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e Cell Products:
— Bone Marrow Derived CD105+ Cells
— Umbilical Cord Derived CD105+ Cells
— Cell Combination Therapy

e Sources of variability:

— Donor sex, age, health status.

— Manufacturing process (isolation, expansion, and
characterization).

— In vitro and in vivo assays of viability and efficacy
(differentiation, anti fibrotic, pro angiogenic, anti
inflammatory) to choose most potent cell product.




Manufacturing Steps of MSCs
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The Translational Pipeline
Phase I/ll Clinical Trials

PROMETHEUS — Surgical delivery of autologous
MSCs (Karantalis et al, Circ Res, 2014)

TAC-HFT — Catheter delivery. Autologous MSCs
vs. Whole Bone Marrow vs. Placebo. 65 patients.

(Heldman et al, JAMA, 2014)

POSEIDON and POSEIDON-DCM - Catheter
delivery. Autologous vs. Allogeneic MSCs. (Hare
et al, JAMA, 2012; Hare et al, JACC, 2017)

TRIDENT — Catheter delivery. 20 vs. 100 million
Allogeneic MSCs. (Florea and Rieger et al, Circ
Res, 2017)




Clinical Trial Results of MSCs
Applied to Human Heart Failure

Intra-cardiac autologous and allogeneic MSC injections are
safe (4 phase I/l successful)

Absence of significant alloimmune reactions with allo MSCs

Moderate but consistent improvements in 6 min walk distance
and Minnesota Living with HF questionnaire scores

Scar size reduced by 30 to 50%; Reverse remodeling

EF improvement in the dilated cardiomyopathy patients
(allo>auto)

Improved endothelial function (FMD and EPCs) with allo MSCs
Decrease in TNF alpha in dilated cardiomyopathy patients

Hare et al, JAMA 2012; Heldman et al, JAMA 2014; Hare et al, JACC 2017; Florea et al, Circ
Res 2017




Basic and Preclinical Studies
Mechanisms of Action of Cardiac
Repair with MSCs

Anti-fibrotic effects (Berry at, AJP Heart Circ 2006)
Anti-inflammatory effects
Pro-angiogenic effects (Perin et al, Circ. 2005)

Restoration of Contractile Function

— Engraftment, differentiation and stimulation of
endogenous cardiac stem cells to proliferate

and differentiate (Quevedo et al, PNAS 2009;
Hatzistergos et al, Circ Res 2010)




Patients with cardiomyopathy have
Impaired endothelial function
compared to healthy controls at
baseline

P=0.0017
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MSCs increase circulating EPCs and
augment brachial artery reactivity
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Umbilical Cord
Mesenchymal

Stem Cells

e Also Known as Wharton’s
Jelly

o Adult stem cells of infant
origin

o Isolated immediately
following birth

e Alternate to bone marrow
stem cells




Umbilical Cord MSC Processing




UC MSC Processing
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UC MSC Cell Counts and Viability
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UC MSC Cell
Purity
CD105

Cell Purity by FACS Analysis CD105
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UC MSC Cell
Purity
CD45

Cell Purity by FACS Analysis CD45
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MSCs stimulate
endogenous cardiac repair
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Cell treated groups have similar antifibrotic effects
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Combined engraftment enhances
repair in an autologous model of
chronic ischemic cardiomyopathy

Karantalis et al. JACC, 2015




The Cardiovascular Cell Therapy Research Network

The
CONCERT
-CHF Trial:

Combination Of c-kit cells and mesenchymal
cells: a Novel, dual Cell study Evaluating
Regenerative properties for Treatment In

Chronic Heart Failure

Study Chair: Atul R. Chugh, MD
Asst. Professor, Director-Advanced Cardiac Imaging and Preventive Cardiology
University of Louisville, Louisville, KY




Organizational Structure: NHLBI
Cardiovascular Cell Therapy Research Network (CCTRN)
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C-Kit Cell Expansion
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144 subjects will be randomized 1:1:1:1
36 subjects/group to 1 of 4 treatment groups:

1. Combo: Target dose is a mixture of 150 million MSCs
and 5 million CSCs

2. MSCs: Target dose is 150 million MSCs
3. CSCs: Target dose is 5 million CSCs
4. Placebo: Cell-free Plasmalyte-A medium

Run in phase (n=16)

Each subject will receive 15 injections, each of 0.4 ml
volume (cells or placebo)
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Conclusions and Implications

MSCs are powerful antifibrotic, anti-inflammatory, and
immunomodulatory cells that stimulate neoangiogenesis and cell
proliferation

MSCs activate regenerative pathways in the human heart

Trials are underway using MSCs, CPCs, and combinations of MSCs-
CPCs (cell combination therapy)

We are performing comparison studies of CD105 cell effects
derived from different sources (bone marrow and umbilical cord) in
human subjects

Cell Combination Therapy may enhance cell-based cardiac repair
Exosomes are being evaluated and compared to MSCs

Future research: Impact of Sex of donor and patient; Age of donor
and patient; underlying health status of donor; disease
process/genetics of patient on efficacy of MSCs.
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