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Clinical Targets

Prevention of remodeling and dysfunction

Reversal of heart failure

Improved perfusion and angina




Potential Candidate Adult Stem Cells
for Autologous Therapy

Hematopoetic stem cells
C-kit*, CD34+, CD133*

CD31*

Endothelial progenitor cells
CD34+, CD133*, CD31*,
VEGFR 2*, VE-cadherin *

Mononuclear BM cells
CD45*, CD14*
~ 1-2% CD34/CD133*

Mesenchymal stem cells*
CD34-, CD45,
Adherent, CD90 *

Bone Marrow-derived*

Cardiac Repair

Adipose-derived
Mesenchymal stem cells

Skelétal Myoblasts




Stem Cell Type and Therapeutic Effect

Direct Comparison MSC vs BMNCs

Superior effects of MNC vs MSCs .
- Double blind, placebo controlled

study
- Canine model of chronic myocardial
Infarction

Mathieu M, et al JICVTS 2009



Stem Cell Type and Therapeutic Effect

Word of Caution on Safety

* Mice model of the myocardial infarction (cryoinjury , coronary ligation)
e Injection of 2x10 > MSCs (passage 3) or total BM from EGFP *transgenic mice
* Follow up from 29 to 268 days

Il Osteocalcin, Cy3 |l EGFP labeled stem cells Breitbach M et al. Blood 200



“Second Generation ” Stem Cell Products

High Throughput Genomics and Proteomics

Second generation biologics to
Improve safety and efficacy:

Genetic manipulation
Pharmacologic pre-treatment
Tissue engineering

A. Behfar & A. Terzic

Behfar A et al , J Exp Med 2007; Arell et al Stem C ells 2008; Nelson TJ et al, Stem Cells 2008;
Faustino RS et al , Genome Biol 2008; Behfar A et al, Nat Clin Pract Cardiovasc Med 2006



“Second Generation ” Stem Cell Products

High Throughput Genomics and Proteomics

Candidate effectors of cardiac differentiation were
identified using comparative proteomics and genomic S
applied on the endodermal secretome

Arell et al , Stem Cells 2008, Faustino et al,,Genome Biology 2008



“Second Generation ” Stem Cell Products

Cardiogenic Coctall in Adult BM MSCs from Cardiac P atients

Patient # 12

Age (mean = SEM) 64.2 +2.7

Male gender (%) 92

Hypertension (%) 35

Diabetes (%) 8

Hypercholesterolemia (%) 75 (Total cholesterol >200 mg/dL)

Smoking (%) 33 (current and former)

Family history of premature CAD (%) 8

Previous MI (%) 8

Previous angina (%) 50




“Second Generation ” Stem Cell Products

Cardiogenic Coctall in Adult BM MSCs from Cardiac P atients

Guided cardiopoietic BM mesenchymal stem cells:
- upregulation and nuclear translocation of cardiac t ranscription factors
- sarcomeric organization and expression of the gap | unction proteins

- rhythmic calcium transients
Behfar & Terzic, in press



Second Generation Stem Cell Products
High Throughput Genomic and Proteomic Technology

e Functional & pathology study in the chronically
iInfarcted dog model  pwscindog)

o Adaptation of the Cardiogenic Cocktail for use with
bone-marrow derived mesenchymal stem cells from
healthy subjects and cardiac patients

e Infarct zize, delivery & retention study in the
chronically infarcted pig model using NOGA (HMSC in dog)

e Functional, dose scaling & pathology study in the
chronically infarcted nude mice model (HMSC in mice)



Injection of FDG-labeled Guided BM-HMSC'’s vs Free
FDG in Pig Hearts

Free FDG
(no cells)
FDG-labeled
cardiopoietic
HMSC
Heart \ H
Liver Li

After injection of FDG-labeled cardiopoietic BMMSCs, the signal remained localized in spots at the
sites of injection. By contrast, when free FDG was injected, the signal diffused in the myocardium.
There was no signal detected in brain, liver or spleen.



Cardiopoiletic cells derived from cardiac
patients in a mouse model of chronic infarct

Bone marrow samples from cardiac patients

Derivation of cardiopoietic cells

Mouse model of chronic infarct: NUDE mice, ligation of
coronary artery to induce a myocardial infarction, Injections

done 4 weeks post-surgery (chronic infarct)

Injection of saline, or untreated (naive cells), or cardiopoietic
cells

Evaluation of the ejection fraction prior to inject lon (baseline),
1, 2, 8 and 12 months following injection



“Second Generation ” Stem Cell Products

Guided Cardiopoietic BM-MSCs in the mice model oft  he chronic Ml

Relative difference in ejection fraction (%)
Pra - Injaction

EF (%)

[ ‘ Guidad nsvNISC
| | T

n=12 patients

Behfar & Terzic, in press



“Second Generation ” Stem Cell Products

Guided Cardiopoietic BM-MSCs in the mice model oft  he chronic Ml

Naive cells

Behfar & Terzic, in press



“Second Generation ” Stem Cell Products

Guided Cardiopoietic BM-MSCs in the mice model oft  he chronic Ml

Naive hMSC

Human cardiopoietic cells engrafted into the host myocardium and
differentiated into cardiac myocytes (expressing troponin) and contributed to
LV regeneration post-infarction

Behfar & Terzic, in press



Cardio3 BioSciences C-Cure™ | Clinical Trial

Protocol Number: C3BS-C-07-02
EudraCT Number: 2007-007699-40

Objective

To test the safety and efficacy of guided, autologous bone marrow-
derived cardiopoietic mesenchymal stem cells

In iIschemic cardiomyopathy

http://www.clinicaltrials.gov/ct2/show/NCT008102387 term=C-Cure&rank=1

Sponsor: Cardio 2 Biosciences, Mont-Saint-Guibert, Belgium



C-Cure Clinical Trial Design
Principal Investigators: Jozef Bartunek (Belgium) & Andre Terzic (USA)

» Assess safety and efficacy of guided, autologous bone marrow-derived
cardiopoietic mesenchymal stem cells in heart failure secondary to ischemic
cardiomyopathy

* Multicenter, prospective, open-label, sequential design with 2 parallel arms

 Blinded core lab analyses

* 2:1 randomization
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C-Cure Clinical Trial

Treatment Strategy

NOGA-guided endomyocardial injection into dysfuncti onal but viable myocardium



Primary and Secondary Endpoints of C-Cure

Baseline 1-mo 3-mo 6-mo 9-mo 1-yr 18-mo 2-yrs

Change in LVEF (Muga)

LV EF, volumes and
remodelling (Echo)

Quality of Life

6-min walking distance
Spiroergometry
Humoral factors
Clinical events
Arrhythmias

Resource utilization



Leads to Improve Cell -mediated Response

The stem cell niche provides support The myocardial niche is where the cell
of the stem cells and regulation of its ends after delivery or endogenous
proliferation and downstream mobilization

differentiation

Walker MR, et al, J Pathol 2009



Leads to Improve Cell -mediated Response

Clues from Myocardial Mechanics

Mechanical control of tissue morphogenesis Mechanical properties determine

downstream differentiation

Patwari P and Lee RT, Circ Res 2008 Burdick JA and Vunjak-Novakovic G, Tissue Eng Part A 200¢



Leads to Improve Cell -mediated Response

Matrix Mechanics and Cell Distribution

Cell Spreading affects

Cell delivery — volume and spreading downstream differentiation

Burdick JA and Vunjak-Novakovic G, Tissue Eng Part A 200¢



Leads to Improve Cell -mediated Response

Niche Mobilization: SDF1/CXCR4 Axis

Low energy shock waves Increase SDF1 Inhibition of DPP-IV augments
expression and EPC recruitment C-GSF-SDF1 mediated myocardial repair

Aicher A, et al Circulation 2006 Zaruba MM et al, Cell stem cell 2009
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