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Chairman Pilcher-Cook, Chairman Crum, and members of the Committee, thank you for the opportunity
to testify on this important topic.

I am the Maureen and Marvin Dunn Professor and Director of the Division of Cardiovascular Diseases at
the University of Kansas Medical Center. | am also the Director of the Cardiovascular Research Institute
and Vice Chairman for research in the Department of Medicine at KUMC. | am a clinician-scientist with
research interests focused primarily on heart repair by adult stem cells. The research conducted in my
laboratory has been funded by the National Institutes of Health and the American Heart Association. |
have authored more than 100 original scientific papers, review articles, editorials, and book chapters,
including many focused on adult stem cell research and therapy. | am a Fellow of the American Heart
Association, the American College of Cardiology, and the American College of Physicians. | serve on
various scientific committees, grant review panels, and editorial boards of several prominent
cardiovascular journals.

Over the past decade, adult stem cell transplantation has emerged as an effective therapeutic option for
. organ repair. The evidence from numerous scientific reports, both from animal models and human
studies, supports the notion that adult stem cells are able to heal damaged tissues and restore function.
Although repair of many organ systems have been tested in this regard, repair of the heart has been
studied perhaps in the greatest detail. A paper published in 2001 reported the ability of adult bone
marrow stem cells to repair the heart in mice after a heart attack [1]. These researchers injected Lin-/c-
kit+ bone marrow cells into the periphery of dead myocardium, and reported improvement in heart
function and structure with such therapy. Since then, numerous papers have reported variable degrees
of benefit concerning heart structure and function with transplantation of various types of adult stem
cells derived from the bone marrow as well as other adult tissues.

This therapeutic promise from animal models was quickly translated in humans in a study conducted in
Germany in 2002, in which patient’s own bone marrow cells were injected into the coronary artery [2].
Such therapy improved heart function and blood supply to heart muscle in patients with acute heart
attack. Since this report, numerous clinical trials have been conducted in patients with both heart
attacks and heart faiiure using severai different types of aduit stem ceiis {3]. These include bone marrow
mononuclear cells, bone marrow mesenchymal stem cells, circulating progenitor cells, cardiac stem
cells, adipose stem cells, and skeletal myoblasts, to name a few. However, the results from these
relatively smaller clinical trials that used different types of adult stem cells in highly variable numbers at
different time-points after heart attacks have been quite variable.

There are many gaps in our knowledge about how adult stem cells repair the heart - or any other organ
for that matter. After a heart attack, a portion of the heart muscle is lost and replaced by scar tissue that
cannot pump blood. This leads to dilation of the heart and eventual development of heart faiiure. When
adult stem cells are injected into and around the damaged area, they are thought to facilitate the
healing process with various biological substances, form new blood vessels, preserve the remaining
heart muscle, and even form new heart muscle cells [4, 5]. However, there is clearly a tremendous




unmet need to study the mechanisms underlying the benefits conferred by the adult stem cells. This
knowledge will help shape adult stem cell therapy into more effective regimens.

Besides unraveling the exact mechanisms, from a therapeutic standpoint, it is equally important to
critically examine the outcomes of such treatment: In this regard, several parameters of heart function
and structure were studied in many clinical trials. However, results from these smaller trials were often
discordant, and therefore, we synthesized the current evidence by performing the first comprehensive
meta-analysis of pooled data in 2007 [6]. Our analysis:showed that therapy with adult bone marrow cells
improve heart function, reduce the extent of damaged myocardium, and improve heart structure. These
results were further upheld and extended in our subsequent meta- analySIS of data from a much larger
number of patients that was publlshed in2012 [7]..

Importantly, our results also showed that adult bone marrow cell transplantation reduces all-cause
mortality, cardiac mortality, recurrent héart attacks, and stent thrombosis during follow-up [7]. No
significant adverse effect of adult bone marrow cell therapy was noted. Moreover, such therapy -
benefited patients with fresh heart attacks as well as those who developed héart failure due to prior -
heart attacks. The improvement in outcomes was greater in patients with worse heart function at
baseline. Furthermore, there was no differénce in most of the parameters based on timing of cell . -
injection, suggesting that adult stem cell therapy may be effective over a rather long period of time after
a heart attack. Collectively, these results indicate that bone marrow cell therapy may potentially benefit
a large number of patients.

Although the above facts are highly encouraging, even more innovative therapy is being formulated in
numerous laboratories and clinics around the world. These novel approaches include: deriving induced
pluripotent stem cells from patient’s own cells; using genes and biological molecules to make more
potent adult stem cells; adding adult stem cells to biomaterials and patches; and expanding the use of
adult stem cells to various other health problems. Implementing these endeavors in our region would -
need a systematic mechanism.

As an individual faculty member with expertise in this area, | think an adult stem cell therapy center may
serve to greatly facilitate the delivery of adult stem cell therapy not only in Kansas, but also in a vast
geographical territory in the Midwest. Such a center will engage in the production and modification of
adult stem cells from various sources in a clinically acceptable clean facility following the Good
Manufacturing Practice (GMP) guidelines. A stem cell therapy center will also bring cutting edge adult
stem cell clinical trials to Kansas, and promiote awareness about the availability of such therapy locally
and regionally.

The scope of adult stem cell therapy is certainly not limited to the heart. Indeed, numerous diseases
may potentially be treated with adult stem cells. These include: critical ischemia of legs, stroke, spinal
cord injury, bone marrow diseases, joint diseases, to name a few from an ever-growing list. Further,
adult stem cell therapy may also prove to be cost effective over the long term by curing diseases
without significant side-effects.

In conclusion; adult stem cell thérapy can p‘otentially c‘ure NUMErous ‘diseases that pose substantial

adult stem cell therapy in Kansas will benefit patnents in a large geographlcal terrltory. Such a facility will
be instrumental in producing adult stem cells for use in clinical trials, and also in modifying adult stem



cells to make them more potent. Finally, research conducted in such a center will greatly advance our
knowledge about adult stem cells and their therapeutic use.

Thank you very much for this opportunity to testify.

REFERENCES

1. Orlic D, Kajstura J, Chimenti S, Jakoniuk I, Anderson SM, Li B, Pickel J, McKay R, Nadal-Ginard B,
Bodine DM, Leri A, Anversa P. Bone marrow cells regenerate infarcted myocardium. Nature.
2001;410:701-705.

2. Strauer BE, Brehm M, Zeus T, Kostering M, Hernandez A, Sorg RV, Kogler G, Wernet P. Repair of
infarcted myocardium by autologous intracoronary mononuclear bone marrow cell
transplantation in humans. Circulation. 2002;106:1913-1918.

3. Schachinger V, Erbs S, Elsasser A, Haberbosch W, Hambrecht R, Holschermann H, Yu J, Corti R,
Mathey DG, Hamm CW, Suselbeck T, Assmus B, Tonn T, Dimmeler S, Zeither AM. Intracoronary
bone marrow-derived progenitor cells in acute myocardial infarction. N Engl J Med.
2006;355:1210-1221.

4, Sanganalmath SK, Abdel-Latif A, Bolli R, Xuan YT, Dawn B. Hematopoietic cytokines for cardiac
repair: mobilization of bone marrow cells and beyond. Basic Res Cardiol. 2011;106:709-733.

5. Chugh AR, Zuba-Surma EK, Dawn B. Bone marrow-derived mesenchymal stems cells and cardiac
repair. Minerva Cardioangiol. 2009;57:185-202.

6. Abdel-Latif A, Bolii R, Tleyjeh IM, Montori VM, Perin EC, Hornung CA, Zuba-Surma EK, Al-Mallah

M, Dawn B. Adult bone marrow-derived cells for cardiac repair: a systematic review and meta-
analysis. Arch Intern Med. 2007;167:989-997.

7. Jeevanantham V, Butler M, Saad A, Abdel-Latif A, Zuba-Surma EK, Dawn B. Adult bone marrow
cell therapy improves survival and induces long-term improvement in cardiac parameters: a
systematic review and meta-analysis. Circulation. 2012;126:551-568.




M )




Adult Stem Cell Therapy:
The Future Is Now

Joint Commiitee on Senate Public Health and Welfare
And House Health and Human Services
Topeka, Kangas
February 7, 2013

Buddhadeb Dawn, MD, FAHA, FACC, FACP
Maureen and Marvin Dunn Professor
Director, Division of Cardiovascular Diseases
Director, Cardiovascular Research Institute
Vice Chairman for Research, Department of Medicine
University of Kansas Medical Cemer

2/7/2013

Heart Repair with Adult Bone Marrow Cells
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Adult Stem Cells for Heart Repair

- Bone marrow mononuclear cells
- BM Mesenchymal stem cells (MSCs) ,

Nurmerous clinical
trials - completed
and ongoing

- Circulating progenitor cells (CPCs) |

- Cardiac stem cells 2 clinical trials

- Adipose stem cells 2 clinical trials
- Skeletal myoblasts  Several clinical trials completed
- Cord blood cells

Individual studies have yielded variable results

Infarcted Heart — Target for Adult Stem Cell Therapy '
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Injection of BMCs for Heart Repair in Humans
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Mechanisms of Heart Repair with Adult Bone Marrow Cells
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Meta-analysis of Adult BMC Therapy Trials
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Adult Bone Marrow Cell Therapy finproves Survival and Induces Long-Term

Improvement in Curdiuc Parnmeters : A Systematic Review und Meta-Analysis
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- 50 studies were included in this meta-analysis

- Atotal of 2,625 patients
(1,460 BMC-treated and 1,165 control patients)
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Mean Change in Left Ventricular Ejection Fraction (heart function)
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Results of Analysis of Pooled Data

In BMC-treated patients (compared with standard therapy):

- Heart function improved with bone marrow cell
injection (by about 4%) . ; .

- The extent of scar tissue was smaller (by about 4%)

- Heart volume was smaller (about 5 ml)

- Benefits persisted for >12-24 months




Adult BMC Therapy Reduces Adverse Events
During Follow-up
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Results of Analysis of Pooled Data

- Adult bone marrow cell therapy benefits patients with
acute heart attack, as well as chronic heart failure

- If heart function is worse at baseline, the improvement
is greater

- Adult bone marrow cell therapy is effective over a long
time interval after heart attack

Future: Modification of Adult BMCs

Direct Transpiantation

Genetic Modification
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Future: Adult-derived Induced Pluripotent Stem Cells
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Future: Increasing Targets for Adult Stem Cell Therapy)

» Heart attack, heart failure, heart block

» Stroke, spinal cord injury, neuropathy

» Critical limb ischemia

» Cancer therapy

* Curative bone marrow transplant
(e.g., for myeloma, lymphoma)

» Joint diseases

+» Cornea repair

» Autoimmune diseases (ulcerative colitis, etc.)

Adult Stem Cell Therapy As Prevention

- The average total cost of a single heart transplant in
2007 was $658,800. (source: Transplafit Living)

hitp by ehiow.comfabout 4673173 much-does-heatt-transplani-cost html

- The estimated research cost of adult stem cell therapy

in certain ongoing clinical trials is approximately

$20,000 (+ depending on procedures, etc.) per patient.
Note: The ‘real world’ costs may vary.




How An Adult Stem Cell Therapy Center May Help

- Producing autologous patient-specific adult stem
cells ocally :

- Ensuring access to cutting-edge adult stem cell
therapy for Kansans

- Help Kansas investigators initiate stem cell trials

- Enable cellular engineering with genes, molecules,
and such

- Promote awareness about adult stem cell research
and therapy
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Conclusions

Adult stem cell therapy can potentially cure diseases
that are major health care problems

The ability to process and manufacture clinical grade
adult stem cells is a key requirement

- A systematic mechanism to deliver adult stem cell
therapy will benefit patients in a large geographic
territory

- This will also help generate new knowledge in adult
stem cell therapy

THANK YOU







