than in
the control group. Subjects with M1 were younger and had
4 higher prevalence of smoking habit, diabeles and hyper-
tension compared with controls (p<0.0001).

Among the 10 SNPs selecied for the analysis, 4 that
had minor allele frequency of less than 0.15 (rs2941634,
rs6922269, rs599839 and rs17228212) were excluded. The
4 SNPs on chromosome 9p21 were highly correlaied with
each other. For simplicity, we present our results with a
pariicular focus on 51333049, which was in swong LD
with rs10757278 (r!=0.98), rs2383206 (r*=0.87) and
310757274 (r*=0.83).

‘Table2 shows the genotype and risk allele frequencies
for the 3 SNPs genotyped in 2,475 conrols and 589 M1
subjects. OR for MI with the risk allele at rs1333049,
r$17465637 and rsS01120 estimated by logistic regression
analyses with adjustment for age, sex, diabetes, hyper-
tension and smoking habit were 1.47 (95% (1, 1.15-1.89;
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Tahle 2 Logistic Regression Analyss of M1

Risk aliele frequency Grnorvpe frequency HWE"
' B
SNPs cwr RO% " Conrol Ml caser Contro! Hicorer  ———o— ORI rkallle” iy vatiet
Mm=2475) (n=5899) Do ox XX 00 OF Control. M) cuies =l
rei333049 L) C 497 0328 636 1204 397 437 2 (R 67 032 TAZI 03189 il o
;17465637 1 € 0538 0579 526 1% TH 142 163 04 sl 442 145145-183) 0002 0066
iSO1120  i6 T 0640 0668 27 LI U7 62 362 sk 042 678 L220kSSH 007 0247

Genotype frequencies are piven for 00, OX and XX of the nivk allele.

*Deviarion from HWE was assessed by chi-square test, and p values for conirmis and M] cazes ure shown.

TAl 3 SNPs were mcluded in the logistic regresnion analvies. with sdwrimeni for age, rax, diabetes, yperiennon ang mmokers. BMI and the presence of bper-
bpidemia were net ngnificant predictars for M and noi valuded m the madel.

iBonferrom correchon for muluple testing was applied by muloplng the p value by 3 (ike number of SNPy siudied for asrociaion with MI),

SNE pngle nucleoiide polvmarphism; Cly, chromoseme; 00, non-carriers; UX, hewreygous carvicrs; XK, homapvgeus carrsers: WWE Hardv-Weinkery
Equibbriam; OR, vdds ratio; Cl, confidence interval. Other abbreviations see in Table 1.

Table 3 Association Analyses of 1333049 and r¥17465637 With Antl ric und Metabolic Pur in 2478 Subjects
rrl 333049 1117465637
GG 636 (292344) C THI (317/354)
1 (M/F) GC 1204  (553%5]) CA LIDE  (329/667) Eidriases
cc 592 12444348) AL 526 (241285)
. CCr  CC+GCw CCv  CC+CAv
ColP GeeGG GG OUUP* Cuaan  Ax
Age fyear) 0.81 0.54 1,96 0.41 0.48 6.52
Res. BMI (kghm?) 0.3% a2 6.28 0.4 0 4l Sex
Res. mean IMT (min} 0.20 052 {83 .77 0.8 .37 Age, sex. BMI. N8P
Res. mzeimum IMT (mam) 0.78 672 9.65 019 0.07 6352 Ape, sex
Res. ke-CRP (mg/dlF 7y (.49 .85 067 .08 .64 Age. BMI!
Rex. TC (mgldli* 017 0.07 0.3 058 &4 4.3 Sex, WHR
Rex, TG {ing/dtpt~ .91 0.98 .45 0.56 0.29 459 Sex. BMI, WHR, cigarette consumpiion
Res, HDL-C {mgldl;* .43 634 0.57 0.62 n.93 637 Sex, BMI, WHR, cigariie and wicokol consumption
Res. SBP {mmH3)*= 039 019 0.6% 0.91 09¢ .68 Age BMI cip and alcohol consumpti
Res. DBP (rumHgi*® 0.37 .19 6.93 0.3l 0.25 .59 Age”, BM, alcchiol connanption
Res. glucose (mg/dl)**~ 0,85 093 0.62 a5 0.8 031 Sex, BMI, WHR
Res. HbA:: {R)*** a2.92 0.583 a.8 083 059 0.64 Ape. BMI, :garctie consumption

p values by amalrs of variamce test.

=Log-transformed values were used for the analysis. *Subjects faking anti-hvperlpidemic medication (n=364) were eacluded. **Sutjecis who wers on medica-
i for kuperiension (n=600) were excluded. ***Sulyects being ireated for diabates (n= ]3] were excluded.

Covariates included for the caleulation of residual values are shown. Alcokel consumption waz expressed as ethanoi (g) per duy. Cigareite consumption waz
defined us ihe product of the number of yeurs of smoking and the number of cigureties connurned per day.

Rex. residuai: IMT. intima-media ihickn=ss: SBP. rynolbic Blood pressure; h-CRE, high-sensitivity C-reactive protein; TC, ol cholestersi: TG, inghwerides:
WHR. waist to hip raiio; HDL-C, high-deniity lipoprotein=<holecterol; DBP diastolic blood pressiure: HbA e hemoglobin Ase. Other abbreviarion see i Table |

nominal p=0.002; corrected p=0.006), 1.45 (95%Cl, 1.15-
1.83; nominal p=0.002; corrected p=0.006) and 1.22
(95% C1, 0.98-1.53; nominal p=0.079; corrected p=0,237),
respectively. The association of rs1333049 and rs1 7465637
with M1 remained significant after adjustment for multiple
testing. Inclusion of the 2 positive SNPs (rs1333049 and
r517465637) instead of all 3 SNPs in the logistic regression
analysis did not significanily alter the results; ORs adjusted
for age. sex. diabetes, hypertension and smoking habit were
1.46 for rs1333049 (95% C1, 1.14-1.87; nominal p=0.0027;
corrected p=0.005) and 1.44 for rs17465637 (93% CL 1.14-
1.82: nominal p=0.0024; corrected p=0.005), respectively.
The interaction terms (r31333049*%rs17463637, rs1333049*
age, rs17465637%age, 151333049 %sex, 1517465637 *sex,
r31333049*BMI. rs17465637*BMD did not reveal any
significant association with Ml afier taking diabetes, hyper-
tension and smoking habit into consideration.

Table3 shows the association analysis of the 2 positive
SNPs (rs1333049 and rs17465637) with anthropometric and
metabolic parameters in the 2,475 controls. Confounding
factors included in the model to calculate a residual value
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for each variable are detailed i Table 3. Irrespective of
whether the comparison was made berween the genotype
groups under the additive penetic model, between homo-
zygous carriers of the risk allele and the combined group of
non-carriers and beterozypotes or beiween those with at
least one risk allele and those without it, genelic vanants at
31333049 and rs17465637 were not associared with differ-
ences in age, body mass index (BMI). mean and maximal
IMT, high-sensitivity C-reactive protein (hs-CRP), TC, TG,
high-density lipoprotein-cholesterol (HDL-C), SBP, DBI,
fasting glucose, or Hb Aue in this Japanese population,

Discussion

The association of the 2 SNPs (rs1333049 and rs17465637)
with M1 was reproduced in this Japanese sample. yielding an
adjusted OR of 147 (95%Cl, 1.15-1.89) and 1.45 (95%CL
1.15-1.83) for rs1333049 and rs17465637, respectively,
The risk allele frequencies for rs1333049 observed in our
study sample (0.53 among cases and (.49 amang controls)
were similar to those reported previously in the WTCCC
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study (0.35 among cases and 047 among controls) and the
(German MI Family Study (0.34 among cases and (.48
among controls). During the preparation of this article, a
report investigating the associalion between rs1333049 and
CAD in a Japanese population was published and replicated
the association!® The risk allele frequency reponed in thal
study was similar to ours: (.49 for controls (n=1,151) and
C.55 for patients with CAD (n=604). Our results, taken
ogether with data from that study, confirm that the previ-
cusly reported CAD-associated SNP on chromosome 9p21
{rs1333049) confers susceptibility to Ml in Japanese.

‘The risk allele frequency of SNP rs17465637 was slight-
ly lower in our study sample (0.54 among comirols and 0.58
among cases) than in populations of European ancestry;
(1.71-0.74 in controls and 0.75-0.76 in CAD/MI cases* This
observation was comparable 10 the difference found in the C
allele frequency between the HapMap Japanese (JPT, (.556)
and CEU (CEPH European ancestry, 0.750) samples!’

SNP 15501120 at the 10gll locus (nearby gene,
LOC728347) did not show any association with MI in this
Japanese sample. The risk allele frequency in the contrals
(0.640) was almost identical 1o that from the HapMap JPT
data (0.626). but lower than thai reporied in controls of
white European origin (0.84-0.87)?

We anempted (o investigate the effect of the 2 positive
SNPs (rs1333049 and rs17465637) on anthropometric and
metabolic parameters in Japanese subjects without ML None
of the genotypes of rs1333049 and rsI 7465637 was asso-
ciated with conventonal risk factors such as BMI, plasma
lipid profile, blood pressures, glucose, or Hb Ate. Homoey-
gosity for the risk allele of rs1333049 and rs1 7465637 also
had no effect on circulating levels of hs-CRP, an inflam-
matory marker that has been shown o be associated with
cuardiovascular events!®*? Carotid IMT has been used as a
non-invasive measure of atherosclerosis®=23 In our present
analysis, IMT of the common carolid ariery assessed by
high-resolution ultrasonography was not associated with
the risk allele of rs1333049 or 1$17465637.

The lack of an association between the genotypes of
rs1333049 and the anthropometric and metabolic parame-
ters observed in our study is in accordance with previous
siudies showing no effect of the chromosome 9p21 suscep-
libility locus on cardiovascular risk factors?® Resalis from
the Atherosclerosis Risk in Communities Study (ARIC)
and Copenhagen City Heart Study (CCHS) demonstraied
no sigmificant associations between the genotypes of CAD-
associated SNPs (rs10737274 and rs2383206) and the risk
factors including BML glucose, TC, TG, low-density lipo-
protein-cholesierol, HDL-C, SBP, DBP and hs-CRPZ Al-
though the chromosome 9p21 region has emerged as a sus-
ceptibility locus for CAD. showing consistent associations
across different populations, the increased risk associared
with genetic variability at this locus appears not 10 be ac-
counted for by the esiablished risk factors, In the aforemen-
tioned replication study conducied in Japanese!® there was
no association between the severity of coronary atheroscle-
rosis and the prevalence of the risk allele of rs1333049.

It remains to be determined whether nearby genes. such
us CDKN2A, CDKN2B or MTAP, are responsible for the
pathogenesis of CAD or if unknown mechanisms are in-
valved. Although a large anti-sense noun-coding RNA has
been suggested ss a candidate susceptihility gene for this
locust only limited data are available to date,

The association between 1517465637 and MI was repro-
duced in the present Japanese sample. Although many

HIVRAY vl

studies have tocused on the CAD-associated SNPs on chro-
masomie 9p21, an intronic SNP of 1517465637 in the mela-
noma inhibitory activiry family, member 3 (MIA3) gene on
chromosome 1941 has received little attention. MIAZ, also
referred 10 as ARNT or TANGO, belongs to the melanoma
inhibitory activity gene family and may have a role in
wmor suppression™ > As with the case of rs1333049, the
classic risk factors appear not o be related 1o the increased
MI risks associated with rs17465637.

In the present study, significant differences in age, sex,
BMI, smoking habit, hyperiension and diabetes were noted
between the Ml and conirol groups, which often occurs in
case—control studics. We attempted (0 minimize the poten-
tial effects of background difterences with the multiple
logistc regression analysis in which several confounding
factors were included. However. there is the possibility that
an inability 1o adjust for unknown or undetermined con-
founders could lead 1o a spurious or false-negative associa-
tion. Moreover, in a cross-sectional case—control sindy
design, only survivors from MI would be included in the
case group, Thus, a large-scale prospective cohort study
will be necessary to conrirm that the genenc variants on
chromosome 9p21 and/or 1941 predispuse W susceptibility
to ML However, with the sccumulating resulls from many
validation studies with positive associations, it is highly
likely thai the observed associations in this Japanese sam-
ple are valid.

Given the lack of associations between the CAD-asso-
ciated SNPs and classic risk facrors, further investigations
focusing on the underlying mechanisms will provide new
insight into the pathaphysiology of cardiovascular disease.
leading 1o improved prevention and rreatment strategies.
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Abstract

The mechanism underlying the istion b
signal hyperintensity zone on T2-weighted ! e i

Takotsub: wdiomyopﬂhyﬂ‘uandmyocudulmmsunhwwn%dumbca

ging (T2ZWI) in 2 cases of atypical and typical TC. In these cases, a

msmmnlIrypmmemtymeou‘l‘"\ﬂag:mwnhamnmnhnnrmdleﬂ\rmmmh:wallmnon We suggest that edematous viable

myocurdium is present transmurally in the acute phase of TC.
© 2007 Elsevier Ireland Lid. All rights reserved.

Kyworde. Cardiomyopathy; Mags gmg; Pathog
1. Introduction 2, Case report
Takotsubo cardiomyopathy (TC) is usually recognized as 2.1. Case |

4 transient left ventricular apical ballooning, which has been
widely reparted in Japan [1]. The diagnosis of TC consists of
chest symptoms, ECG changes mimicking acute myocardial
intarction, a reversible left ventricular local asynergy
(usually apical ballooning) without significant coronary
artery stenosis and a limited release of cardiac markers
disproportionate to the extent of esynergy. Recently, several
variant abnormal wall motions of TC have been also reported
[2-4]. Although reportedly TC is closely related to the
activity of catecholamine [5], the underlying mechanism
remains unknown. In the present report, we demonstrate
hyperintepsity on T2-weighted magnetic resonance imaging
(T2WI) of 2 cases with TC and suggest one possible aspect
of the pathogenesis of TC.

*C g suthor Dep of Cardiology, Nanonal Cardiovas-
uJa-t.enlrr, F\u:r.hlmdlﬁ a7 l Suita, Osaka, 565-8565, Japan. Tel : =8] &
6833 S012; fax: +81 6 6872 7486,

E-muil address: youuka@hsp.ncve.go jp (Y, Otsuka).

0167-5273/8 - see front marter © 2007 Elsevier Ireland Ltd. All rights reserved

doi: 10,1016/ fjeard 2007.08.046

‘wall (Fig. la), the so-called

A 28-year-old woman was admitred to the hospital
because of dyspnea after sudden onset of vominng and
headache, Chest radiography showed pulmonary congestion
and the ECG showed ST elevation in lead aVL and ST
depression in leads II, III, aVF, and V, through V.
Emergency coronary angiography revealed normal coronary
arteries, Transthoracic echocardiography showed akinesis of
the basal and mid-ventricle and hyperkinesis of the apical
“inverted TC" contractile
pattern. The patient was treated with dobutamine mnfusion
and stabilized on day 3. Repeated echocardiography on day 7
revealed normal wall motion. A computed tomography
scan of the abdomen revealed a left adrenal mass and '*'I-
metaiodobenzylguanidine scintigraphy showed uptake at the
left adrenal region, establishing the diagnosis of pheochro-
mocytoma. Cardiac snagnetic resonance (CMR) imaging
showed a transmural hyperintensiry zone on T2WI (Fig. 1¢)
without late gadolinium enhancement (Fig. 1b). This
hypenintensity zone on T2WI agreed with the region of
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Fig. 1. a Amows indicate the endocardiae aspects both in the end-systolie and end-diasiolic phates on transthoracic schocardiography, showing akine<is of the
basal and mid-veatticle and hyperkinesis of the apical wall, the go-called “inverted Takoisubo cardiomyopathy™ contractile paltern. b, Ne obvious late
gadolinium enhancemnent on candiae magnetic resonance. ¢ Demnonstration of the tansmuml byperintensity zone (arrows) in the T2-weighted image consistent

with mid-ventricle asyaergy by transthoracic ech Sography

Fig. 2. 3. Arrows indicate the endocardiac aspects both in the end-systolic and end-diastolic phases on rransthomacic echocardiography, showing alanesis of the
apical wall, which is a typical Takowubo cardiomyopathy contractile pattan. b. No obvi Iate gadolinivm enhancement on cardiac magnetic resonance
. Dy on of the al hyy ity #rme (arrows) o the T2-weightad image consistent with apical asynergy by mnsthoracic echocardiography
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abnormal left ventricular wall motion detected by transthor-
acic echocardiography.

22 Case 2

A f3-year-old woman was admitted to the hospiral
because of chest pain and progressive dyspnea on exertion.
Chest radiography showed paneumothorax ofthe left lung and
the ECG showed ST elevation and inverted T waves in leads
1, IM. aVF and V; through Vs Coronary angiography
revealed nomal coronary arteries and coronary vasospasm
was not provoked by ergonovine maleate. Transthoracic
echocardiography showed akinesis of the apical wall, which
was a typical TC contractile pattern (Fig. 2a). Pneumothorax
was treated using a trocar thoracic catheter. A repeated
echocardiography on day 18 revealed normal wall motion
without any treatment. CMR on day 9 showed a transmural
hvperintensity zone on T2W1 (Fig. 2c) without late gado-
linium enhancement (Fig. 2b). This hyperintensity zone on
T2WI agreed with the region of abnormal left venmicular wall
motion detected by transthoracic echocardiography.

3. Discussion

To the best of our knowledge, this is the first report of
T2WT in TC. An absence of late gadolinium enhancement on
CMR has been recently reported in the heart with TC in spite
of severe ventricular dysfunction [6]. The present two cases
with TC did not show late gadolinium enhancement on
CMR, but demonstrated a transmural hyperintensity zone on
the T2ZWI in the region of the abnormal left ventricular wall
motion.

CMR is established as a major technigue on pathophysiol-
ogy of cardiovascular disease and solving clinical problems
{71. It has been reported that late gadolinium enhancement on
CMR can be used to assess the infarct size [8] and potential
myocardial viability [9] in the patients with myocardial
infarction. Several authors also reported that T2W1 is a useful
technique 1o distinguish the acute myocardial infarction from
old myocardial infarction by the presence or absence of a
transmural hyperintensity zone. Although theoretically many
fuctors can affect the myocardial T2W], tissue T2WI is a
method that assesses magnetic image contast which is
directly atfected by change in tissue biochemistry, especially
tissue water content [10]. Reimer and Jennings demonstrated
that edemna and inflammation are pathological findings m an
animal myocardial infraction model, not only in the infarcted
myocardium but also transmurally in the ischemic myocar-
dium with increased total water content [ 11], Moreover, T2WI
abnormalities were closely comrelated with increased myo-
cardial roral warer content in animal models [12,13]. These
findings suggest that abnormality on T2WIT can be useful in
identifying myocardial edema. On the other hand, late
gadoliniurn enhancement [14,15] for myocardial viability
assessinent depends on gadolinium-DTPA, which does not
traverse cell membranes but remains within the extracellular

space [16,17]. Imponantly, late gadolinium enhancement
indicates the relative changes of the exrraceliular and
intracellular volumes, which is the volume of distribution
[18,19]. The acute myocardial infiacted zone shows late
gadolmium enhancement on CMR as a result of the dispro-
portionately increased apparent extracellular space [20]. For
edematous viable myocardium, the ratio of the extracellular
and intracellular volumes is not substantially altered [21].
Therefore, the pen-infarct zone, which involves the edema-
tous viable myocardium but not the infracted non-viable
myocardium, does not exhibit significant late gadolinium
emhancement on CMR.

The ST elevation on ECG appears in alinost all patients
with TC in the acute phase [1], indicating the transmural
myocardial injury. In the present report, we demonstrated
that edematous viable myocardium indicated by T2WT is
present transimurally in the acute phase of TC. Although the
mechanisms underlying the association between TC and
myocardial injury are unknown, one possible aspect may be
direct myocardial injury by catecholamine [5] but not
persistent microvascular obstruction. We conclude that
edematous visble myocardium may be present transmurally
in the acute phase of TC.
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