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Abstract During the period 2002-2008, at the National
Cardiovascular Center, Osaka, 28 Micrococcus Iuteus
isolates and one Kocuria spp. isolate were obtained from
blood cultures of pulmonary hypertension (PH) patients
who were receiving continuous infusion therapy with epo-
prostenol. Pulsed-field gel electrophoresis patterns of the
isolates were unrelated, suggesting that the infections had
multiple origins. The preparation of epoprostenol solution
by patients themselves was thought to be a risk factor.
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Pulmonary hypertension (PH) is a serious illness due to the
circulatory disturbance and respiratory disorders that are
difficult to treat. The recent development of continuous
infusion therapy with epoprostenol, a prostaglandin I, ana-
logue, has improved the prognosis of this disease. Bacterial
infection, however, is one of the main complications during
this treatment. Micrococcus luteus is sometimes isolated
from the bloodstream during this treatment, although this
organism is rarely isolated in other situations." The cause
of the M. luteus infection is unclear, and there have been
no molecular epidemiology reports detailing the cause. We
performed pulsed-field gel electrophoresis (PFGE) analysis
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of M. luteus isolates obtained from blood cultures of patients
with PH to investigate the cause(s) of this infection.

During 2002 to 2008, 29 bacterial isolates were obtained
from blood cultures of patients with PH who were admitted
to the National Cardiovascular Center and received con-
tinuous infusion therapy with epoprostenol. The isolates
were stored at —80°C until analysis.

First, an ID 32 STAPH kit (bioMérieux, Marcy I'Etoile,
France) was used for identification of the isolates. Then, 16S
IDNA sequences of the isolates were determined. The
method for preparing PFGE samples was described previ-
ously.” Lysozyme (1 mg/ml; Wako, Tokyo, Japan) and N-
acetylmuramidase (200 pug/ml; Seikagaku, Tokyo, Japan)
were used instead of lysostaphin. The genomic DNA of
each isolate was digested with 20 units of Xbal (Takara,
Otsu, Japan) and separated by PFGE. The direction of the
electric field was changed periodically every 1 to 30s for
18 h.

All but one of the isolates were identified as M. luteus
by the 1D 32 STAPH kit and 168 rDNA analysis. Isolate 27
belonged to the genus Kocuria, but it could not be identified
to the species level by ID 32 STAPH or 16S rDNA analysis
(data not shown). PFGE analysis revealed differences in the
observed patterns of the isolates, except for isolates 16 and
28, which had indistinguishable patterns (Fig. 1). This result
indicates that the bloodstream infections of M. luteus were
not caused by a single source but had various origins.

Bacterial infections by Micrococcus spp. and Staphylo-
coccus spp. are complications that arise during infusion
therapy in patients with PH."” Continuous infusion of epo-
prostenol via a Hickman catheter is a major risk factor for
Micrococcus infections.” Because M. luteus has been iso-

- lated from environments with a pH value of 11, this organ-

ism may be able to tolerate epoprostenol, which has a pH
value of 10.2 to 10.8. Although the actual source of contami-

‘nation of M. futeus in our study was not known, the prepara-

tion of the epoprostenol solution by patients themselves
may entail a potent risk. To reduce the risks of M. luteus
infection, it is very important that patients with PH be
trained and informed about the risks of catheter infection
and the appropriate procedures to be followed with the
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Fig. 1. Pulsed-field gel electrophoresis (PFGE) profiles of the 29 bacte-
rial isolates. Lane M shows a lambda molecular size marker. The size
of each fragment of the marker is shown on the left side

epoprostenol preparation. Further, it is mandatory for
medical and laboratory staff to carefully monitor the status
of patients with PH and conduct epidemiological analyses
in order to prevent M. luteus infection.
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Long-Term Prognosis of Probands With Brugada-Pattern
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Background—The prognosis of patients with saddleback or noncoved type (non-type 1) ST-elevation in Brugada
syndrome is unknown. The purpose of this study was to clarify the long-term prognosis of probands with non-type 1
ECG and those with coved (type 1) Brugada-pattern ECG.

Methods and Results—A total of 330 (123 symptomatic, 207 asymptomatic) probands with a coved or saddleback
ST-elevation =1 mm in leads V,—V; were divided into 2 ECG groups—type 1 (245 probands) and non-type 1 (85
probands)—and were prospectively followed for 48.7x15.0 months. The absence of type 1 ECG was confirmed by drug
provocation test and multiple recordings. The ratio of individuals with a family history of sudden cardiac death (14%)
was lower than previous studies. Clinical profiles and outcomes were not notably different between the 2 groups (annual
arrhythmic event rate of probands with ventricular fibrillation; type 1: 10.2%, non-type 1. 10.6%, probands with
syncope; type 1: 0.6%, non—type 1: 1.2%, and asymptomatic probands; type 1: 0.5%, non~type 1: 0%). Family history
of sudden cardiac death at age <(45 years and coexistence of inferolateral early repolarization with Brugada-pattern ECG were
independent predictors of fatal arrhythmic events (hazard ratio, 3.28; 95% confidence interval, 1.42 to 7.60; P=0.005; hazard
ratio, 2.66; 95% confidence interval, 1.06 to 6.71; P=0.03, respectively, by multivariate analysis), although spontaneous type
1 ECG and ventricular fibrillation inducibility by electrophysiological study were not reliable parameters.

Conclusions—The long-term prognosis of probands in non~type 1 group was similar to that of type 1 group. Family history
of sudden cardiac death and the presence of early repolarization were predictors of poor outcome in this study, which
included only probands with Brugada-pattern ST-elevation. (Circ Arrhythmia Electrophysiol. 2009;2:495-503.)

Key Words: death, sudden @ prognosis @ follow-up studies @ electrocardiography @ Brugada syndrome

rugada syndrome is a hereditary arrhythmogenic disease with saddleback type or noncoved Brugada-pattern ST-
characterized by ST-elevation in the right precordial lead elevation before, because they were excluded from previous
of standard ECGs and an increased risk of sudden cardiac
death (SCD).! The prognosis for this condition and the
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management approaches have been reported in several mul- studies as atypical Brugada patients showing a benign clinical
ticenter studies of patients with the coved type 1 ECG. course. Besides, the data from previous studies are all
However, no prospective data have been reported in patients conflicting with regard to the prognosis of the typical Bru-
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gada syndrome.2-5 This may be caused by cohort studies
that included a significant number of family members
other than probands, in which the prognosis of pedigree
members can be affected by the disease severity of
probands. Furthermore, a selection bias can be present if
the data are analyzed retrospectively. Therefore, we aimed
to investigate the long-term prognosis of probands with
noncoved type ST-elevation in leads V|-V, prospectively,
and compared it with that of probands with the type 1
ST-elevation.

Methods

Patient Population

A total of 330 individuals with spontaneous ST-elevation were
registered consecutively in this study, namely, “a multicenter study
for risk stratification and management in patients with Brugada
syndrome.” The study was conducted at 26 institutions across Japan
beginning in July 2001. These individuals were prospectively fol-
lowed up for more than 12 months to the end of March 2007.
Subjects were enrolled in this study if they met the following
inclusion criteria: (1) proband, (2) J-point (QRS-ST junction) am-
plitude of =0.1 mV (1 mm) with either coved or saddle back type
ST-segment elevation in at least 2 of the 3 precordial leads (V,-V;)
on resting standard 12-lead ECG, (3) normal findings on physical
examination, and (4) no abnormality in either right or left ventricular
morphology and/or function demonstrated by chest radiography and
echocardiography. Patients with vasospastic angina and those with
vasovagal syncope were excluded from this study. Patients were not
administered antiarrhythmic drugs and did not have electrolyte
abnormalities at the time of baseline ECG recording and other
examinations.

Classification of Groups

We divided the 330 patients with Brugada-pattern ECG into 3 groups
according to their symptoms: The ventricular fibrillation (VF) group
consisted of 56 probands with aborted sudden death and/or docu-
mented VF, the syncope group consisted of 67 probands with
syncope without documented arrhythmias that was not typical for
vasovagal syncope, and the asymptomatic group consisted of 207
asymptomatic individuals whose ECGs were mainly detected by
individual annual medical checkup or health screening in their place
of employment.

We also divided these patients into 2 groups according to ECG
morphology: The type 1 group consisted of 245 probands with a
spontaneous type 1 ECG or those who developed type 1 ECG with
a drug provocation test. The non-type 1 group consisted of the
remaining 85 probands who never showed type 1 ST-elevation even
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with the drug provocation test (Figure 1) and during the follow-up on
standard 12-lead ECGs.

Clinical Data, ECG, and

Electrophysiological Testing

Clinical data including age at the enrollment. sex. family history of
SCD. and the presence of atrial fibrillation were collected for all
patients. The standard ECGs were recorded more than 5 times during
the follow-up period in all patients. ECG recording on higher
intercostals spaces (third and/or second) in leads V -V;® was
encouraged in patients who had cardiac events during the follow-up
period.

A type 1 ECG was defined as a prominent coved ST-segment
elevation displaying J-point wave amplitude or ST-segment eleva-
tion =2 mm or 0.2 mV.”# ECG patterns with a prominent coved
ST-elevation =2 mm followed by a positive or flat T wave were also
included in type | group (Figure 2A through C). A non-type 1 ECG
was defined as one of the following: type 2 ECG.” type 3 ECG.” and
ECG displaying coved or saddleback ST-elevation with J-wave
amplitude =1 mm and <2 mm (Figures | and 2D through 2G).

The presence of early repolarization in the inferolateral leads® was
evaluated by baseline 12-lead ECGs at the time of enrollment to
elucidate ECG findings associated with Brugada syndrome. Early
repolarization was defined as an elevation of the J point in at least 2
leads. The amplitude of the J wave or J-point elevation had to be at
least 1| mm above the baseline level, either as QRS slurring or
notching in the inferior lead (I, III, and aVF), lateral (I, aVL, and
V,4—V,) lead, or both.?

ECGs were evaluated by 3 independent investigators (S.K., N.A.,
and W.S.) who were unaware of the patients’ other clinical infor-
mation. The ECG type or morphology was established by the
evaluation in which at least 2 of the 3 observers were in agreement.

Sodium channel blocker pilsicainide (I mg/kg body weight at a
rate of 5 to 10 mg/min), disopyramide (1.5 mg/kg, 10 mg/min),
flecainide (2 mg/kg, 10 mg/min), or procainamide (10 mg/kg, 100
mg/min) was administered intravenously in 270 (82%) patients (233,
15, 14, and 8, respectively) to test the conversion to typical coved
ST-elevation.8.10.1

Baseline electrophysiological studies (EPS) were performed in
232 (70%) patients. A maximum of 3 ventricular extrastimuli were
delivered from 2 right ventricular (RV) sites (RV apex and RV
outflow tract) unless VF or polymorphic ventricular tachycardia
(VT) (lasting =10 beats) that terminated spontaneously within 30
seconds, causing syncope, or requiring intervention to be terminated
was elicited at a previous step. Premature beats were started in late
diastole; coupling intervals were then reduced in 10-ms decrements
until refractoriness was reached. Stimulation was performed at twice
the diastolic threshold. Patients with inducible ventricular arrhyth-
mias lasting less than 10 beats were classified as noninducible. The
indices including age, sex distribution, a family history of SCD at

Figure 1. Presentation of 12-lead ECGs of a
patient with non-type 1 ST-elevation. A, Base-
line 12-lead ECG; B, 12-lead ECG after provo-
cation by intravenous administration of 50 mg
pilsicainide in the same patient. Saddleback-
type ST-elevation in leads V, and V, was
enhanced after pilsicainide but was not
changed to type 1 ST-elevation. This 46-year-
old male patient with a history of syncope but
with no family history of SCD had inducible VF
by electrophysiological study. He had sponta-
neous VF 11 months after enroliment.
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less than 45 years of age, and VF/polymorphic VT inducibility were
compared with those reported in previously published studies?33
(Table 1). In addition to these parameters, the presence of atrial
fibrillation, cardiac events at night, and inferolateral early repolar-
ization were compared between type | and non-type 1 groups.

Patient treatment was based on clinical judgment of the partici-
pating hospital. Twenty-eight (8%) probands received antiarrhyth-
mic drugs (quinidine sulfate =400 mg, bepridil =200 mg, disopyr-
amide =300 mg, aprindine =30 mg, and amiodarone =200 mg/d)
for prevention of atrial fibrillation or VF. Calcium antagonists were
administered in 18 (5%) probands for hypertension. Quinidine and
bepridil were administered only after a documentation of VF during
follow-up. Among the 330 patients, 125 (38%) received an implant-
able cardioverter-defibrillator (ICD). During follow-up, patients
were considered to have an arrhythmic event if sudden death
occurred or VF was documented.

Statistical Analysis

Data are presented as mean*standard deviation. The Fisher exact
test or the x? test was used for categorical variables. One-way
ANOVA was used for comparisons of continuous variables among
the different groups. Survival curves were plotted by the Kaplan-
Meier method and analyzed by the log-rank test. Cox proportional
hazards models were used to analyze factors associated with the time
to the first arrthythmic event during follow-up in all probands as well
as in type 1, non-type I, VF, and non-VF (syncope and asymptom-
atic) groups. Variables were included in the multivariate analysis
with the use of a forward stepwise procedure with a criteria of
P<0.05 for inclusion and P>0.15 for removal from the model. A
probability value of P<<0.05 was considered statistically significant.

Prognosis of Probands With Brugada ECG 497

Figure 2. Presentation of type 1 and non-type
1 ECG. Coved-type ST-elevation with a J-wave
amplitude =2 mm followed by a negative T
wave (A) or a positive/flat T wave (B), and a
coved ST-elevation followed by a smaller J
wave than T wave (C) were defined as type 1
ECG. Coved (D) or saddleback-type
ST-elevation (E) with a J-wave amplitude

<2 mm, a saddieback ST-elevation with a
J-wave amplitude =2 mm (F), and a saddle-
back ST-elevation displaying bigger J wave
than T wave (G) were defined as non-type 1
ECG.

4.4mm
saddieback

This study was performed under the ethical code approved by the
Health, Labor, and Welfare Ministry of Japan. Written informed
consent was obtained from all individuals. ’

Results

Clinical Profiles of All Probands

The mean age of the 330 probands was 51.4%14.8 years
(median, 53 years; range, 4 to 86 years). The majority (315;
95%) of probands were male. A low percentage (14%) of
patients had a family history of SCD occurring before the age
of 45 years. The induction rate of VF/polymorphic VT by
EPS was higher (77/109: 72%, P<<0.005) in symptomatic
than asymptomatic probands (61/123: 50%) (Table 1).

Comparison of Clinical Characteristics Between
Type 1 and Non-Type 1 Groups

Type 1 ECG was found in 245 probands (VF group: 45,
18%; syncope group: 46, 19%; and asymptomatic group:
154, 63%). Of these 245 probands, 173 (71%) showed type
1 ECG spontaneously and the remaining 72 (29%) showed
characteristic type 1 morphology after class Ic or Ia
antiarrhythmic drug administration. In 85 probands of the
non-type 1 group (VF group: 11, 13%; syncope group: 21,
25%; and asymptomatic group: 53, 62%), non-type 1 ECG
remained during the drug provocation test (type 2: 61,

Table 1. Comparison of Patient Characteristics Among 3 Large Registries

Brugada et al2

Eckardt et al® Kamakura et al

Sympt Asympt Sympt Asympt Sympt (VF, S) Asympt
No. 144 180 89 123 123 (56, 67) 207
Age, y 41x16* 40x16 4614 44+14 50.4*16.6 51.9x13.6
Men, % 83 7 76 68 96 95
FH of SCD, % 34 72 21 33 19 (25,13) 11
VENT inducibility, % 73 33 63 39 71 (65, 79) 50

Values in parentheses are for the patients with aborted sudden death and an episode of syncope. Sympt indicates symptomatic; Asympt,
asymptomatic; S, syncope; FH of SCD, prevalence of patients with a family history of sudden cardiac death at <45 years old; and VFAT
inducibility, induction rate of VF or polymorphic ventricular tachycardia by EPS.

*Age of patients with VF.

—118—



498 Circ Arrhythmia Electrophysiol

Qctober 2009

Table 2. Comparison of Clinical Profiles Between Probands With Type 1 ECG and Those With Non-Type 1 ECG

Type 1 (n=245)

Non-Type 1 (n=85)

VF Syncope Asympt VF Syncope Asympt P Value
No. 45 46 154 11 21 53 0.33
Age, y 48.2+17.8 52.5+15.6 52.3x13.1 48.0x18.1 51.9x158 50.7x15.2 0.99
Men, n (%) 44 (98) 44 (36) 146 (95) 11 (100) 19(90) 51(96) 0.90
FH of SCD, n (%) 11 (24) 8(17) 17 (11) 327) 1(5 5(9) 0.06
Event at night, n (%) 37/45 (82) 15/45 (33) 5/9 (56) 7/18 (39) 0.06
inferolateral ER, n (%) 8 (18) KRV 15(10) 2(18) 1(5) 4(8) 0.85
Prevalence of AF, n (%) 19 (42) 7(15) 21 (14) 4 (36) 3(14) 8{15) 0.87
VENT inducibility, n (%) 27/41 (66) 31/40 (78) 52/91 (57) 7/11 (64) 12117 (71) 9/32 (28) 0.04

n (%) indicates the number and the ratio of patients with each parameter; event at night, event developed at night (8 Pu to 8 am); inferolateral ER, inferolateral
early repolarization; AF, atrial fibrillation; VFAVT inducibility, induction rate of VF or polymorphic ventricular tachycardia by EPS.

72%; coved with J-point amplitude <2 mm: 24, 28%) and
the follow-up period. Most of the clinical parameters
except for VF/VT inducibility, namely, age, sex distribu-
tion, the prevalence of atrial fibrillation, the presence of a
family history of SCD, cardiac events at night (8 pM to 8
aM), and early repolarization, were of similar occurrence
between type 1 and non-type 1 groups (Table 2). Only 8%
(7/85) of probands in the non-type 1 group and 11%
(26/245) of those in the type 1 group were associated with
early repolarization in the inferolateral leads.

Foliow-Up and Predictors of Outcome

The mean follow-up period for the entire study population
was 48.7*14.9 months. Follow-up time was similar among
VF (51.9%15.0 months), syncope (48.5*14.0 months),
and asymptomatic (47.7%15.0 months) groups and be-
tween type 1 (48.6*15.2 months) and non-type |
(48.9+14.2 months) groups. Twenty-four patients had
fatal arrhythmic events during follow-up. The frequency of
events in the type 1 group—15 of 45 (33%) in patients with
VF, 1 of 46 (2%) in syncope patients, and 3 of 154 (2%) in
asymptomatic patients— was similar to that in the non-

type 1 group (4/11: 36%, 1/21: 5%, and 0/53: 0%,
respectively, P=0.22; Figure 3). In 5 patients who had
events in the non-type 1 group, 2 had shown a type 1
ST-elevation only in the higher (second or third) intercos-
tal spaces—! in a follow-up ECG and 1 after drug
provocation test. The observed frequency of arrhythmic
events was significantly highly in patients with early
repolarization in the inferolateral leads (7/33; 21% versus
17/297, 6%, P<<0.005), although there was no difference in
risk between the 2 groups (type 1: 6/26; 23%, non—type 1:
1/7; 14%, P=0.67). One asymptomatic patient with type 1
ECG died suddenly 3 months after enrollment. Six patients
died of nonarrhythmic causes; 3 died of cancer, 1 because
of rupture of abdominal aortic aneurysm, 1 because of
pneumonia, and cause of death for 1 patient was unknown.
Seven percent of all patients who entered the study
dropped out, the most frequent reason for drop-out was
inability of follow-up due to patient’s change of address.

Figure 4 shows the Kaplan—-Meier analysis of arrhythmic
events in probands with type 1 and non-type 1 ECG.
Probands in the VF group had significantly worse prognosis
than those in the syncope and asymptomatic groups. The

Registered probands
N=330

VF
56 (17%)

Syncope Asymptomatic
67 (20%) 207 (63%)

1 1 H

1 1 1

Sp. Typel Dr. Typel Non-Typel Sp. Typel Dr. Typel Non-Typel Sp. Typel
35{11%) 10 (3%) 11 (3%) 30 (9%) 16 (5%) 21 (6%) 108 (33%)

Dr. Typel Non-Typel
46 (14%) 53 (16%)

I3

Non

VF+{|Non}| EP- {[VF+1|Non}i EP- [|VF+}{ Non VF+}{iNon}| EP- HVF+
221110 3 5 4 1 7 4 19 7 41124 2
AE[IAEI|AEHAEI|AE|IAEUAE||AE AE||AEHAE||AE|J AE[1AE
8 3 1 2 0 1 3 1 0 1 0 0 0 0

- [|VF+{|Non VF+||Nonj} EP- {|VF+||Non|| EP- |{VF+iiNon}| EP-

124 6 32([25]i61]20f 14|f12}) 9 |} 23|21

AE||AE||AE|iAE||AEHAE{|AE|[{AEHAEIAE||AE||AE}IAE
0 1 0 0 1 2 0 0 0 0 0 0 0

Figure 3. Flow chart of proband groups categorized according to symptom, ECG morphology, and VF/VT inducibility by electrophysio-
logical study. Sp. Type 1 indicates spontaneous type 1 group; Dr. Type 1, drug-induced type 1 group; VF-+, a group with inducible
VF/VT; Non, a group with noninducible VF/VT; EP—, a group in which electrophysiological study was not performed; AE, fatal arrhyth-
mic event during follow-up. The number indicates the number of probands in each category.
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Figure 4. Kaplan—-Meier analysis of arrhythmic events (SCD or documented VF) during follow-up depending on the clinical presentation
(VF/aborted sudden death, syncope, or asymptomatic) in probands with type 1 ECG (A) and those with non-type 1 ECG (B). P<0.0001
represents overall comparison, and P=0.008 is for comparison between the VF group and the syncope group. There was no statisti-
cally significant difference (P=0.95) in the events-free survival of VF probands comparing type 1 and non-type 1 groups.

annual rate of arrhythmic events in probands with type 1 ECG
was 10.2% in the VF group, 0.6% in the syncope group, and
0.5% in the asymptomatic group (Figure 4A). The cumulative
rate of arrhythmic events in probands with non-type 1 ECG was
similar to those with type 1 ECG. The annual arrhythmic event
rate was 10.6%, 1.2%, and 0%, respectively (Figure 4B).

By univariate analysis, a family history of SCD was a
predictor for arrhythmic events in the type 1 group (hazard
ratio [HR], 5.1; 95% CI, 2.0 to 12.8; P=0.0004) and the
non-type 1 group (HR, 12.3; 95% CI, 2.0 to 74.8;
P=0.006). Coexistence of posterolateral early repolariza-
tion with precordial Brugada-pattern ECG was another
predictor in the type 1 group (HR, 4.2;95% CI, 1.6 to 11.2;
P=0.003); however, other parameters were not reliable.
Figure 5 shows the Kaplan—-Meier curves of arrhythmic
events in the type 1 group during follow-up, depending on
the presence of a family history of SCD (Figure 5A),
inferolateral early repolarization (Figure 5B), a spontane-
ous type 1 ST-elevation (Figure 5C), and inducibility of
ventricular arrhythmias by EPS (Figure 5D). Multivariate

analysis in all probands identified that the former 2

parameters were independent risk factors for arrhythmic
events (a family history of SCD: HR, 3.28; 95% CI, 1.42
to 7.60; P=0.005; early repolarization: HR, 2.66; 95% CI,
1.06 to 6.71; P=0.03, Table 3) as well as a family history
of SCD in analysis of probands without VF (syncope and
asymptomatic groups) (HR, 12.5; 95% CI, 2.0 to 75.0;
P=0.005).

Discussion

Main Findings

We present one of the largest series of consecutive patients
with Brugada-pattern ECG. Importantly, in the present study
only probands were included. Also, this study has the longest
follow-up ever reported. The main finding is that probands

who have a non-type 1 ECG, even after challenged with a
sodium channel blocker, do not necessarily have a better
prognosis than patients with spontaneous or drug-induced
type 1 ECG. Patients presenting with aborted cardiac arrest
had a grim prognosis and those presenting with syncope or no
symptoms had an excellent prognosis irrespective of their
ECG pattern (that is, type 1 versus non-type 1). Also, a
family history of sudden death at age <45 years and
coexistence of early repolarization in the inferolateral leads
were predictors of poor outcome. In contrast, VF/VT induc-
ibility during EPS was not a predictor of outcome.

Comparison With Previous Studies

In this study, the follow-up time was uniform among the 3
groups. The mean follow-up time for the asymptomatic
individuals was the longest (47.7215.0 months) compared
with the studies by Brugada et al?2 (27+29 months), Priori
et al® (34%=44 months), and Eckardt et al5 (33.7*+52.2
months). The percentage of female patients (5%) and
patients with a family history of SCD (14%) was signifi-
cantly smaller than 2 of these previous reports (5% versus
24% to 28%235; P<0.001, and 14% versus 28% to
54%23:5; P<<0.001), although the percentage (14%) of a
family history of SCD was similar to that of probands
(20%) that Priori et al3 had reported. The values observed
in the present study may reflect the true profile of the
probands of Brugada syndrome in contrast to previous
studies in which a significant number of family members
were also enrolled.

Prognosis of Probands Presenting With Syncope
and Without Symptoms

The prognosis of probands in the syncope and asymptom-
atic groups was very good, and the annual rate of arrhyth-
mic events was =1.2%. In the syncope group, this rate is
far less than reported in previous studies,2-5 although the
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Figure 5. Kaplan-Meier analysis of fatal arrhythmic events during follow-up depending on a family history (FH) of SCD (FH of SCD~-
versus FH of SCD +) (A), inferolateral early repolarization (early repolarization— versus early repolarization+) (B), a spontaneous type 1
ST-elevation (drug-induced type 1 versus spontaneous type 1) {C), and inducibility of ventricular arrhythmias by EPS (noninducible VF

versus inducible VF) (D).

rate in the asymptomatic group is similar to that in the
Eckardt registry> and the rate of around 10% for the VF
group is comparable to the rate reported in the Brugada
registries.2® The reason that the patients in the syncope
group showed excellent prognosis is not entirely clear but
may be related to the method of registry. Poor prognosis in
prior studies is possibly related to the retrospective design
of the studies consisting of probands and family mem-
bers,23-5 in which only severe syncope directly linked to
VF tends to be categorized later as a syncope, despite
difficulty to determine the cause of syncope at the onset.
Even so, we cannot exclude the possibility that some
patients with vasovagal syncope were inevitably included
in the syncope group because not a few patients have
undefined syncope and >30% of Brugada patients are
reported to have both vasovagal syncope and the sync-
ope due to ventricular arrhythmia.'2 Another reason for the
good prognosis is the difference of genetic background.
Brugada syndrome is known to be common in Asian
people, which possibly relates to the higher prevalence of

polymorphism of haplotype B, associated with the cardiac
sodium channel.'3:!* The average prognosis of Asian pa-
tients with Brugada syndrome may be better than that of
the white population, because individuals without a critical
genetic defect are easily detected as a Brugada patient in a
routine medical checkup. Further genetic studies are re-
quired to clarify the racial difference of outcome. Never-
theless, the patients in this study with an aborted sudden
death showed worse prognosis than European people in the
study by Eckardt et al5 and had a similar outcome to those
who underwent ICD implantation.'s

Prognosis of Probands With Non-Type 1 ECG

The outcome of probands with non—type 1 ECG was
similar to those with type 1 ECG and the rate of arrhythmic
events in the VF group was considerably higher. Some of
these patients had shown a coved (type 1) ST-elevation
only in the higher (second or third) intercostal spaces
during the drug provocation test or follow-up. Miyamoto et
al's reported that men with a spontaneous type 1 ECG
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Table 3. Probability of Sudden Death or VF During Follow-Up Depending on Clinical and
Electrophysiological Variables in All Probands (Type 1 and Non-Type 1 Groups)

Univariate Analysis

Multivariate Analysis

HR 95% Cl P Value HR 95% Cl P Value
Prior VF 21.46 8.00-57.53 <0.0001 17.48 6.22-49.11 <0.0001
FH of SCD 6.35 2.84-14.19 <0.0001 3.28 1.42-7.60 0.005
Inferolateral ER 414 1.71-10.00 0.001 2.66 1.06-6.71 0.03
AF 2.15 0.92-5.03 0.07 0.87 0.36-2.09 0.75
Syncope 0.35 0.08-1.09 0.15
Sp. typet 2.31 0.67-7.94 0.18
VF induc. (apex/QT) 1.81 0.72-4.70 0.20
VF induc. (apex) 1.58 0.60-4.11 0.34
Male NA

FH indicates family history; inferolateral ER, inferolateral early repolarization; AF, atrial fibrillation; Sp. typs 1, spontaneous type 1
ST-elevation on 12-lead ECG at baseline; VF induc. (apex/OT), VF induction by programmed pacing at the RV apex or RV outflow tract;
and VF induc. (apex), VF induction by programmed pacing at the RV apex.

recorded only at the higher leads V, and V, showed a
prognosis similar to that of men with a type 1 ECG when
using standard leads. In the past, patients with non-type I
ST-elevation in standard ECG had been excluded from
studies as a benign entity of Brugada syndrome. However,
if patients had a history of aborted sudden death or
agonizing nocturnal dyspnea, non—type 1 Brugada-pattern
ECG should not be disregarded. Careful follow-up includ-
ing ECG recording at the higher intercostals spaces and the
implantation of ICD is probably required in such a patient
to prevent SCD.

Clinical Features of Probands With Non-Type

1 ECG

The clinical profiles of probands were very similar between
the non-type 1 group and the type 1 group (Table 2).
Inferolateral early repolarization occurred equally in small
percentage of patients in both groups (8% and 11%, respec-
tively), which is comparable to the prevalence (12%) of early
repolarization that Letsas et al'” reported in patients with
Brugada syndrome. This means that the patient characteristics
of the non-type 1 group are much closer to Brugada syn-
drome than early repolarization syndrome reported by Hais-
saguerre et al,® in which the VF occurrence rate during
sleeping was low (19%) and VF inducibility by EPS was only
34%. Moreover, they reported that several aspects including
the relapsing VF and the efficacy of isoproterenol and
quinidine,®!® which were observed in some patients with
early repolarization, were exactly like those of typical Bru-
gada syndrome. Haissaguerre et al® excluded patients with
Brugada syndrome, defined as right bundle-branch block and
ST-segment elevation >0.2mV in leads V|-V, at the enroll-
ment. However, considering that they possibly included
patients with non—type 1 ECG as non-Brugada pattern in
their study, some patients with prior VF and early repo-
larization might have represented non-type 1 Brugada
patients of high risk.

Predictors of Qutcome
It was reported that male sex, a previous episode of
syncope, a spontaneous type 1 ECG, and inducibility of

ventricular arrhythmias by EPS are predictors for poor
outcome.?-* Brugada et al demonstrated that inducibility of
ventricular arrhythmias was a reliable marker in patients
with and without VF/SCD,2# although Priori et al? did not
find any significant difference in the analysis of all
patients. A spontaneous type 1 ECG was also indicated as
a reliable marker of poor prognosis by Brugada et al* in the
analysis of patients without VF/SCD and by Eckardt et al’
in all patients.” However, we could not find any reliability
in these markers (Figures 3 and 5). Inducibility of ventric-
ular arrhythmias was not a significant predictor even if it
was evaluated by programmed pacing only from the RV
apex (type I group: HR, 1.9 [95% CI, 0.7 to 5.2}, P=0.18;
all probands: HR, 1.5 [95% CI, 0.6 to 4.1}, P=0.34, by
univariate analysis).

In contrast, a family history of SCD occurring at age of
<45 years is an independent risk factor of a poor prognosis in
probands of any groups irrespective of their ECG type (type
1 or non-type 1) or symptoms (with VF or without VF). This
was probably caused by a smaller proportion of probands
with a family history of SCD as compared with previous
studies?=> A family history was not found to be a marker in
studies that enrolled many patients with SCD or a family
history of Brugada syndrome. These results indicate that we
should evaluate risks for arrhythmic events cautiously in
studies with a significant number of family members.

Early repolarization pattern in the inferolateral leads was
another indicator of poor prognosis, although Letsas et al!?
did not find any association with arrhythmic events in the
data collected from 3 European centers, which also included
~30% of patients with a family history of SCD. The reason
for the poor outcome in probands with early repolarization in
this study is not clear. However, it is conceivable that the
combination of precordial Brugada-pattern ST-elevation with
inferolateral early repolarization may represent electric het-
erogeneity in extensive regions of ventricles, which can result
in lethal ventricular arrhythmias.

Study Limitations
In this study, premature ventricular electric stimulation
was given until refractoriness was reached. The minimal
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coupling interval of extrastimuli was not constant between
participating hospitals and was sometimes shortened to
<200 ms to induce ventricular arrhythmias.

We did not show the results of genetic analysis in this
report, although more than half of the patients underwent
genetic screening. Detailed results will be presented in a
future report. So far, no positive relationship between genetic
findings and patient outcomes has been found.*!”

We did not record ECGs at the higher intercostals spaces
systematically except for probands with cardiac events, be-
cause the importance of “high-recording” became apparent in
the course of this study.® Therefore, some patients of the
non—type 1 group may have shown type 1 ST-elevation at the
higher precordial positions.

Conclusions

This study described the long-term prognosis of probands
with noncoved (non-type 1) Brugada-pattern ECG compared
with type 1 ECG. The annual incidence of fatal arrhythmic
events was similar between the 2 groups, which reached
10.6% in probands with non-type 1 ECG and a prior episode
of VE. A family history of SCD occurring at age of <45 years
and the presence of early repolarization were indicators of
poor outcome although VF inducibility and a spontaneous
type 1 ST-elevation were not reliable indicators in this
prospective study including only probands.
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CLINICAL PERSPECTIVE

The prognosis of patients with saddleback or noncoved type (non-type 1) ST-elevation in Brugada syndrome is unknown.
We compared the long-term prognosis of 85 probands with non-type I ECG with 245 probands with coved (type 1)
Brugada-pattern ECG prospectively. The absence of type 1 ECG was confirmed by drug provocation test and multiple
recordings. Clinical profiles and outcomes did not differ between the non—type 1 and type 1 groups. The annual rate of fatal
arthythmic events was very low in asymptomatic probands and those with syncope but was higher in probands with
ventricular fibrillation. A family history of sudden cardiac death at age <45 years and the presence of inferolateral early
repolarization were indicators of poor prognosis, although ventricular fibrillation inducibility and a spontaneous type 1
ST-elevation were not reliable parameters in this prospective study including only probands.
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Identification of Genetic Markers Associated With
High-Density Lipoprotein-Cholesterol by Genome-Wide
Screening in a Japanese Population
—— The Suita Study —

Yumiko Hiura, PhD*; Chun-Shen Shen, MD*; Yoshihiro Kokubo, MD**;
Tomonori Okamura, MD**; Takayuki Morisaki, MD'; Hitonobu Tomoike, MD**;
Teruhiko Yoshida, MD't; Hiromi Sakamoto, PhD'; Yoichi Goto, MD¥;
Hiroshi Nonogi, MD¥; Nacharu Iwai, MD*#

Background: Recent genome-wide association studies (GWAS) have identified genes or loci affecting lipid
levels. Given the difference in allele frequencies and linkage disequilibrium patterns across the populations, a
GWAS was conducted using the Illumina SS0K in a Japanese population (n=900) in search of population-specific
genetic variations associated with high-density lipoprotein (HDL)-cholesterol.

Methods and Results: Among the 368,274 single nucleotide polymorphisms (SNPs) with a minor allele fre-
quency of at least 0.1, 43 SNPs exceeded the arbitrary threshold of —logioP >4.0. The most significant SNP was
1s3764261, located 5’ upstream of CETP, exhibiting a —logioP value of 6.17. Increasing the sample size by geno-
typing in the additional Suita sample (n=1,810) further improved the level of significance, with each additional
copy of the minor allele being associated with an increase in HDL-cholesterol by 6.2mg/dl (P=3.4x10-12). Inter-
estingly, the minor allele was more prevalent in cases with myocardial infarction than in controls (0.221 vs 0.196,
nominal P=0.02).

Conclusions: The association between genetic variants at CETP and HDL-cholesterol was replicated in our
sample. None of the genetic variants exerted a greater influence on HDL levels than those at CETP. Associations
for the top-ranked SNPs need to be tested for further replication in an independent sample. (Circ J 2009; 73:

Circ J2009;73: 1119-1126

1119-1126)

Key Words: Genetics; HDL-cholesterol; Single nucleotide polymorphism

the well-established independent risk factors for

cardiovascular disease, and an inverse association
between circulating HDL-cholesterol levels and the risk of
coronary heart disease has been consistently demonstrated
in epidemiological studies!-S Because HDL-cholesterol is a
routinely measured quantitative trait with substantial herita-
bility, genetic determinants of HDL-cholesterol have been
previously studied by a candidate gene approach® Common
polymorphisms in CETP, LPL, LIPC, LIPG and APOAI
have been reported to be significantly associated with HDL-
cholesterol levels in Japanese!-1!

High-density lipoprotein (HDL)-cholesterol is one of
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Editorial p1016

There have been an increasing number of genome-wide
association studies (GWAS) being conducted, followed by
replication studies in independent populations. This GWAS
approach has led to the identification of previously unrec-
ognized associations between genetic variants and common
diseases!2-16 or phenotypic traits!?.18

In the previously performed genome-wide association
analyses of HDL-cholesterol, the most strongly and consis-
tently associated single nucleotide polymorphisms (SNPs)
with genome-wide significance, have been reported to be
near or in the CETP gene at 16q13!3-2! The genome-wide
screening of 341,518 SNPs in 6,382 white women has found
133764261 located upstream of CETP to be the most strongly
associated SNP (P=1.05x10-41), accounting for 3% of the
residual variance in HDL-cholesterol!® A recent meta-anal-
ysis based on 3 GWAS results of 8,816 white individuals,
and the subsequent replication involving 11,569 individuals,
have not only confirmed the previously reported associa-
tions between HDL-cholesterol and genetic variations in
CETP, LPL, LIPC, LIPG and ABCA] genes but have also
identified novel genetic loci for HDL-cholesterol; near
MVK-MMAB and GALNT2!3

While GWAS have been increasingly utilized to identify
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Table 1.  Clinical Characteristics of the Study Populations

HIURA'Y et al

GWAS sample Suita sample

Men Women Men Women
No. of subjects 406 494 1,468 1,760
Age (year) 59.8+7.3 58.246.8 66.0£10.7 63.8+10.5
BMI (kg/m?) 23.3+2.8 222430 234429 224432
HDL-cholesterol (mg/di) 54.9+13.5 65.3+15.5 54.8+14.3* 64.6+15.0*
LDL-cholestercl (mg/d}) 123.5429.6 136.6£32.1 121.1£28.7* 134.3+30.4*
Triglyceride (mg/dl) 123.2490.6 93.3+54.6 119.0+£84.8* 93.0+55.6%
% Medication for dyslipidemia 0 0 11.0 18.5

Continuous variables are mean= standard deviation (SD).
*Subjects with lipid-lowering medication were excluded.

GWAS. genome-wide association studies; BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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Figure 1. Genome-wide association analysis for high-density lipoprotein (HDL) levels. The levels of significance
expressed as —logioP on the basis of the association analysis of 368,274 single nucleotide polymorphisms with HDL-cho-
lesterol adjusted for sex, body mass index and daily ethanol consumption (g) are plotted against chromosomal position.

The genome-wide significance level is indicated by the line.

previously unrecognized genotype-phenotype associations,
GWAS have been predominantly conducted in populations
of European ancestry and the data on non-European popula-
tions are scarce. Given the difference in allele and genotype
frequencies and linkage disequilibrium (LD) patterns across
the populations, the results obtained in white populations
might not be directly applicable to the Japanese population.
Population-specific GWAS might identify additional loci or
genes influencing HDL-cholesterol levels, revealing path-
ways or underlying mechanisms for anti-atherogenic prop-
erty of HDL. Thus, we conducted a genome-wide association
analysis in a Japanese population in search of population-
specific genetic variations associated with HDL-cholesterol
levels.

Methods

Study Population

Subjects who were between 40 and 75 years of age and
not on medication for dyslipidemia were randomly selected
from the Suita Study for genotyping by Illumina 550K
(n=900; age range, 42-73 years). The study design of the
Suita Study has been described previously??-29 In brief, the
sample consisted of 14,200 men and women (30 to 79 years
of age at enrolment), stratified 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 the use of a letter, to attend
regular cycles of follow-up examinations (every 2 years).

To examine the association between genetic variations
influencing HDL-cholesterol levels and the risk of myocar-
dial infarction (MI), allele and genotype frequencies of

HDL-associated SNPs (rs3764261 and rs467571) were
compared between controls and MI cases. Subjects who
were recruited into the Suita Study between April 2002 and
February 2004 and were free from coronary artery disease
served as controls (n=3,097). Patients with MI were ran-
domly selected in- and outpatients with documented MI and
were enrolled in the Division of Cardiology at the National
Cardiovascular Center between May 2001 and April 2003
(n=589). Both controls and MI cases were of the same eth-
nicity (Japanese).

Only those who gave written informed consent were
included in the study. The study protocol was approved by
the Institutional Ethics Committee, and the Committee on
Genetic Analysis and Gene Therapy of the National Car-
diovascular Center. »

Subjects were asked to estimate the amount and fre-
quency of alcohol intake per week. Alcohol consumption
was expressed as ethanol (g) per day.

Genotyping Assays

The genome-wide scan was carried out in 900 Japanese
patients of both sexes using the Illumina Sentrix Human
Hap550 BeadChip (Illumina Inc, San Diego, CA, USA).
Genotyping was performed by Illumina Inc (San Diego, CA,
USA). SNPs with a call rate of less than 90% and/or with a
minor allele frequency (MAF) of less than 0.1 were excluded
from the study, leaving 368,274 autosomal SNPs for the
analysis. Deviation from the Hardy~Weinberg Equilibrium
and the degree of LD were analyzed using HaploView 4.0
(http://www.broad.mit.edu/mpg/haploview/)3¢

Twenty-two SNPs were genotyped in the remaining Suita
sample (n=1,000-1,500) for validation of the associations
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Figure 2. Linkage disequilibrium plot for single nucleotide polymorphisms (SNPs) encompassing the CETP region.
The strength of the association of each SNP with high-density lipoprotein-cholesterol and its genomic position are pre-
sented in the upper panel. The lower panel shows pair-wise linkage disequilibrium (r2) between 53 SNPs present on the
Tllumina 550K BeadChip. Open squares represent previously reported SNPs (rs3764261, rs9989419 and rs1566439).

observed in the initial subpopulation: 18 were selected from
the top-ranked SNPs with a ~logioP of >4.0 and 4 SNPs had
a-logioP less than 4.0, ranging from 3.2 to 3.7. Genotyping
was performed by using TagMan allelic discrimination
assays (Applied Biosystems, Foster City, CA, USA),
according to the manufacturer’s instructions.

Concordance rates between genotypes determined by
Mlumina and the TagMan method were calculated by the
re-genotyping of 213 SNPs present on the Illumina chip in
900 subjects by the TagMan system, and were 99.3% on
average.

Statistical Analysis

Data are expressed as meanzstandard deviation (SD).
Continuous variables were tested for normality of distri-
bution, and logarithmic transformation was applied for
those with skewed distributions. Residuals, defined as the
observed minus predicted values on the basis of confound-
ing factors, were used for the genotype-phenotype asso-
ciation analysis by using one-way analysis of variance
(ANOVA) tests. Covariates included in the model were
derived from multiple logistic regression analysis and used
to calculate a residual value for each variable. The level of
genome-wide significance, expressed as a —logioP value,
was adjusted for multiple testing by Bonferroni correction
and set at a —logioP value of >6.87. Effect sizes were esti-
mated for associations, meeting an arbitrary threshold of a
-log1oP value of >4.0 by linear regression analysis under an
additive genetic model, with adjustment for sex, body mass
index (BMI) and ethanol consumption. The least significant
number (n) was estimated to obtain the sample size required

to attain approximately 50% power for the given signifi-
cance level (alpha), SD of the error (sigma), and the effect
size (delta). Statistical analysis was performed using a JIMP
statistical package 7.0 (SAS Institute, Cary, NC. USA).

Results

Clinical characteristics of the Suita sample and a sub-
group of subjects included for the initial GWAS are shown
in Table 1. As specified by the selection criteria, subjects
included for the initial GWAS were younger and free from
medication for dyslipidemia.

Figure 1 summarizes the genome-wide association anal-
yses for HDL-cholesterol adjusted for sex, BMI and ethanol
consumption. Among the 368,274 SNPs examined, none of
the markers achieved genome-wide significance after
Bonferroni correction. There were 43 SNPs exceeding the
arbitrary threshold of —logioP >4.0. The SNPs in LD as
defined by the 12>0.6 were categorized into a single group,
and only 1 representative SNP for each region is shown in
Table 2. The most significant SNP was rs3764261, which
was located 5’upstream of CETP at chromosome 16q13,
exhibiting a ~logioP value of 6.17. Each additional copy of
the minor A allele at rs3764261 was associated with an
increase in HDL-cholesterol by 5.6 mg/dl (P=0.0002). This
observation is in good agreement with the previous GWAS
where genetic variants in (rs711752, rs1864163) or near the
CETP gene (1s3764261, 159989419, rs1800775, rs 1566439,
1512596776)1417-21 showed highly significant associations
with HDL-cholesterol. The degree of LD (12) between SNPs
across the CETP region and the strength of the association
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Figure 3. Genome-wide association study results for the previously reported genes; (A) LPL, (B) LIPC, (C) LIPG, (D)
ABCAL, (E) MVK-MMAB and (F) GALNT2, Association results for genetic variants within or near (£100kb) the candidate
or novel genes identified through genome-wide association studies (GWAS) approach are plotted (A-F). Identical single
nucleotide polymorphisms genotyped in the previous GWAS by Willer et al'8 are represented by open squares.

of each SNP with HDL-cholesterol adjusted for sex, BMI
and ethanol consumption are plotted in Figure 2. Although
159989419 and rs1566439 have been reported to be strongly
associated with HDL-cholesterol levels in previous
studies!718.20 we could not confirm the association in our
initial screening of 900 subjects; —logioP for rs9989419 and
rs1566439 was 1.18 and 0.07, respectively. The most sig-
nificant SNP, rs3764261, was not correlated with rs9989419
or 151566439 (12<0.1). Despite the non-significant associa-
tion, the effect size for rs9989419 (B3, —-1.13; P=0.37) sug-
gests that the direction of the association is consistent with
that found in previous studies, with the minor allele being
associated with decreased HDL levels. It is possible that
the significant association for 1s9989419 was not detected
because of the lower frequency of minor A allele in our
Japanese sample (0.25) compared with those in white pop-
ulations (0.35-0.40)!7.18.20

While the previously reported association of CETP with
HDL-cholesterol was confirmed in our GWAS, we failed to
replicate the association for recently identified HDL-associ-

Circulation Journal Vol 73, June 2009

ated genes such as MVK-MMAB and GALNT2!® Further-
more, well-established genes contributing to HDL levels
including LPL, LIPC, LIPG, and ABCAI were not listed
among the top-ranked SNPs with a —log1oP of >4.0 from our
genome-wide scan (Table 2). An examination of genetic
variants within or near these genes (£100kb) present on the
Illumina 550K BeadChip did not reveal any significant
association with HDL-cholesterol (Figuers 3A-F).

To assess some of the observed associations in the initial
genome-wide scan, we genotyped 22 SNPs in the remain-
ing Suita sample (n=1,000-1,500). As seen in Table 3, the
initially observed associations became less significant by
increasing the sample size, except for the genetic variants
at the CETP locus (rs3764261 and rs1532624). Changes in
HDL-cholesterol per additional copy of the minor allele at
rs3764261 was estimated to be 6.2mg/dl (P=3.4x10-12). It
is interesting to note that rs467571 located 5’upstream
of FLJ45139 at 21¢22 yielded an effect size of 7.9
(P=3.8x10-5).

To determine whether the 2 SNPs (rs3764261 and
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Table 3. Validation of the 22 SNPs Genotyped in the Suita Sample

GWAS sample Suita sample .
SNP Ch Gene symbol Position (Mb)
A P valuet A P valuet
153764261 5.6 1.9E-04 6.2 34E-12 16 CETP 55.6
510945991 14.0 2.0E-07 4.5 6.0E-03 6 164.8
156509732 10.7 4.7E-07 3.8 3.1E-03 19 ZNF665 58.4
156133175 34 2.2E-04 23 4.3E-04 20 SLC23A2 4.8
15467571 127 2.9E-06 7.9 3.8E-05 21 FLI45139 39.2
1510485472 6.9 4.5E-06 25 1.3E-02 20 58.9
156790597 -2.8 5.6E-02 -1.8 7.3E-02 3 177.0
151544669 -5.2 3.2E-04 -3.0 5.8E-03 12 BCL2L14 12.1
15980861 3.7 8.2E-06 1.6 1.6E-02 2 57.5
1512134357 -1.7 6.3E-02 -1.1 9.7E-02 1 RAPIGAP 218
1511654690 5.4 5.4E-05 1.6 6.4E-02 17 PSMB6 4.7
15280049 2.7 2.3E-02 1.9 1.8E-02 17 ACCN/ 29.0
157547186 4.4 8.8E-06 2.0 4.6E-03 1 ESRRG 215.0
157550051 -2.2 2.4E-01 -1.0 4.2E-01 1 210.4
1512586473 -0.9 2.9E-01 0.1 8.5E-01 14 21.5
1510493889 5.9 1.3E-04 35 2.4E-03 1 97.2
159956878 5.5 1.5E-05 2.1 8.0E-03 i8 na
110496565 -34 1.3E-05 ~-1.5 5.3E-03 2 CLASPI 121.9
15926130 -1.6 4.8E-02 0.3 5.6E-01 21 15.1
153102210 1.5 2.7E-01 12 2.1E-01 13 60.6
51532624 2.8 6.2E-03 34 2.3E-07 16 CETP 55.6
512881778 6.4 1.3E-04 2.2 3.7E-02 14 73.9

Position (Mb) is obtained from NCBI Build 36.

tP values were derived from the linear regression analysis under the additive genetic model with adjustment for sex, BMI and ethano}

consumption.
For abbreviations see Table 1 and 2.

rs467571), showing the minor allele being associated with
higher levels of HDL-cholesterol, are protective against M1,
genotype frequencies of these SNPs were compared between
MI cases (n=589) and controls (n=3,097). The minor allele
at rs3764261 was more prevalent in MI cases than in con-
trols; 0.221 and 0.196 for MI cases and controls, respec-
tively (nominal P=0.02). The association of rs3764261 with
HDL-cholesterol levels was direction-consistent in the MI
cases; sex-adjusted residuals for the minor homozygotes,
heterozygotes and major homozyogotes were 4.3618.11,
1.96114.46 and -1.56110.90, respectively (mean+SD, P=
0.003). The effect size with adjustment for sex was esti-
mated to be 2.79 (P=0.077). The non-significant difference
in MAF between MI cases and controls was observed for
rs467571 (0.106 vs 0.100, nominal P=0.56).

Discussion

From our GWA scan, the strongest association for HDL-
cholesterol was observed for rs3764261 located upstream
of the CETP gene, which was further confirmed in a lager
sample of the Suita study. This is one of the most replicated
associations and our findings are in good agreement with
the previous GWAS!7:18.20 In the present analysis, none of
the genetic variants exerted a greater influence on HDL
levels than those at CETP. Similarly, the previous GWAS
conducted in the general population sample of KORA
(Cooperative Health Research in the Region of Augsburg)
found CETP to be the only gene reaching the genome-wide
significance at the initial screening level (n=1,643)20

In contrast to the well-known anti-atherogenic property
of HDL, the minor allele of rs3764261 associated with an
increase in HDL-cholesterol was more frequent in MI cases
than in controls. This apparently contradictory observation
might be linked to the premature withdrawal of the clinical
trial of the CETP inhibitor, torcetrapib3! suggesting that the

increase in HDL-cholesterol as a result of CETP deficiency
might not be necessarily associated with a lower risk of
cardiovascular disease. In line with this view, a 4.94-year
follow-up study involving more than 8,000 subjects reported
an increased risk for coronary heart disease among subjects
with the A allele of the promoter SNP of the CETP gene at
—629, which was associated with higher HDL-cholesterol
levels3? Although it has become clear that the anti-athero-
genic property of HDL is not fully explained by the circu-
lating level of HDL-cholesterol33 the importance of the
heterogeneity of HDL in terms of its function and structure
has not been emphasized in GWAS.

A previously unrecognized association with HDL-cho-
lesterol was detected for rs467571 at chromosome 21q22.
The increase in HDL-cholesterol per additional minor allele
was estimated to be 7.9 (P=3.8x10-5). Nearby genes of this
intergenic variant include FLJ45139 and ETS2, neither of
which has been previously implicated in lipid metabolism.
It remains to be confirmed in a much larger study popula-
tion whether the protective allele at rs467571 is associated
with the reduced risk of MI.

Lack of association between the previously reported loci
and HDL levels in our GWAS can be due to the insufficient
statistical power of the initial screening. Using the effect
size (2.4) and SD of the error (13.2) obtained from the asso-
ciation analysis of rs3764261, the least significant number
to attain a significant result, corresponding to approximately
50% power, was estimated to be 972, 851, 709, and 567
at the significance level (-logioP) of 6.8, 6.0, 5.0 and 4.0,
respectively. Although our sample size (n=900) is large
enough to detect an association for the effect size similar to
that for the strongly associated SNP at CETP, it is possible
that our GWAS is inadequately powered such that the
modest effect was not detected. Inability to replicate the
associations of well-known candidate genes and HDL levels
might be accounted for by incomplete or poor coverage in
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our GWAS. As discussed in the study examining the cover-
age of commercially available genotyping arrays3* it can be
considered that the important causative or functional vari-
ants specific to a Japanese population are not well captured
by the tag SNPs selected on the basis of HapMap data.

In our replication attempts, increasing the sample size
weakened the strength of the associations for most of the
SNPs genotyped in the additional Suita sample. These SNPs
are likely to have a lesser impact on HDL levels compared
with those in CETP, and the proportion explained by these
genetic variations is expected to be small. The use of a cut-
off of MAF>0.1 can be another limitation of the current
analysis. It is possible that multiple rare alleles with a much
greater influence might be involved in determining HDL
levels in the Japanese population. Sequencing of the coding
regions of ABCAI, APOAI, and LCAT in individuals with
HDL-cholesterol levels less than the 5% percentile or greater
than the 95t percentile demonstrated the involvement of
rare sequence variations in determining low HDL} sug-
gesting that the multiple rare allele hypothesis is a valid
approach. GWAS can be useful for identifying genes exist-
ing in a disease pathway, but do not allow these multiple
rare allele hypotheses to be tested. Thus, deep resequencing
of the responsible genes identified through GWAS in both
affected and unaffected subjects might be a promising strat-
egy for future personalized prevention.

We have successfully replicated the association of CETP
with HDL levels. A GWAS approach is so called “hypothe-
sis-generating’36 Assessment of the observed associations
for the top-ranked SNPs in an independent population,
coupled with functional studies examining the underlying
mechanisms of the identified variants will be necessary
before drawing a definite conclusion.
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Natriuretic Peptides Enhance the
Production of Adiponectin in Human
Adipocytes and in Patients With Chronic Heart Failure
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We investigated the functional relationship between natriuretic peptides and adiponectin by performing both

Natriuretic peptides are promising candidates for the treatment of congestive heart failure (CHF) because of

their wide range of beneficial effects on the cardiovascular system. Adiponectin is a cytokine derived from adi-
pose tissue with various cardiovascular-protective effects that has been reported to show a positive association
with plasma brain natriuretic peptide (BNP) levels in patients with heart failure.

The expression of adiponectin messenger ribonucleic acid (mRNA) and its secretion were examined after atrial

natriuretic peptide (ANP) or BNP was added to primary cultures of human adipocytes in the presence or absence
of HS142-1 (a functional type A guanylyl cyclase receptor antagonist). Changes of the plasma adiponectin level
were determined in 30 patients with CHF who were randomized to receive intravenous ANP (0.025 ug/kg/min

Both ANP and BNP dose-dependently enhanced the expression of adiponectin mRNA and its secretion, whereas

such enhancement was inhibited by pre-treatment with H5142-1. The plasma adiponectin level was increased at
4 days after administration of human ANP compared with the baseline value (from 6.56 = 0.40 pg/mito 7.34 *
0.47 pg/ml, p < 0.05), whereas there was no change of adiponectin in the saline group (from 6.53 % 0.57 ug/ml to

Objectives
experimental and clinical studies.
Background
Methods
human ANP for 3 days, n = 15) or saline (n = 15).
Results
6.55 + 0.56 ug/mi).
Conclusions

Natriuretic peptides enhance adiponectin production by human adipocytes in vitro and even in patients with CHF,

which might have a beneficial effect on cardiomyocytes in patients receiving recombinant natriuretic peptide therapy

for heart failure.

(J Am Coll Cardiol 2009;53:2070-7) © 2009 by the American College of Cardiology Foundation

Plasma natriuretic peptide levels are increased in patients
with congestive heart failure (CHF), and the measurement
of these peptides is used widely to assess the presence,
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severity, and prognosis of CHF (1,2). Both atrial natriuretic
peptide and brain natriuretic peptide (ANP and BNP,
respectively) have a beneficial effect in patients with heart
failure because of their various biological actions (3-5).

See page 2078

Adiponectin is a circulating cytokine derived from adi-
pose tissue that has attracted considerable interest because
of its identification as a risk factor for cardiovascular disease
(6,7) and CHF (8). Adiponectin production is down-
regulated in patients with coronary risk factors that are
associated with the development of heart failure (9,10).
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