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Heart failure

McCollough et al., JACC 2002.

AMI triggers a series of cellular and molecular changes leading to apoptosis, necrosis, and hypertrophy of
cardiomyocytes; impaired neovascularization; interstitial fibrosis and inflammation; reduced contractility; and
pathological remodeling.



Cell-based cardiac regeneration

¨ stem or progenitor cells hold the promise of tissue
regeneration for decades

¤ rescue ischemic myocyte damage
¤ enhance vascular density
¤ rebuild injured myocardium



Pavo et al., J Mol Cell Cardiol. 2014.



Cardiac derived stem cells (CDCs)

¤ SCIPIO (Stem Cell Infusion in Patients with Ischemic cardiOmyopathy) in patients
undergoing CABG (intracoronnary infusion 4 months after surgery) 

Bolli R. et al., Lancet 2011.



Mononuclear stem cells (MNCs)

¤ MYSTAR (Combined (Percutane- ous Intramyocardial and Intracoronary) Application of
Autologous Bone Marrow Mononuclear Cells Post Myocardial Infarction)

Gyöngyösi M. et al., Nat Clin Pract Cardiovasc Med. 2009 and PLOS One 2015.

Baseline                     1a post-MNC treatment 5a post-MNC treatment



Mononuclear stem cells (MNCs)

¤ MYSTAR (Combined (Percutane- ous Intramyocardial and Intracoronary) Application of
Autologous Bone Marrow Mononuclear Cells Post Myocardial Infarction)

Gyöngyösi M. et al., Nat Clin Pract Cardiovasc Med. 2009 and PLOS One 2015.



Meta-analysis MACCE

¤ ACCRUE (Meta-Analysis of Cell-based CaRdiac stUdiEs in Patients With Acute Myocardial
Infarction)

Gyöngyösi M. et al., Circ Res. 2015.



Meta-analysis subgroups MACCE

¤ ACCRUE (Meta-Analysis of Cell-based CaRdiac stUdiEs in Patients With Acute Myocardial
Infarction)

Gyöngyösi M. et al., Circ Res. 2015.



Meta-analyses of cell-based therapies

Gyöngyösi M. et al., Circ Res. 2016.

Association between sample size and observed change in LVEF.



– ongoing phase III study

¤ BAMI (The Effect of Intracoronary Reinfusion of Bone Marrow-derived Mononuclear
Cells(BM-MNC) on All Cause Mortality in Acute Myocardial Infarction)

n This is a multinational, multicentre, randomised open-label, controlled,
parallel-group phase III study. Its aim is to demonstrate that a single
intracoronary infusion of autologous bone marrow-derived mononuclear cells
is safe and reduces all-cause mortality in patients with reduced left
ventricular ejection fraction(</=45%) after successful reperfusion for acute
myocardial infarction when compared to a control group of patients
undergoing best medical care.



Lack of breakthrough in clinical trials

¨ Major discrepancies to pre-clinical trials
¤ Differences in the AMI model (open vs closed chest)
¤ Delivery route
¤ Origin of implanted cells
¤ Number of cells respective to body weight

¨ Does cell differentiation into cardiomyocytes really
work?

¨ Do the administered cells stay in the myocardium, does
homing really work?

Despite some promising pre-clinical results there is a lack of breakthrough in clinical trials. 



The dying stem cell hypothesis

apoptosis of transplanted cells modulates local tissue reactions

Thum T. et al., JACC 2005.

Local paracrine signaling of the transplanted living or apoptotic cells is supposed to be
responsible for the benefit of cell transplantation.



APOSEC

¤ APOSEC (= APOptotic cell SECretoma)



APOSEC
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Lichtenauer M. et al., Basic Res Cardiol. 2011.

=CXCL8, induces chemotaxis for neutrophils, promotes
angiogenesis
=CXCL5, protective role in atherosclerosis, induces chemotaxis

leukocyte transmigration
angiogenesis
inflammatory cytokine

modulator of T cell activation
antagonist for IL-1α,	IL-1β (proinflammatory cytokines)

Mediators of the paracrine effect.



APOSEC

Beer L. et al., BMC Genomics 2014.
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APOSEC

Beer L. et al., Sci Rep 2015.
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APOSEC

Beer L. et al., Sci Rep 2015.
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APOSEC

Lichtenauer M. et al., Basic Res Cardiol. 2011.

Intravenous application of APOSEC, viable PBMC or medium right after the onset of
myocardial ischemia through ligation of the LAD



APOSEC

Lichtenauer M. et al., Basic Res Cardiol. 2011.

Intravenous application of low-, high-dose APOSEC or medium 40min after the onset of
the 90min ischemia in porcine-reperfused AMI



APOSEC

Lichtenauer M. et al., Basic Res Cardiol. 2011.

Intravenous application of low- and high-dose APOSEC 40min after the onset of the
90min ischemia in porcine AMI
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Porcine AMI-model and the NOGA system

balloon

Similar to primary PCI in humans with ST-
segment elevation myocardial infarction.



AIMS

¨ Comparing the performance of the NOGA system with cardiac MRI
in their ability to determine infarction size and infarction
transmurality – is the NOGA system a valid tool to guide
intramyocardial regenerative substance delivery?

¨ Assessing the efficacy and safety of percutaneous intramyocardial
delivery of APOSEC in a clinically relevant porcine model of chronic
left ventricular dysfunction in response to myocardial infarction

¨ Investigation of the effects of APOSEC on haemodynamic function
and gene expression profile in chronic left ventricular dysfunction



to validate the diagnostic value of a percutaneous
intramyocardial navigation system (NOGA)



Study design

¨ 60 domestic pigs with closed chest reperfused AMI

¨ 60 days later (after the development of chronic LV dysfunction) cMRI and
NOGA-mapping were performed and compared



Example of NOGA and cMRI in chronic infarction
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cMRI derived values for transmurality

Determintion of NOGA bipolar voltage values for infarct transmurality based on cMRI
values

NOGA bipolar voltage:     <0.8 mV          0.8–1.9 mV >1.9 mV
cMRI transmurality:            >75%                 50%                 <25%



NOGA cut-off values



Correlation infarct size



Correlation transmural and non-transmural infarction



Summary

¨ NOGA mapping showed good concordance with the off-line
gold standard, cMRI-LE imaging

¨ NOGA mapping may be useful in patients with
contraindications for cMRI who require targeted
intramyocardial regenerative therapy



regenerative and cardioprotective effects of
APOSEC in a translational model of ischemic
cardiomyopathy using gene expression analysis



Study design

Day 3
Cardiac MRI
LV function
Late enhancement

Day 30
Percutaneous intramyocardial
injection of APOSEC or Medium

Day 60
Cardiac MRI
LV function
Late enhancement
Control angiography
Haemodynamic measurements

Day 0
Closed chest reperfused AMI
Haemodynamics measurements



MRI and NOGA example

FUP EDV FUP ESV FUP EDV FUP ESV

APOSEC Medium

FUP LE FUP LE

Baseline injection FUP

APOSEC

Medium

Baseline injection FUP Difference between baseline and 
FUP

Segmental infarct transmurality is reduced in the FUP images of an APOSEC-treated pig, while slight
enlargement of the infarct area is seen in a medium solution-treated pig.



MRI and hemodynamic results
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APOSEC-treated animals had significantly smaller infarcts, a significantly higher cardiac index and showed a
trend towards a higher EF.

21.58+/-2.09 vs.13.92+/-1.34 %; p < 0.05

3.07+/-2.35 vs.4.40+/-3.94 l/min/m2; p < 0.05

37.4+/-8.0 vs. 45.4+/-5.9 %; p = 0.052



NOGA results
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FUP FUP

Unipolar voltage maps of a control 
(medium solution-treated) animal

Unipolar voltage maps of an Aposec-
treated animal

Baseline with 
injections

The APOSEC group had significantly higher unipolar voltage values (viability) and bipolar voltage (index of
infarct transmurality) values. The infarcted area was visibly smaller at FUP in the APOSEC-pigs, indicating that
ventricular remodeling was reduced.



Histologic findings

APOSEC-treated pigs show a higher density of CD31+ and CD117+ cells both in infarct core and border areas,
indicating enhanced level of microvascularization and homing of endogenous c-kitþ cardiac stem cells.



Gene expression analysis

FDR=5%

2 – CD209 17 – caspase-1
4 – claudin3 20 – TNF-ligand member 13b
7 – arachidonate 15-lipoxygenase 26 – uroplakin1B

31 – claudin3
32 – similar to S100-A2

Microarray analysis revealed 10 genes with significantly altered expression in the infarcted zone and 23 in the
treated area at an FDR of 5%.



FDR=10%



RT-PCR

Significant overexpression of the cardiac myogenesis and vascular development gene, myocyte-specific
enhancer factor 2C (MEF2c), and repression of the apoptosis regulator caspase-3 and a trend towards higher
expression of GATA-4 were found.



Summary

1. The presented large animal models of not only acute but chronic
myocardial ischemia studies demonstrate the beneficial effects of
paracrine factors (as a cell-free therapy) in myocardial
regeneration.

2. In chronic myocardial ischemic LV dysfunction APOSEC injection was
associated with reduction in infarct size and significant increase in
CO accompanied by improvement in contractile function.

3. Gene profiling analysis of the APOSEC-treated myocardial areas
revealed downregulation of inflammatory and apoptotic genes.

4. Post-hoc validation of gene expression by RT-PCR showed higher
levels of expression of Mefc2 and a robust downregulation of
apoptosis regulator, caspase-3.
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