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Stem Cells

Six classes of Stem Cell have been identified
A Early Embryonic Stem Cells;
A Blastocyst Embryonic Stem Cells;
A Fetal Stem Cells;
A Umbilical Cord Stem Cells;
AInduced Pluripotent Stem Cells
A Adult Stem Cells

@ Haematopoietic Stem Cells

- /f Mesenchymal Stem Cells

J

An Adult Stem Cell is defined by:

Alts ability to undergo self-renewal /‘df
Alts high potential for proliferation
A Candifferentiate into multiple tissue types

The bone marrow harbours at least 2 types of adult stem
cells:

A Haemopoietic Stem Cells
A Mesenchymal Stem Cells re

(Adapted from Kansas Medical Centre, University of Kansas) | MVS
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Mesenchymal Stem Cells (MSC): History

A First identified by Friedenstein et al (1974
following plating of suspensionsof BM

- Coloniesresembling spindle-shapedfibroblasts.

- Termed Colony Forming Units-Fibroblasts (CFUF).

- Rare. ~1 CFUF obtained per 1x10° BM cells plated.

- CFUF differ with respect to size and morphology.

- CFUF have capacity for proliferation & differentiation
into different cell lineages.

BMderived MSC colony

A Freidenstein et al proposed that, like the haemopoietic system, the
stromal tissue of the BM was regenerated by a stromal stem cell or

MesenchymalStem Cell (MSC)
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Hypothesized Hierarchy of Bone Marrow-Derived
Mesenchymal Stem Cell Differentiation
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Classification and Characterisation of Mesenchymal
Stem/Stromal Cells (MSC)

A MSC and MSGlike cells have been recovered from various tissues
including peripheral adipose, cardiac tissue and placenta.

A Led to the International Society for Cellular Therapy (ISCT)to establish

criteria for identifying human MSC(Dominici et al. Cytotherapy 2006; Horwitz
et al. Cytotherapy 2005)

V MSCmust be plastic-adherent when maintained in standard culture .

V MSCmust express CDLO5, CDr3 and CD0 and lack expression of the
haematopoietic associated markers CD45, C84, CD14, CDL1b, CDr9a,
CD19 and HLA-DRsurface molecules.

V MSCmust differentiate into osteoblasts, adipocytes and chondroblasts
in vitro .
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What do the Precursors of Mesenchymal Stromal Cells Look Like?:
Antibody-Based Prospective Isolation of Mesenchymal Precursor Cells (MPC) Using the

STRO-1 mAb

A STRO1 is a murine IgM mAb which identifies an
antigen on human bone marrow CFUF
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Identification and Purification of STRO-1P"9"/CD106*
Mesenchymal Precursor Cells

STRG1 POSITIVE

Poison Distribution Statistics

STR@]bright . TR .
following limit dilution analysis
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(Gronthos et al, JCS, 2003)
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Morphological Characterisation of Purified
Mesenchymal Precursor Cells

colony formed after 10 days culture

(Gronthos et al, JCS, 2003)
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Mesenchymal Precursor Cells Possess Hallmarks of Stem
Cells: Quiescent and Express Telomerase In Vivo

Bright
STRQE1P"/CD106+ cells express MACS selected STRAO+ BM

telomerase
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1. CD34 cells

2. Keratinocytes (+ve control)
3. STRQG1B"/CD106* cells

4. Skin Fibroblasts (-ve control)

(Gronthos et al, JCS, 2003)
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Mesenchymal Precursor Cells
Represent an Uncommitted Stem Cell Population

Bone Cartilage Fat
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(Gronthos et al, JCS, 2003)
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Tri-Lineage Differentiation Potential of Ex Vivo Cultured
Mesenchymal Precursor Cells
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In Vivo Bone Formation: “Gold Standard Assay” to Examine
the Osteogenic Potential of Purified Ex Vivo Expanded MPC

2 x 106 Cultured Expanded MPC
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Mesenchymal Precursor Cells Form Human Bone in
Immunodeficient Mice
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-
Mesenchymal Precursor Cells Inhibit Mixed Lymphocyte
Reactions:

Potential for the Development of an “Off-the-Shelf” Allogeneic
MPC Therapy to Repair Bone

AMSC are norimmunogenic and possess antiinflammatory and immuno -suppressive properties
(Bartholomew et al. Exp Hematol; Zappia et al. Blood 2005; Le Blanc et al. Lancet 2004; Le Blanc et al. Lancet 2008)
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Can Allogeneic BM Mesenchymal Precursor Cells “Heal” a Critical
Sized Tibia Defect ?
(J Field — CoRE & S Turner — Colorado State University)

APROBLEM:Bone loss in excess of 5% of the total bone length will often result in the formation
of a non-union (critical size) defect requiring intervention!

3 cm mid portion of the
ovine tibia is surgically resected

l

Structural stability maintained by
intramedull ary onail 6 | ocked
and distally by transfixing screws

vy Transplantation of 3 doses (25, 75 and 225 million)
Allogeneic Ovine BM ex vivo cultured ovine MPC + Osteoconductive
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Can Allogeneic BM Mesenchymal Precursor Cells “Heal” a
Critical Sized Tibia Defect? (J Field — CoRE)
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Can Allogeneic BM Mesenchymal Precursor Cells “Heal” a
Critical Sized Tibia Defect? (J Field — CoRE)
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Allogeneic MPC Induce Earlier And Higher Frequency Of

Bone Union In Critical-Sized Ovine Tibial Defect
X-Ray and micro-CT @ 6 months
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ey
Phase Ib Clinical Trial Examining the Safety of
Human MPC For Non-ﬂ

Mesoblast Ltd - sponsored Phase Ib Clinical Trial Long Bone
non-union study

A Open label pilot safety study at Royal Melbourne Hospital
A 10 patients with 11 non union fractures of tibia or femora
A Period of non union 85-41 month

A 3 patients failed autograft and BMPtreatment

A Autologous, immunoselected culture -expanded MPC
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Quality Pathology supporting Training and Research



