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Recent publications have demonstrated that most tissues contain stem-like progenitor cells that play a
key role in the repair of tissue injury. When the endogenous stem/progenitor cells in a tissue are
exhausted, they are supplemented by similar stem/progenitor cells from the bone marrow. A major
focus has been on the stem/progenitor cells from bone marrow referred to as mesenchymal stem cells
or multipotent stromal cells (MSCs). MSCs and similar cells from other tissues have been shown to
repair tissues by differentiating so as to replace injured cells, by producing chemokines, and in part by
cell fusion. However, there has been no obvious explanation for repeated observations that MSCs
enhance repair of tissues in experimental models in which their level of engraftment is extremely low.
We have recently found that MSCs can repair injured cells and tissues by two additional mechanisms:
Stimulation of the proliferation and differentiation of stem cells that are endogenous to a tissue and by
transfer of mitochondria or mitochondrial DNA to cells with non-functional mitochondria. Human
MSCs infused into the hippocampus of immunodeficient mice stimulated proliferation of and
neurogenesis by endogenous neural stem cells (Munoz et al. PNAS, 2005). Co-culture of human
MSCs with a line of pulmonary epithelial cells with non-functional mitochondria generated clones of
the epithelial cells with functional mitochondria as a result of active transfer of either mitochondria or
mitochondrial DNA from the MSCs (Spees, Olson, et al., PNAS, 2006). More recently we observed
(Lee et al., PNAS in press) that intravenously infused human MSCs lowered the blood sugar,
increased mouse insulin and decreased morphological changes in the renal glomeruli of streptozocin-
treated diabetic mice (NOD/SCID). The human MSCs engrafted into the pancreas and increased both
the number of islets and the immunoreactive mouse insulin per islet. The human MSCs also engrafted
into the kidney but it was not apparent whether the decrease in renal pathology was explained by direct
action of the cells or by the decrease in blood sugar. Therefore there are now multiple strategies for
developing new therapies for a broad range of diseases by enhancing one or more of the multiple
mechanisms whereby MSCs normally repair tissues. Supported in part by grants from NIH grants
AR48323, HL 073755, HL075161, and HL073252; HCA the Healthcare Company, and the Louisiana
Gene Therapy Research Consortium.
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C. Research Support

ONGOING PROJECTS:
(1) 1R01AR48323 (Darwin J. Prockop, M.D., Ph.D., P.1.) 19/21/01—7/31/06

NIH/NIAMS

Osteoprogenitors for Potential Therapy of Ol.

Specific Aims (1) Use a series of antibodies to surface epitopes we have recently identified to prepare clonal and
homogeneous preparations of RS cells from cultures of human MSCs. In the process, test the hypothesis that RS cells can be
further fractionated to obtain homogeneous preparations of stem cells that are even more effective as osteoprogenitors for
engraftment into bone. (2) Define the osteogenic potential in vitro of the RS cell preparations by assays of the rates of
mineralization and assays of expressed genes by mRNA microarrays and proteomics. (3) Determine the osteogenic potential
in vivo of the RS cell preparations by assays of differentiation into bone after subcutaneous implantation in vehicles or after
systemic infusion into immunodeficient mice. (4) Determine the feasibility of correcting the gene defect in a patient’s own
RS cells, (a) by overexpression of a cDNA for the wildtype COL1AL1 gene, or (b) by replacing a mutated COL1A1 gene by
homologous recombination.

(2) RO0OO (Darwin J. Prockop, M.D. Ph.D., Project Leader) 1/01/02-12/31/07

(Board of Regents of LA )

HEF Center for Gene Therapy for Acquired and Genetic Diseases. Project 1: Adult Stem Cells for Therapy in
Primates.

Specific Aims 1. Isolate and expand primate MSCs with the primate MSCs with the improved protocol our laboratory
has recently developed to isolate and expand cultures of human MSCs that are high enriched for the earliest progenitor cells
(RS cells). 2. Compare the primate MSCs in culture with human MSCs in their ability to expand rapidly and to differentiate
into osteoblasts, chondrocytes, adipocytes, and neural cells. 3. Compare the primate MSCs to human MSCs in vivo in their
ability to engraft into multiple tissues after systemic or intracranial infusion into immunodeficient mice. 4. When a recently
purchased microPET instrument becomes operational, assay the engraftment of the primate cells first into immunodeficient
mice and then into the same primates from which the cells were derived using real-time imaging with the microPET.

(3) 1 RO1HLO73755 (Darwin J. Prockop, M.D.,,Ph.D., P.1.) 7/01/03-6/30/07

NIH/NHLBI

Adult Stem Cells for Repair of Cardiac Damage.

SPECIFIC AIMS: The Specific Aims are: (1) Further characterize the special subclass of stem-like cells that
we have recently isolated from cultures of MSCs and that have unusually long telomeres and propagate more
rapidly than parallel samples of MSCs. We will test the hypothesis that the cells are pre-RS cells, i.e. precursors
of the rapidly self-renewing cells (RS) cells that we previously identified as a sub-population of early progenitors
in standard cultures of MSCs. (2) Use an ex vivo co-culture system to compare the ability of the putative pre-RS
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cells, RS cells, MMSCs, and marrow mononuclear cells to repair hypoxic damage to cardiac cells either through
direct differentiation of the cells or through cell fusion. (3) Isolate and characterize putative pre-RS cells, RS
cells, mMSCs and mononuclear cells from rat bone marrow for testing in in vivo models of cardiac ischemia in
Specific Aim 4. (4) Determine the ability of rMSCs, mMSCs, pre-RS, RS and unfractionated mononuclear cells
from rat marrow to engraft into and produce functional improvement and reduce damage in rat models of acute
myocardial infarction (ischemia-reperfusion) and coronary arteriogenesis (intermittent repetitive ischemia). Note:
There is some development with the present application.

(4) 1840 RR017447 6/1/03-5/31/08

(Darwin J. Prockop, M.D., Ph.D. (P.1.)

Preparation and Distribution of Adult Stem Cells

SPECIFIC AIMS: The aims are to establish a Center that will: (1) Prepare a continuous supply of human
MSCs that are thoroughly quality tested and distribute them on request to other investigators at multiple
institutions for research on the cells. (2) Prepare a similar continuous supply of rat MSCs for distribution to
investigators at multiple institutions. (3) Prepare MSCs from human bone marrow aspirates sent to us by
investigators at other institutions and return the quality-tested MSCs to the same investigators. Also, carry out
quality testing of MSCs prepared by investigators at other institutions. (4) Develop improved methods for
isolating and characterizing human, rat and mouse MSCs.

(5) 1 RO1 HL073252 7/1/03 — 6/30/07
(Darwin J. Prockop, M.D., Ph.D., P.1.)
Culture and Lung Engraftment of Mesenchymal Stem Cells

Specific Aims are: (1) Elucidate the molecular events that permit and enhance ex vivo expansion of hMSCS.
(2) Develop an ex vivo assay for the potential of hMSCs to repair injured lung by co-culturing hMSCs with lung
cells that have been damaged by heat-chock and hypoxia. (3) Develop an in vivo assay for engraftment and
differentiation of hMSCs to sites of tissue injury in lung. (4) ldentify the properties of hMSCS that enhance their
engraftment to specific sites of tissue injury in lung. Note: There is some overlap between this grant and the
present application.

Completed Research Support

Funding Period
(1) 1R21-AR47161 (Darwin J. Prockop, M.D., P.1.) 7/1/00 - 6/30/02

NIH/NIAMS

Expansion of Stem Cells for Skeletal Diseases.

Specific Aims: (1) Determine whether the highly replicative cells we have obtained after 10-fold expansion of hMSCs
retain their multipotentiality to differentiate into osteoblasts, chondrocytes, and adipocytes. (2) Isolate and characterize the
secreted factors that require replication of hMSCs in culture. (3) Isolate the small, granular, and highly replicative cells we
have identified in culture of hMSCs and define their surface epitopes.
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