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To investigate the prognostic impact of circulating microRNAs (miRs) in patients who survived acute
myocardial infarction {(AMI), we compared the circulating miR signature at the time of survival discharge
among samples in the serum bank of the Osaka Acure Coronary Insufficiency Study. Using a high-
throughput array consisting of 667 miRs, 11 miRs were found to be differentially expressed in the serum
among patients at high-risk for cardiac death. Real-time RT-PCR canfirmed that the serum levels of miR-
155 and miR-380* were approximately 4- and 3-fold higher, respactively, in patients who experienced
cardiac death within 1 year after discharge. Accordingly, a subset of circulating miRs might be predictive
for cardiac death in post-AMI patients.

@ 2012 Elsevier Inc. Al rights reserved.

1. Introduction

MicroRMNAs (miRs) are small endogenous noncoding RNAs that
regulate gene expression by targeting the degradation or transla-
tional repression of mRNA. Recently, it has been demonstrated that
circulating miRs in the blood are useful biomarkers for cardiovas-
cular disease [1] as well as certain forms of cancer [2]. For example,
Wang et al. [3] reported that miR-208a is an excellent diagnostic
marker for AMI, as demonstrated by its sensitive detection in
AM!I patients within 4 h of the onset of symptoms. The authors also
revealed that miR-208a had high sensitivity and specificity for

Abbreviations: ACE], angiotensin-converting enzyme inhibitor; AMI, acute
myocardial infarction; ARB, angiotensin receptor blacker; Cl, confidence interval;
HR, hazard ratio; miR, microRNA.
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* Carrespending auther. Address: Department of Cardiovascular Medicine, Osaka
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diagnosing AMI by receiver operating characteristic curve analysis
[4). Kuwabara et al. [5] recently reported that circulating miR-133a
serves as a useful marker for cardiomyocyte death and thus, can be
used for the detection of several cardiovascular diseases, including
acute myocardial infarction {AMI), and unstable angina, and takot-
subo cardiomyopathy.

In patients with malignancy, the usefulness of circulating serum
miRs as markers for prognosis and diagnosis has been established
for several types of cancers. Few reports, however, have examined
the prediciive value of serum miRs in the field of cardiovascular
medicine, particularly in the setting of secondary prevention after
AML Here, we therefore investigated whether circulating miRs col-
lected during the convalescent stage of AMI could predict cardiac
death in post-AMI patients registered in the Osaka Acute Coronary
Insufficiency Study (OACIS}) database.

2, Materials and methods
2.1, OACIS registry
The OACIS is a prospective, multicenter observational study

enrolling consecutive AMI patients in 25 collaborating hospitals
from the Osaka region of Japan, and is registered with the
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University Hospital Medical Information Network Clinical Trials
Registry, Japan (ID: UMINOO0OD4575). A detailed description of
the OACIS has been published elsewhere [6]. The present study
protocol was approved by the ethics committee of each participat-
ing hospital.

2.2, Patients

Among 8603 patients with AMI who were registered in the OA-
CIS between 1998 and 2009, we firstly selected 4160 consecutive
patients fulfilling the following criteria: (1) discharged alive and
{2) provided written informed consent for serum analysis at the
time of registration. Among the selected patients, 60 cardiac deaths
occurred after discharge. in the discovery phase, we randomly se-
lected 7 patients who died of cardiac cause within a year after dis-
charge and another 7 patients who did not experience any
cardiovascular events during a 3-year follow-up period using pro-
pensity score-based matching of age, gender, classical coronary
risk factors, infarction size, reperfusion therapy, and medical treat-
ment at discharge. In the validation phase, we increased the num-
ber of patients in the cardiac death and survival groups to 19 and
21, respectively.

2.3. Serum collection

At each hospital, fasting blood samples were collected into ser-
um separator tubes, which were then centrifuged at 1430g for
15 min at 4 °C to separate the clots. Serum was removed from
the tubes and stored at —80 °C until the time of the assay.

24, RNA isolatior and miR analysis

Total RMA was isolated from 1 ml of serum wsing a mirVana
Paris kit (Life Technologies Co., Carlsbad, CA). Reverse transcription
and preamplification steps were performed with a TagMan Micr-
oRNA RT kit (Life Technologies Co.) and Megaplex Primers (Life
Technologies Co.). To identify miRs that could serve as predictive
markers of cardiac death at 1 year, the expression levels of 667
miRs were compared between groups using TagMan Human Micr-
oRNA A and B Arrays, version 2.0 (Life Technologies Co.) (discovery
phase). To confirm the results from the discovery phase, the
expression levels of candidate miRs were examined by real-time
PCR using a 7900HT Fast Real-Time PCR system (validation phase).

2.5. Data collection

Research cardiologists and trained research nurses or coordina-
tors recorded data concerning sociodemographic variables, medi-
cal history, therapeutic procedures, and clinical events during
patients’ hospital stays. Clinical data after discharge were cbtained
at 3 and 12 months after the onset of AMI, and annually thereafter.
The incidence of cardiac death was the clinical endpoiot of the
study.

2,6. Statistical analysis

To adjust for potential confounding factors, we selected two
groups for the discovery and validation phases using a propensity
score-based method, Briefly, a propensity score for cardiac death
within 1 year after discharge was calculated using logistic regres-
sion analysis that included age, gender, diabetes mellitus (DM),
hypertension (HT), dyslipidemia, smoking, previous M, Killip
class » I at admission, infarction size, reperfusion therapy, and
medication at discharge (ACEl or ARB, and statin} as variables.
For the analysis, we first selected seven patients who died of car-
diac cause within 1 year after discharge and another seven patients
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who did not experience any cardiovascular events during a 3-year
follow-up period. We then selected 19 patients who died of cardiac
cause after discharge and 21 patients who did not experience any
cardiovascular events during a 2-year follow-up period. For the
two sets of groups, patient backgrounds were compared using
the %2 test. Expression levels of miRs between the two groups were
analyzed by the Mann-Whitney U test, Associations were consid-
ered significant if the p value was <0.05, All statistical analyses
were performed using SPSS software (SPSS Japan, Inc., Tokyo,
Japan).

3. Results
3.1. Discovery phase

To investigate whether serum miRs could predict prognosis in
the convalescent stage of AMI, we compared circulating miR signa-
tures at the time of survival discharge using the OACIS serum bank.
As shown in Table 1, patient backgrounds were well matched be-
tween patients who died of cardiac cause within 1 year after dis-
charge (N=7) and those who did not experience any
cardiovascular events during the 3-year follow-up period (N=7}
in the discovery phase. High-throughput array analysis revealed

Table 1

Baseline characteristics in the discovery phase.
Variable Cardiac death Event free P

{N=T) (N=7) Value
Age (years) 688 6717 0.810
Men (%) 86 71 1.000
Diabetes mellitus (%) 57 29 0592
Hypertension (%) 83 57 0559
Dyslipidernia (%) 71 57 1.000
Smoking (%} 57 86 0.559
Previous MI (%) 14 0 1.060
Peak CK 3000 (U/L (%) 14 43 0.559
Killip class > Il an admission 43 43 1.000
%)

Reperfusion therapy (%) 100 100 -
ACE] or ARB (%) 71 57 1.000
Statin (%) 57 67 1.000

ACEl; angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor blocker,
CPK: creatinine phosphekinase, MI: myocardial infarction.

“hsa-miR-212,
hsa-miR-331-3p,
‘hsa-miR-223%,
“hsa-miR-190b,
hsa-miR-93*

Fig. 1. High-throughput array analysis revealed that the levels of 5 miRs were
increased and those of 6 miRs were decreased in the cardiac death group.
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Table 2
Baseline characteristics in the validation phase.
Variable Cardiac death (N=19) Event free (N =21) p Value
Age (years) 72x12 6910 0.4587
Men (%) 74 76 1.000
Body mass index (kg/m?) 2441351 23.0+3.50 0227
Diabetes mellitus (%) 53 62 0.750
Hypertension (%] 83 76 0.702
Dyslipidemia (%) a7 48 1.000
Smoking {%) 53 71 0.328
Previous Ml (%) 21 20 1,000
Onset to admission time <24 h (%) 72 75 1.000
Peak CK=3000 UL (%) 42 44 1.000
Killip class =11 on admission (%) 41 28 0.502
Reperfusion therapy (%) a5 160 0.475
Multivessel disease (%) 63 52 0.538
ACE! or ARB (%) 74 &0 0.501
Beta blocker (%) B8 50 0.741
Statin (%) 42 60 0.343
Antiplatelet therapy (%) a5 100 0.487

ACEL: angistensin-canverting enzyme inhibitor, ARB: angiotensin receptar blacker, CPK: creatinine phasphokinase. MI: myecardial

infaretion.

that 11 miRs were differently expressed between the two patient
groups. The identified miRs were selected as initial candidates for
the validation study (Fig. 1).

3.2, Vdiidation phase

In the validation phase (cardiac death group, N=19; and sur-
vival group, N =21), real-time RT-PCR confirmed that 2 out of 11
miRs identified in the discovery phase were increased in the car-
diac death group (N=19) as compared with the survival group
(N =18). The serum levels of miR-155 and miR-380" were approx-
imately 4- and 3-fold higher, respectively, in the cardiac death
group, whereas the serum levels of the other 9 miRs differentially
expressed in the discovery phase analysis were comparable be-
tween the two groups (Table 2, Fig. 2).

4, Discussion

To our knowledge, this is the first study to investigate whether
circulating miRs are associated with prognosis in the field of car-
diovascular medicine. Specifically, we examined the association
between serum levels of 667 miRs and future cardiac events in
post-AMI patients and found that serum levels of miR-155 and
miR-380* in the convalescent stage of AMI were higher in patients
who subsequently experienced cardiac death in 1 year. Although
further investigation is required to confirm the predictive value
of these miRs, our findings suggest the intriguing possibility that
circulating miRs can serve as prognostic biomarkers for cardiovas-
cular diseases.

MiRs are small endogenous RNAs that play important roles in
animals and plants by targeting mRNAs for degradation or transla-
tional repression [7). Dysregulation and tissue-specific patterns of
intracellular miR expression have been reported in various dis-
eases, particularly for several types of cancers [8]. In addition, miRs
appear to circulate in the blood in a relatively stable form [8], sug-
gesting that miRs may have biological functions outside the cell
and thus, can potentially serve as diagnostic or prognostic bio-
markers for cancer, as well as therapeutic targets. With regard to
cardiovascular diseases, however, the potential of miRs as diagnos-
tic markers has only recently been proposed [1], and few prognos-
tic features or therapeutic potentials of circulating miRs have been
reported.

In the present study, we found that the serum levels of miR-155
and miR-380" at the time of discharge after AMI were approxi-
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mately 4- and 3-fold higher in patients who subsequently died of
cardiac cause within 1 year of discharge than those in patients
who did not experience cardiovascular events during the 3-year
follow-up period.

This observation is of clinical significance, because it indicates
serum miRs have the potential to predict prognosis in patients
with cardiovascular disease, and also suggests that these miRs
have the potential to be directly involved in future treatment ap-
proaches. Unlike studies investigating patients with malignancy
[10), previous studies failed to identify miRs detected in ACS pa-
tients as therapeutic targets, possibly because such miRs were
likely released into the circulation as a result of myocardial
necrosis.

Although the underlying mechanism for the association be-
tween elevated serum levels of miR-155 and the increased risk
for cardiac death after survival discharge of AMI is unclear, several
explanations are possible. For example, Martin et al. {11] recently
demonstrated that miR-155 directly interacts with the 3*-untrans-
lated region of angiotensin Il type 1 receptor (AT1R) mRNA, there-
by modulating expression of ATIR and angiotensin l-induced
extracellular signal-related kinase 1/2 (ERK1/2) activation. In addi-
tion, the expression levels of miR-155 are increased by angiotensin
11in atherosclerotic cells in vitro (data not shown), This finding sug-
gests that serum miR-155 levels may be increased through activa-
tion of the renin angiotensin system and thus, be associated with
prognosis in post-AMI patients. Another possibility for elevated
miR-155 in serum is as a result of inflammation. Yao et al. [12] re-
ported that miR-155 is processed from BIC, a non-coding transcript
that is highly expressed in both activated B and T cells, and mono-
cytes/macrophages, Therefore, serum miR-155 levels might be in-
creased following activation of monocytes/macrophages, which
could lead to cardigvascular events. Similarly, elevated levels of
serum miR-380" might reflect activation of p53 in failed myocar-
dium, because miR-380-5p is reported to repress p33 expression
via a conserved sequence in the p53 3’-untranslated region [13].
As up-regulation of the p53 pathway is one of the major causes
for the development of heart failure in mouse models of pres-
sure-overload and AMI [14], miR-380% might be secreted into the
circulation from p53 up-regulated myocardium as a negative feed-
back loop of the p53 pathway, and thus be associated with progno-
sis after AML

Several limitations of this study warrant mention. First, this was
a retrospective analysis using a small sample size of AMI patients
selected from a prospective observational study. Second, our
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Fig. 2. Serum levels of miR-155 and miR-380" were approximately 4- and 3-fold higher, respectively, in the cardiac death group, whereas the serum levels of the 9 other

examined miRs were between the two groups.

analysis was unable to detect a direct cause-effect relationship
between the elevation of serum miR levels and cardiac death in
post-AMI patients. Due to these limitations, further studies are
warranted to confirm the present results.
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A2, The OACIS Investigators (listed in alphabetical order for
institutions)

Yoshiyuki Kijima, Yusuke Nakagawa, Minoru Ichikawa, Higashi-
Osaka City General Hospital, Higashi-Qsaka, Japan; Young-lae Lim,
Shigeo Kawano, Hideyuki Nanmori, Kawachi General Hospital, Hig-
ashi-Osaka, Japan; Hiroshi Sato, Kwasnsei Gakuin University, Nish-
inomiya, Japan; Takashi Shimazu, Hisakazu Fuji, Kazuhiro Aoki,
Kobe Ekisaikai Hospital, Kobe, Japan; Masaaki Uematsu, Yoshio Ish-
ida, Tetsuya Watanabe, Masashi Fujita, Masaki Awata, Kansai Rosai
Hospital, Amagasaki, Japan; Michie Sugii, Meiwa Hospital, Nish-
inomiya, Japan; Masatake Fukunami, Takahisa Yamada, Takashi
Morita, Osaka General Medical Center, Osaka, Japan; Shinji Hase-
gawa, Nobuyuki Ogasawara, Osaka Kosei Nenkin Hospital, Osaka,
Japan; Tatsuya Sasaki, Yoshinori Yasuoka, Kiyoshi Kume, Osaka
Minami Medical Center, National Hospital Organization, Kawachi-
nagano, Japan; Hideo Kusuoka, Yukihiro Koretsune, Yoshio Yasum-
ura, Keiji Hirooka, Osaka Medical Center, Natiohal Hospital
Organization, Osaka, Japan; Masatsugu Hori (previous Chair), Osa-
ka Prefectural Haspital Organization Osaka Medical Center for Can-
cer and Cardiovascular Diseases; Kazuhisa Kodama, Yasunori Ueda,
Kazunori Kashiwase, Mayu Nishio, Osaka Police Hospital, Osalka, Ja-
pan; Yoshio Yamada, Jun Tanouchi, Masami Nishino, Hiroyasu
Kato, Ryu Shutta, Osaka Rosai Hospital, Sakai, Japan; Shintaro Bep-
pu, Hiroyoshi Yamamoto, Osaka Seamens Insurance Hospital, Osa-
ka, Japan; Issei Komuro, Shinsuke Nanto, Yasushi Matsumura,
Satoru Sumitsuji, Yasuhike Sakata, Shungo Hikoso, Daisaku Naka-
tani, Masahiro Kumada, Michihiro Takeda, Shinichire Suna, Osaka
University Graduate School of Medicine, Suita, Japan; Toru Hayash-
i, Yasuji Doi, Ken-ichiro Okada, Noritgshi Ito, Saiseikal Senri Hospi-
tal, Suita, Japan; Kenshi Fujii, Katsuomj lwakura, Atsushi Qkamura,
Motoo Date, Yoshiharu Higuchi, Koji Inoue, Sakurabashi Watanabe
Hospital, Osaka, Japan; Noriyuki Akehi, Settsu Iseikai Hospital, Set-
tsu, Japan; Eiji HishidaTeramoto Memorial Hospital, Kawachinag-
ano, Japan; and Shiro Hoshida, Kazuhike Hashimura, Takayoshi
Adachi, Yukinori Shinoda, Yag Municipal Hospital, Yao, [apan.
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Abstract

Purpose The development of novel pharmaceutical inter-
ventions to improve the clinical outcomes of patients with
acute ST-segment elevation myocardial infarction (STEMI)
is an unmet medical need worldwide. In animal models, a
single intravenous administration of erythropoietin (EPO})
during reperfusion improves left ventricular (LV) function in
the chronic stage. However, the results of recent proof-of-
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concept trials using high-dose EPO in patients with STEMI
are inconsistent. In our pilot study, low-dose EPO after
successful percutaneous coronary intervention {PCI) im-
proved the LV ejection fraction (EF) and did not trigger
severe adverse clinical events in patients with STEMI. One
possible reason for this discrepancy is the dese of EPO
used.

Methods and results We have staried a double-blind,
placebo-controlled, randomized, multicenter clinical trial
(EPO-AMI-IT) to clarify the safety and efficacy of low-
dose EPQ in patients with STEMI, STEMI patients who
have a low LVEF (<50 %) will be randomly assigned to
intravenous administration of placebo or EPO (6,000 or
12,000 IU) within 6 h after successful PCL. The primary
endpoint is the difference in LVEF between the acute and
chronic phases (6 months), as measured by single-photon
emission computed tomography. The patient number needed
for EPO-AMI-II is 600. The study will stop when superior
efficacy or futility is detected by an interim analysis. This
study has been approved by the Evaluation System of In-
vestigational Medical Care.

Conclusions EPO-AMI-II study will clarify the safety and
efficacy of low-dose EPO in STEMI patients with LV dys-
function in a double-blind, placebo-controlled, multicenter
study. (247 words)

Key words Erythropoietin - Low-dose - Acute myocardial

infarction - LV dysfunction

Despite improved clinical outcomes by early reperfusion
with thrombolysis and primary percutaneous coronary inter-
vention (PCI) with stenting, the mortality of patients with
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ST-segment elevation myocardial infarction (STEMI) is still
high in Western countries and Japan [1, 2]. Furthermore, in
the chronic stage after MI, heart failure can develop due to
left ventricular (LV) remodeling [3]. To date, most clinically
tested agents that induce cardioprotection have failed to
reduce infarct size in clinical settings [4]. Thus, novel phar-
maceutical interventions to improve the clinical outcomes of
patients with STEMI are urgently needed. Animal studies
show that the intravenous administration of erythropoietin
(EPO), a glycoprotein hommone consisting of 165 amino
acid residues [5], at the onset of reperfusion reduces the
myocardial infarct size and prevents cardiac remodeling,
with enhanced neovascularization in the heart after Ml [6,
7]. Several proof-cf-concept studies have been performed to
clarify the cardioprotective effects of EPO in patients with
STEMI. The administration of high-dose EPO (60,000
99,000 IU) did not improve left ventricular ejection fraction
{LVEF) or reduce infarct size [§-10]. Regarding secondary
endpoints, the use of EPO has been associated with a trend
toward an increase in major adverse cardiovascular events in
2 studies [8, 10] and significantly fewer events in a third stedy
[9]. In contrast, low-dose EPO is likely to be cardioprotective,
according to small clinical trials [11-13]. Platelet activation by
high-dose EPO [14] and the existence of an optimal dose for
limiting infarct size [15] may explain the dose-dependent
discrepancy of EPO-induced cardioprotection. Importantly,
pilot studies showed that low-dose EPO is associated with
improved left ventricular function without major adverse
cardiovascular events [11, 12]. Furthermore, our post-hoc
analysis revealed that EPO administration was highly
associated with improved LV function in STEMI patients
with a low LV gjection fraction (LVEF) (<50 %) (Fig. 1).

All Patients
Control EPO
P=0.194 P=0.014
. |
907
80 -
701 =
B os0 T
=i
>
] 407
301
201
107 +4,1% +7.6%
Baseline &M Basetine 6M

Fig. 1 Post-hoc analysis of the EPO-AMI-I results. Panel a shows the
LVEF between the acute and chronic stages in all patients in the EPC-
AMI-I study. EPO, but not saline, administration significantly in-
creased LVEF at 6 months after an ML Panel b shows the LVEF
between the acute and chronic stages in patients with LVEF <50 %
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Therefore, we have started a double-blind, placebo-
controlled, randomized, multicenter clinical trial (EPO-
AMI-IT) to clarify the safety and efficacy of low-dose
EPO in STEMI patients with a low LVEF (<50 %). The
protocol was submitted to the Evaluation System of
Investigational Medical Care of the Ministry of Health,
Labour and Welfare of Japan and was approved under
the Japanese governmental health insurance system on [
August 2011,

Methods
Study objects

The objectives of this study are to evaluate whether a single
bolus administration of EPO prevents ischemia-reperfusion
injury dose-dependently and to estimate the optimum clin-
ical dose of EPQ in patients with STEMI after successful
PCI by analyzing the improvement in LVEF between the
acute and chronic stages.

Study design

EPO-AMI-II is an ongoing multicenter, prospective, ran-
domized, double-blind, placebo-controlled, dose-finding
study in patients presenting with a first STEMIL After a
successful PCI, patients will be randomly assigned fo re-
ceive either an intravenous bolus dose of epoetin-beta (EPO)
{6,000 or 12,000 IU) or placebo on top of standard medical
care (Fig. 2). This trial was registered at the UMIN Clinical
Trials Registry as UMIN000005721.

Patients with LVEF<50%
Control EPO
P=0.028 P=0.003
(%}
| | |
80 4

“ AT
| Al

+5.4% +13.8%

8
el
—e—1I

Baseline 1133 Baseline 60

in the EPO-AMI-I study. Both saline and EPC significantly increased
LVEF at 6 months after an ML The improvement of LVEF did not
significantly differ between the saline- and EPO-treated groups. See
the abbreviation definitions in the text
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Fig. 2 Study flow chart

Patients

Consecutive patients with diagnostic signs and symptoms of
an acute MI who satisfy the study inclusion and exclusion
criteria (Table 1). After successful PCI, patients will be
asked for written informed consent, and if they agree, will
be assigned according to a pre-defined central web-based
randomization system to receive EPC or placebo on top
of optimal standard medical care. Patients will receive
the study drug within 6 h after PCL. The patient, the
attending physician, and the staff performing SPECT
and the clinical follow-up will be unaware of the
assigned ftreatment.

End points

The primary end point of this study is to evaluate the LVEF
improvement between the acute (days 4-7) and chronic
stages (6 months) (Table 2}. The secondary end points of
this study are to evaluate the efficacy and safety of EPO
treatment. The efficacy is evaluated by analyzing indices of
cardiac function 6 months after EPQO administration. These
are calculated with electrocardiogram-gated single-photon
emission computed tomography (SPECT) and include LV
end-diastolic volume (LVEDV), LV end-systolic volume
(LVESD}, LVEDYV index, LVESYV index, regional wall mo-
tion score, % uptake at resting, and defect size. The survival
ratio, cardiovascular events (defined as cardiac death,
stroke, nonlethal myocardial infarction, admission due to
worsening of heart failure or unstable angina, revasculariza-
tion, and onset of heart failure symptoms), and NT-ProBNP
at the 6-month follow-up will also be analyzed to evaluate
the efficacy of EPO treatment (Table 2). The safety is based
on the incidence of major adverse events, clinical laboratory
test data and vital signs.
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Table 1 Inclusion and exclusion criteria

Inclusion criteria
1. Patients with first-time myocardial infarction

2. Patients with ST-elevation acute myocardial infaretion (AMI) who
have successful reperfusion by PCI within 12 h afier the symptom
onset

3. Patients whose efection fraction at enrollment is <50 % on UCG
or LVG

4, Age: over 20 years old, under 80 years old
5. Patients who agreed with participation to the trial in writing
Exclusion critetia

1. Patients with significant stenotic lesions in non infarct-related artery
which require revascularization

2. Patients who tesulted in obviously impaired reperfusion

3. Patients with Killip class TII or IV, or cardiogenic shock at
admission

4. Patients with advanced renal or hepatic dysfunction (Cre more than
2 mg/dl, or T-Bil more than 3 mg/dl)

5. Patients with blood pressure mare than 140/90 mmHg afier PCT
6, Hematocrit more than 54 % on admission

7. Patients who exhibit atrial fibrillation after PCI

8. Patients who have been diagnosed with malignant hypertension

9. Patients who have previously yeceived treatment with EPO

10. Patients who received a blood transfusion in the Jast 3 months
11. Patients who are or have been diagnosed with cancer in the past
5 years

12, Patients who are complicated with severe infection such as
pneumonia or sepsis

13. Patients who are contraindicated to aspirin or thienopyridine
derivatives

k4, Women who are pregnant, breastfeeding, or have a possibility for
pregnancy

§5. Patients whom researchers judged that they are not appropriate to
participate this trial

Study drug administration

Prior to or at the time of primary PC], standard antithrom-
botic treatments for acute MI are administered. Within 6 h
after PCI, the enrolled patients are randomly assigned to
placebo or an Epo dose (6,000 or 12,000 [U). Active drug or
placebo is diluted in 10 mL of saline and administered
intravenously over 1 min. The double-blind administration
is ensured by a subject identification code unknown to
physicians, nurses and patients. Drug or placebo is prepared
under medical supervision according to instructions
contained in predefined packages provided by the EPO-
AMI-II organization. Standard treatment, including beta-
blockade, lipid-lowering therapy, and angiotensin-
converting enzyme inhibition or angiotensin-1I receptor
blockade, is additionally prescribed. EPO and placebo
are kind gifts of Chugai Pharmaceutical Co. Ltd (Tokyo,
Japan).
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Table 2 Primary and secondary end points

Primary end point

The improvement of left ventricuiar ejection fraction at the chronie
phase (the mean of differences between LVEF value at 4-7 days
and that at 6 months after administration)

Secondary end point

[Efficacy]
1. Indexes of cardiac function 6 months after administration of
epoetin-beta, which are catculated with cardiac scintigraphy
{(LVEDV, LVESV, LVEDVI, LVESVI, regicnal wall motion score,
ischeria and defect size (SRS (Summed rest Score), SDS (Summed
difference Score), %Defect Size, %uptake at resting)}

2. Survival ratio

3. Cardiac event ratio (Cardiac death, stroke, nonlethal myocardial
infarction, admission due to worsening of heart failure or unstable
angina, revasculization, onset of heart failure symptormns (typical
dyspnea at rest or during exercise, pulmonary congestion or
pretibial edema)

4. NT-ProBNP 6 months afier administration

[safety]

1. Adverse events

2. Laboratory test data

3. Vital signs (blood pressure, puise rate)

Clinical and [aboratory measures

Blood pressure, heart rate, and ECG are monitored at regular
intervals until discharge (Fig. 3). Major adverse events (as
defined above) are recorded during hospitalization and up to
6 months thereafter. At 4~7 days after admission and at
6 months, cardiac SPECT is also performed to evaluate
cardiac funetion,

Quantification of LV function and infarct size

We will perform ECG-gated 99mTe-MIBI SPECT 4-7 days
after PCI as the baseline measurement and at the 6-month
follow-up. The 99mTc-MIBI (600-740 MBq) is adminis-
tered at baseline and at the 6-month follow-up. SPECT
image acquisition is performed 60 min afier the 99mTe-
MIBI injection. ECG-gated SPECT is performed after the
administration of 99mTe-MIBI at rest. In ECG gating,
SPECT data divided into 16 equal intervals are analyzed
using Quantitative Gated SPECT software (Cedars-Sinai
Medical Center, Los Angeles, CA, USA), which is also used

Fig, 3 Study schedule

Clinjcal laboratory test
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to calculate EDVI, ESVI and LVEF. Pharmacologic stress
tests are performed with non-gated 99mTe-MIBI SPECT.
Adenosine {(Adenoscan; DAIICHI SANKYO, Tokyo, Ja-
pan) is administered at a rate of 0.72 mg/kg for 6 min. The
99mTe-MIBI is injected 3 min after the start of adencsine
infusion. The non-gated SPECT image is used to assess the
severity of myocardial perfusion abnormalitics, and regional
uptake and the infarct area are calenlated using Quantitative
Perfusion SPECT software (Cedars-Sinai Medical Center).
Regional uptake is assessed by applying a 17-segment mod-
el of the left ventricle according to the standard myocardial
segmentation of the Cardiac Imaging Committee of the
Council on Clinical Cardiology of the American Heart As-
sociatior. Regional uptake is expressed as the mean uptake
count in these segments. Defects at less than the threshold of
60 % of peak counts are identified as infarcted myocardium,
and the infarct area is expressed as a percentage of the entire
left ventricle involved. SPECT data will be analyzed in a
blinded fashion by the SPECT Core Center members with
the assistant of nuclear medicine special radiological tech-
nologist at MICRON Co., Ltd (Molecular Imaging CRO
Network, Tokyo, Japan.). Finally, the analyzed data will be
evaluated by an independent RI assessment committee.

Adverse events and additional safety assessments

An independent data safety monitoring board (DSMB) will
receive real-time clinical information and will perform in-
terim safety and efficacy analyses at 33 %, 66 % and 100 %
recruitment, There are no formal (statistical) rules for stop-
ping treatment due to safety reasons in this study. The
DSMB recomimendations are based on a clinical assessment
of the frequency, and the nature of the serious adverse
events and their relation to the investigational treatment.

Sample size calculation

Based on the results of our pilot study in STEMI patients
with LVEF <50 % (LVEF improvement in the EPO-II
group: 13.80+9.85 %, #=11, and in the placebo group:
5.44+14.80 %, n=9) (Fig. 1), the difference in LVEF im-
provement between the EPO (12,000 TU) treatment group
and the placebo group is estimated to be 4.42 % with a
common standard deviation of 14,33 %, As a result, the
effect size is estimated to be 0.31 [16]. To demonstrate the

[ 99mTe-MIBLSPECT |

ah Epoetin beta @ @
Placeb 3
Sc’i:ng]:::l; —‘ Day4to? H Day 35 H § months ]—*
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] Tt &t t 1 f



Cardiovase Drugs Ther (2012) 26:405-416

413

treatment difference with a power of 0.85 and a 1-sided
alpha of 0.025, 190 patients per group will be needed.
However, because we plan to perform two interim analyses,
we will need 193 patients per group [17}. Taking into
account several patients dropping out, the total sample size
to be recruited will be 200 patients in each treatment group,
i.e., 600 patients will be recruited in this study.

Interim analysis

There will be two formal interim analyses on the safety and
efficacy of the primary end point: after 198 and 396 ran-
domized patients are enrolled and followed up for 6 months.
For the interim analyses on efficacy, the DSMB will evalu-
ate the primary end point using the Lan-DeMets method
with the O’Brien-Fleming spending function. Asymmetric
stopping boundaries are planned, with early termination of
the study recommended in the event of evidence of over-
whelming benefit {2-sided P<.001 favoring EPO) or sub-
stantive harm (2-sided P<.01 against EPO) once sufficient
events have accrued,

Statistical analysis

Data will be analyzed based on an intention-to-treat
principle. The efficacy end point is LVEF improvement,
The null hypothesis, that al! treatment groups will have
the same mean LVEF improvement, will be tested
against the alternative hypothesis, that the mean LVEF
improvement in the treatment groups will increase in the
order of placebo, EPO (6,000 TU) and EPO (12,000 IU),
according to the contrast test with a contrast coefficient
{-1, 0, 1) based on the t-statistic. The contrast test will
be evaluated based on a l-sided significance level of
0.025. The secondary efficacy end point of OS in each
group will be analyzed by the Kaplan-Meier method
and compared using the log-rank test. Cardiovascular
events and NT-ProBNP at the 6-months follow-up will
be analyzed by a nonparametric test (e.g., Wilcoxon
rank sum test). Safety analyses will be performed to
summarize the adverse events in each treatment group.
The baseline characteristics of the study patients will be
summarized using frequencies and percentages for cate-
gorical variagbles and using means with standard devia-
tions for continuous variables.

Current status

EPG-AMI-TI began enrolling patients in December 2011. As
of May 15, 2012, the application for the Evaluation System
of Investigational Medical Care is ongeing, and 14 of 24
eligible centers have been approved. Completion of
study enrollment is targeted for September 30, 2014.
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Allowing for the 6-month follow-up of the final ran-
domized patient, trial completion is anticipated by
March 2015.

Discussion

We have started the EPO-AMI-II study to clarify the safety
and efficacy of low-dose EPO in the improvement of LVEF
in STEMI patients with a low LVEF (<50 %). EPO-AMI-II
is a multicenter, prospective, randomized, double-blind,
placebo-controlled, dose-finding study in patients with their
first STEML

Randomized clinical studies to clarify the effects
of low-dose EPO in patients with STEMI

Therapies that can reduce myocardial damage and aug-
ment neovascularization in the heart after an MI may be
beneficial in patients with STEMI. Experimental studies
demonstrate that the intravenous administration of EPO
at the onset of reperfusion reduces myocardial infarct
size and prevents cardiac reverse remodeling, with en-
hanced neovascularization in the heart after an MI [6,
7]. Recently, proof-of-concept studies using high-dose
EPO have reported inconsistent cardioprotection results
from EPO in patients with STEMI (Table 3). The use of
high-dose EPO at the time of reperfusion for an acute
MI to salvage the myocardium or to improve LV func-
tion will not be further pursued in any newly initiated
study.

In contrast, low-dose EPO is likely to be cardioprotec-
tive in small clinical trials [11-13]. Potential mechanisms
to explain the dose-dependent discrepancy of EPO in
cardioprotection may be attributable to platelet activation
and the existence of an optimal dose for limiting infarct
size, Platelet activation by a high dose of EPO [14] and
the existence of an optimal dose for limiting infarct size
[15] may explain the dose-dependent discrepancy of EPO-
induced cardioprotection. Because EPO has structural
similarity with thrombopoietin, high-dose EPO increases
platelet production and reactivity, which leads to an in-
creased risk of thrombosis and cardiovascular events,
Additionally, a dose response curve of the bioactivity of
cytokines does not necessarily appear to be guided by a
sigmoid function. Positive intracellular signal of cytokine
receptors via serial chain reaction of protein tyrosine
kinases is typically interfered by automated circuit reac-
tion of protein tyrosine phosphatase such as SHP1 to
avoid overdoing of growth and inflammation [18]. In fact,
admtinistration of high-dose EPO lost its cardioprotective
activity in rat and mouse coronary ischemia/reperfusion
models [15, 19]. The rationale for EPO treatment for
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Table 3 Overview of random-
ized comrolled studies invesii- I'mial Dose of EPO Primary outcome  Hesuht Cardionvascular cvent
gating the effects of EPO in
patt with acwie myocardial REVIVAL-Z ERICEEI R {$A 4R by LV FF Mo change Inerease (not significann)
infurction HEBE-HI 60L000 U Infarction size Mo change  Decrease signilieant
REVEAL 60,060 1L Infarction size Nochange  Incresse (not significant)
EPOC-AMI 6000 TU~ 3 iday 0.2, 4y LV EF Improve No change
EPQ-AMI- 12.000 U LV EF Improve No change
EPO-AMI-I 6.000 or 12.000 1U LV EF

patients with STEMI lies in the low-dose EPO trials.
although these have only been small clinical trials to
date.

Protocol of EPO-AMI-I study

On the basis of a posi-hoc analysis of our pilot study
(EPO-AMI-I) and a recent proposal from workshops
[20-22], we have modified the protocol for the EPO-
AMI-II smdy. First, we created new inclusion criteria to
include patients with an LVEF <50 %. Only patients who
have large myocardial infarcts can receive benefits from
any adjunctive therapy {23, 24]. Consistently, the post-hoc
analysis of the EPG-AMI-T study revealed that STEMI
patients with an LVEF <30 % received large benefits from
EPQ administration! (Fig, 1). When patients with sig-
nificant stenotic lesions in non-infarct-related arteries that
required revascularization were excluded, more than 90 %
of STEMI patients who met the inclusion and exclusion
criteria presented with a proximal left anterior descending
artery in the EPO-AMI-T study. This type of STEMI
patient will receive more benefii from adjunctive therapy
[23, 24]. Second. we have shortened the therapeutic time
window from the onset of chest pain to reperfusion time
(fromm 24 h to 12 h). which will also result in a shorter
time window between EPO administration and the onset
of chest pain. For example. i rate with & permanent
coronary occlusion, EPO does not effectively reduce myo-
cardial infarct size when administered 224 h after the Ml
[25]. These pretocol modifications of the EFO-AMI-1
study will fimprove the efficacy and safety of low-dose
EPO in patients with STEMIL
Safery of EPO in STEMI patients
[n the EPO-AMI-T (12,000 1L and EPOC studies (6.000 [U
3y in which low-dose EPO was administered, the risk of
cardiovascular events was not increased [11. 121 When
! «31 -dose EPO was administered. the results were mconsis-
rent. In the REVEAL studv. the subanalvais
FPF (6L000 1L B
events, although the authors noted that the tnai}fsis was
based on a very small number of events. Co

showed

ad a higher incidence of serious adverse

rrely. in
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the HEBEIII siudy. the subanalysis revealed that EPO
showed a trend toward a reduction of enzymatic infarct size
and significantly reduced the incidence of the combined
endpoint (cardiovascular death, myocardial infarction, in-
stent thrombosis, unstable angina and heart failure). In the
REVIVAL study, EPO (33.000 IU = 3) showed a trend
toward an increased rate of serious adverse effects. Their
neta-analysis showed that the administration of EPC
appeared o be safe for patients with acute STEMI [26].
For the safety of patients in the EPO-AMI study. a report
system for serious adverse events has been established. and
the clinical research coordinator will often visit the hospitals
that participate in this study. Recently. the post-hoc analysis
suggested the association of high-dose EPO with the reste-
nosis of the culprit lesion, although no significant differ-
ences in late lumen loss between the EPO and placebo
groups were observed [27, 28], Additionally. no significam
difference in late lumen loss was found when low-dose EPO
was used |11, 12].

~

Quantification of LV function and infarct size

In the EPO-AMI- study. we are only including patients
with a first STEMI because ECG-gated SPECT allows for
no distinction between previous and new infarcts. The pri-
mary end point of this study is to evaluate the improvement
of LVEF between the acute and chronic stages (Table 2}, Ir
the chronic stage. ECG-gated SPECT with adenosine allows
for the evaluation of the residual myocardial ischemia. One
alternative evaluation method is cardiac magnetic resonance
imaging. which may be able to assess the at-risk area and the
final infarct size. but this technique remains to be validated
for quantification [29].

Conclusions

Because the randomized control wials conducted 1o date
igh-dose EPC and dem

=

onstrated heterog
he FPO-AMIT study will clanty the safety
fiicacy of lowe-dose EPC in STEMI patients with LV dys-
function in double-blind. placebo-contrelled. multicenter
studies (&

have used h SrCus

s
faiatst
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SUMMARY

Wit signaling plays critical roles in development of
various organs and pathogenesis of many diseases,
and augmented Wni signaling has recently been
implicated in mammalian aging and aging-related
phenotypes. We here report that complement Clg
activates canonical Wnt signaling and promotes
aging-associated decline in tissue regeneration.
Serum Clqg concentration is increased with aging,
and Wnt signaling activity is augmented during aging
inthe serum and in multiple tissues of wild-type mice,
but not in those of Clga-deficient mice. Clq acti-
vates canonical Wnt signaling by binding to Frizzled
receptors and subsequently inducing Cls-depen-
dent cleavage of the ectodomain of Wnt coreceptor
low-density lipoprotein receptor-related protein 6.
Skeletal muscle regeneration in young mice is
inhibited by exogenous Ciq treatment, whereas
aging-associated impairment of muscle regeneration
is restored by C1s inhibition or C?ga gene disruption.
Qur findings therefore suggest the unexpected role
of complement C1¢ in Wnt signal transduction and
modulation of mammalian aging.

INTRODUCTION

Wnts constitute a large family of secreted proteins that elicit
evolutionarily conserved intracellular signaling and affect diverse
cellular responses during development. Wnt signaling also plays

critical roles in various physiological and pathological processes
in adult organisms, including stem cell self-renewal/differentia-

1288 Cell 749, 1298-1313, June 8, 2012 ©2012 Elsevier Inc.
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tion, degenerative diseases, and carcinogenesis (Blanpain
et al,, 2007; Clevers, 2008; Logan and Nusse, 2004). The B-cai-
enin-dependent canonical Wnt pathway is the maost understood
signaling cascade initiated by Wnit proteins. Upon Wnt stimula-
tion, cytosolic p-catenin is stabilized and translocates to the
nucleus, where it binds to T cell factor/Lymphoid enhancer factor
(Tcf/lef) and induces Tef/Lef-dependent transcription (Logan
and Nusse, 2004). This canonical Wnt signaling Is mediated by
two types of cell surface receptors, the Frizzled {(Fz) family of
serpentine proteins and the single-transmembrane protein low-
density lipoprotein receptor-related protein 5/6 (LRP5/6) (Angers
and Moon, 2009; MacDonald et al., 2009).

Recent studies have revealed a role of Wnt signaling in the
regulation of mammalian aging. Wnt/B-catenin signaling is
augmented in a mouse model of accelerated aging (Liu et al.,
2007), and inhibition of canonical Wnt signaling reverses the
aging-associated impairment of skeletal muscle regeneration
(Brack et al., 2007). Moreover, this age-related activation of
Whnt signaling was attributed to the substance(s) in the serum
that binds to the extracellular cysteine-rich domain (CRD) of Fz
(Brack et al., 2007). However, because Wnt proteins tightly
bind fo the cell surface and/or extracellular matvix and are
thought to act in a short-range manner (Kikuchi et al., 2007;
White et al., 2007), the substance(s} in the serum that activates
Whnt signaling was assumed to be distinct from classical Wnt
proteins.

Here, we show that complement C1q is an activator of Wnit
signaling. Gig activates canonical Wnt signaling by binding to
Fz receptors and subsequently inducing Cis-dependent
cleavage of the ectodemain of LRP6. Serum C1qg concentration
and the expression of C1q in various tissues are increased with
aging, which are associated with increased Wni signaling activity
in serum and in mulliple tissues during aging. We further demon-
strate that activation of Wnt signaling by Ctq accounts for the
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