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Industry Briefing

Regenerative Medicine

Ontario is one of the largest biotech research centres in
North America and is home to 40% of Canada’s biotech
companies.

In North America, Ontario competes for research
strength in regenerative medicine with major
academic clusters in the U.S. While the U.S. is
hampered by restrictive legislation, Canada can
seize a window of opportunity to further develop its
research strengths and commercialization networks.

In May 2007, Governor of California Arnold
Schwarzenegger and Premier of Ontario Dalton
McGuinty announced the Cancer Stem Cell
Consortium, an offshoot of the Canada-California
Strategic Innovation Partnership. University of
California, Berkeley's Stem Cell Center and Canada’s
International Regulome Consortium will partner

on cancer stem cell research. The Consortium has
already received its first $30M in funds from the
Ontario Institute of Cancer Research and is poised to
become a research powerhouse.

Braley Human Stem Cell Library,
McMaster University

Housed within McMaster University's Stem Cell and
Cancer Research Institute is Canada’s first stem

cell screening facility, the Braley Human Stem Cell
Library (BHSCL). With access to a 190,000 compound
library composed of commercially available and novel
chemicals, advanced High Throughput Screening

and Biophotonics, access to over 15 iPS cell lines,

and established translational and clinical research
capabilities, this screening facility has become a
platform for innovations in regenerative medicine. It's
screening platform is based on High Content Screening
and High Content Analysis which allows for a rapid gain
of knowledge about targets and compounds of interest
in a cellular context.

Currently it is focusing on the discovery of novel non-
viral reprogramming factors for the creation of iPS
cells, creation of new adult stem cell lines, creation of
a stem cell function database, development of novel
methods for stem cell differentiation and the assembly
of a supportive pluripotent human stem cell bank.

In development is a modular technology platform
composed of automated cell culture, cellular and
molecular assays, chemical and genetic modification of
stem cells originated from multiple novel sources, imaging
and data interpretation protocols.

Prominant Stem Cell Research A ctivitie s
Toronto Region’sExpertise is in five broad areas
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3. REGULATORY CONSTRAINTS:

Canada's regulatory situation is similar to that of the U.S. Cellular or tissue products are classified as biological
drugs and medical devices are regulated as devices. The Biologics and Genetics Therapy Directorate (BGTD) of
the Health Products and Food Branch of Health Canada is presently reviewing the guidelines written in 2000 for
the safety of cells, tissues, and organs for transplantation. At the moment, classifications are ambiguous. Health
Canada has implied that classifications may depend on the final application of the regenerative medicine product.

4. LEGISLATION:

On March 11, 2004, the Canadian Senate adopted a legislative act known as An Act Respecting Assisted Human
Reproduction and Related Research (AHR), which prohibits therapeutic cloning for research purposes only but
allows for the use of unused embryos of 14 days' development or less if the donor has given an informed consent
and has not been remunerated. Because there are so few excess in vitro fertilization (IVF) embryos available for
research in Canada, this position might impede the pace of scientific research.

2008 AND EARLY 2009 WAS A PERIOD OF MANY NOTABLE DISCOVERIES IN ONTARIO IN REGENERATIVE
MEDICINE WHICH WILL LEAD TO NEW TARGETS FOR DETECTION, THERAPY, UNDERSTANDING DISEASE
ETIOLOGY, AND PREDICTIVE OUTCOMES.

Dr. Andras Nagy, Senior Investigator at the Samuel Lunenfeld Research Institute, Toronto and colleagues
published a groundbreaking new approach to generating iPS cells in the March 1, 2009 issue of Nature. The new
technique is virus-free and allows for the reprogramming genes to be removed after the induction phase. It is hoped
that this elegant protocol will facilitate widespread adoption of iPS cells in basic and applied research and help make iPS
cell therapy a near-term prospect.

Dr. G. Keller, Director of the McEwen Centre for Regenerative Medicine, led an international team with members
from the US and Britain to successfully differentiate human embryonic stem cells into three types of progenitor heart
cells. developed human heart cells from a KDR(+) human embryonic-stem-cell-population. Dr. Keller's group was able to
induce differentiation into the three main cardiac cell types, both in vitro and in vivo, by treating cells with combinations
of growth promoting factors-DKK1, FGF2, BMP4, activin A, VEGFA. It's the first study to identify a human cardiovascular
progenitor cell that may give rise to the three distinct mesoderm-derived lineages required for a functional heart-
cardiomyocytes, endothelial cells and vascular smooth muscle cells. This advance will accelerate the understanding of
adult heart repair and soon lead to the test-tube creation of functioning heart tissue (Nature. 2008 May; 453: 524-528).

Drs C. Sequin and J. Rossant, Chief of Research for The Hospital for Sick Children, Program in Developmental and
Stem Cell Biology in collaboration with Dr. A. Nagy from the Samuel Lunenfeld Research Institute at Mount Sinai
Hospital and Dr. J.S. Draper of the McMaster Stem Cell and Cancer Research Institute discovered an important key

to controlling stem cell development. By manipulating the expression of transcription factors, SOX7 and SOX17,

they were able to control cell fate determination of human embryonic stem cells to produce stable progenitor cells
capable of producing all endoderm cell types. Since these early endoderm cells can eventually become lung, liver,
pancreas, and respiratory and digestive tracts and maintained their distinct profiles and self-renewal abilities through
many cell culture stages, these results will lead to new tools to understand endoderm differentiation (Cell Stem Cell.
2008 August. 3:182-195).

Dr. M. Bhatia's group from McMaster University's Cancer and Stem Cell Biology Research Institute developed

a test with 12 different criteria to reliably identify cancerous stem cells from healthy stem cells. Human embryonic
stem cells with cancer-cell characteristics are difficult to differentiate from healthy stem cells since they both have the
same expression of pluripotency markers, self-renewal properties, and potential for teratoma formation. Functional
characterization of cancerous human embryonic stem cells makes the use of human embryonic stem cells for clinical
applications significantly safer by reducing the risk of transplanting “healthy looking"” yet cancerous rogue stem cells.
(Nature Biotechnology. 2009 Jan. 27(1):91-97).
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Table 1: Summary of Regenerative Medicine Companies and Product Development Status

173 companies currently have products in US clinical trials, comprised mainly of therapeutic treatments. These companies already have 64
products on the market compared with only 25 in 2007. There has been significant progress to bring regenerative medicine products to market
with 112 products in preclinical trials (PC), 59 products in Phase 1, 96 products in Phase Il, and 41 products in Phase lll. These represent increases
of 5% (PC), 181% (), 111% (II), and 156% (lII) respectively from 2007.

CLINICAL STAGE

COMPANY SYMBOL

PC 1 1 11 M
Aastrom Biosciences Inc ASTM - - 5 1 -
Access Pharmaceuticals Inc ACCP 1 - - - .
Acologix, Inc. Private = 1 1 =
Advanced Biohealing Inc Private == - 1 - .
Advanced Cell Technology Inc ACTC 2 - 1 - -
Aegera Therapeutics Inc. sl Private 1 3 1
Aldagen, Inc (formerly Stemco Biomedical, Inc) Private = = 3 1 =
Alizyme plc AZM (London Stock Exchange) == == 1 == ==
Alseres Pharmaceuticals, Inc. ALSE 2 - - - -
Amgen Inc AMGN = 2 3 3 4
Amorcyte Inc. Private o= 1 - - -
Amoytop Biotech Private -- -- == o= 1
AM-PHARMA B.V. Private = 2 1 = =
Angioblast Systems, Inc. Private 3 1 2 = =
Angiotech Pharmaceuticals Inc sl ANPI - 1 - - 1
Apogenix GmbH Private 1 o= = - -
Arteriocyte Medical Systems, Inc. Private 4 1 = - -
Astellas Pharma Inc ALPMF -- 3 - = 1
Athersys, Inc. ATHX 2 1 - - -
Axcan Pharma Inc. Il Private = - - 2 -
Baxter International Inc BAX - - 1 = -
Bayer Schering Pharma AG Private - - - = 2
Benitec Ltd BNIKF - 1 — - -
Biocad Private -- -- -- -- 1
BioCancell Therapeutics, Inc. Private 1 = 1 = =
BioCardia, Inc. Private == 2 - - -
Bioheart, Inc. BHRT 1 = - 1 -
BioMimetic Therapeutics Inc BMTI = = - 1 -
Bionovo Inc BNVI = = 1 - -
BioSante Pharmaceuticals Inc BPAX 1 -- = - -
Biosyntech Inc sl BSYI 2 - - 1 .
Biothera. Private - 1 1 - -
Biovitrum AB Private = - - - 2
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COMPANY

Bolder BioTechnology, Inc.
BrainCells, Inc.

Bristol-Myers Squibb Company
Capstone Therapeutics
CardioVascular BioTherapeutics Inc
Celgene Corporation

Cell Genesys Inc

Cell Therapeutics Inc

Cellerant Therapeutics, Inc.

Cellerix

Celltran Limited

Celsus Laboratories, Inc.

Ceregene

Chemgenex Pharmaceuticals Ltd
Chemokine Therapeutics Corp Bl
Cleveland Biolabs Inc

CSL Limited

CureTech Ltd.

Curis Inc

Cyathus Exquirere Pharmaforschungs GmbH
Cytheris SA

Cytori Therapeutics Inc

DAIICHI SANKYO COMPANY, LIMITED

Derma Sciences Inc

DRAXIS Health Inc Bl

Eleos Inc.

Enkam Pharmaceuticals A
EntreMed Inc

Enzo Biochem Inc

Enzon Pharmaceuticals Inc

Epeius Biotechnologies Corporation

EUSA Pharma Inc.

SYMBOL

Private
Private
BMY
CAPS
CVBT
CELG
CEGE
CTIC
Private
Private
Private
Private
Private
CXSFF
CHKT
CBLI
CSL (Australian Stock Exchange)
Private
CRIS

Private

Private

CYTX

Global (Osaka and Tokyo Stock
Exchange)

DSCI
Private
Private
Private
ENMD
ENZ
ENZN
Private

Private
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COMPANY

FivePrime Therapeutics, Inc.
Fresenius AG
Gamida Cell Ltd.

Genetix Pharmaceuticals, Inc.

Genmab A

Gentium S.p.A

Genzyme Corporation
Geron Corporation
GlaxoSmithKline plc
GNI Ltd.

Hana Biosciences Inc

Hangzhou Jiuyuan Gene Engineering Co. Ltd

Histogen, Inc.
Hospira Inc

ImmunoCellular Therapeutics, Ltd.
Incitive Ltd

Intas Pharmaceuticals Ltd.
Intercytex

IR Biosciences Holdings Inc

Janssen-Cilag S.p.A.

Johnson & Johnson

KAKEN PHARMACEUTICAL CO., LTD.

Keryx Biopharmaceuticals Inc
Kiadis Pharma B.V.
Kuhnil Pharmaceutical Co., Ltd.

Kuros Biosurgery AG

Kyowa Hakko Kirin Co., Ltd. (formerly Kyowa Hakko Kogyo

Co., Ltd.)

Laboratoires Pierre Fabre SA

Living Cell Technologies Ltd.

Medistem, Inc.

SYMBOL

Private
FRE (Frankfurt Stock Exchange)
Private

Private

GEN (Copenhagen Stock Exchange)

GENT

GENZ
GERN
GSK
Private

HNAB
Private

Private
HSP

IMUC

ICV (Australian Stock Exchange)
Private

ICX.L (London Stock Exchange)
IRBS

Private

JNJ

Private

KERX
Private
Private

Private

4151 (Tokyo Stock Exchange)

Private

Private

MEDS
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COMPANY

Merck & Co Inc

Merck Frosst Canada Ltd. Nl
Mesoblast Limited
MethylGene Inc H¥l

Microlslet Inc.

Millennium: The Takeda Oncology Company

Mirna Therapeutics Inc.
MolMed S.p.A.

Natimmune A

Nektar Therapeutics
NeuroNova AB

Nippon Shinyaku Co., Ltd.
Northern Therapeutics Inc. [l
Norwood Immunology Limited
Novartis AG

Novocell, Inc.

Novogen Ltd

NsGene A/S

Oncomed Pharmaceuticals Inc
Opexa Therapeutics Inc

Organogenesis

Orcrist Bio Inc. Bl
ORLING spol. s r.o.
Orphan Australia Pty Ltd.

Osiris Therapeutics Inc

Otsuka Pharmaceutical Co., Ltd.
Pharmagenesis Inc

PharmaMar

Pfizer Inc

Pluristem Therapeutics, Inc.

Polyphor Ltd

SYMBOL

MRK

Private

MSB (ASX Operations Pty. Ltd.)
MYLGF

MIIS

4502 (Tokyo Stock Exchange)
Private

Private

Private

NKTR

Private

4516 (Tokyo Stock Exchange)
Private

NIM (London Stock Exchange)
NVS

Private

NVGN

Private

Private

OPXA

Private

Private

Private

Private

OSIR

Private
Private
Private

PFE

PSTI

Private
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COMPANY

ProCertus BioPharm Inc
ProNeuron Biotechnologies (IS)
Prospect Therapeutics
Reliance Life Sciences Pvt. Ltd.
ReNeuron Group plc

Repligen Corporation

Roche Holdings Ltd
Rottapharm SpA

Samaritan Pharmaceuticals Inc
Sangamo BioSciences Inc
Schering-Plough Corp

Scil Technology GmbH

Seattle Genetics Inc

Shanghai CP Guojian Pharmaceutical Co., Ltd.

Shanghai Dongbao Biopharmaceutical Co., Ltd.

Shionogi & Co., Ltd.

Sigma-Tau S.p.A.

Sinobiomed Inc.

SkinMedica, Inc.

Stem Cell Innovations Inc

Stem Cell Therapeutics Corp. Bl
StemCells Inc

Stemline Therapeutics, Inc.
Stryker Corp

SuperGen Inc
Sygnis Pharma AG

TaiGen Biotechnology Co., Ltd.

Taiho Pharmaceutical Co., Ltd.
Takeda Pharmaceutical Company Limited

Targa Therapeutics Corp.
Teva Pharmaceutical Industries Ltd

TheraVitae Ltd.

SYMBOL

Private
Private
Private
Private
Private
RGEN
RHHBY
Private
SPHC
SGMO
SGP
Private
SGEN
Private
Private
Private
Private
SOBM
Private
SCLL
Private
STEM
Private

SYK

SUPG

SYGWF

Private
Private

4502 (Tokyo, Osaka and Nagoya Stock
Exchanges)

Private

TEVA

Private
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NIH Definition of Regenerative Medicine
Appendix |

The National Institutes of Health (NIH) in the U.S. defines regenerative medicine as an emerging
multidisciplinary field involving biology, medicine, and engineering that is likely to revolutionize the ways we
improve the health and quality of life for millions of people worldwide by restoring, maintaining, or enhancing
tissue and organ function. In addition to having a therapeutic application, where the tissue is either grown in
a patient or outside the patient and transplanted, tissue engineering can have diagnostic applications where
the tissue is made in vitro and used for testing drug metabolism and uptake, toxicity, and pathogenicity. The
foundation of regenerative medicine for either therapeutic or diagnostic applications is the ability to exploit
living cells in a variety of ways. Regenerative medicine research includes the following areas:

1) Biomaterials: including novel biomaterials that are designed to direct the organization,
growth, and differentiation of cells in the process of forming functional tissue by providing
both physical and chemical cues.

2) Cells: including enabling methodologies for the proliferation and differentiation of cells,
acquiring the appropriate source of cells such as autologous cells, allogeneic cells,
xenogeneic cells, stem cells, genetically engineered cells, and immunological manipulation.

3) Biomolecules: including angiogenic factors, growth factors, differentiation factors and
bone morphogenic proteins.

4) Engineering design aspects: including 2D cell expansion, 3D tissue growth, bioreactors,
vascularization, cell and tissue storage and shipping (biological packaging).

5) Biomechanical aspects of design: including properties of native tissues, identification of
minimum properties required of engineered tissues, mechanical signals regulating
engineered tissues, and efficacy and safety of engineered tissues.

6) Informatics to support tissue engineering: gene and protein sequencing, gene expression
analysis, protein expression and interaction analysis, quantitative cellular image analysis,
guantitative tissue analysis, in silico tissue and cell modeling, digital tissue manufacturing,
automated quality assurance systems, data mining tools, and clinical informatics interfaces.

7) Stem cell research: Includes research that involves stem cells, whether from embryonic,
fetal, or adult sources, human and non-human. It should include research in which stem
cells are isolated, derived or cultured for purposes such as developing cell or tissue
therapies, studying cellular differentiation, research to understand the factors necessary to
direct cell specialization to specific pathways, and other developmental studies. It should not
include transgenic studies, gene knockout studies or the generation of chimeric animals.
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