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CV Cell Therapy Target Population:
=80 million people in USA with CVD

Chest Pain

4.2 million emergency visits/yr
6.4 million outpatient visits/yr

*Symptomatic coronary artery disease (CAD)

or angina pectoris. Acute and chronic coronary syndromes
American Heart Association

Heart Disease and Stroke Statistics—2007 Update




Perspectives on Stem Cell Therapy
For Cardiac Repair

Ischemic Heart Disease, via ACS, CCS and HF, major
cause of death and disabillity, in part, due to
diminished ability of heart to repair itself.

Early reperfusion reduces mortality, life style changes,
and drugs improve life expectancy and QolL, but
considerable residual risk and disability persists.

Preventing morbidity/ mortality challenging.




Stem-cell homing in ACS:

Rosenthal. N Engl J Med. 2003;349:267-74
Kucia M et al. Circ Res. 2004;95:1191-9.
Kucia M et al. Biol Cell. 2005;97:133-46.

Wojakowski W et al. Heart. 2008;94:27-33.




Cardiac repair hypothesis

e Heart has very limited capacity for repair

 Failure to evoke a robust stem cell response (numbe  rs
or activity) following acute ischemic injury result s in
severe myocardial dysfunction




Human Progenitor Cells Decline with Age
and also with every established CVD risk factor
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Rationale for cell therapy

* Derived from assumption that given insufficient
regeneration of injured heart tissue.

o Stem cells and associated milieu will facilitate
repair of damaged vascular and cardiac tissue.




Cell| Therapy, forr A

*Thousands of reports using AMI animal models show | mprovement with

cell therapy:
 — Cells (CMs and vessels) at border zone
« - EF, EDV,- perfusion
 Many cell types implanted
« Transplanted cells do not persist at implant site

sLimitations:
* Experimental AMI
* No atherosclerosis associated milieu (risk factor c onditions)
e Timing issues
» Delivery issues




Robustness of meta-regression analyses
appraising impact of cell therapy in AMI

No evidence of:

— Small-study bias
— Major differences in EF effect size comparing RCTs
» Selecting RCTs or “high-quality” RCTs: EF improvemen t similar 3-4%
¢ (95% Cls 2.2 to 6); p <0.00001
« Effect on EF remains selecting only studies using s ham IC infusion as control
« Sensitivity analysis excluding 1 study at a time co nfirms direction and magnitude of
results from overall analysis (all p values <0.001)
— Effect of BMCs vs. PMCs mobilized from BM not analy  zed due to inadequate

power (few studies using IC PMCs).




Changes:in, LV, Eection, Fraction, with, Drugs: that
Reduce. Mortality, andiMorbidity, after A1 0, RETS

Reffelmann, T. et al. J Am Coll Cardiol 2009:53:305-308







Changes in EF (Control and Transplant Groups) in 13 Trials of
IC Injection of Blood or BM-Derived Cells in AMI

Author, Yr

EF (%) Control Gr
Baseline EF F-Up

EF (%) Transplant Gr

Baseline

F-Up

EF Change
Gr—C Gr

=

Strauer, 02

60 £ 7 64 £ 7

57 +8

62 + 10

1.0

Chen, 04

48 + 10 54 +5

49+ 9

12.0*

Bartunek, 05

44 + 3 49+ 4

45+ 3

2.8

Ruan, 05

54 +7 50+8

53+9

Li, 06

51+8 53+6

50+ 8

Janssens, 06

47+ 8 49 + 11

49 +7

Meyer, 06

51+9

50+ 10

Kang, 06

53 +13

52 +10

57 %9

Ge, 06

54 +9

59 +10

Lunde, 06

41 +10

49 + 13

Meluzin, 06

42 + 9 low dose
41 % 9 high dose

45 + 9 low dose
46 % 9 high dose

Schachinger, 06

48 + 9

54 +10

Huikuri, 07

59+8

679

*Note: largest change in EF (>5 %) observed in trials with higher baseline EFs




RCT bone marrow cells for AMI

Methodological limitations in previous trials:

* |ssues on randomization/ blinding/ “true controls”

« Lack of uniform:
— primary measure of interest (LVEF, regional wall motion, EDV, perfusion) and
method (echo, SPECT, MRI, angio)
pre-specifed timing of cell administration
cell dose within each study
reperfusion method (BMS, DES, POBA, Iytics).
uniform follow-up beyond the short term







RCT- bone marrow cells for AMI

Key remaining gquestions:
— Mechanism of action
— Effect of timing of cell administration post AMI
— Effect of cell dose and viability (function)

— Effect of cell preparation method

— Importance of age, diabetes, sex and other conditio
— Importance of microvascular obstruction (MVO)

— Effect of DES vs. BMS vs. POBA vs. lytics only

— Optimal cell type and outcome measure




Outcome 4-6 months after BM cell therapy for AMI
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NHLBI-CCTRN:
Goal and initial phase I/l clinical trials

TIME

Effect of early timing
BMCs post-MIl on LV
function (cMRI)
in first ant STEMI

2x2: 3 vs. 7ds
150x106 TNC IC vs.
placebo

ate TIME

Effect of late (2-3 wks)
BMCs_post-MIl on LV
function (cMRI) in
first ant STEMI

cells vs. placebo

FOCUS

Effect of
transmyocardial
(NOGA) BMC on LV
function in chronic
CAD with LVD

2:1 cells (100x10 ¢ TMC
IM) vs. placebo

Nat Clin Pract Cardiovasc Med. 2007:4:403.




Intramyecaldial Bone Marrew, Cell Injectiomn for, Cinemg
Myecardial Ischemia:- Phase. l Randomized|Contrelled) firials

N-24 Intramyocardial Transplantation of Autologous CD34+ Stem Cells for Intractable Angina: Phase 1/2a Double- Blind
RCT Losordo, et al. Circulation. 2007;115:3165-3172

After 3 and 6 months, BM cell patients had trendst  oward improvement in angina frequency, NTG use, CCS cl, and

ETT vs. placebo patients.

N=28 Prospective randomized trial of direct endomyocardial implantation of bone marrow cells for severe CAD: PROTECT-
CAD Tse et al Euro H J. 2007; 28:2998-3005

After 6 months, BM cell patients had significantly improved ETT, LVEF, and NYHA functional class vs. pI|  acebo
patients.

N=50 Intramyocardial Bone Marrow Cell Injection for Chronic Myocardial Ischemia: A Randomized Controlled Trial
van Ramshorst, et al. JAMA. 2009;30:1997-2004

After 3 and 6 months, BM cell patients had signific ~ antly improved perfusion, EF, QOL score, and CCS cl ass vs.

placebo patients.



Phase || ACT34—-CMI Study Design

Screening and Baseline Visits

Cell Mobilization (GCSF 5mcg/kg/d x 5d)
Apheresis on Day 5

Randomization |

(n = 55) (n =56) (n =56)

1x105 CD34* cells/kg ‘ Placebo 5x105 CD34+ cells/kg ‘

Endomyocardial Mapping and Injection with NOGA
Isolex selected CD34 * cells or Placebo

Follow-up Safety and Efficacy Assessments:
1-7ds, and 1, 3, 6, 12 mths; ETT at 3, 6, 12 mths
MRI at 6 mths, SPECT at 6 & 12 mths




ACT-34 CMI: Reduction in Angina

Primary Outcome: Angina Episodes/week
Change from baseline at 6 months

Placebo
-8.6

Analysis of Variance (ANOVA)




ACT-34 CMI: Increase in Exercise Time

Total ETT Time
Change from baseline at 6 months

Placebo
69




Search- “stem cells in AMI” =65 clinical trials
“stem cells for CVD"=541 clinical trials registered with

ClinicalTrials.gov 3/6/09- Most are “recruiting”

Cell Type: Delivery Route
Allogeneic MPCs: Transendocardial
Allogeneic MSCs: Intravenous
Autologous adipose-derived stem and regenerative ce lls: ?
Autologous BMCs: Transepicardial
Autologous BMCs: Intracoronary
Autologous BMCs selected CD34 ™ Intracoronary
Autologous MSCs: Transepicardial
Combination stem cells (MESENDO): Intracor/intramyo

Universal Donor Endometrial Regenerative Cells (ERC ) ?
Optimized Autologous Cardiosphere-derived Stem Cell S ?
Autologous VSEL Stem Cells ?

Human Extracellular Matrix to Support Minimally Invas ive Delivery of Stem Cells for
Heart Failure

Stem Cell Therapy for Vulnerable Plaque













Perspectives on Stem Cell Therapy For Cardiac Repair:
Preliminary Results

Summary:

Chronic IHD and early post Ml reasonable population (proof of concept)
Must define populations (patients and cell types) to benefit

Relative ease of BMMNC acquisition and preparation

Positive findings in patient studies

Established safety record

Questions raised by prior studies (blinding/proper controls/dose/timing/cell type, etc) can
only be answered by appropriately designed RCTs wit  h clinical outcomes.

Conclusion;

Clearly, IHD (refractory angina or recent Ml with po  or LV function) patient may benefit.
Early Ml is very difficult target population at this stage in development of cell therapy.




UF CV Stem Cell Therapy Program,;
Multidisciplinary Effort

Cardiology - Carl Pepine, M.D., David Anderson, M.D., Tempa Curry, RN,
Daniel Pauly, M.D, Eileen Handberg, PhD, John Petersen, M.D., Ki Park, MD,
Pamela Smith, LPN; Keith Muller, PhD (consultant)

Hematology/Oncology/BTU - Christopher Cogle, M.D.; John Wingard,
M.D.; Amy Meacham, MS; Rodney Pettway; Doris Taylor, PhD;

Nephrology/Pharmacology- Mark Segal, M.D., Maria Grant M.D, Elaine
Beem, Laura Sautina

cMRI Core Laboratory/Radiology- John Forder, PhD; Andrei Samarin,
M.D.

Genetics/Pediatric Cardiology- Barry Byrne, M.D.

Anesthesia - Nic Gravenstein M.D.
Mechanical and Aerospace Engineering-  Roger Tran-Son-Tay Ph.D.

Shands Stem Cell Laboratory- Diane Fisk, Michelle Mede,; Traci Pena,
Sonia Riestra-Agnes

Shands Cardiac Cath Laboratory- Brad Loftin; AJ Lotfy
NHLBI; CCTRN Data Coordinating Center U TX ; Research Coordinators;
Patients



The Future




Gene Therapy In Cardiovascular Disease

Several approaches

Replaces a mutated gene that causes
disease with a healthy copy

Inactivating or “knocking out” a mutated
gene that is functioning improperly

Introducing a new gene to fight disease




Virus as Vector




Potential Concerns with Viral Vectors

Virus’ can infect more than one type of cell

Could be inserted into wrong DNA causing harmful mu tations- this
has happened in X-linked severe combined immunodefi ciency
patients were given hemopoetic cells which were tran sduced with
corrective transgene used a retrovirus which resulte d in developed
of T cell leukemia in 4/20 patients

Overexpression that could cause harm

Inserted into reproductive genes and passed onto c hildren

Immune reaction

Transmission to others/environment




Active Clinical Trials

e Active, not recruiting
Condition:
Coronary Artery Disease Intervention: Genetic: intramyocardial injection
of VEGF-A165/bFGF:placebo plasmid5

e Active, not recruiting

Condition:
Angina Pectoris Intervention: Gene Transfer: pVGI.1(VEGF2)

e Recruiting

Conditions:
Peripheral Arterial Disease (PAD); Claudication Intervention:
Biological: MultiGeneAngio

www.clinicaltrials.gov




