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performed on approximately 5,000 candidates and applicants
every year, along with the institutional annual general medical
checkup,

In addition, we could not measure the inflammatory mark-
ers (IL-6, adiponectin and hs-CRP) repeatedly because written
informed consent limited the measurements to once only, at
the time of entry,

Finally, we can conclude that subclinical atherosclerosis is
independently accelerated via continuous smoking or LDL-C,
and that the smoking-induced promotion of atherosclerotic
change is closely associated with inflammatory reactions. Fur-
thermore, the entire inhibition of activated inflammatoiy re-
sponses by smoking cessation is still insufficient to abrogate
accelerated progression of subclinical atherosclerosis after 2
years in men, and reduced adiponectin level can be potentially
proposed as an underlying mediator. Further investigation into
the role of adiponectin in relation to smoking cessation in a
larger cohort for a longer period is therefore warranted, to en-
able investigation of a direct mechanistic link between them,
and to verify strategies to increase adiponectin as a therapeutic
intervention against atherosclerosis and subsequent CVD
events,
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ORIGINAL ARTICLE
Ischemic Heart Disease

Elevated Serum Heart-Type Fatty Acid-Binding Protein
in the Convalescent Stage Predicts Long-Term Qutcome
in Patients Surviving Acute Myocardial Infarction

Sen Matsumoto, MD); Daisaku Nakatani, MD, PhD; Yasuhiko Sakata, MD, PhD;
Shinichiro Suna, MD, PhDD; Masahike Shimizu, MDD, PhD; Masaya Usami, MD; Masahiko Hara, MD;
Satoru Sumitsuji, MD; Shinsuke Nanto, MD;, Tatsuya Sasaki, MD, PhD; Toshimitsu Hamasaki, PhD;
Hiroshi Sato, MD, PhD; Masatsugu Hori, MD, PhD; Issei Komuro, MD, PhD
on Behalf of the Osaka Acute Coronary Insufficiency Study (OACIS) Group

Background: Little is known about the prognostic significance of elevated serum heart-type fatty acid-binding
protein (H-FABP) in post-acute myocardial infarction {post-AMI) patients.

Methods and Results: A fotal of 1,283 post-AMI patients with available serum samples collected in the convales-
cent stage were studied, During a median follow-up period of 1,785 days, 176 patients {14%} had adverse events
{all-cause mortality, n=81; non-fatal Ml, n=44; readmission for heart failure [HF], n=51). Patients were divided inio 2
groups according to a serum H-FABP level of 6.08 ng/ml, which was determined to be the optimal cut-off for dis-
criminating all-cause mortality based on the maximum value of the area under the receiver operating characteristic
curve. Patients with elevated H-FABP (>6.08 ng/ml, n=224) had a significantly higher incidence of death (18.3% vs.
3.8%, P<0.001) and readmission for HF (10.3% vs. 2.6%, P<0.001}, but not of non-fatal M1 {4.5% vs. 3.2%,
P=0.187), compared o those with H-FABP <6.08ng/ml. Muliivariate Cox regression analysis indicated that elevated
serum H-FABP was associated with an increased risk of mortality (hazard ratio [HR], 1.91; 95% confidence interval
[CI]: 1.03-3.51, P=0.039} and readmission for HF (HR, 2.49; 95% Cl; 1.15-5.39, P=0.020).

Conelusions: Elevated serum H-FABP during the convalescent stage of AMI predicted long-term mortality and
readmission for HF aifter survival discharge in the post-AMI patients. (Cire J 2013; 77: 10261032}

Key Words: Acute myocardial infarction; Cardiac event; Heart-type fatty acid-binding protein

eart-type fatty acid-binding protein (H-FABP) is an
abundant cytoplasmic protein in myocardial tissue,!

Editorial p 904

and is rapidly released into the circulation at an ear-

lier stage of acute myocardial infarction (AMI) than other
biomarkers such as troponin and creatinine kinase (CK). Be-
cause H-FABP quickly disappears from the blood,? this protein
biomarker has been used in clinical practice to diagnose AMI
at an early phase.*® Several reports have shown that elevated
H-FABP in the acute phase of AMI is associated with an in-
creased risk of cardiac events,”!! but few studies have investi-
gated the clinical significance of serum H-FABP level in the
convalescent stage of AML

In patients with chronjc heart failure (HF), it has been re-
ported that increased serum H-FABP could reflect ongoing
myocardial damage that causes progressive deterioration of
ventricular function, and thus predict worse outcome.'-1
Therefore, we hypothesized that elevated H-FABP level docu-
mented in the convalescent stage could reflect ongoing myo-
cardial damage after AMI and thus predict worse outcome in
post-AMI patients.

In the present study we (1) investigated whether elevated
serumn H-FABP was a predictor of adverse events in patients
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surviving AMI; (2) determined the optimal cut-off value for
H-FABP for predicting high risk for mortality; and (3) com-
pared the predictive accuracy of adverse events (as assessed
using the C-statistics, calculated as the area under the receiver
operating characteristic curve; AUC), between H-FABP, car-
diac troponin-T and left ventricular end-diastolic dimension
(LVD4).

Methods

Source of Study Data

The Osaka Acute Coronary Insufficiency Study (OACIS) isa
prospective, multicenter observational study in which 25 col-
laborating hospitals from the Osaka region of Japan record
demographic, procedural, and outcome data, as well as collect
and store blood samples from patients with AMI. A detailed
description of the OACIS registry has been published else-
where. -1 The study protocol was approved by the ethics
committee of each participating hospital.

Subjects

Among 8,603 patients with AMI who were registered in the
OACIS between 1998 and 2008, we included all patients folfill-
ing the following criteria: (1} discharge alive between 2000 and
2005; and (2) provision of a blood sample before or within 14
days of discharge. The study protocol complied with the Gnide-
lines for Genome/Genetic Research issued by the Japanese
government and was approved by each of the participating in-
stitutional ethics commitiees. Wriiten informed consent was
obtained from each patient.

Serum Collection and Measurement of H-FABP and Cardiac
Troponin-T

At each participating hospital, fasting blood samples were col-
lected into serum separator tubes. After separation of the clot
by centrifugation of the tubes at 1,430 g for 15min at 4°C, the
serum was removed and sent to SRL (Tokyo, Japan), where
samples were stored at ~80°C until the initial assay. The sam-
ples were then shipped to DS Pharma Biomedical for the
measwement of H-FABP using a MARKIT-M H-FABP en-
zyme-linked immunosorbent assay kit (DS Pharma Biomedi-
cal, Osaka, Japan), The lower and upper detection limits for the
H-FABF concentration were 1.25ng/ml and 250ng/mi, respec-
tively. The median timing of serum sample collection after
AMI onset was 20 days (range, 14-27 days). Cardiac troponin-
T was measured with a third-generation immunoassay (Elecsys
Troponin T, Roche Diagnostics, Indianapolis, IN, USA). The
detection limit of the assay was 0.01 ng/ml.

Data Collection

Research cardiologists and trained research nurses or coordi-
nators recorded data concerning sociodemographic variables,
medical history, therapeutic procedures, and clinical events
during the hospital stay. Clinical data after discharge were
obtained at 3 and 12 months after the onset of AMI, and annu-
ally thereafter up to S years. The clinical endpoint of this study
was primarily all-cause mortality. To explore the underlying
mechanism, readmission for HF and non-fatal MI were also
included as study endpoints. Non-fatal MI was defined as the
occwrrence of symptoms used for the diagnosis of AML'S
Readmission for HF was defined using the Framingham Heart
Study criteria

Statistical Analysis
After confirming that serum H-FABP was higher in post-AMI

500,
Z
5 400; Mean 5.74 £ 0.32
P Median 3.67 (2.84, 5.21)
©
=~ 300
i
e
3 200-.
-
o]
2 1004
Z
0 -
5 10 15 20
H-FABP (ng/inL)
Figure 1. Serum heart-type fatty acid-binding protein (H-
FABP) distribution in post-acute myocardial infarction pa-
tients.

patients who died from any cause, we determined the best cut-
off point for balancing the sensitivity and specificity of all-
cause mortality with the point on the curve closest to the upper
left-hand comer of the AUC.2! To verify the estimated cut-off
value, repeated random sub-sampling validation was conduct-
ed.*? C-statistics, as assessed by the AUC, were then used to
assess predictive accuracy.?* According to the optimal cut-off
value for H-FABP concentration, patients were then divided
into 2 groups. Categorical variables were compared between
the 2 groups using the X? test. All continuous variables are
described as mean+SD and were compared using Student’s
t-test. For continuous variables not normally distributed, the
variables are given as median (25%-75% percentile) and com-
pared using Mann-Whitney U-test. Rates of cardiac events,
including all-cause mortality, non-fatal MI, and readmission
for HF, following discharge for the 2 groups are described
using the Kaplan-Meier method and compared using the log-
rank test. Multivariate logistic regression analysis was used
to identify factors associated with elevated H-FABP. The vari-
ables used in model 1 were age, male gender, body mass index,
diabetes mellitus (DM), hypertension, dyslipidemia, smoking,
previous MI, peak CK 23,000 (TU/L), Killip 21 on admission,
reperfusion therapy, and estimated glomerular filiration rate
(eGFR). Step-wise regression analysis (model 2) was then
performed fo validate the determinants detected in model 1.
Cox regression models were used to examine whether elevated
H-FABP was associated with an increased risk of all-cause
mortality, non-fatal MI, and readmission for HF. All analyses
were performed using PASW Siatistics, version 18 (SPSS,
Chicago, IL, USA). Statistical significance was defined as
P<0.05 or 95% confidence intervals (35% CI) that did not in-
clude 1.0.

Results

A total of 1,283 post-AMI patients were included in the present
study; 77% were male and the mean age was 64211 years. The
median serum H-FABP concentration collected at a median of
20 days after AMI onset was 3.67ng/m] (2.84-5.21; Figure I).
Because serum H-FABP was significantly higher in patients
who died from any cause than surviving patients (6.09ng/ml,
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Table 1. Baseline Patient Characteristics vs, Serum H-FABP Level

H-FABP (ng/ml) P-value

56.08 {n=1,058) >6.08 (n=224)

Age (years) 62.0+10.4 71.0+104 <0.001
Male 786 71.0 0.018
BMI (kg/m?) 23.9£3.2 23.124.0 0.012
Diabetes mellitus 294 388 0.007
Hypertension 54.4 725 <0.001
Dyslipidemia 50.2 381 0.001
Smaoking 71.5 53.6 <0.001
Previous Ml 10.5 134 0.233
Onset to admission time <24 h 87.0 86.5 0.825
Peak CK 23,0001U/L 35.8 33.3 0571
Killip class =l on admission 8.7 18.8 <0.001
Reperfusicn therapy 926 86.6 0.005
eGFR (ml.min~?.1.73m?) 68.9+18.3 46.624.1 <0.001
LVDd {mm) 50.3+5.9 51.527.4 0.034
¢TnT {ng/ml) 0.01 (0.01-0.05) 0.05 (0.01-0.38) «<0.001
ACEl or ARB 75.8 64.5 0.001
B-blocker 44.1 48.6 0.234
Statin 39.9 25.5 <0,001
Antiplatelet therapy 99.1 98.6 0.445

Data given %, mean=SD or median (25%-75" percentile).

ACE|, angiolensin-converting enzyme inhibitor; ARB, angiotensin recsptar blocker; BMI, body mass index; CK,
creatinine kinase; ¢TnT, cardiac troponin T; eGFR, estimated glomerular filtration rate; H-FABP, heart-type fatty acid-
binding protein; LVDd, left ventricular end-diastolic dimension; M1, myosardial infarction.

Table 2. Factors Associated With Elevaied H-FABEP (>6.08 ng/mi} ) _
Model 1t Model 22

OF (95% Cl) Pevalue OR (85% Cl) P-value
eGFR 0.94 (0.93-0.85) <0.001 0.94 (0.93-0.95) <0.001
Age 1.07 (1.05-1.10} <0.001 1.08 (1.06-1.10} <0.001
Diabetes mellitus 1.89 {1.12~-2.54) 0.013 1.71 (1.14-2.56) 0.010
Killip class =i 1.60 {0.89-2.89) 0.118 -{=) -
BMi 0.98 {0.92-1.04) 0.515 -9 -
Hypertension 1.40 {0.92-2.16) 0.120 - (=) -
Dyslipidemia 0.93 (0.62—1.39) 0.726 ~ (=) -
Reperiusion therapy 0.92 {0.43-1.96) 0.823 -{=) -
Male 1.06 (0.65-1.72) 0.818 -} -
Peak CK 3,000 {IUL) 1.08 (0.72-1.686) 0.694 -{-} -
Pravious Ml 0.99 {0.56-1.74) 0.973 -{-) -
Smoking 0.88 (0.57-1.37) 0.583 - (=} -

tVariables considered to be associated with elevated H-FABP were inserted into multivariate logistic regression
model. *Stepwise regression analysis was further performed in arder to validate the factors identified in madal 1.
ClI, confidence interval; OR, odds rafio. Other abbreviations as in Table 1.

3.92-13.3ng/ml vs, 3.57 ng/ml, 2.78-4.95 ng/ml; P<0.001), we
determined the optimal cut-off value of serum H-FABP for
discriminating between the risk of all-cause mortality and sur-
vival. The optimal cut-off was estimated to be 6.08 ng/ml with
C-statistics of 0.68.

Patients with elevated serum H-FABP >6.08 ng/ml (n=224}
were more likely to be older and female, and to have DM,
hypertension, HF defined as Killip class =2 on admission, and
multivessel disease compared to those with H-FABP <6.08ng/ml
(1=1,059; Table 1). In addition, patients with elevated H-FABP
were less likely to have dyslipidemia, smoking, obesity, and
reperfusion therapy, and were less likely to receive angioten-
sin-converting enzyme inhibitors, angiotensin receptor block-

ers, or statins {Table 1).

Muldvariate logistic regression analysis indicated that ad-
vanced age, DM, and decreased eGFR were significantly as-
sociated with elevated H-FABP (Table 2). To clarify the effect
of infarct size on H-FABP conceniration, correlations were
examined. No significant correlation between serum H-FABP
concenirations and peak CK was detected (Figure 2).

During a median follow-up period of 1,785 days, 81 patients
died, 44 had non-fatal reinfarction, and 51 were rehospitalized
for HF (Table 3). Kaplan-Meier curves showed that patienis
with elevated H-FABP had a significantly higher incidence of
death (18.3% vs. 3.8%, P<(.001; Figure 3A) and readmission
for HF (10.3% vs. 2.6%, P<0.001; Figuvre 3B) than those
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r =-0.054 (95%CI; -0.108 to -0.0007), R?=0.003 Talfle 3. Outcome Following Discharge for AMI
H-FABP (ng/mi)
201 “e Cutcome £6.08 »6.08  P-value
n=1,059)  (n=224)
All-cause mortality, n (%} 40 (3.8) 41 (18.3)  <0.001
— Non-fatal M, n {9} 34 (3.2) 10 (4.5) 0.187
"EJ Readmission for HF, n (%)  28(2.6)  23(10.3)  <0.001
E’ AMI, acute ML HF, heart failure. Other abbreviations as in Table 1.
S
[~
aa}
&
= Tabie 4, CDrrelatjon of Elevated Serum H-FABP and Quthme
Cutcome Adjusted HRt (85% Cl)  P-value
® All-cause mortality 1.91 {1.03-3.51} 0.039
Non-fatal Ml 1.40 {0.55-3.57) 0.475
Readmission for HF 2.49 {1.15-5.39) 0.020
0 4000 8000 12000 tAdjustment for age, gender, BMI, classical coronary risk factors
{hypertension, dyslipidemia, diabetes mellitus, and smoking), history
Peak CK (1U/L} of previous M, reperfusion therapy, Killip class on admission,

Figure 2, Correlation of serum heart-type fatty acid-binding
protein (H-FABP) concentration with peak creatinine kinase

{CK).

without, although no significant differences in the rate of non-
fatal MI was detected between the 2 groups (4.5% vs, 3.2%,
P=0.187; Figure 3C). Multivariate Cox regression analysis
also showed that elevated seram H-FABP was associated with
an increased risk of all-cause mortality (hazard ratio [HR],
1.91; 95% CL: 1.03-3.51; P=0.03%)} and readmission for HF
(HR, 2.49; 95% CI: 1.15-5.39; P=0.020; Table 4); no asso-
ciation was cbserved between elevated seram H-FABP and the
risk of non-fatal MI (HR, 1.40; 95% CI: 0.55-3.57; P=0.475;
Table 4).

The predictive accuracy of all-cause mortality and readmis-
sion for HF, assessed with the C-statistics for these 2 factors,
was greater for H-FABP (0.730 and 0.724, respectively) com-
pared with that for cardiac troponin-T (0.634 and 0.600, re-
spectively) and LVDd (0.587 and 0.622, respectively) mea-
sured before discharge in the present subjects.

Discussion

In the present study, we found that elevated H-FABP is associ-
ated with an increased risk of all-cause mortality, and readmis-
sion for HF following AMI, but not of non-fatal MI. From the
present analysis of 1,283 AMI patients, the optimal cut-off
value for serum H-FABP was 6.08 ng/ml. The factors associ-
ated with elevated H-FABP were advanced age, DM, and im-
paired renal function.

To our knowledge, this is the first study to investigate the
clinical impact of serum H-FABP concentration at the conva-
lescent stage in post-AMI patients. H-FABP level in the pres-
ent patients was skewed towards lower concentrations, given
that the median and mean were 3.67ng/ml and 5.74ng/mi,
respectively (Figure 1). Considering that the cut-off of H-
FABP to diagnose MI is >6.2ng/ml in the clinical setting, as
measured by commercially available kits,* 18% of the present
patients had elevated H-FABP in the 20 days after AMI onset.
Although it is presently unclear why H-FABP remains high in
the convalescent stage of AMI, it is possible that myocardial
damage is ongoing during this stage.'>

chronic kidney disease defined as eGFR <60ml-min-'.1.73m=2,
and medication at discharge (ACE! andfor ARB, B-blockers, and
statins).

HR, hazard ratio. Other abbrevigtions as in Tables 1-3.

Elevated serum H-FABP in the acute stage of AMI or acute
coronary syndrome (ACS) appears to be a useful predictor of
cardiac events after the onset of disease. The relationship be-
tween serum H-FABP at a mean of 40 hours and cardiac events
during a 10-month follow-up period in 2,287 ACS patients
was investigated in the Orbofiban in Patients with Unstable
Coronary Syndromes (OPUS)~TIMI 16 trial. The authors found
that elevated H-FABP (>8.0ng/ml) was associated with an
increased risk of death (HR, 2.7) and congestive HF (HR, 2.4).
Kilcullen et al demonstrated the prognostic importance of H-
FABP level evaluated 12-24 hours after the onset of ACS in
the Evaluation of Methods and Management of Acute Coro-
nary Events (EMMACE)-2 study, which consisted of 1,448
ACS patients, in that quartiles of H-FABP level strongly pre-
dicted 12-month mortality on multivariate analysis.’ In addi-
tion, Viswanathan et al reported an association between ele-
vated H-FABP and increased risk of 12-month mortality and
myocardial reinfarction in 955 patients with suspected ACS.!!
But because these previous studies investigated only the im-
pact of H-FABP level on <12-month cutcomes in acute ACS
patients, it remained unclear whether H-FABP is a useful
predictor of cardiac events in patients surviving the acute stage
of AMIL. In this regard, the present findings are of marked
clinical significance in the setting of secondary prevention after
AMI, because the prognostic impact of elevated H-FABP on
subsequent adverse events in post-AMI patients was examined
during a relatively long follow-up period of approximately 5
years. Notably, we found that elevated serum H-FABP is as-
sociated with an increased risk of all-cause mortality and read-
mission for HF. With respect to the predictive accuracy of
all-cause mortality and readmission for HF, the C-statistics for
these 2 factors were larger for H-FABP compared with those
for both troponin-T and LVDd in the current subjects, suggest-
ing that H-FABP is superior to troponin-T and LVDd for
predicting subsequent adverse events in post-AMI patients,
Therefore, the present findings suggest that the measurement
of serum H-FABP in a single blood sample collected during
the convalescent stage may predict long-term outcome, such
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as all-cause mortality and rehospitalization for HF, with high-
er accuracy than troponin T and LVDd in post-AMI patients.

The correlation between elevated H-FABP and outcome in
AMI patients has besn examined using cut-offs determined
between the highest and 3 lower quartiles.®-"! Although this
approach has been used to estimate cut-off values in several
epidemiological studies, it is not necessatily optimal to pre-
dict subsequent outcomes. Therefore, we determined the opti-
mal eut-off value of serum H-FABP, which was found to be
6.08 ng/ml with a C-statistic of 0.68, discriminating all-cause
mortality. The C-statistic was 0.67 for a cut-off value of
5.21ng/ml, which was determined from the value between the
3 and highest quartiles in the present patients. Although these
C-statistics were similar between the 2 cut-offs, the optimal
cut-off value calculated in the present study may provide ad-
equate risk stratification to predict subsequent cardiac out-
come in the clinical practice setting. Indeed, the sensitivity,
specificity, and positive and negative prediciive values were
51%, 85%, 18%, and 96%, respectively, for the optimal cut-
off value of 6.08ng/ml, and 57%, 77%, 14%, and 96%, re-
spectively, for the cut-off value determined from the 3 and
highest quartiles, showing that the former cut-off value had
higher specificity and positive predictive value. We also at-
tempted to determine whether elevated H-FABP is attributable
to necrosis of infarcted areas, but did not detect a significant
correlation for H-FABP with peak CK (Figure 2), suggesting
that serum H-FABP is not associated with infarct size.

We found that advanced age, DM, and impaired renal func-
tion, as indicated by decreased eGFR, are associated with in-
creased serum H-FABP concentration {Table 2), We specu-
late that elevated H-FABP in post-AMI patients results from
either increased secretion of H-FABP from the myocardium
or impaired excretion of H-FABP from the kidney.>** Akbal
et al reported that H-FABP is significanily elevated in patients
with metabolic syndrome, particularly in diabetic patients.
We previously reported that post-AMI diabetic patients have
an increased risk of admission for HF and that high-sensitivity
C-reactive protein (hs-CRP) in the convalescent stage of AMI
is significantly higher in diabetic patients who were readmitted
for HF than in those who were not.'? Scirica et al also reported
that bs-CRP in the convalescent stage of ACS is significantly
higher in patients rehospitalized for HF.2” Considering that
aging is associated with increased vascular inflammation, it is
possible that myocardial injury associaied with aging, meta-
bolic disorders, and inflammatory reactions coordinately in-
duced elevation of serum H-FABP, resulting in an increased
risk of all-cause mortality and readmission for HF in the pres-
ent patients.

Kleine et al found that H-FABP concentration remains ele-
vated even 25 hours after AMI onset in patients with renal in-
sufficiency, whereas it normalizes within 10 hours in patients
with normal renal function.® These findings suggest that the
excretion of H-FABP may be prolonged in patients with renal
dysfunction, resulting in worse outcome in relation to impaired
renal function. Indeed, all-cause mortality (P<0.001) and read-
mission for HF (P=0.037) were significantly higher in patients
with elevated seram H-FABP than in those without among
patients with impaired renal function with eGFR<50 m1-min--
1.73m 2 We note that a linear relationship between elevated
H-FABP and increased risk of all-cause mortality (P=0.018)
and readmission for HF (P=0.039) was also seen, even in pa-
tients with eGFR 250ml-min!-1.73m2, indicating that ele-
vated H-FABP serves as a predictor of these adverse outcomes
in patients with normal renal function. Advanced age may be
involved in elevated serum H-FABP through both increased

secretion from heart tissue and decreased secretion from the
kidney. Tt should be stressed, however, that the factors of age,
DM, and impaired renal function might account for a small
fraction of the increased incidence of all-cause mortality and
readmission for HF observed in the present study, althongh
the coefficient of determination was not significant (data not
shown). Therefore, elevation of serum H-FABP might be at-
tributable to yet undetermined underlying factors associated
with myocardial injury and inflammation, among others. In-
terestingly, the present results show that there is no relation-
ship between peak CK in the acute stage of AMI and elevated
H-FABP, suggesting that higher serum H-FABP concentra-
tion does not necessarily cause subsequent mortality through
increased infarct size.

Study Limitations

Several limitations of the present study warrant mention, First,
although the OACIS is a multicenter observational prospec-
tive study and represents the real-world situation regarding the
management and outcome of AMI, the present study was
conducted retrospectively and included only patients who pro-
vided written informed consent, and may have been influenced
by the presence of selection bias, Second, left ventricular ejec-
tion fraction (LVEF) was not assessed before discharge, even
though LVEF is considered to be associated with an increased
risk of adverse events. Instead, Killip class and peak CK activ-
ity were used to investigate predictors of elevated H-FABP,
and the relationship between elevated H-FABP and mortality.
Third, we did not have sufficient information on the {reatinent
of patients, including the use of percutaneous coronary inter-
vention for myocardial ischemia after discharge. Therefore,
the present observations may need to be confirmed in various
cohotts.

Conelusions

Elevated serum H-FABP served as an accurate predictor of
long-term outcome, including all-canse mortality and readmis-
sion for HF, in the 1,283 present post-AMI patients. Patients
with H-FABP >6.08ng/ml during the convalescent stage of
AMI may be treated as at high risk for subsequent adverse
events.
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Aims; We previously reported the asseciation of single nucleotide polymorphisms in the lymphotoxin
alpha (LTa) gene with susceptibility to acute myocardial infarction (AMI) and increased moriality after
discharge, In the present study, we investigated whether the adverse effect of LTa C804A polymorphism
on mortality could be pharmacologically medified by statin treatment after AMIL
Methods and results: We conducted a multicenter study that incdluded 3486 post-AMI patients between
1998 and 2008. During a median follow-up period of 1775 days, 247 deaths were recorded. The mortality
rate was significantly higher in LUTa 804A allele carriers compared to non-804A allele carriers (7.9% vs.
5.7% p = 0.011). The LTw 804A allele was significantly associated with increased mortality for post-AMIL
patients not receiving statins (hazard ratio [HR]: 1.48, 95% confidence interval [CI]: 1.03-2.12, p = 0.034),
but not for those receiving statins (HR: 1.22, 95% : 0.70-2.10, p = 0.486). In-vitro experimental analyses
demonstrated that the LTa 804A polymorphic protein, 26Asn-LTdz, induced monocyte-endothelial
interaction and endoplasmic reticulum (ER) stress in cardiomyocytes more strongly than the LTos
804C polymorphic protein 26Thr-LTe;. However, the effects of both LTes proteins were decreased and
became comparable by the pretreatment of cells with pravastatin.
Conclusion: LTa C804A polymorphism was associated with an increased risk of mortality for AMI patients,
although this effect was masked in patients treated with statins. This finding is supported by the
observed attenuation of 26Asn-LTas-mediated monocyte-endothelial interaction and ER stress in car-
diomyacytes treated with pravastatin. LTz C804A polymorphism may have potential as a novel thera-
peutic target for secondary prevention after AMI.
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1. Introduction

Myocardial infarction (MI) is one of the major causes of death in
developed countries. Although the implementation of evidence-
based therapies has greatly reduced mortality [1,2], the long-term
mortality rate after discharge for AM!I remains high. Because per-
sonal risk after AMI survival dramatically varies demographically,
the development of improved secondary prevention programs,
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including personalized therapy approaches is necessary to reduce
post-AMI mortality. In particular, therapeutic approaches that take
into account genetically determined risk may have great potential
for personalized treatments that improve adverse outcomes
after M1,

Recently, others and we identified that single nucleotide poly-
morphisms {SNPs) in the genes encoding lymphotoxin alpha (LTa})
and its associated proteins are associated with AMI onset [3—8]. LTe
is a proinflammatory cytokine with homoalogy to inflammatory
cytokine tumor necrosis factor (TNF)-¢. [9—11] and is related with
the development of atherosclerotic lesions in coronary arteries
[12,13]. Interestingly, SNPs in the LTe gene are associated with both
increased susceptibility to AMI onset post-AMI mortality [14].
Based on the pro-inflammatory characteristics of LTa, we hypoth-
esized that the adverse effects of LTe polymorphism could be
mediated by statins, which are one of the most widely prescribed
medicines with anti-inflammatory properties [15].

Here, we investigated the pharmacogenetic interactions be-
tween LTo C804A polymorphism and statins in post-AMI patients,
and attempted to determine the underlying mechanisms through
in-vitro analyses.

2. Materials and methods

2.1. Epidemiologic data regarding the impuact of LTa C804A
polymorphism

Among 10,076 consecutive Japanese AMI patients who were
registered in the Osaka Acute Coronary Insufficiency Study (OACIS)
between 1998 and 2008, we enrolled 3486 patients who were
discharged alive and submitted samples for the genetic analysis
performed in this study. Details of the OACIS and genotyping bave
been reported elsewhere [14,16]. All patients provided written
informed consent, and the study protocol complied with the
Guidelines for Genome/Genetic Research issued by the Japanese
government and was approved by the ethics committee of each
institution.

The patients were divided into two groups according to the
presence (n = 1390; statin(+) group) or absence {n = 2096;
statin(—) group) of statin treatrnent at discharge. In each group, the
incidence of all-cause mortality was compared between patients
with the AA or CA genotype (A allele carriers) and those with the CC
genotype (non-A allele carriers) of LTo C804A polymorphism. LTy
C804A polymorphism (rs1041981) was determined using an auto-
mated fluorescent allele-specific DNA primer assay (Toyobo Gene
Analysis, Tsuruga, Japan) [17].

2.2, Cell culture and materials

Human umbilical vein endothelial cells (HUVEC) were pur-
chased from Clonetics {San Diego, CA, USA) and cultured in EGM-2
SingleQuots endothelial cell medium (Clonetics} at 37 °C in a hu-
midified 5% CO; incubator. Cells from passages three to eight were
used for experiments. THP1 cells, a human acute monocytic leu-
kemia cell line, were purchased from ATCC (Manassas, VA, USA)
and cultured in RPMI 1640 medium (Clonetics) containing 10% fetal
calf serurm, 2 pM glutamine, and 1% penicillin/streptomycin at 37 °C
in a humidified 5% CO, incubator [12]. Recombinant 26 Thr-LTey and
26Asn-LTog proteins were expressed in Escherichia coli using the
pET29 system (Novagen, Madison, W1, USA) and purified as previ-
ously described [8] Cytotoxic assays were conducted in the
WEHI164s fibrosarcoma cell line (provided by the Institute of
Development, Aging and Cancer, Tohoku University). Pravastatin
was abtained from Daiichi-Sankyo (Tokyo, Japan).
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2.3. Neonatal rar cardiomyocyte preparation

Primary ventricular myocytes were isolated from neonatal rats,
purified by Percoll density gradient centrifugation, and pre-plated
for 1 h to enrich for cardiac myocytes (95%). The obtained cells
were plated at a density of 7.5 x 10° cells per well (3.5-cm diam-
eter), and then cultured in Dulbecco's Modified Eagle Medium
(Invitrogen, Camarillo, CA, USA) containing 10% fetal calf serum,
2 pM glutamine, and 1% penicillin/streptomycin at 37 °C in a hu-
midified 5% CO; incubator [18}.

2.4. Monocyte-endothetial cell adhesion assay

We previously reparted that LTog increases monocyte-endothelial
interactions in vitro [12], To investigate the effects of LTu C804A
polymorphism and statin treatment on monocyte-endothelial cell
interactions, cell adhesion assays involving THP1 cells and HUVEC
were conducted. As LTo. C804A polymorphism replaces threonine
with asparagine at residue 26 (Thr26Asn) in the LToz protein, re-
combinant 26Thr- and 26Asn-LTws were compared. For the assay,
HUVEC were frst cultured in 96-well microplates (Asahi Techno
Glass, Tokyo, Japan) for two days to form monolayers, and were then
incubated with 1 ng/ml 26Thr-LTyy or 26Asn-LTes for 5 h prior to
performing the adhesion assay. The effects of pravastatin treatment
on adhesion of THP1 cells to HUVEC were also examined by adding
10 uM pravastatin to HUVEC cultures 12 h before stimulation with
LTws [12), Further details of this assay are shown in supplementary
method.

2.5. Vascular cell adhesion molecule 1 {(VCAM1) assay

To determine the influence of 26Thr=LTes and 26Asn-LTes on the
expression of VCAM1, Western blot analysis was performed as
previously described [12]. Briefly, total cellular protein (10-20 pg)
was obtained from HUVEC after stimulation with 1 ngfml 26Thr-
LTay or 26Asn-LTas for 6 h. To evaluate whether the effects of
26Thr-LTe3{26Asn-LTes on VCAM1 expression were influenced by
pravastatin treatment, 10 pM pravastatin was added 12 h before
26Thr-LTas/26Asn-LTe stimulation of HUVEC cultures, VCAM1 and
actin were detected using anti-VCAM1 and anti-actin antibodies,
respectively (Santa Cruz Biotechnology, Santa Cruz, CA, USA).

2.6. Monocyte migration assay

The migration of monocytes to HUVEC was analyzed using
amodified Boyden chamber methed. Briefly, HUVEC were cultured
in the lower compartments of 24-well Transwell® microplates
(Corning, Acton, MA, USA) for two days to form a monolayer. To
investigate the effects of LT C804A polymorphism on the migra-
tion of THP1 cells to HUVEC, HUVEC were incubated with 1 ng/ml
26Thr-LTes or 26Asn-LTog for 5 h priot to performing the migration
assay. We also examined the effects of pravastatin treatment on
moenocytes migration by adding 10 pM pravastatin to HUVEC cul-
tures 12 h before stimulation with LTas. Further details of this assay
are shown in Supplementary Methods.

2.7. Endoplasmic reticdum (ER) stress in rat neonatal
cardiomyocytes

ER stress induced by LTos on rat neonatal cardiomyocytes was
evaluated by treating rat cardiomyocytes with either 10 ngjml
26Thr-LTas or 26Asn-LTos for 24 h. The effects of pravastatin on
26Thr-LTuz{26Asn-LTos-induced ER stress were evaluated by add-
ing 10 uM pravastatin to cultures of rat cardiomyocytes 24 h before
stimulation with LTas, For Western blot analysis, Glucose-regulated
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protein 94 kDa (GRP94) and 78 kDa (GRP78) were detected using
anti-GRP94 and anti-GRP78 antibodies, respectively (Assay De-
signs, Ann Arbor, Ml, USA), and GAPDH was detected using anti-
GAPDH antibody (Millipore, Billerica, MA, USA).

2.8, Statistical analysis

All statistical analyses were performed with either SPSS 11.0
software (SPSS Inc., Tokyo, Japan) or R software (http:/fwww.R-
project.org/). For epidemiologic analysis, discrete variables were
expressed as counts or percentages, as indicated, and compared
with the y°-test. Continuous variables were expressed as the
mean =+ SD and compared using the unpaired Student's t-test.
Survival curves were constructed using the Kaplan—Meier method
and differences in mortality rates were compared between groups
with the Log-rank test. Cox regression analyses were used to
determine whether LTz C804A polymorphism was an independent
predictor of mortality. For experimental analysis, data are pre-
sented as the mean & SE. Statistical significance was determined by
the unpaired Student's t-test or one-way ANOVA followed by
Bonferroni's correction, except for the analysis of GRP78/94, for
which Mann—Whitney's U test was used. All reported p values are
two-sided, and statistical significance was defined as p < 0.05.

3. Results

2.1 Impact of LTee C804A polymarphism on mortality and statin
treatment in post-AMI! patients

Among 10,076 consecutive Japanese AMI patients who were
registered in the Osaka Acute Coronary Insufficiency Study (CACIS)
between 1998 and 2008, typing for this polymorphism was con-
ducted for 3506 post AMI patients, and successful typing was
obtained for 3486 patients, which denotes call rate was 99.4%
{Suppl. Fig. 1}, The prevalence of the C804A genotypes was as fol-
lows: CC 1333(38.2%), CA 1592(45.7%), AA 561(16.1%) (p = 0.020 by
Hardy—Weinberg equilibrium test) (Suppl. Table 1).

After comparing the incidence of all-cause mortality among
patients with the three genotypes of LTa C804A polymorphism,
a similar trend of increasing mortality for patients with the AA and
CA genotypes was detected (Suppl. Fig. 2). Therefore, we selected
LTe. C804A polymorphism as a dominant parameter and compared
the incidence of all-cause maortality between patients with the AA
or CA genotype (A allele carriers) and those with the CC genotype
(non-A allele carriers). The baseline characteristics of all subjects
and the two patient subgroups, consisting of those with (statin(+))
and without (statin(—)) statin treatment at discharge, are shown in
Table 1 and Suppl. Table 2. In both patient subgroups, no significant
differences were detected in the baseline characteristics between
LTe 804A allele carriers (AA + CA genotypes) and non-8044 allele
carriers (CC genotypes), except for age and reperfusion therapy. Age
was significantly younger and reperfusion rate was significantly
higher in the former subgroup.

A total of 247 deaths were recorded during the median follow-
up period of 1775 days. Kaplan—Meier curves were constructed
for patients based on LT, C804A polymorphism (Fig, 1A}, revealing
that 804A allele carriers had significantly higher all-cause mortality
than that of non-804A allele carriers (7.9% vs, 5.7%, p = 0.011). We
also plotted Kaplan—Meier curves for all-cause mortality among
subgroups that were divided based on treatment with statins at
discharge (Fig. 1B). For patients not receiving statin therapy
(statin{—)), all-cause mortality was significantly higher in 804A
carriers compared to non-804A carriers (8.8% vs. 6.8%, p = 0.025),
but did not differ among those receiving statin therapy (statin(-+))
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Table 1
Patient demographies based en lymphaotoxin alpha C8044 polymorphism.

LTA 804 polymorphism 2 Value

Non-A allele carrier A allele carrier

(€ (AA + AC)

N=1333 N= 2153
Age (v.0) 647 £ 110 63.9 %114 0.035
Male (%) 778 781 0.853
BMI (kg/m?) 239 %34 23834 0.686
DM (%) 310 342 0.053
HT (%) 589 59.2 0.869
HL (%) 485 47.0 0.404
Smoking (%) 546 653 0.691
OMI (%) 10.5 115 0.343
AP (%) 242 248 0.695
Admission < 24 h (%) 389 383 0.335
STEMI (%) 86.4 86.5 0,859
peak CK > 3000 (%) 316 34,8 0,061
Killip > 1 at admission (%) 118 133 0.183
T-Cho {mg/dl) at admission  197.9 &+ 42.9 195.6 + 44.7 0.145
HDL-Cho (mg/fdl) 46.8 & 127 461 £ 123 0.093
Multi-vessel disease (%) 339 373 0,050
Reperfusion therapy (%) 89.5 31.8 0.023
Stent (%) 788 77.8 0.249
Thrombectomy (%) 381 384 0.883
Final TIMI3 (%) 89.2 88.1 0338
ACEls (%) 544 549 0.768
ARBs (%) 239 242 0.842
ACEls ot ARBs (%) 764 76.6 0.921
Beta blockers (%) 45.0 47.6 0.135
Ca blockers (%) 213 218 0.804
Statin (%) 414 389 0.145
Diuretics (%) 248 27.7 0.057
Anti-platelets (%) 983 88,2 0.800
Nitrates (%) 377 395 0304
Anti-coagulants (%) 188 18.4 0816
T-Cho (mgfdl) at discharge  186.9 £ 35.1 1854 +£364 0339
HDL-Che (mg/fdl) 388 £ 107 38.0 £107 0.110

Patient characteristics between LTa 804A allele carriers (AA + AC) and non-804A
allele carriers (CC).

Discrete variables are expressed as counts or percentages, as indicated, and were
compared with the y?-test. Continuous variables are expressed as the mean + 3D,
and were compared with the unpaired Student's t-test.

LTe = lymphotoxin alpha; BM[ = body mass index; DM = diabetes mellitus;
HT = hypertension; HL = hyperlipidemia; OMI = old myocardial infarction:
AP = angina pectoris; STEMI = ST elevation myocardial infarction; CX = creatinine
kinase; T-Cho = total cholesterol; HDL-Che = high density lipoprotein cholesterol;
PCI = percutaneous coronary intervention; emergent PCI = PCI performed within
24 h after the anset of Mi; Multi-vessel disease = two or three vessel disease; Final
TIMI3 = final TIM)3 acquisition at reperfusion therapy; ACEl = angiotensin con-
verting enzyme inhibitor; ARB = angiotensin I receptar blocker; Ca
blockers = calcium channel antagonists at discharge.

(5.0% vs. 4.2%, p = 0.345), suggesting that the mortality effects of
LTe C804A polymorphism are influenced by statin therapy.

Cox’'s proportional hazard analysis confirmed that the 804A
allele was significantly associated with increased mortality (Table 2,
adjusted HR 1.44, 95% Cl: 1.06—1.95, p = 0.018). Interestingly, this
trend was evident for patients without statin treatment at dis-
charge (adjusted HR 1.48, 95% Cl: 1.03—2.12, p = 0.034), but not for
those who were treated with statins at discharge (adjusted HR:
1,22, 95% CI: 0.70-2.10, p = 0.486) (Table 2).

3.2, [Ta-induced adhesion of THPT cells to endothelial cells is
attenuated by pravastatin

As shown in Fig. 2A, both 26Thr-LTas and 26Asn-LTus, corre-
sponding to LTe 804C- and 804A-polymorphic proteins, respec-
tively, increased the adhesion of THP1 cells to HUVEC monolayers
when compared with controls {p < 0.001). Notably, exposure of
HUVEC to 26Asn-LTos led to greater increases in the adhesion rate
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Fig. 1. All-cause mortality for AMI patients in relation to LTx C804A polymorphism and
statin treatment, A, All-cause mortality rate was significantly higher in LTz 804A allele
carriers (AA + AC, N = 2153) (dotted line} than in non-804A atlele carriers (CC,
N = 1333) {(solid line) {p = 0.011 by the Log-rank test). B. All-cause martality rate was
significantly higher in LTe. 804A allele carriers (AA + AC) (dotted line) than in non-
804A allele carriers (CC) (solid line) in the subgroup without statin therapy
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Table 2
Hazard ratio for all-cause mortality among LTe 804A allele carriers in the presence
ot absence of statin prescription at discharge.

Death Total N HR 95% Cl p Value

Model T

Overall 247 3486 1.42 1.08-1.86 0011
Statin{-) 182 2036 1.44 104198 0026
Statin(+) 65 1380 1.28 077-212 0346
Model 2

Qverall 247 3486 1.49 1.14-1.96 0,004
Statin(—) 182 2086 1.54 1.12-2.13 0.008
Statin(+) 65 1330 133 0.80-2.20 0.278
Modei 3

Overall 199 30624 1.40 1.04-1.89 0.027
Statin(—) 144 1784 1.48 1.03-2.12 0,034
Statin{+} 55 1240 122 0.70-210 0.486

Medel 1. Hazard ratio of LTa 804A allele carriers (AA + AC) for all-cause mortality
(unadjusted).

Model 2. The hazard ratio of LT 804A-allele carriers on all-cause mortality after
being distharged alive was analyzed by Cox regression analysis, Covariates were age
and sex.

Model 3. Model 2 + diabetes mellitus, hypertension, hyperlipidemia, smoking his-
tory, peak CK > 3,000, multi-vessel disease, reperfusion therapy, and ACEIJARBs,
beta blackers at discharge.

Abbreviations are the same as those used in Table 1.

compared to that of 26Thr-LTus (2.26 vs. 2.03 fold, respectively,
compared with control; p < 0.05), although the rate decreased and
was comparable between the groups (158 vs. 1.43 fold, respec-
tively, p = n.s.) after the pretreatment of HUVEC with pravastatin,
Western blotting revealed that the expression level of VCAM1 on
HUVEC was markedly increased by treatment with 26Asn-ITus
compared to that with 26Thr-LTos. However, both 26Asn- and
26Thr-LTez-induced VCAM1 expression was attenuated at similar
levels by pravastatin {Fig, 2B).

3.3. LTa-induced monocyte migration is attenuated by pravastatin

In a two-chamber migration assay, the migration rate of THP1
towards the HUVEC-conditioned medium markedly increased by
exposure to 26Thr-LTo; and 26Asn-LTes when compared with
controls (p < 0.001). In the absence of pravastatin pretreatment, the
migration ratio displayed a larger increase for 26Asn-LTys stimu-
lation compared to 26Thr-LToy (2.14 vs. 1.55 fold compared with
control, p < 0.05), whereas the two LTy, proteins displayed similar
small effects in the presence of pravastatin (1.48 vs. 146 fold
compared with control, p = n.s.) (Fig. 2C).

3.4. LTa-induced ER stress in rat cardiomyocytes is attenugted by
pravastatin

GRP78 expression levels in rat neonatal cardiomyocytes were
increased by LTez stimulation after 24 h when compared with
controls (p < 0.001) (Fig. 3A and B). Exposure to 26Asn-LTe;s led to
greater GRP78 expression compared to that induced by 26Thr-LTa;s
(1.68 vs. 1.53 fold compared with control, p < 0.05 by Mann—
Whitney's U test), although no differences in expression were
detected after the pretreatment of cardiomyocytes with 10 pM
pravastatin (p = n.s.). Similarly, GRP94 expression was also mark-
edly increased following 26Asn-LTez stimulation compared to
exposure to 26Thr-LTeg (1.83 vs. 1.59 fold compared with control,
p < 0.05 by Mann—Whitney's U test) (Fig. 3C and D), and no

{statin(-)) {p = 0025 by the Log-rank test), whereas no difference was detected be-
tween the LTz C804A polymorphism groups for those that received statin therapy
{statitn(+)) (p = 0345 by the Log-rank test).
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Fig. 2, Effects of LT« C804A polymorphism on monocyte-endathelial adhesion (A)and
induction of VCAM1 expression (B) in the absence and presence of pravastatin treat-
ment. Effect of LTe C804A polymorphism on THP1 cell migration rate (C). A. The
adhesion rate of THP1 onto HUVEC was increased by both 26Thr-LTes and 26Asn-LTas
stimulation of HUVEC. The adhesion rate was higher when cells were stimulated by
2BAsn-LTaz than by 26Thr-LTes (**p < 0.001 vs. control, #p < 0.05 vs. 26Thr-LTag
protein by the unpaired f-test), but the difference was reduced by the pretreatment of
cells with 10 gM pravastatin. B. The expression levels of VCAM1 were increased by
26Thr-LTas or 26Asn-LTe; stimulation in comparison with control. 26Asn-LTaz led to
greater induction of YCAMI expression compared to 26Thr-LTxz, but VCAM1 was
expressed at comparable levels for both proteins following the pretreatiment of BUVEC
with 10 pM pravastatin. A representative result among five independent experiments
is shown, C, The migration rate of THPT towards HUVEC was increased by bath 26Thr
LTas and 26Asn-LTu, although the rate was higher for cells stimulated with 26Asn-
1Tz (2.14 vs. 1.55 fold when compared with central, *'p < 0.001 vs. control, °p < 0.01
vs. control, and #p < 005 vs. 26Thr-LTu by the unpaired t-test). However, no signif-
icant differences were detected between the twe proteins following the pretreatment
of HUVEC with 10 pM pravastatin (1.48 vs. 1.46 fold when compared with control by
the unpaired {-test).
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differences in expression were detected after pravastatin pre-
freatment (p = n.s.).

4. Discussion

We previously reported the clinical impacts of polymorphisms
in the genes encoding LTy, and its refated proteins on susceptibility
to AMI and increased post-AMI mortality. The results of the present
study further underline the importance of the LTe cascade in the
pathogenesis of cardiovascular diseases by showing that a func-
tional SNP in the LT¢ gene at C804A, which replaces threonine with
asparagine at residue 26 {Thr26Asn), is associated with increased
all-cause mortality after AML Furthermore, our findings suggest
that LTe, gene polymorphism has clinical significance as a thera-
peutic target, because a reduction of 26Asn-associated mortality
risl by statin treatment was suggested in the cohort of post-AMI
patients, as well as in the in-vitro experimental studies.

We found that LTe C804A polymorphism is also associated with
increased mortality among AM! patients registered in OACIS,
a prospective observational study of AMI being conducted in Osala,
Japan. However, this result was not entirely unexpected, as we
previously reported that A252G polymorphism in the LTo gene,
which has a strong linkage disequilibrivm with C804A4, is associated
with increased post-AMI mortality [14]. Therefore, the most
important finding of the present study was the demonstration of
the pharmacological modification of the C804A-related mortality
risk with statin treatment in the secondary prevention setting of
post-AMI. Our findings also suggest that the pharmacological
modification mediated by statin might be attributable to decreased
monocyte-endothelial interaction and ER stress in cardiomyocytes.

The growth of atherosclerotic lesions involves the inflammatory
response and is characterized by the adhesion of monocytes onto
endothelial cells, migration of monocytes into intima, scavenging of
lipoprotein particles, followed by the formation of foam cells and
secretion of various pro-inflarnmatory cytokines [19]. We recently
demonstrated that LTes stimulation induces the expression of
various genes involved in inflammation and cell adhesion, includ-
ing VCAM1, which is a key player in the binding of monocytes to
endothelial cells [20], in HUVEC and human coronary arterial
endothelial cells [12,21]. In the present study, the stimulation of
HUVEC with LTe 804A polymorphic protein (26Asn-LTes) markedly
increased both the adhesion and the migration of monocytes to
endothelial cells in comparison with LT 804C polymorphic protein
(26 Thr-LTe). Notably, the differences between 26Asn- and 26Thr-
LTuz were attenuated by the pretreatment of cells with pravastatin,
aresult that is consistent with our epidemiologic data. Additionally,
we performed the experiments to elucidate whether or not LTas
could alter the transformation of monocytes into macraphages by
the observation of morphological change with microscopy and by
using fluorescent-labeled oxidized low-density lipoprotein (Dil-
Ox-LDL, Biomedical Technologies Inc. Stoughton, MA, USA) fol-
lowed by fluorescence activated cell sorting (FACS). However, we
observed no transformation of monocytes into macrophages after
[Tez stimulus, whereas Phorbol 12-myristate 13-acetate (PMA)
stimulus induced the transformation,

Several reports have described the role of LTg in inflammation
and atherosclerosis. Although the LT signaling pathway is con-
sidered to be similar in part te that of TNFe, LTa appears to play
a dominant rele in the regulation of atherosclerotic lesion growth,
Schreyer et al. [13] showed that TNFe deficiency did not alter lesion
development in mice fed an atherogenic diet, whereas the loss of
LTe resulted in a three-fold decrease in the amount of lesions. In
addition, we previously revealed that LTw is expressed in the
atherosclerotic plaques of patients with coronary artery disease (8],
The present data suggest that the increased risk of mortality
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Fig 3. Effect of LT2 C804A polymorphism on the induction of ER stress in rat neonatal cardiomyocytes. The expression levels of glucose-regulated protein (GRP) 78 were increased
in rat cardiemyocytes by stimulation with either 26Thr-LTo3 of 26Asn-LTey when cempared with control cells (*°p < 0.001) (A and B). 26Asn-LTu; had a greater effect on GRP78
expression compared to 26Thr-LTas (1.68 vs. 1.53 fold when compared with control, #p < 0.05), but GRP78 expression induction was attenuated by 10 pM pravastatin pretreatment
for bath 26Thi-LT=; and 26Asn-LTzz (p = n.s.). The expression levels of GRP34 were also increased by 26Thr-1Tas ar 26Asn-LTx; stimulation when compared with contro! cells
(**p < 0.001) (C and D}, but were higher far 26Asn-LTo; compared to 26Ths-LTuz (1.83 vs. 1.59 fold, #p < 0.05). The induction of GRP94 expression was also attenuated by the

pretreatment of cardiomyocytes with pravastatin (p = n.s.).

assaciated with LTe, C804A polymorphism can be lowered by statin
treatment, and that the beneficial effects of statins for 804A allele
carriers might be attributable to the attenuation of monocyte-
endothelial interactions and cardiomyocyte degeneration. Previ-
ous experimental studies have revealed that statins attenuate the
inflammatory response, including the decreased expression of
adhesion molecules triggered by TNFo via the NFxB signaling
pathway [22—25]. Considering that LTe shares major receptors
(TNF receptors type [ and 1I) with TNFe [11], it is reasonable to
speculate that statins attenuate the LTe-induced inflammatory
response, thereby preventing atherogenesis and cardiovascular
events. Our present experimental data support this idea, as 26Asn-
LTtz stimulation led to greater human monocyte-endothelial
adhesion and monocyte migration compared to 26Thr-LTes, and
the effects induced by both 26Asn- and 26Thr-LToz were blunted
and became comparable following pravastatin treatment.
Inflarnmation induced by pro-inflammatory cytokines is one of
the major causes of ER stress, which is characterized by the accu-
mulation of unfolded proteins induced by stimuli such as oxidative
stress and ischemia. As ER stress in cardiomyocytes is followed by
cardiac remodeling and heart failure [18,26,27], we evaluated
whether LTe polymorphism is associated with the occurrence of ER
stress. ER stress triggers the unfolded protein response, which in-
volves a group of signal transduction pathways that ameliorate the
accumulation of unfolded proteins in the ER by increasing the
expression of ER-resident chaperones, such as GRP78/94, Thus,
enhanced expression of GRP78/94 can be used as a marker of ER
stress. Here, we found that ER stress in rat cardiomyocytes was
significantly elevated by 26Asn-LTu; stimulation compared with
that by 26Thr-LTez, and that these differences were blunted by
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pravastatin treatment. These findings may partly explain our
observation that LTa 804A allele carriers had higher mortality after
MI in the absence of statin treatment.

The preventive effects of statin therapy on cardiovascular events
have been demonstrated in many clinical studies and are thought to
be mediated, at least in part, by the pleiotropic effects, including
anti-inflarnmatory and lipid-lowering activities [28—30]. However,
despite considerable research efforts, the pleiotropic effects of
statins remain poorly characterized and have yet to be demon-
strated in the clinical setting [15]. In the present study, no signifi-
cant differences were detected in the average total and HDL-
cholesterol level between 804A allele and non-804A allele car-
riers in both statin{+) and statin{—} subgroups, suggesting that LTa
polymorphism does not modify cardiovascular risk by altering
serum cholesterol levels. Therefore, we speculate that statins may
mask the adverse effects of LT« polymorphisms via their pleiotropic
properties, independently of their lipid-lowering effects.

Several limitations of our study warrant mention. First, the
epidemiologic analyses were based on an observational study, and
statin prescriptions were not randomized. However, the bias was
likely minimal, because statins were prescribed by attending phy-
sicians without knowledge of patients' LTy genotype, and as
a consequence, statin prescription was naturally “genetically ran-
domized". Second, data on the daily doses, adherence, and dis-
continuation of statin treatment after discharge were lacking,
despite the possibility that these factors may have modified the
actual impact of statin therapy on LTo polymorphism. Third,
although we found that LTa polymorphism is associated with
mortality after the onset of AMI in our patient cohort comprised of
Asian people who were predominantly Japanese, further analysis is
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needed to verify the results in other ethnic groups. Fourth, the
study induded only the patients with informed consent, who were
in relatively less severity after the onset of Ml, which is also a study
limitation.

In conelusion, our results demonstrate that the LTo 804A allele is
significantly associated with increased mortality in post-AMI pa-
tients, a finding that may be attributable to the increased mortality
risk of the 804A allele in the absence of statin treatment. Therefore,
post-AM] patients with LTz C804A polymorphism may be good
candidates for pharmacological intervention with statins to
improve long-term mortality. Although further investigations are
needed, genetic polymorphisms of LTz, including C804A, may
represent suitable therapeutic targets in the near future.
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Impact of Beta Blockade Therapy on Long-Term Mortality After
ST-Segment Elevation Acute Myocardial Infarction in the
Percutaneous Coronary Intervention Era

Daisaku Nakatani, MD, PhD? Yasuhiko Sakata, MD, PhD®®%*#  Shinichiro Suna, MD, PhD?,
Masaya Usami, MD?, Sen Matsumoto, MD?, Masahiko Shimizu, MD, PhD?, Masahiko Hara, MD?,
Masaaki Uematsu, MD, PhD', Masatake Fukunami, MD, PhD%, Toshimitsu Hamasaki, PhD®,
Hiroshi Sato, MD, PhD", Masatsugu Hori, MD, PhD', and Issei Komuro, MD, PhD?,
on behalf of the Osaka Acute Coronary Insufficiency Study (OACIS) Investigators’

Although clinical guidelines recommend long-term S-blocker (BB) therapy to decrease
mortality after acute myocardial infarction, these recommendations are based predomi-
nantly on evidence from before the reperfusion and thrombolytic eras. To investigate the
effects of BB therapy for patients with acute myocardial infarctions on mortality in the
percutaneous coronary intervention era, a total of 5,628 consecutive patients who were
admitted <24 hours after the onset of ST-segment elevation myocardial infarction, treated
with emergent percutaneous coronary intervention, and discharged alive were studied.
During a median follow-up period of 1,430 days, mortality rates did not differ between
patients with and without BB therapy (5.2% vs 6.2%, p = 0.786). Multivariate analysis
revealed that BB freatment was not associated with a reduced risk for mortality (hazard
ratio 0.935, 95% confidence interval 0.711 to 1.230, p = 0.534). The results of propensity
score matching also indicated that the mortality rates did not differ between the 2 groups.
However, subgroup analyses among matched populations revealed that BB treatment was
associated with a significantly lower mortality risk for high-risk patients, who were defined
as those with Global Registry of Acute Coronary Events (GRACE) risk scores 2121 (hazard
ratio 0.596, 95% confidence interval 0.416 to 0.854, p = 0.005) or those administered
diuretics (hazard ratio 0.602, 95% confidence interval 0.398 to 0.910, p = 0.016), but not for
lower risk patients. In conclusion, BB treatment was associated with reduced long-term
mortality in patients after ST-segment elevation myocardial infarction at higher risk, but
not in those at lower risk, Although randomized controlled studies are warranted to confirm
these results, the implementation of BB therapy for discharged patients with ST-segment
elevation myocardial infarction may need to be assessed on the basis of individual mortality
risk in the percutaneous coronary intervention era. © 2013 Elsevier Inc. All rights
reserved. (Am J Cardiol 2013;111:457—464)

Under current clinical guidelines, oral B-blocker (BB)
therapy is widely recommended for indefinite long-term use
in all patients who recover from ST-segment elevation
myocardial infarction (STEMI} and do not have contra-
indications.' ™ However, these recommendations are based
predominantly on evidences obtained before the reperfusion
and thrombolytic eras,” ™ and few data have been collected
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in the percutaneous coronary intervention (PCI) era. Recent
advances in the management of STEMI, particularly the use
of primary PCI, have significantly reduced long-term
mortality.'™!! Because these treatment advances poterntially
mask the mortality benefits of BB therapy, reassessing the
efficacy of BB exposure for patients who survive STEMI is
warranted. In this study, we investigated the relation
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between BB treatment at discharge and long-term mortality
for consecutive patients with STEMI enrolled in the Osaka
Acute Coronary Insufficiency Study (OACIS).

Methods

The OACIS is a prospective, multicenter observational
study of consecutive patients with acute myocardial infarc-
tions (AMIs) at 25 collaborating hospitals located in the
Osaka region of Japan and is registered with the University
Hospital Medical Information Network Clinical Trials
Registry in Japan (UMINO00004575). One of the main aims
of the OACIS is to examine the effects of cardiovascular
prevention drugs on secondary prevention after AMI in the
contemporary clinical setting. A detax]ed description of the
OACIS has been published elsewhere.'? The study protocol
was approved by the ethics committee of each participating
hospital, and each patient provided written informed consent.

Among the 10,074 patients registered in the OACIS
registry from April 1998 to April 2011, we identified 5,628
consecutive patients who were admitied <24 hours of the
onset of STEMI, treated with emergent PCI, and discharged
alive,

Investigative cardiologists and research coordinators
recorded demographic and clinical data for patients during
the period of hospitalization. After discharge, further data
were obtained at 3 and 12 months after AMI and annually
thereafier for up to 5 years. Thrombolysis In Myocardial
Infarction (TIMI) and Global Registry of Acute Coronary
Events {(GRACE) risk scores were calculated w:th mul’np]e
imputation for each patient as described elsewhere.'>™"> The
left ventricular ejection fraction was assessed using echo-
cardiography before discharge using the Teichholz method.
The primary end point of this stady was all-cause death,
which was categorized as cardiac, noncardiac, or unknown.

Categorical variables were compared using chi-square
tests with continuity correction or Fisher's exact tests.
Continuous variables are presented as medians (interquartile
range [IQR]) or as mean * SD and were compared using
unpaired Student’s ¢ tests or 2-tailed Wilcoxon’s rank-sum
tests between patients with and those without oral BB
treatment at discharge, To minimize differences in baseline
characteristics between the 2 groups, patients were matched
in a 1-to-1 manner on the basis of propcnsity scores, which
were calculated for each patient using a logistic regression
model'® that included a total of 32 variables (baseline
demnographics, angiographic parameters, and medication at
discharge), as listed in Table 1. The variables inserted into
the multivariate models to calculate propensity scores were
derermined after screening for multicollinearity. According
to the propensity score, patients were selected using a 5-to-1
dlglt-matchmg techniqne using the nearest neighbor
method.'”*¥ The area under the receiver-operating charac-
teristic curve and the Hosmer-Lemeshow goodness-of-fit
statistic were calculated to assess the performance and
calibration of the model, respectively. Mortality rates were
determined using Kaplan-Meier curves and were compared
using log-rank tests. Cox regression analyses were per-
formed to assess whether BB therapy was associated with
a reduced risk for mortality. Variables with p values <0.20
before matching in univariate analyses were inclnded in the
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Figure 1. Trend in the annual prescription rate (1999 to 2011) of BBs at
discharge in post-AMI patients.

multivariate Cox regression models."® Propensity score was
incorporated as a variable into the models before matching,
To identify high-risk populaﬁons according to GRACE
scores, classification and regressxon trees for survival data
(survival CART) were used.’® Survival CART analysis
revealed that the first split point to partition the mortality
risk for patients without BB treatment among the matched
populations was a GRACE risk score of 121 and that the
second and third split points for each subgroup were risk
scores of 100 and 141, respectively, Therefore, the mortality
benefits of BB therapy at discharge were initially compared
between patients with GRACE risk scores <121 and >121
and then among those with scores of <100, 100 to 120, 121
to 140, and >141. Subgroup analysis was performed in
patients after propensity score matching to identify patients
having a mortality benefit of BB treatment. All analyses
were performed nsing PASW Statistics version 18 (SPSS,
Inc., Chicago, Illinois) or SAS version 9.1.3 (SAS Institute
Inc., Cary, Notth Carolina). Statistical significance was
defined as p <0.05. For the subgroup analyses, p values
<0.05 and p values for interactions <0,1Q were considered
as statistically significant.

Results

Among the 5,628 study patients, 2,880 (51.2%) were
prescribed oral BB therapy at discharge after STEMI. In the
BB group, 2,075 (72.0%), 559 (19.4%), 135 (4.7%), 33
(1.1%), and 78 (2.7%) patients received carvedilol, meto-
prolol, bisoprolol, atenolol, and other BBs, respectively.
A trend of increased prescription of BB at discharge by
year was clearly evident until 2009, as shown in Figure 1
(p <0.0001). After 2009, approximately 80% of patients
received BB treatment. In addition, several significant
differences in the baseline characteristics between patients in
the BB and non-BB groups were detected (Table 1). Notably,
patients in the BB group were more often men, had higher
body mass indexes and TIMI and GRACE risk scores, and
displayed higher frequencies of hypertension, dyslipidemia,
cardiopulmonary arrest on arrival, and Killip class >0, With
regard to angiographic findings, a greater number of BB
group patients had multivessel disease and culprit lesions
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interval 0.711 to 0.739), and the p value of the Hosmer-
Lemeshow test was 1.000. A total of 3,846 patients with
well-matched baseline characteristics, with the exception of
year, culprit lesion involving the left anterior descending
coronary artery, peak creatine kinase, and prescription of
angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers, were identified between the 2 groups,
(Table 1). However, no marked differences in mortality
rates were detected between the groups (Table 2, Figare 2).
Among patients after propensity score matching, the
prescription of BBs at discharge was associated with lower
long-term mortality in high-risk patients, who were defined as
those with GRACE risk scores >121 (Figure 3) or those who
were prescribed diuretics (Figure 4), with significant p values
for interaction (p = 0,013 and p = 0.077, respectively;
Figure 5), Patients with GRACE risk scores >121 or those
administrated diuretics were more likely to have histories of
myocardial infarction (22.2% vs 7.9%, p <0.001, for
GRACE score > 121 vs <121; 17.8% vs 9.2%, p <0.001, for
diuretics vs no diuretics), Killip class >II on admigsion
(45.6% vs 5.3%, p <0.001, for GRACE score; 31.1% vs
9.1%, p <0.001, for diuretics), and greater peak creatine
phosphokinase values (2,709 IU/L [IQR 1,442 to 4,518] vs
2,431 IU/L [IQR 1,192 to 4,261], p <0.001, for GRACE
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score; 3,549 IU/L [IQR 1,995 1o 5,964] vs 2,206 IU/L [IQR
1,080 to 3,809], p <0.001, for diuretics). Kaplan-Meier
estimates and Cox regression analysis for the subgroups
partitioned by CART analysis suggested that an association
existed between BB treatment and reduced mortality for
patients with GRACE risk scores >121 (Figure 5), particu-
larly for those with scores of 121 to 140 (Table 4).

Diiscussion

In the present study, we examined the relation between
BB therapy and long-term mortality after STEMI in a real-
world population of the contemporary PCI era. The results
revealed that BB treatment at discharge was associated with
decreased mortality in post-STEMI patients at higher rigk,
but not in those at lower risk. Although further randomized
controlled studies are warranted, our findings may suggest
reevaluation of the current guidelines, which generally
recommend implementing BB therapy for all post-STEMI
patients,' ™!

The findings of large clinical trials conducted before
the reperfusion and thrombolytic eras confirmed that BB
treatment at discharge improved survival in post-AMI
patients.”® In the Beta-Blocker Heart Attack Trial (BHAT),
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Cardiovascular Project, a retrospective analysis published in
1998 that included >200,000 post-AMI patients, were
14.4% and 23.9% for BB and non-BB patients, respectively,
even in low-risk patients,” Therefore, it is likely that the
recent decrease in long-term morfality may have masked the
beneficial effects of BB therapy rather than indicating
a change in the efficacy of BB therapy. Indeed, in non-BB
group patients at low risk (GRACE score <121) or without
diuretics, mortality rates during a median follow-up period
of 3.9 years were only 3.2% and 4.8%, respectively
(Figures 3 and 4).

Importantly, the present findings also indicate that BB
therapy at discharge has beneficial effects for high-risk
patients, whose mortality rates remained relatively high
throughout the follow-up period. Among patients with
GRACE risk scores 2121, or those taking diuretics, BB
group patients had a significantly lower mortality risk than
non-BB group patients. Together, these results indicate that
in high-risk patients, the beneficial effects of BB therapy
may outweigh the risks, even in the contemporary PCI era.
For patients taking diuretics, BB therapy resulted in a lower
risk for mortality than for patients not taking diuretics. One
possible reason may be that patients taking diuretics had
more severe conditions, Indeed, patients taking diuretics
have had higher rates of history of myocardial infarction,
Killip class >II on admission, and greater peak creatine
phosphokinase compared to those not taking diuretics.
Another possibility may be that there could have been an
interaction between BBs and diuretics on reduced risk for
mortality, although there is no evidence for this. Despite the
observed benefits of BB therapy in high-risk patients, it is
disputable whether BBs should be prescribed to those at
extremely high risk. Through the application of survival
CART analysis,”®*” we identificd that patients with
GRACE risk scores of 121 to 140 experienced the greatest
benefit from BB treatment. In this subgroup of patients, the
mortality rate in a matched population was approximately
56% lower for those treated with BBs than those without,
whereas no significant mortality benefit was detected in
patients with GRACE risk scores >141 (Table 4). Accord-
ingly, these results also suggest that the prescription of BBs
should be considered with caution, particularly for patients
at extremely high risk.

Several limitations of the present study warrant mention.
First, our study was not a randomized controlled study, and
thus, potential biases in measured and unmeasured variables
may have existed. For example, we lacked information on
contraindications to BB treatment, such as bronchial asthma,
arteriosclerosis obliterans, and severe bradycardia. Second,
no data were available for the timing of BB therapy initiation
during hospitalization. Third, we lacked data on several
factors, including the daily doses, adherence, and discontin-
uation of BB treatment after discharge in the BB group and on
the initiation of BB treatment in the non-BB group after
discharge, which may have modified the actnal clinical impact
of BB therapy on mortality. However, it has been reported that
adherence to BB treatment, unlike other cardiovascular
secondary prevention medications, is not associated with
reduced 30-month ontcomes for post-AMI patients in the
overall population as well ag patients stratified by various
concormitant medication use,”® suggesting that the influence
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of adherence on treatment outcomes was minimal. Forth, the
left veniricular ejection fraction was assessed by echocardi~
ography using the Teichholz method, an M-mode technique
widely used in large trials with limited reliance on geometric
assumptions. Therefore, caution is needed when interpreting
the data compared to those obtained from other methods of
assessing of the left ventricular ejection fraction, such as 3- or
2-dimensional echocardiography, radionuclide ventriculog-
raphy, and magnetic resonance ventriculography,?
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