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Table 1 Patient characteristics
Standard therapy Intensive therapy, P-value
(controi}), n= 10 n=14
Age (years), mean + 5D 63 + 15 61 + 12 0.7201
Male, n (%) 7 (70%) 9 (b4%) 0.7697
Risk factors
Hypertension, n (%) 5 (50%) 7 (50%) 1.000
Hyperlipidaemnia, n (%) & (60%) 7 (50%) 0.9448
Smoking, n (%) 4 (40%) 5 (36%) 0.8307
Retinopathy, n (%) 2 (20%) 2 (14%) 8.7111
Proteinuria, n (%) 2 (20%) 4 (29%) 0.6326
CAD, n (%) 2 (20%) 3(21%) £0.9323
Peripheral artery disease, n (%} 0 (0%) 2 (14%) 0.6175
Stroke, n (%) 1 {10%) 1{7%) 0.8028
Medications, baseline®
ACE-inhibiter, n (%) 4 (40%) 5 (36% 0.8307
Calcium blocker, n (%) 2 {20%) 1(7%) 0.7543
Beta-blocker, n (% 2 (20%) 1{7%) 0.7543
Statin, n (%) 6 (60%} 3 (36%) 0.4462
Sulphonylurea, n (%) 7 (70%) 10 {71%) 0.9395
Biguanide, n (%) 1 {10%) 1 {7%) 0.7543
w-Glucosidase inhibitor, n (%) 4 (40%) 2 (14%) 0.3380

ACE, angictensin-converting enzyme.

“medications immediately before additional therapy for dysglycaemia.

(Bond Elut, Varian Inc., CA, USA) were used for three-fold washing
with 1mi serum samples with methanol and distilled water.
Thereafter, the samples were eluted with 10% ammania and driec.
The sediment obtained was dissolved in 1 imL of water, the solution
was centrifuged, and the supernatant was subjected to high-
perfermance liquid chromatography using 0DS celumns {Fisher
Scientific, St Louis, MO, H5A}. ADMA concentration was calculated
on the basis of the recovery rate of L-monomethyl-arginine {Sigma,
St Louis, MO, USA}, used as the internal standard. Intra- and inter-
assay variabilities were both ~6%, with a detection limitof 0,1 pM/L.

Statistical analyses

Sample size calculations were performed using a primary endpoint
variable of FMD. Power calculations indicated that to detect a
mean difference in FMD of 4% (SD, 3%), 13 subjects would be
needed to complete the study (a statistics, 0.05; power >0.9). All
data are expressed as mean + 5D. Two-tailed t-tests or the Mann-
Whitney U test was used tc compare the changes in response to
treatment. To compare the preportions of patients, Fisher's exact
test was used. Linear regression curves and correlations were calcu-
lated according te the least-squares method. P-values less than 0.05
were censidered significant.

Results

The basetine characteristics of 10 control patients who
received standard therapy and 14 intensively treated
patients are summarized in Table 7. All 24 patients com-
pleted 3-4-week follow-up measurements.

The control patients were treated by diet alone (three
patients) or diet plus oral hypoglycaemic agents {an
increased dose of sulphonylurea, six patients and addition
of metformin to sulphonylurea, cone patient). Table 2
shows no significant improvements in clinical and biochemi-
cal parameters during the observation period of 2845 days
of standard therapy. Neither the fasting blood glucose {from
181 + 42 to 186 + 38 mg/dL} nor the response of FMD to

Table 2 Changes in biochemical and clinical parameters before
and after standard treatment of hyperglycaemia in 10 control
patients with type-2 DM

Before After P-value
Hb A-1C (%) 9.4 4 2.2 9.4+2.0 >0.999
Insulin (ui/mL) 4,24 2.0 4.4 +2.2 0.834
HOMA-R 1.9+1.2 1.8+ 1.0 0.842
Total cholesterol (mg/dL) 212 + 28 210 + 25 0.868
TG (mg/dl) 128 £ 40 129 + 45 0.939
HBL cholesterct (mg/dl) 50 + 19 51 4+ 20 0.910
L.DL cholesterol (mg/dL} 128 + 22 127 £+ 25 0.925
Systelic BP (mmHg) 139 + 18 138 + 20 0.908
Diastolic BP {mmHg) 76 + 8 78 + 10 0.627
BMI (kg/m?) 23.84+2.7 23.4 4341 0.763

TG, trigiyceride; BP, blood pressure. Yalues are expressed as mean + 5D.

reactive
changed.

hyperaemia {(from 3.0+ 1.3 to 2.6 + 1.0%

Biochemical and clinical changes after intensive
treatment of hyperglycaemia

In the intensive therapy group, the patients were all treated
by diet alone {three patients), diet plus oral hypoglycaemic
agents (sulphonylurea newly given, one patient; an
increased dose of sulphonylurea, one patient; addition of
metfarmin to sulphonylurea, two patients; and addition
of a-glucosidase inhibitor to sulphonylurea, one patient},
or diet plus insutin (switched frem oral hypoglycaemic
agents, six patients). The duration of intensive treatment
of hyperglycaemia was 34 + 13 days. Clinical and biochemi-
cal parameters at baseline {before treatment) were similar
between the standard therapy group and the intensive
therapy group (Tables 2 and 3). After the intensive
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Table 3 Changes in biochemical and clinical parameters hefore and after intensive treatment of
hyperglycaemiz in 14 patients with type-2 DM
Before After P-value P-value
{vs. control after)
HE A-1C (%) 9.7+ 1.6 8.6+ 1.4 0.032 0.287
Insuiia (pul/mb) 4,44 2.6 53420 0.314 0.233
HOMA-R 2.0+ 141 1.6 + 0.5 0.226 0.524
Total cholesterot (mg/dL) 202 + 33 173428 0.019 0.003
TG (mg/dL) 121 + 43 105 + 51 0.378 0.246
HOL cholesterol {mg/dL) 52 4+ 21 52 + 17 =>0.999 0.8%6
LDL cholesterc! (mg/dL} 125+ 25 101 + 29 0.027 0.032
Systolic BP {mmHg) 134 418 128 + 14 0.779 0.1626
Diastolic BP (mmHg) 77+7 7418 0.301 (1.25880
BMI (ke/m?) 236+ 3.6 21.4 £ 3.2 0.049 0.1405
Values are expressed as mean & SD.
FBG TNF-a
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Figure 1 Individual measurements of fasting blood glucose (FBG), TNF-« and ADMA levels, and FMD in response to reactive hyperaermia before and after inten-

sive treatment of hyperglycaemia in 14 patients with type-2 DM.

treatment, the fasting glucose level significantly decreased
from 190 + 55 to 117 4+ 21 mg/dL (P - 0.001), as shown in
Figure 1. Significant decreases in Hb A-1C, total cholesteral,
and LDL cholesterol levels and BMI were observed, whereas
no changes in HOMA-R index; insulin, triglyceride, or HDL
cholesterol levels; and systolic and diastolic blood pressures
were observed (Table 3). Two of three patients with
corcnary artery disease were taking statins at the time of
the study.

The levels of plasma TNF-« (from 29 4+ 16to 11 + 9 pg/dL,
P < 0.001) and ADMA (from 4.8 + 1.5 to 3.5 4+ 1.1 pM/L,
P < 0.001) significantly decreased after the intensive
control of glucose level (Figure 7). However, HGF level did

not significantty change throughout the study (from

0.19 + 0.05t0 0.20 + 0.08 ng/mL).

Brachial artery reactivity after intensive treatment
of hyperglycaemia

Before treatment under hyperglycaemic condition, the
baseline brachial arterial diameter was 4.5 + 0.3 mm, and
FMD in response to reactive hyperaemia was 2.4 + 0.9%.
After the intensive control of giucose tevel, FMD significantly
(P < 0.001) increased to 7.2 4 3.1% (Figure 1}, whereas
the baseline diameter (4.5 +0.2mm) did not change.
There was a similar increase in blood flow during reactive
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Figure 2 Correlation of improvement of FMD after treatment with decreases in tevels of FBG, TNF+n, and ADMA,

hyperaemia {293 + 16 vs, 296 + 20%) and a similar baseline
heart rate (6747 vs. 65 4+ 8bpm) before and after the
treatment.

Nitroglycerin-mediated vasodilation was 9.8 + 1.0%
before treatment; however, in contrast to FMD, it did not
change after treatment (10.0 -+ 1.6%).

Correlation with FMD improvement

As shown in Figure 2, the improvement of FMD after treat-
ment correlated inversely with the changes in fasting
glucose (R=-0.730, P<0.01), TNF-« (R=-0.711,
P<0.01), and ADMA (R=-0.717, P <0.01) levels.
However, the improvement of FMD did not correlate signifi-
cantly with the changes in Hb A-iC level (R=0.408,
P =0.148), total cholesterot level (R = 0,325, P=0.25%),
or BMI (R = 0.270, P = 0.351).

Six-to-12-month follow-up

A follow-up study was performed 6-12 months after the dis-
charge. In eight of 14 patients with an Hb A-1C level of
<8.0% at this follow-up period, fasting bloed glucose level
and FMD remained at 127 + 26 mg/dL and 8.4 + 1.0%,
respectively. In contrast, in the remaining six patients with
an Hb A-1C level of =8.0%, fasting blood glucose level and
FMD worsened to be 178 + 30mg/dL and 3.1 + 1.1%,
respectively. There were inverse correlations of FMD with
fasting blood glucose (R= —0.577) and Hb A-1C levels
(R = —0.860).

Discussion

The major finding in the present study is that the intensive
treatment of hyperglycaemia is associated with the
improvement of endothelial function, coupled with the

decrease in plasma TNF-« and ADMA (an endogenous inhibi-
tor of NO synthase) levels in patients with type-2 DM.

Previous studies revealed that an acute increase in blood
glucose level impairs endothelium-dependent vasodilation
in healthy subjects®® and further inhibits it in patients
with type-2 DM.® DM is a state of chronic hyperglycaemia,
and glycaemic control is one of the major goals of diabetes
management.'® As shown in Figure 1, endothelial dysfunc-
tion improves after a 5-week intervention targeting hyper-
glycaemia in type-2 diabetes patients, accompanied by a
relatively small but significant decrease in Hb A-1C level.
in contrast, either hyperglycaemia or endothelial function
did not change in control outpatients who received routine
treatment. These findings suggest that hyperglycaemia
may be a fundamental abnormality underlying the mechan-
ism that causes endothelial dysfunction in DM. However, we
rmust acknowledge a potential limitation that an appropriate
control group shoutd have included patients who
were admitted to the hospital, but did not receive intensive
treatment. In addition, the number of statistical tests
performed and relatively small sample size of the study
papulation may potentially infiltrate type-l error.

In patients with type-2 DM, TNF-« levels were elevated in
both blood and tissue.’® %' Taken together with results from
knockout mice deficient in TNF-w or its receptors,'® it is
suggested that TNF-« is a factor contributing to the patho-
genesis of type-2 DM. Hyperglycaemia is an important stimu-
lus for TNF-« synthesis in human peripheral monccytes in
vitro.2® A previous in vivo study demonstrated that the
administration of TNF-u impairs endothelial-dependent
vasodilation in rats.®® In the present study. as shown in
Figure 1, plasma TNF-« level decreased after the intensive
treatment of hyperglycaemia. This finding indicates the
therapeutic potential of a strict glycaemic control against
inflammatory cytokines that play a prominent role in
atherogenesis.”
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TNF-¢ and hyperglycaemia could impair dimethylarginine
dimethylaminohydrolase and cause the accumulation of
ADMA, an endogenous, competitive inhibitor of NO synthase,
contributing to the derangements of NO pathways in the
vessel.'"%4 The intra-arterial infusions of ADMA significantly
impair endotheiium-dependent flow responses in the human
forearm.?® In the present study, we found that the ADMA
level increased in patients with type-2 DM (Fieure 1), and
its decrease after the strict glycaemic control correlated
significantly with the improvement of FMD (Figure 2). Not
only ADMA, but also TNF-a itself downregulates NO synthase
by decreasing mRNA's half-life.?® Moreover, both inflamma-
tory cytokines and high glucose levels enhance the pro-
duction of oxygen-derived free radicals,”"*® which rapidly
inactivate NO.?® In patients with type-2 DM, the extent of
urinary excretion of the isoprostanes (8-iso-prostaglandin
Fa.) significantly decreased ~4 weeks after an intensive
therapy for hyperglycaemia, an intervention similar to that
used in the present study.®® Taking together a recent
report that lowering serum TNF-u level alone (without gly-
caemic controt) does not improve endothelial function,31
these findings suggest that the hyperglycaemia-induced oxi-
dative stress could be a key factor in the pathophysiology of
diabetes.

HGF is characterized to be one of the most potent
mitogens among the growth factors for vascular endothetial
cells and contributes to vascular protection or repair.'?
Because its production is suppressed by glucose in a dose-
dependent manner in vitro,'* we hypothesized that endo-
thelial dysfunction might be associated with the decreased
production of HGF in diabetic patients. However, this was
not the case. The level of HGF did not change throughout
this study. Morecver, as shown in Table 3, insulin sensitivity,
as assessed using HOMA-R index," did not change signifi-
cantly. Insulin resistance contributes, in part, ta the patho-
genesis of type-2 DM and may be potentially linked with
endothelial dysfunction and ADMA.* To address this import-
ant issue, we need to further assess insulin sensitivity with a
more specific method such as steady-state plasma glucose
measurement.

Impaired endothelivm is a key factor for diabetic
macroangiopathy.” Thus, restoring endothelial function has
important clinical implications for reducing the risk of cardi-
ovascuiar diseases in diabetic patients. The present results,
although obtained in a short period, suggest that a long-
term maintenance of strict glycaemic control is important.
If hyperglycaemia continues, then the expression level of
NO synthase and the generation of NG may be chronicalty
reduced, leading to a persistent dysfunction of the vascular
endothelium and the consequent atherogenesis. In the
UKPDS conducted for more than 15 years,* the difference
in Hb A-1C level between the conventionaily and intensively
treated groups was significant throughout the study.
However, Hb A-1C ftevel progressively increased in both
groups. The median Hb A-1C level was 6.6% in the first
5 years, but increased o §.1% in the last 5 years, even in
the intensively treated group. A difficulty in maintaining a
good glycaemic control may explain, in part, the borderline
decrease in the extent of myocardial infarction {P=0.05)
induced by the intensive treatment. Taking the multifactor-
ial aetiology of macrovascular disease into account, the
results of the UKPDS also suggest that the optimum treat-
ment of patients with type-2 DM would include the control

of blood pressure and correction of lipid abnormatities in
addition to the control of glucose level. For the assessment
of the effectiveness of therapeutic/dietary interventions
and for the early detection of vascutar dysfunction, plasma
ADMA may be useful as & potential biochemical marker, 3
Metformin,** angiotensin-converting enzyme inhibitors/
angiotensin 1 receptor blocker,®® and statins®® could
decrease ADMA level. Although these drugs were not newly
given in the present patients, it is possible that an increased
utilization of and compliance with medications and an
improved diet during hospitalization may contribute, at
teast in part, to endothelial function improvement. Insulin-
sensitizing rosiglitazone also decreases ADMA level.’” A
recent study has suggested that obese and insulin resistance
are not strongly associated with the development of type-2
DM in Japanese patients with a BMI of ~23 kg/m* (from the
Japan Diabetes Complications Study), unlike in Eurcpean
patients with a BM| of ~29 kg/m? (from the UKPDS).*®

in conclusion, in patients with type-Z DM, the intensive
treatment of hyperglycaemia is associated with the
improvement of endothelial dysfunction, coupled with
decreases in TNF-« and ADMA levels. A strict glycaemic
control may exert anti-cytokine and anti-atherogenic

effects and may therefore be pathophysiologically
important.
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CLINICAL INVESTIGATIONS

Assessment of Genetic Effects of Polymorphisms
in the MCP-1 Gene on Serum MCP-1 Levels
and Myocardial Infarction in Japanese

Akna Okayama, MD ; Shunzchl M1ya21k1, MD" : Hiroshi Nonogl, MD“‘;
Yoichi Goto, MD**; Hitonobu Tomoike, MD1

Background Recently, the Framingham Heart Study reported that genetic variations in CCLZ influence serum
levels of monocyte chemoattractant protein-1 {MCP-1) and the incidence of myocardial infarction (MT). The
purpose of the present study was to investigate the possible involvement of CCL2 in Lhe pathogenesis of athero-
sclerosis and M1 in Japanese.

Methods and Results Mulliple regression analysis indicated that the MCP-1 levels were significantly influ-
enced by various factors including age, body mass index, smoking, alcohol intake, high density lipoprotein-cho-
lesterol, and systolic blood pressure. Moreover, the serum MCP-1 level was sigrificantly correlated with intima~
media thickness (p<0.0001). However, this association disappeared when other clinical confounding factors
were included in the analyses. Comprehensive analysis of common polymorphisms of CCL2 in a large commu-
nity-based population and in subjects with MI found that the A(-2138)T polymorphism affected the serum
MCP-1 level in a sabgrogp of subjects 65 years and older. However, no significant differences in the frequencies
of any of the polymorphisms or haplotypes were found between subjects with and without MI. None of the poly-
morphisms in CCL2 affected carotid atheroscierosis.

Conclusions  The serum MCP-1 level was a good surrogate marker of atherosclerosis in the present study
population. Although genetic variations in CCL2 may have some influence on MCP-1 production, their influence
does not seem o contribute appreciably to atherosclerosis in Japunese. The present results did not support the
recently published findings from the Framingham Heart Study. The discrepancy between the 2 studies may be
refated to differences in confounding factors that contribute to MCP-1 levels and in the haplotype structure of the

Cire J 2006; 70: 805-809

2 populations.  (Cire J 2006: 70: 805-809)

Key Words: Atherosclerosis; Epidemiology; Monocyte chemoattractant protein-1; Myocacdial infarction;

Polymorphisms

onecyle chemoattractant protein-1 (MCP-1; gene
name CCL2) has been suggested to play an im-
portant rote in the mllmtlon of atherosclerosis
by recruiling monocyies 1o sites of injured endothelium.
MCP-1 promotes monocyte differentiation to lipid-laden
macrophages, and alse contributes to the proliferation of
arterial smooth muscle cells!-

In various murine modeis of atherosclerosis, deletion of
CCL2 has resulled in large reductions in atherosclerotic
plague sized but conversely, overexpression of MCP-1 in
the leukocytes of susceptible mice resulted in increased
plague size®

Several human epidemiological studies have also sug-
gested links between MCP-1 levels and atherosclerotic
disease?- 1" Higher MCP-1 levels have been ussociated with
increased risks of myocardial infarction (M1), sudden death,
coronary angioplasty, and stent restenosis. Very recently,
the Framingham Heart Study reported that CCL2 polymor-

(Received JTanuary 18, 2000; revised manuscript received March 13,
2006, accepted April 20, 2006)
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Cirenlarion Joremal 19170, Jily 2006

Table T Characteristics of the Study Population

Suit Mi pvetlue
n 2,266 342
M (%) 46.0 87.1 <0.0001
Age 65.2111.0 57.9(9.9) <0.0001
BMI 22.843.1) 23.9¢2.9) <0.0001
HTN (%) 8.7 534 <0001
DM (2] 94 40,4 < (LT
TG 107 {71) 125 (69)% 0.0007
Tc 200 ¢33) W7 137)% <0001
HDL-C 60 (10) 43 113)* <0.000}
Smaking 16.3 6l.1 <0.000]
MCP-I 24319585 -
log tMCP-1) 5.23(042)= -
IMT 0.79(0.13)x=x -
Mi 1 15% 21005

Veilues are expressed ox mean (5D},
=235, ig=2 [80, *¥ey=2,0335.
MI myweardial infarciion; M. male subjects: BAMH body masy index
(kghn? ) HTN, hypertensive subjecis: DM, diabetes mellits: TG, trighveer-
ides tmgldly; TC. roial cholesterol (mgldly: HDL-C, high density lipopro-
tein cho-lesterod {mgfedl): Sweking, current smokers: MCP-1, serwn MCP-1
level (nyfml); log (MCF-1), logarithadic iransformeation of MCP-1 level;
IMT, intimu media thickness {min).
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Table 2 Prohes and Primers in TagMan

WAL Neral,

Probe Primer
Polvmeorpitising
vic FAM Forward Reverse
Gi~2381)1 weaectGleactic ugacageiMoaeiie nrceuctenetivicieacse Bavlpgeetigeatatalvaga
A=2138)T. creieretanre Teragigeer cretereieteA gitagigeat ceegaagealgactnatiod cetaggeealeteaecivaict
Ar=-18i NG waeggeeAotoenlag warggecGriecata cHUdgUUgE LUl gUgig Cerggguclagactipalgicivd
CI-972)G ctiraget gt Cigeceat HeapergtGrgeecats grelccitucleatadigaetiager cletglecieagenieticea
Gr-928)C tagealgeanciag! ceaageacyCaacta reRadgaIgeIzagRacagaga gyaeacyrgiacaapiccicean
C(7320112)G atgugetenrClencl IpageteitGrener ISUEEIIURECUg IR Cigg AR CAUURECURECagga
Table 3 Swmmary of CCL2 Polymorphisnis

Polymorphisin Seguence Region Mi-AF

G=2581A GACAGCTIG/MAJTCACTTT Promaoier 0332

Gi=24ih¢ CAAAGCT{G/C] GGAAGTT Promener 04052

Ar=-2I385T CACTAAC{T/AJGATTAGA Promaier 0.04y

A-I8INT AATGGCCIA/TICTCCATA Promater 0.082

C(-9721G TAGCTGT{C/G]TGCCCAT Promerter 0.005

Ge-928)C CCAAGCA[G/CIGCAACTA Promater 0.049

C(-362)G CGCTTCA{C/G]AGAAAGC Promuter 2.452

C(7320112)G GCTCTITIC/GITCTTCTC Intronl 1.086

TE7320249C CCTGCTGIT/CITATAACT Exon? Cys—>Cws (1044

C(7320891)T AGACACCIC/TITCTTTTA Exem3 I-UTR 0.332

Mi-AF (miner allele frequency) was calenlated hased on the sequencing data of 93 subjects.

phisms are associated with serum MCP-1 levels and MI!!
In genetic associalion studies, validation in other study
populations is very important to confirm that the observed
effects are not statistical errors. so the purpose of the
present study was to assess the genetic effects of CCL?
polymorphisims on serum MCP-1 levels and atherosclerosis
in Japanese subjects.

Methods

Stucly Population

The selection criteria and design of the Suita study have
been described previously!*'# The genotypes were deler-
mined in 2,266 subjects {including 34 MI subjects} recruited
from the Suita study between September 2003 and March
2005. Serum MCP-t levels were measured in 2,180 sub-
jects. The MT group consisted of 342 randomly selected in-
patients and oulpatients with documented M1 who were
enrelled in the Division of Cardiology at the National Car-
diovascular Center between May 200] and April 20031516
All the subjects enrolled in the present stucly gave written
informed consent. The present study was spproved by the
Ethics Committee of the National Cardiovascular Center and
by the Committee on Genetic Analysis und Gene Therapy
of the National Cardiovascular Cenler. The characteristics
of the study population are shown in Table 1. Subjects with
systolic biood pressure (SBP) 2140 mmHyg, diastolic biood
pressure 290 mmHg, and/or who were taking antihyperten-
sive medication were categorized as having hypertension.
Subject with fasting blood glucose 2126 mg/dl, hemoglobin
Alc 26.5%, and/or who were being treated for diubetes
mellitus was categorized as having the disease.

Fasting serum samples were collected and stored at ~80°C.
MCP-1 levels were measured in duplicate with a com-
mercially available ELISA kit (R&D Systems. Minneapolis,
MN. USA) according to the manufacturer’s instructions.
The inter- and intra-assay variabilities were 6.3% and
6.2%. respectively. Because the distribution of serum
MCP-1 levels was skewed. the values were logarithmically

wansformed in the statistical analysis.

The details of the method used for the carotid ultrasonic
examination have been reported previously!® We used a
high-resclulion B-mode ultrasonic machine with 7.5-MHz
iransducers, which gave an axial resolution of 0.2 mm. The
regions between 30 num proximal from the beginning of the
dilation of the bifurcation bulb and 15mm distal from the
Aow divider of both common carotid arteries (CCAs) were
scanned. All measurements were made at the time of scan-
ning with the instrument's electronic caliper and were re-
corded as photocopies. The intima—media thickness (IMT)
was measured on a longitudinal scan of the CCA at a point
10mm proximal from the beginning of the dilation of the
bulb.

DNA Study

The promoter (up to —2.8kb) and exons [, 2, and 3 (in-
cluding 3'UTR) regions were sequenced in 93 subjects,
which included the top 12 subjects with high serum MCP-I
levels and the bottom 12 subjects with low serum MCP-|
levels. The sequence primers will be provided on request.
The gerotypes were determined by the TagMaa method
{Table2}. The success rate of genotyping was greater (han
96%.

Statistical Analvysis

Values are expressed as mean z standard deviation (SD).
All statistical analyses were performed with the JMP statis-
tical package (SAS Institute Inc, Cary. NC, USA). Multiple
regression analysis was performed Lo obtain predictors of
the seruim MCP-1 level und to assess the contribution of
polymorphisms of CCL2 1o the serum MCP-1 level. Mulli-
ple logistic analysis was performed to obtain predictors for
MI. Residuals of the serum MCP-1 level and IMT were cal-
culated by adjusting for apprepriate confounding factors.
R-square values between polymorphisms and haplotype
frequencies in the control and MI groups were analyzed
using the SNPAlyze Pro stutistical package (version 3.2,
Dynacom Inc). A statistical power calculation was per-
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Tahle 4 Linkage Disequilibrium Amaong the Polymmphisms of CCL2

G-2581)A A@=2138T  A(=ISINT C1-972)G G(-9261C  C(7320112)G
G(-25813A
A(=2138)T 0.12356
A-I8INT 016013 0.00365
C1-972)G 0.02467 0.00085 0.00034
G(-v28)C 012411 0.00382 0.00089
Ci7320112)G 015605 000346 0.007 16 000108 0.00362

Linkage disequilibriva (LD} ameng the polvmorphisms of CCL2 was calendated from the Tughan daie of e Suita subjects. R-square
values benveen polvmorphisoig are shoven. Tight LD was ohserved benveen the Af-258 11T and G-928)C palvmarphisms.

Table 5 Predictors of Serum MCP-1 Level

Tahle ¢ Predictors of Tntima-Media Thickness

Predictor 1-ratit: pralue Prediciar I-reitin p vahie
Age 79 <0.0001 log (MCP-1} 0.13 0.7191
BMI -3.2¢ 0.0004 Age 353.82 <0.000!
SBP 242 L0155 SBf 29.67 <0001
Alcahol 2.71 0.0067 Sex 332 <Q.0001
Smieking 136 0.6008 BMI 3343 <0.000!
HOL-C ~2.99 L0056

Prediciors of serim MCP-1 levels were idewified by multiple regression
anedyyix (1=2,1801. Alcohol, ethunol consumption per day (g/day); Smok-
ing, number of igareites per day X vears.

SBP, systolic blood pressure. See Tuble 1 for ather abbreviations.

n=2034, F=128.197, p<0.0001.

The seruti MCP-1 levels were assessed in 2,034 of the
assessted by cerotid songgraphy.

See Tables 1.3 fur abbreviations.

2,035 subjects

Tabte 7 Influence of the Polymorphisms of CCL2 on Serum MCP-1 Level

AA Aa aa pvalue
G(-2581A 0.002 (0.399; 0.00410418) -0.020 {0.387) 0.692
1 936 96/ 270
A=2138)T ~{1.006 (.402} 0.049 (1.436) =054 10.211) (1.122(0.052)
n 1,909 253 7
A{-1811)T 0.006 (G407} ~0.031 (0.466) 0079 10.292) 0.268 (0.417)
i 1,839 13 13
Cr-9721G6 ~-0.00] (G.406) 0045 (0.404) - 0,409
" 21 34
G(-928iC -0.006 (0.403) (048 10.430) =054 {0.211) 0123 (0.032)
" 1,896 262 7
C{7320112)G 0.004 (0404 ) =0.043¢0.023) 0,163 14.108) 0.259 (0).349;
1,840 i i4
A(-2138)T -0.012(0.351) 0.031 (0462} ~0.051 (0.153} G.0126 (0.0041;
Age 265 years 1,041 154 4
G-9281C ~0.012(0.35}) 0.08} (0500} 0,057 (0,153} 0.0724 (0.0040)
Age 265 yeors 1,035 136 4

Residuals of log (MCP-1} were calvaluted by adiusting for Age, BMI, 8BP. alcohol, smoking, and HDL-C. Valies are expressed as
mean (SD). p values catcuduted by grouping AAMa + ua ave shown in parentheses, The effects of the At-2138)T und G(-928}C
polymorphisms on the MCP-1 level were more signiftcant in subjecty aged 65 vears and older:

See Tubles 1.3 for ubbrevintivns.

formed with Lhe statistical package SamplePower (version
2.0, SPSS. Chicage, TL, USA).

Results

. Sequenve Analysis of CCL2

Scquence analyses in 93 subjects reveuled the existence
of 10 polymorphisms (Table3) of CCL2. The G(-2581)A
wils in almost complete finkage disequilibrium (LD} with
the C(-362)G and C(7320891)T polymorphisms. The
A(-1811)G polymorphism was in almost complete LD
with the G(~2411)C polymorphism. Thus, the genotypes
of the C(=362)G, C(7320891)T, und G(-2411)C polymor-
phisms were not determined in the present study. Because
the polymorphism in exon 2 [T(7320249)C] was synony-
mous {Cys—>Cys}, this polymorphism was also not deter-
mined in the present study. The genotypes of the remaining

Cirgdarion_Jonrnal - 10l 70, Jnly 2006

6 polymorphisms were determined by the TagMan method
in a otal of 2,570 subjects. The LD vulues calculated from
R-square values among these SNPs are shown in Tabled.

Clinical Correlates of Serum MCP-] Level

Multiple regression analysis indicated that the MCP-|
fevel was significantly influenced by various factors (p<
0.0001, R-sguare=0.054) including age (p<0.0001), body
mass index (BMT; p=0.0014). smoking (p=0.0008). alcohol
intake {p=0.0067), high-density lipoprotein cholesterol
p=0.0096), and SBP (p=0.0155) {Tuble 5).

Many studies have reported that the serum MCP-1 level
is an excellent indicator of atherosclerosis and in our study
population the serum MCP-1 level significantly correlated
with IMT (p<0.0001, R-square=0.009). However, this asso-
ciation disappeared when ather clinical confounding factors
were included in the multiple regression analyses (Table 6).
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Table § CCL2 Polymorphisms and Tncidence of ME”

IWAIL N etal.

M=) M
p velue
Ad Aa ac AA Aa ua
GI=25811A (%) 946 066 274 149 176 kY 0.2857
(43,35} (44.13} 112.52) {#1.93) {#8.53) (H.71)
A=2138;T (%) 1.931 2350 7 218 45 i 1.8656
{88.25; {11.43; {132} (87.36) {12.36) 0.27) {0.6289]
Af=18115T (50) 1,86/ 34 Jx 304 56 5 03337
{(83.02; (14.34; (154} (83.29) {15.34) {1.37) [0.3999)
Ci-972)(5 (%) 2,130 a4 357 7 03548
(97.53; (2.47} 198.08) 11.92)
Gr-928;C (%) 1918 259 7 319 43 ! 0.9578
(87.82; {11.80} (0325 (87.40) (12.33) (0.27} 10.8200]
Ci7320112;G (%) 1,855 15 14 302 6l 2 0.3229
(854.94) (14.42} (0.64) 182.74) (16.71) {0.55} [0.2880)

Genvixpe frequencies behveen subjects with and withous MI are shown. p values calewdated by grouping AA/MAa + aa are shown in

Siftidre j)ll’l’("”fff(‘.\'(!.?.

See Tabie | for abbreviation.

Table & Inftuence of CCL2 Polymorphisms on VT
Ad Aat e P vadue
G(-2581)4 -0.003 (G.104) 0.001 (0.105) L0006 10.115) 042
" 865 08 235
Ar=2138)T 000 110.106) =001 (0.103) 0.065¢0.118) 0.3
1" 1.784 237 6 (0.958)
Af-I811)T 0.000¢G.105) 0.003(0.112) -0.049 {0.068) 0,327
n 1.717 294 i2 (0.752)
Cr-972)G 0.000 {0.105) 0.000¢0.413) - 0.964
i 1970 i
Gr-9285C Q.O00 (U.1U6) —0.003 ((L103) 0065 ¢0.718) .29/
i 1771 246 6 {0.802)
Ci7320112)G ~(L001 (11.106) 0.0095(0.101) 0,039 ¢0.159) (1275
0.278)

Rexichuals of IMT were caleuduted hy adjusiing for sex, age. BMI, and SBP. Values ure expressed ay mean (8D). p values calenlared

by grouping AA/Aa + ea are shown in purentheses.
See Tubles 1,3 for abbreviaiions,

Table 10  Haploiype Anulysis of the 2 Study Populations

Steitet frantingham G(-23814  A(2138)T AM-1811)G G(-928)C C7320012G MI(-} M Framingfuum
Haplnl HI G A A G c 63.2 63.0 27.0
Hapla2 A4+ HS A A A G C 13.2 10.9 26.9
Huplod H6 A A G G C 28 9.0 4.2
Haplod - A A A ¢} G 7.3 87 -
Ruplus - A T A c C 6.1 6.5 -

- H2 A T A G 4] <001 <0.01 203

- H3 A A A c c <0.0! <t.0! 18.6

Huplotype frequtencies in the MI (=) and M1 groups were calendated. Haplotype frequencies reported in the Framingham study are also shenen for reference.
ipiaiy] i} Rroy LY ' ) !

See Tuble 1 for abbreviation.

Thus, the sermm MCP-1 level was only a surrogate marker
of atherosclerosis in the present study population.

Influence of Polvmorphisms on Serum MCP-1 Level

MNext, we examined the influence of polymorphisms of
CCLZ on residuals of the MCP-1 level afier adjusting for
the above-mentioned contounding factors (Adj-MCPE)
(Table7). Two polymorphisms, A(-2138)T and G(-928)C,
tended to affect Adj-MCPI. The A(=2138)T and G(-928)C
polymorphisms were in tight LD (R-square=0.97084) in
this study population {Tabted). Interestingly. the influence
of these polymorphisms on Adj-MCP1 seemed to be exag-
gerated in subjects 65 years and clder whose MCP-I levels
were significantly higher than those of younger subjects.

Association Study Bepween CCL2 Polymorphisins and Mi

No significant difference was found in the frequencies of
any of the polymorphisms between the cases and controls
{Table 8). Multiple logistic analyses including age and BMI
indicated that nonc of the polymorphisms contributed io
ML Moreover, none of them affected IMT afler adjusting
for sex, age, SBP, and BMI (Table 9).

Heaplotvpe Analvsis

We constructed haplotypes based on the G(-2581)A,
A(213B)T. AI8ENT, G(-928)C. and C7320112G poly-
morphisms and identified 5 common haplotypes that
accounled lor 99.7% of all haplotypes. The C(-972)G poly-
morphism was not included becavse of its low frequency.
No significant difference was observed in haplotype fre-
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quencies between subjects with and without M1 (Table 8).

The haplotype [requencies reported in the Framingham
study!! were significantly different from those in the pres-
ent study popuiation (Table 10). Although H2 and H3,
which accounted for 20.3% and 18.6%, respectively, in the
Frumingham study, were very rare in this study population,
Haplo4 and 5, which were rare in the Framingham study,
were conmmon.

Discussion

This report describes a comprehensive analysis of the
common polymorphisms of CCL2 in both a lwrge commu-
nity-based popuiation and subjects with ML No significant
differences in the frequencies of any of the polymorphisms
were found belween cases and controls. Moreover. none of
the polymorphisms of CCL2 affected carotid atherosclero-
sis as assessed by IMT. However, the A(-2136)T and
G(-928)C poltymorphisims tended to affect the serum MCP-
| level. Although genetic variations in CCL2 may have
some influence on MCP-1 production, Lheir does not seem
to contribute appreciably to atherosclerosis in Japanese sub-
jects. Thus, our findings do not support the recently pub-
lished result from the Framingham Heart Study!! that
genelic variations in CCL2 significantly influence serum
MCP-1 Tevels and the incidence of MI.

There may be scveral reasons for this discrepancy. The
MCP-1 levels in the Framingham Heart Study were approx-
imately [.4-fold higher than those in the present study
population. Genetic variation might well have an influence
under a stimulated state. MCP-1 levels are influenced by
various factors, as described in Table5. It is conceivable
that subjects in the Framingham Heart Study may have had
higher MCP-1 levels because of stimulation by atherogenic
Factors thal may be more prevalent in Caucasians. Indeed,
the infiuence of genetic variations was more evident in the
present study population when the analysis was limited to
older subjects who had higher MCP-1 levels (Tabla 7).

In the Framingham Heart Study, the haplotype H2 was
reported to contribute to higher MCP-1 levels, and the
frequency of this haplotype was 20.3%!! It is defined by
the (=2138)T and (77320112)G genotypes, and although
the A(=2138)T und G(7320112)C polymorphisms were
observed in the present siudy population, the H2 haplotype
was not {p<0.01%), This difference in the haplotype stroc-
ture between Caucasians and Japanese might also contrib-
ute to the discrepancy heiween the 2 gfudies. :

The reported positive association between the A(-2581)T
polymorphisin and Ml in the Framingham Heart Study was
based on 1,797 stady subjects, including just 107 M7 sub-
jects!! which was insufficient statistical power (p<0.50) to
conclude that there was a positive association between the
aenotype and MI. Moreover, although the H2 haplotype was
reported to be associated with the serum MCP-1 level, the
H1 haplotype but not the H2 haplotype, was reported to be
associated with M1. This inconsistency might also indicate
that the Framingham study bad insufficient statistical power.

Although the serum MCP-1 level is an excellent indicator
of atherosclerosis/-? MCP-1 itself appears to make only a
slight contribution to atherosclerosis (Table6). Thus, it is
unlikely that genetic polymorphisms that may only slightly
influence the serum MCP-1 level will contribute significant-
ly to the cecwrence of MI and atherosclerosis. Our present
findings spggest that. although genetic variations in CCL2
may have some influence on MCP-1 production, their infiu-
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ence on the incidence of MT is not appreciable in Japanese,
The present study also indicates the importance of clarily-
ing the haplotype structure for comparing genetic associa-
tion studies involving different ethnic backgrounds.

Acknowledgement

This stwely was supported by a grant from the Program for Promotion
of Fundumental Studies in Health Sviences of the Navional Institute of
Bivmedical Innovation.

References

I, ¥Yiu-Hertwala 5. Lipten BA, Rosenleld ME, Sorkioju T, Yoshirmura

T, Leonard El. et ai. Expression ef monocyte chemoateractant pro-

tein- | in macrophage-rich areas of human and rabbit atheroscleroiic

lesions. Proe Nutl Acad Sci USA 1991; 881 32525256,

Yu X, Dluz S. Graves DT, Zlung L. Antoniades HN, Hollander W,

et af. Efevated expression of monecyie chemoattractant protein- | hy

vaseubar smooth muscle cells in hypercholestervlemic primates. Proc

Natl Acad Sci USA 1992; 89; 6933 - 6957,

3. Nelken NA, Coughlin SR. Gordon D, Wilcox JN. Monocyte chemo-
altractant protein-| in human atheromatous plaques, J Cline Javest
1991 88: 1121-1127.

4. Viedt C, Vogel I, Athanusion T, Shen W, Orth SR, Kubler W, et al.
Monocyte chemouttractant protein- | induces proliferalivn wnd inter-
leukin-6 production in human smooth muscle cells by dilferential
activation of nuclear factor-AB and activator protein-1. Arterioscler

12

:_JI

Gu L, Okuda Y. Clinton SK, Gerard C, Sukhova GK, Libby P. et al.

Absence of monoeyle chemoatraciant protein-| redoces atheroscle-

rosis in fow densily lipoprotein receplor-deficient mice. Mol Cel!

1998; 2: 275-281.

6. Aicllo R, Bowrassa PA. Lindsey §, Weng W, Naloli E, Rollins BJ,
et ul. Monocyte chemoattraclant protein-1 accelevites atheruselerosis
in apoiipoprotein E-deficient mice. Arteriuscler Thremb Vase Biol
1999: 19: 1518- 1525,

7. de Lemaos JA, Morrow DA, Sabatine M8, Murphy SA, Gibson CM,
Antman EM, el al. Associmtion between plasma levels of monacyte
chemaattractant protein- | and jong-term clinicyl oulcomes in patienls
with acute coronary syndromes. Cirenfation 2003; 107: 690-695.

8. Cipollone F, Marini M. Fazia M. Pini B, Jezzi A, Reale M. et ol
Elevated circulating levels of monocyle chemoattractant protein-| in
patients with resienosis after coronary angioplasty. Arrerioscler
Thromb Vaxe Biol 30015 21: 327334,

9. Oshima §, Ogawa H, Hokimolo S, Nakamura 5, Noda K. Saito T. et
al. Plasnza mpnocyte chemeatractant protein- | antigen levels and the
risk of vestenosis sfier coronary stent implantation, Jpa.Cire J 2001:
65: 261 -264.

190. Deo R, Khera A, McGuire DK, Murphy SA, de PMNI, Morrew DA,
etal. Association wmong plasma levels of monocyte chemoattractant
protein-1, traditional cardiovascular risk factors, and subclinicat
atheroselerosis. J Aw Colf Cardind 2004; 44: 1812-1818.

11, McDermott DH, Yang Q. Kathiresan S, Cupples LA, Massaro JM,
Keaney JF Jr, et al. CCL2 polymurphisms are associated with seriwm
monocyte chemeattractant protein-1 levels and myocurdiad infurction
in the Framingham Heart Swdy. Cirenlazion 2005: 112: 1113-1120.

12, Kokubo Y, Twui N, Tago N, Tnamato N. Okayama A, Yumawuki H, et
al. Association analysis between hyperlension and CYBA. CLCNKB,
and KCNMBT Ianctionul polymorphisins in the Jupanese population:
The Suita stedy. Cire J 20050 69: 138-142,

13, bwai N. Kawsuya T, Mannami T, Higaki J. Ogihara T, Kokame K. etal.
Association between SAH, an acyl-CoA synthetuse gene, and hyper-
triglyceridemia. obesity, and livpertension, Circulation 2002; 105:
41 -47.

14, Maanami T, Konishi M, Baba S, Nishi N, Terao A, Prevalence of
asvmptomatic carptid atheyoselerotic lesions delected by high-reso-
lutien ultrasoncgraphy and its refation w© cardiovascelar visk Taclors
inn the general papulation of o Japanese city: The Suita study. Siroke
1997; 28: 518-525.

15, Kajimoto K, Shioji K, Ishida C, Iwanaga Y, Kokubo Y, Tomuvike H,
et ul. Validotion of the assoviation between the gene encoding 5-
lipneygenase-activating protein and myocardial infarction in a
Tapanese population. Cire J 2003; 6Y: 10291034,

16, Kajimoto K, Shioji K, Tago N. Tomoike H. Miyazaki §, Nonogi H.

¢t al. Assessment of MEF2A mutatiens in myocardial infarction in

Japanese putients. Cire J 2005; 69: 1921195,

— 266 -



Clinical Science (2007) [12, 4349 (Printed in Great Britain)  dox:10.[042/C520060110

Enhanced cardiac production of matrix
metalloproteinase-2 and -9 and its attenuation
associated with pravastatin treatment in
patients with acute myocardial infarction

Satoshi YASUDA, Shunichi MIYAZAKI, Hideyulki KINOSHITA, Noritoshi NAGAYA,
Munetake KANDA, Yoichi GOTO and Hiroshi NONOGI

Division of Cardiology, Department of Internal Medicine, National Cardiovascular Center, 5-7-1 Fujishiro-dai, Suita,
Osaka 565-8565, Japan

A B S T R.A.C T

Previous experimental studies have demonstrated that MMPs (matrix metalloproteinases}
contribute to LV (left ventricular) remodelling. We hypothesized that cardiac MMPs are activated
in patfents with AMi (acute myocardial infarction} and, if so, MMP production may be attenuated
by statins (3-hydroxy-3-methylglutaryl-CoA reductase inhibitors) through their cardiovascular
protective actions. We studied 30 patients, ten control patients with stable angina pectoris and 20
patients with AMI, in whom LV catheterization at the chronic stage was performed 22 - 12 days
{value is mean £ §5.D.) after the onset of AMI. Blood samples were collected from the CS (coronary
sinus} and a peripheral artery. In patients with AMI, the levels of MMP-2 and MMP-9 were
significantly (P < 0.05) higher in the CS than the peripheral artery (MMP-2, 853 £ 199 compared
with 716 £ 127 ng/ml; MMP-9, 165+ 129 compared with 98 4- 82 ng/ml), whereas no significant
differences were observed in the patients with angina pectoris. The CS—arterial concentration
gradients of MMP-2 and MMP-9 correlated positively with BNP (brain natriuretic peptide) levels
{MMP-2, R=10.68, P < 0.01; MMP-9, R = 0.59, P < 0.05) and LV end-diastolic volume index (MMP-
2, R=0.70, P < 0.0!; MMP-9, R=0.70, P < 0.01). When patients with AMI treated with 10 mg of
pravastatin or without {(n=10 in each group) were compared, this statin therapy significantly
(P < 0.05) decreased the CS-arterial concentration gradients of MMP-2 (69 +43 compared
with 213 + 185 ng/ml) and MMP-9 (14 £ 27 compared with 119+ 84 ng/ml). In conclusion, the
enhanced production of cardiac MMP-2 and MMP-9 is associated with LV enlargement and elevated
BINP levels in patients with AMI. A pleiotropic effect of statins appears to be associated with the
modulation of cardiac MMP activation, which may be potentially beneficial in the attenuation of
post-infarction LV rernodelling.

Key words: acute myocardial infarction, angina pectoris, brain natriuretic pepride {BINP), metalloproteinase (MMP), remodelling,
statin, tissue inhibitar of metalloproteinases (TIMP).

Abbreviations: ACE-I, angiotension-converting enzyme inhibitor; AMI, acute myocardial infarction; Ang 11, angiotensin II; AP,
angina pectoris; BNP, brain natriuretic peptide; CK, creatine kinase; CRP, C-reactive protein; CS, coronary sinus; LDL, Jow-
density lipoprotein; LV, left ventricular; LVEDVI, LV end-diastolic volume index; LVEF, LV ejection fraction; MMP, matrix
metalloproteinase; TGF-g8, transforming growth factor-g8; TIMP, tissue inhibitor of metalloproteinases; WBC, white blood
cell.
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INTRODUCTION

The loss of myocytes as a consequence of AMI {acute
myocardial infarction) results in progressive changes
in ventricular architecture {1,2]. This process, defined
as post-infarction ventricular remodelling, is associated
with a higher mortality and a higher incidence of complic-
ations, such as the development of heart failure, aneurysm
formation and veniricular rupture [3,4]. During the
remodelling process, as well as intrinsic changes in
cardiac myocytes, it has been recognized that important
alterations also occur within the extracellular matrix of
the myocardium [5,6).

MMPs (matrix metalloproteinases) belong to a family
of zinc-containing endoproteinases responsible for
extracellular protein degradation, and are inhibited by
specific tissue inhibitors [TIMP (tissue inhibitor of
metalloproteinases)] [5,6]. In experimental myocardial
infarction, MMPs are up-regulated in myocardial tissues,
and are the driving force in extracellular matrix remodel-
ling and infarct expansion [7,8]. Among the MMPs, the
tmportance of MMP-9 during the processes of infaret
healing and LV (left ventricular) remodelling has been
demonstrated in previous studies using genetically
modified mice {9,10]. Infarcted mice with the targeted
deletion of MMP-9 had a decreased incidence of early
myocardial rupture [9] and progressive LV dilation [10].
However, in the clinical setting, there has been httte
evidence regarding the production of MMPs in the
infarcted human heart.

Starins have various cardiovascular protective actions,
including anti-inflammatory and anti-apoptotic actions,
independent of their effects on cholesterol levels, A study
using a mouse AMI model demonstrated that statin
treatment attenuated LV remodelling [11}, which was
associated with decreased MMP activity [12].

In the present study, we hypothesized that cardiac
MMP activation may be associated with the degree of
LV enlargement and the level of BNP (brain natriure-
tic peptide), a biochemical marker of post-infarction
remodelling [13,14]. If so, MMP production may be
attenuated by statin treatment in patients with AMI.

MATERIALS AND METHODS

Patients

This study included 30 male patients. All of the patients
gave their written informed consent prior to participation
in the study. The Insticutional Ethical Committee on
Human Research approved the study protocol. Patients
with the following disorders were excluded from the
study: prior myocardial infarction, and liver (elevated
activities of aminotransierases), kidney (elevated level of
creatinine or urea) or lung dysfunction (restrictive or
obstructive pattern in spirometry).

© 2007 The Biochemical Society

The control group consisted of ten patients wich stable
AP (angina pectoris), who complained of symptoms
consistent with Canadian Cardiovascular Society Clas-
sification of angina level 1, 11 or III, with evidence of
myocardial ischaemia. All of the control patients had no
evidence of a previous AMI, and had severe coronary
artery stenosis and therefore underwent coronary angio-
plasty {with adjunctive stenting in five patients). The
treated sites were the left anterior descending artery in
four patients (40 %), the right or left circumflex artery in
four patiens (40 %), and both the left anterior descending
and right coronary arteries in two patients (20 %).

We also studied 20 patients with AMI who fulfilled the
following criteria: typical chest pain > 30 min of duration,
ST segment elevation > 0.1 mV in two or more ECG leads
with the subsequent evolution of a typical infarct pattern,
and increased serum CX (creatine kinase) level. A rotal of
14 patients underwent PTCA (percutaneous transluminal
coronary angioplasty) of the infarct-related artery (with
adjunctive stenting in nine patients), and the remaining
six patients received an intravenous administration of a
tissue-type plasminogen activator and/or heparin in the
acute phase. In all the patients, coronary angiography
immediately after treatment showed a TIMI 3 grade
flow in the infarct-related artery. The elapsed time to
reperfusion was 4.6 h on average. The infaret sites were
in the anterior wall in ten patients (50%), the inferior
wall in seven patients (35 %) and the postero-lateral wall

.in three patients (15 %). In this study, all of the patients

with AMI were treated with the ACE-I (angiotension-
converting enzyme inhibitor) enalapril (5 mg) after their
hospital admission. Among them, ten patients with hy-
perlipidaemia (total cholesterol level > 220 mp/dl) were
treated with 10 mg of pravastatin; the remaining ten
patients did not have hyperlipidaemia and thus did not
receive pravastatin. A recent Management of Elevated
Cholesterol in the Primary Prevention Group of Adult
Japanese (MEGA} trial [14a] has shown a similar decrease
in coronary artery disease incidence following treatment
with 10-20 mg of pravastatin used in Asia to that observed
for 20-40 mg doses used in Europe and the United States.

Cardiac catheterization and analysis
of LY function

in patients with AMI, chronic-stage cardiac catheteriz-
ation was repeated approx. 3—4 weeks after the onset of
AMI. A 5 French multipurpose catheter {Cathex) was
introduced into the C8 (coronary sinus) through the left
subclavian vein under fluorescopic guidance {14). The
position of the catheter tip was confirmed by the injection
of contrast medium. Blood samples were collected from
the CS before the intravencus administration of heparin.
Following the collection of bloed samples from the right
brachial artery {as peripheral blood samples) through a
6 French sheath, heparin was administered and coronary
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angiography and left ventriculography were performed,
according to the conventional Judkins’ technique. LV
pressure was measured using a 2 French high-fidelizy
micromanometer catheter (Miller Instruments) advanced
into the left ventricle via the lumen of a 6 French pig-tail
catheter. The restenosis of a treated artery was defined
as an arterial narrowing of >759%, as determined by
coronary angiography.

LV volume was evaluated angiographically by a cardi-
ologist who was blinded to the results of the biochemical
assays. Ventricular silhouertes in a 30° right anterior
oblique projection were digitized using an ANCHOR
ventriculography analysis system (Siemens-Elema). Us~
ing the area-length methed, LV end-systolic volume
index, LVEDVI (LV end-diastolic volume index) and
LVEF (LV ejection fraction) were calculated.

Biochemical assessment

Blood samples were centrifuged and serum was stored
at — 80 °C until assay. A sandwich enzyme immunoassay
was performed to determine MMP-2 level {Fuji Chemical
Industries) [15]. In addition, the level of MMP-9,
another gelatinase-like MMP-2, and that of MMP-13, an
interstitial collagenase, were analysed using MMP Biotrak
enzyme-linked immunoadsorbent assay kits (Amersham
Biosciences). The levels were back-calculated from the
standard curve determined with the enzyme-linked im-
munoadsorbent assay kits using a 96-well microplate
reader (Emax; Molecular Devices). These kits detect
the pro-enzyme and the pro-enzyme complexed with
TIMP. The detection limits were 0.5 ng/m! for MMP-2,
0.6 ng/ml for MMP-9 and 0.03 ng/ml for MMP-13.

We also measured levels of TIMP-1 (Fuji Chemical
Industries) and TIMP-2 (Amersham Biosciences) using
sandwich enzyme immunoassays [15]. The detection
Hmits for TIMP-1 and TIMP-2 were 1.2 and 8.0 ng/ml
respectively. )

BNP was measured using specific immunoradiometric
assay kits {Shionogi). The sensitivity of these kits was
2 pg/ml. Ang 11 {(angiotensin I1) and TGF-# (transform-
ing growth factor-f) levels were also measured, as
reported previously [16].

The serum CRP (C-reactive protein) level was
measured by N Latex CRP II monoassay using a nephelo-
metric analyser (BN 1I; Dade Behring). The lower detec-
tion limit of this test was 0.06 mg/dl. Total cholesterol,
trizcylglycerol {triglyceride) and HDL (high-densizy
lipoprotein) cholesterol concentrations were determined
by enzymatic methods using a Toghiba TBA 80M ana-
lyser. LDL (low-density lipoprotein) was calculated using
Fredewald’s formula. We also measured WBC (white
blood cell) mumber,

Statistical analysis
The two groups were compared by Swudent’s ¢ test.
Measurements from the CS and the peripheral artery were

Table | Clinical characteristics
*P =005 and **P < 0.01 compared with control {patients with stable AP).

Patients with Patients with stable

Characteristic A (=20} AP (n=10)
Age (years) b6+ 9 61 ¢
Peak CK (units/) 1986 (801-8574)  —
Cardiac function

LYEF (%) 41 847

LYEDYI (ml/m?) 95+ 18+ 55421
Yessels = 75 % stenosed (n) 15+07 Le 0.7
Risk factors (7)

Hyperiension It (55 %) T(10%)

Diabetes mellitus i3 (75 %) 6 (60%)

Hyperlipidaemia 19 (30%) 6 (80%)

Smoking 12 {60%) 6 (60%)
Biochemical parameterst )

Total cholesterol {mg/él} 193427 198 + 20

LDE (mg/dl} 120+ 36 111+31

WBE count (cells/gi) 6615 & 1571 5600 - 1063

(RP {mp/dl) 0344033 0.13 3-0.06
Medication used ()

ACE-l 20 {160 %) 4 (40}

B-Bloders I (35%) 6 (60%)

Statins 10 (50 %) 6 (60%)

Calcium antagonists T{35%) 5 {50%)

Hitrates 4 {20%) 2 (20 %)

Aspirin 20 (100%) 10 (100%)

T Data ebtained on the day when cardiac catheterization was performed.

compared within a group by ANOVA. When a significant
difference among groups was indicated by the initial
analysis, individual paired comparisons were determined
using the Student—-Newman-Keuls method. A linear
regression line was calculated by the least-square method
1o assess the correlation between two parameters. To
investigate independent predictors, we used multivariate
logistic regression analysis. In all cases, differences were
considered significant at P < 0.05. Results are presented
as means + 5.D., or medians.

RESULTS

The baseline clinical characteristics of the patients with
AMI ard the control patients with AP (without evidence
of AMI) are summarized in Table 1. In the patients with
AMI, cardiac function data were obrained at chronic-
stage cardiac catheterization performed 22 & 12 days after
the onset of AMI, Coronary angiography revealed 90 %
stenosis of the infarct-related artery in two patients and
100 % stenosis in three patients. These five patients with
rester0sis had received intravenous thrombolysis alone in
the acute stage. In the remaining 15 patients, the treated

© 2007 The Biochemical Soiaty

- 269~



44

5. Yasuda and others

Figure |

Table 2 Comparisons of BNF, MMP and TIMF levels in the
CS and peripheral artery

*P < 005 compared with levels in artery; P < 0.05 compared with control
(patients with stable AP).

Patients with stable AP

Patients with AMl (n=120)  (n= 10}

Peptide & Artery G Arsery

BNP (pg/ml) 00376t 16176 34-H28 425
HMP-2 (ng/mi)  BS3 L E99°F TI6 127 631 44 630+ 4é
HMP-B (ngfml) 658291 98482 §8+125 11+24
HMP-13 {ng/ml) 0054004 0054002 00410020 00§£042
TIHP-I (ng/mf) 185 459 5053 B0X3 134En
TIMP-2 (ng/ml) 112118 108+ [4 M1l 97+ 16

sites remained patent. With the exception of cardiac
function (LVEF and LVEDVI) and the prevalence of
ACE-I use, clinical characteristics were similar between
patients with AMI and AP,

Enhancement of cardiac MMP production
in patients with AMI

Table 2 shows the comparison of BNP, MMP and TIMP
levels between blood samples from the C§ and peripheral
artery. In patients with AMI, levels of BNT, MMP-2 and
MMP-% were significantly (P <0.05) higher in the C3
than in the peripheral artery, whereas the levels of MMP-

{ng/mL) ( )
57507 v=040x+26.42
g R=0.68, P<0.01 .
500 -
o
12
™ .,
250
2
q 7
-250 : T r —
0 250 500 750 190?-
A BNP(CS-Artery) PIMH
(ng/ml.)
’5750 7 Y=6.1X-440.4
3 R=0.70, P<,07
2 500 -
b
c
33 B
¥ 250
:
a ©
-250 T — ]
0 25 50

75 100 125 50
LVEDVI (mb/mé)

13, TIMP-1 and TIMP-2 were similar. [n control patients
with AP, no significant differences in the levels of BNP,
MMPs and TIMPs were observed between the CS and
peripheral artery. These findings indicate that the pro-
duction of MMP-2 and MMP-9, as well as that of BNE,

is exhanced in an infarcted heart.

Correlation of cardiac MMP production

with post-infarction LV remodelling

In patients with AMI, the CS-arterial concentration
gradients of MMP-2 and MMP-9 correlated positively
with those of BNP and LVEDVI respeciively (Figure 1),
but not with LVEF, peak CK level and circulating WBC
counts. THese myocardial gradients were not different
between patients with and without progression to resten-
osis (MMP-2, 87432 compared wich 152+ 173 ng/ml;
MMP-9, 83 - 86 compared with 61 + 82 ng/ml).

Comparisons between
pravastatin-treated patients with AMI
and non-pravastatin-treated patients
with AMI

We then compared levels of MMPs between ten patients
treated with 10 mg of pravastatin and ten patients not tre-
ated with pravastatin (Table 3). Although the toral
cholesterol level before treatment was higher (P < 0.05) in
the pravastatin-treated patients with AMI (223 4+ 7 mg/d]
in treated patients compared with 195+17 mg/dl in

{ng/mL)
5300 7 =0, 18X+714.97
) R=0.59, P<0.05
200 A '
h
e
o o
T 100
S
a 27
=100 T T T 1
0 250 500 750 1909_
A BNP(CS-Artery)  PIMD)
(ng/mL)
2307 v=a2x2408
5 R=0.70, P<0.07 .
T 200 1
Q 100 -
@
S 0-
=
<4-100 -
-200 ;

0 25 50 75 100 125 150
LVEDVI (L)

20 patients with AMI
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Table 3 Comparisons of MMPs between pravastatin-treated and nen-pravastatin-treated patients

*P < 0.05 compared with levels in artery; 1P < 0.05 compared with levels in non-pravastatin-treated patients. (S—artery, (S—arterial concentration gradient.

Patients with stable AP

Patients with AM

Hon-pravastatin-treated (m == 4)

=4

Pravastatin-treated (n

Hon-pravastatin-treated (7= [0)

Pravastatin-treated (n = [0}

CS—artery

Artery

o

Areery (S—artery

;3

CS—artery

brtery

Artery CS—artery

5

HHP {ng/ml)

3£ 188 831453 624 451 1+8 629 +- 32 639+ 43 —9453
—4+44
061 001

119 -84
081 +0.03

69+ 31 897+ 216* 684 84

9+ 158

808 + 182

HHP-2

68420
0.04 4002

16

0.04 4 0.02

68420
003 0.4

M7 +100
0.05 0.03

80 +59 417 Bs+142*
0.03 4086 0.03 4 0.02

003 4 0.03

9+ 61
0.06 = 0.06

HHp-9

0014003

0.03 1-0.62

HHP-13

Cardiac HMP production in patieats with Al

41

non-treated patients), no significant differences were
observed after teatment berween the two groups
(183 4+ 31 mg/dl in weared patients compared with 201 +
20mg/dl in non-treated patients). Levels of CRP
{0.18 £0.13 mg/d]l 1n treated patients compared with
0.50 4 0.40 mg/dl in non-treated patients; P = 0.03} and
the CS-arterial concentration gradients of MMP-2
and MMP-9 (Table 3) were significantly different be-
tween the two groups. However, the concentration
gradients of TGF-# and Ang-II were similar between
patients treated with pravastatin and those not treated
(Ang-11,19.5 £20.2 compared with 36.9 + 32.4 pg/ml re-
spectively; TGF-8, 1.2 + 3.3 compared with 2.1 + 4.7 pg/
ml respectively).

We then performed multivariate analysis for the pre-
dictors of CS-arterial concentration gradients of MMP
levels, including age, sex, coronary risk factors, peak
CK, infarct site (anterior wall), CRP, TIMP, pravastarin
treatment, LVEF and LVEDVI. The association between
pravastatin treatment and cardiac MMP-2 production
was modest, with an adds ratio of 0.074 {95 % confidence
interval, 0.005-1.109; P=0.06), and did not reach stati-
stical significance,

DISCUSSION

The major findings of the present clinical study are
that after AMI, the cardiac production of MMP-2 and
MMP-9 15 enhanced and associated with LV enlargement
and BNP secretion, and that the pleiotropic effect of
statins appears to be associated with the modulation of
cardiac MMP activation.

Ameng the MMP species, MMP-2 and MMP-9 play
an important role in LV remodelling, as these MMPs are
activated in the myocardium and it has been reported
that the targeted deletion of these MMPs prevents post-
infarction cardiac dysfunction and rupture [9,10]. In the
clinical setting, circulating MMP-2 and MMP-9 levels
have been measured in previous studies of patients with
AMI [17-19]; however, these results were conflicting.
Squire et al. [17] reported that circulating MMP levels
were inversely correlated with LV dilatation, whereas
Matsunage et al. {18] and Nakaya et al. [19] found that
serum MMP levels and activity were positively correlated
with LV dilatation. In addition, circulating MMP levels
could be affected at the acute stage following reperfusion
therapy and by the clinically vuinerable state [20-23]. In
the present study, we focused on cardiac production
of MMP [14], and the measurement was performed at
the clinically stable stage following AML As shown
in Table 2, despite similar levels of TIMPs, significant
differences in levels of BNP, MMP-2 and MMP-9 were
observed between the CS and the peripheral artery in pati-
ents with AMI To our knowledge, this is the first study
demonstrating the enhanced praduction of MMP-2 and
MMP-9 in a human infarcted heart. Mioreover, as shown

© 2007 The Biochemicai Society
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in Figure 1, the CS-arterial concentration gradients of
MMP-2 and MMP-9 correlated positively with those
of BNT and LVEDVI. Taking into account the delicate
balance berween MMPs and TIMPs in tissue remodelling,
the present findings indicate that excessive cardiac
production of MMPs may play zn important pathological
role in the progression of post-infarction LV dysfunction.

A previous experimental study of an AMI model using
BNP-transgenic mice demonstrated a potential interac-
tion of BNP with inflammation [24]. The overexpression
of BNP leads to neutrophil infiltration and MMP-9
expression in the infarct region and increases the inci-
dence of cardiac rupture. These findings suggest the
significance of inflammatory reaction in the heart
accompanied by changes in LV function. 3-Hydroxy-
3-methylglutaryl-CoA reductase inhibitors, such as
statins, exert various cardiovascular protective effects
beyond their lipid-level lowering actions [12,25). These
plelotropic effects include the inhibition of inflammatory
responses. In the present study, we have shown that
the CS-arterial concentration gradients of MMP-2 and
MMP-9 were smaller in the pravastatin-treated group
thar in the non-pravastatin-treated group, which was
accompanied by a decrease in CRP level. These findings
indicate that pravastatin may modulate cardiac MMP
production in patients with AMI, probably via its ant-
inflammatory effects. Similar observations of decreased
circulating MMP-2 levels in patients with AMI treated
with 10 mg of paravastain have been reported previously
[19].

There are several potential limitations of the present
study. First, this study was not randomized. Pravastatin
was administered to a small number of patients with AMI
with hyperlipidaemia. In such a pro-inflammatory state,
tissue MMPs might have been activated before treatment
[26], which could affect the results. Therefore prospective
studies will be required to determine if pravastatin has
a causal role in reducing cardiac MMP production in
patients with AMI. Secondly, the present study was
carried out over the shorr term, whereas ventricular
remodelling is known to progress over months or years.
Thirdly, previous studies have shown that the renin-
angiotensin system 1s also involved in the induetion of
post-infarction ventricular remodeiling [27] and can be
inhibited by statins [28,29). However, we have shown
that the CS-arterial concentration gradients of Ang II
were similar between pravastatin-treated patients and
non-pravastatin-treated patients. This may be related, in
part, to the fact that all our patients with AMI had been
treated with 5 mg of enalapril.

In conclusion, the present study demonstrates the
enhancement of MMP production in an infarcted heart.
Pleiotropic effects of statins may be associated with
the modulation of cardiac MMP activation, which is
potentiaily beneficial in the artenuation of post-infarction
LV remodelling.
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ORIGINAL ARTICLE

Prevention of Life-Threatening Ventricular
Tachyarrhythmia by a Novel and Pure Class-ll Agent,
Nifekalant Hydrochloride

Junko Ohashi, MD, Satoshi Yasuda, MD, Shunichi Miyazald, MD, Wataru Shimizu, MD,
Isao Morii, MD, Takashi Kurita, MD, Atsushi Kawamura, MD, Shiro Kamakura, MD,
and Hiroshi Nonogi, MD

Abstraet: Nifekalant hydrochloride (NIF) is a novel intravenous
class-IiI antiarrthythmic agent with a pirimidinedione structure that
purely blocks the K'channei without inhibiting B-adrenergic
receptors. The authors investigated the efficacy of NIF for refractory
ventricular tachycardia/fibrillation (VT/VF). They studied 30 patients
treated with an intravenous infusion of NIF [ 26 men, 4 women; age:
63 = |7 (mean = SD) years] at a dose of 0.19 = 0.14 mg/kg body
weight per hour. Sixteen were patients with acute coronary syndrome
(ACS), and 14 were patients with chronic structural heart disease
(Chr-HD). Amiodarone and sotalol had already been administered
to 9 patients with Chr-HD before the administration of NIF, The QT
and T peak-end (Tp-¢} intervals were measured and corrected by
Bazett’s method (QTc, ¢Tp-2). The left ventricular ejection fraction
was depressed (28 * 9%). NIF was effective for preventing VT/VF
without prearrhythmia and hemodynamic deterioration in 21 patients
(70%; 12 with ACS; 9 with Chr-HD), but incffective in 4 patients
(all with Chr-HD). The QTc prolongation in the responders was more
pronounced than in the nonresponders (25% + [5% versus 5% =
7% increase; P < 0.05). Proarrhythmic torsade de pointes (TdP)
developed transiently in the remaining 5 patients in whom the cTp-e
was markedly increased compared with that in the responders
(93% = 49% versus 37% = 41% increase; P < 0.05). In conclusion,
these findings indicate that the intravenous administration of NIF is
useful in the emergent treatment of inhibiting drug-refractory
VT/VE, although proarrhythmic TdP owing to an enhancement of
transmural dispersion of repolarization needs to be taken into
account. '
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INTRODUCTION

Nifekalant hydrochloride (NIF) is a class-II1 antiarrhy-
thmic agent having a pirimidinedione structure.’ NIF inhibits
HERG channels, suggesting the selective inhibition of the
rapid component of the delayed rectifier K current (IKr).* The
major adverse effect of NIF is proarthythmic iorsade de
pointes (TdP).>* As class-TII antiarthythimic agents, NIF and
amiodarone are similar, but they do have some differences.
NIF is characterized as a pure K' channel blocker with a
minimal negative inotropic effect,’® which amiodarone has via
a B-blocking action.” Negative inotropic effect of amiodarone
is disadvantageous, particularly when amiodarone is admin-
istered rapidly to a failing heart, Moreover, NIF decreases the
defibrillation threshold;® whereas, amiodarone does not.’ On
the basis of these unigue features of NIF, we hypothesized that
NIF may effectively inhibit refractory ventricular tachycar-
dia/fbrillation (VT/VF) in patients with severe left ventricular
dysfunction. We also investigated the electrocardiographic
characteristics related to antiarrhythmic and proarrhythmic
actions of NIF in electrocardiography. Therapy using NIF did
not include the general advice of the Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care to admin-
ister amiodarone,'® but instead was used as a replacement for
this guideline.

MATERIALS AND METHODS

Study Patients

We studied 30 patients who were hospitalized between
May 1999 and May 2004 in the National Cardiovascular
Center (Suita, Japan) and were treated with intravenous ad-
ministrations of NIF for refractory VT/VF [ 26 men, 4 women;
age, 63 = 17 {mean * SD) years]. When VT/VF appeared
i patients pretreated with oral amioradone or sotalol or
when VT/VF did not disappear after intravenous administra-
tion of class Ia and Ib drugs, we considered it refractory to
conventional treatments. Patiemts i whom VTI/VF was
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refractory to direct counter shock were also included. Ali the
patients gave their written infonmed consent, and the insti-
tutional ethical committee on human research approved the
study protocol.

The left ventricular ejection fraction was depressed
[28% = 9% (mean * SD)]. Sixteen patients had acute
corenary syndrome (ACS). Ten had anterior acute myocardial
infarction, and 6 had unstable angina pectoris. The remaining
14 had chronic structural heart diseases (chr-HD). Eight had
dilated cardiomyopathy, 4 had old myocardial infarction
(OMI), and 2 had valvular heart disease. All the patients with
ACS underwent revascularization by percutaneous coronary
intervention or coronary bypass surgery, and 7 underwent
hemodialysis because of renal failure. Among the patients with
chronic heart disease, 9 had been administered oral amiodarone
or sotalol, and implantable cardioverter defibrillators (ICDs)
had been implanted in 7 patients.

Study Design

Before and during the administration of NIF, we
measured QT and the interval between the peak and the end
of the Twave (Tp-e) in lead V4 or V5 reflecting the transmural
dispersion of repolarization in the free wall of the left
ventricle.'* The QT and Tp-e intervals were corrected by
Bazett’s method to obtain corrected QT (QTe) and corrected
Tp-e (cTp-e).

When original VT/VF remained even though the dose of
NIF increased to at least 0.2 mg/kg/hr and were refractory to
direct counter shock, we considered that the response to NIF
was ineffective. When TdP developed even if original VI/VF
disappeared, we considered that it was proarrhythmic effect of
NIF.

Comparisons between 2 groups were made using
2-tailed Student’s #-test. Differences were considered significant
at P < 0.05. Data are presented as mean + SD.

RESULTS
Efficacy of NIF Inhibiting VT/VF

When NIF was administered intravenously at a mainte-
nance dose of 0.05 t0 0.6 (0.19 = 0.14) mg/kg/ hr, none of the
patients had hemodynamic deterioration during adminis-
tration. NIF was effective in preventing VT/VF without
proarrhythmia and hemodynamic deterioration in 21 of the 30
patients (Figure 1). Thus, the overall efficacy rate was 70% in
this study group. NIF was ineffective in 4 patients. In 5
patients, proarrhythmic TdP developed transiently, but it
disappeared soon after NIF administration was discontinued
without additional treatment. The group was limited to the 9
patients pretreated with oral amiodarone or sotalol, NIF was
effective inn 6 patients (67% of efficacy) (Figure 1).

Comparisons of Usage Dose and ECG
Parameters Between Responders and
Nonresponders to NIF

There was no significant difference in the dose of NIF
used between responders and nonresponders to NIF {0.19 =
0.15 vs. 0.22 =+ 0.05 mg/kg/hr). In 4 nonresponders, 2 patients
had been treated with oral amiodarone.

© 2006 Lippincott Williams & Wilkins

Ineffective

n=4

Effective
=21

(A} Al patients (n=30) (B} Patients pre-treated with

amiodarone or sotalol {n=8})
FIGURE 1. Efficacy of nifekalant hydrochloride (NIF) for
preventing refractory ventricular tachycardia/fibrillation (VT/VF)
in all patients studied (n = 30) and in patients pretreated with
oral amiodarone or sotalol (n = %),

Despite similar baseline QTc values (responders, 451 =
64 msec; nonresponders, 478 * 37 msec), the QTc after
the administration of NIF differed between the 2 groups
(responders, 559 = 60 msec; nonresponders, 503 = 68 msec;
P = 0.06). The percent increase in QTc was 25% * 15% in
responders, whereas it was 5% * 7% in nonresponders; these
values were significantly different (# = 0.018), as shown in
Figure 2. However, the cTp-e and the percent changes were
similar between responders and nonresponders to NIF (Figure 3).
Figure 4 shows representative cases.
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FIGURE 2. Comparisons of corrected QT between effective
group (closed circles) and ineffective group (open circles).
The QT interval was corrected by Bazett's method (QTc).
% change = (post QTc — pre QTc) X 100/pre QTc.
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FIGURE 3. Comparisons of corrected T peak-end interval (cTp-€)
between effective group {closed circles) and ineffective group
(open circles). The Tp-e is the interval between the peak and
the end of the T wave.

Comparisons of the Usage Dose and ECG
Parameters Between Patients Effective to NIF
and Those Developing Proarrhythmic TdP

The dose used in the TdP group was significantly lower
than that used in the effective group (TdP, 0.09 = 0.04
mg/kg/hr; effective, (.19 £ 0.15 mg/kg/hr; P = 0.01). One of

Effective:
VT suppressed

five patients in the TdP group was pretreated with oral
amiodarone. ECG measurement before NIF administration was
not performed in 1 patient with dilated cardiomyopathy who
progressively failed in decompensate state due to incessant form
of VT and VE

Before NIF administration, the baseline QTc values of
the 2 groups were similar (TdF, 485 * 39 msec; effective, 452 =
64 msec) (Figure 5). However, NIF increased QTc to be
significantly lenger in the TdP group than in the effective
group (TdP, 636 = 70 msec; effective, 559 *= 60 msec;
P = 0.02). Also, percent increase in the QTc following NIF
administration differed between the 2 groups (TdP, 33% =
6%, effective, 25% * 15%; P = 0.09).

Despite similar baseline c¢Tp-e¢ values (TdP, 133 £ 49
msec; effective, 139 = 38 msec), the cTp-e after the
administration of NIF differed between the 2 groups (TdF,
246 * 50 msec; effective, 190 = 67 msec; P = 0.09). The
percent increase was 93% * 49% in the TdP group, whereas it
was 37% * 41% in the effective group; these values were
significantly different (P = 0.02) (Figure 6). Figure 7 shows
representative cases.

Figure 8 shows serial changes in QTc and cTp-e in
individual patient of TdP group. QTc¢ prolongation was seen
immediately after NIF administration. When TdP was induced,
QTc interval increased more, accompanied by cTp-e pro-
longation. However, both (Tc and cTp-e returned to the
contrel (pre-) level after discontinuing NIF (-off).

Subdlassification by Underlying Heart Diseases
Twenty-one responders consisted of 12 patients in the

ACS group and 9. patients in the Chr-HD group. Four

nonresponders belonged to the Chr-HD group; 2 patients had

Ineffective:
VT not suppressed

Male, 69 y.o.

AMI {LVEF 33%)

VF, Sustained VT

NIF 0.1mg/kg/hr

QTe ¢50--580msecf+28%)

Male, 64 y.o.

MR (LVEF 21%)
Sustained VT

NIF 0.2mg/kg/hr

QTc 480—~480msec(D%)

FIGURE 4. Representative patient in whom NIF was effective {left panel) and that in whom NIF was not effective (right panel). AMI
indicates acute myocardial infarction; LVEF, left ventricular ejection fraction; MR, mitral regurgitation.
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