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MISSION
TO ADVANCE CLINICAL CARE WORLDWIDE BY CATALYZING

AND LEADING RESEARCH IN MOLECULAR MEDICINE.

VISION
TO BECOME A GLOBAL LEADER IN THE APPLICATION
OF MOLECULAR DISCOVERY TO CLINICAL CARE.

GOALS

CATALYZE TRANSLATIONAL RESEARCH CAPABILITIES IN TORONTO

FORGE EFFECTIVE LOCAL, NATIONAL, AND INTERNATIONAL PARTNERSHIPS
BUILD A SUSTAINABLE FUNDING MODEL

EDUCATE CLINICIANS IN MOLECULAR MEDICINE

ESTABLISH AN INTERNATIONAL BRAND AND REPUTATION FOR EXCELLENCE
AND IMPACT IN TRANSLATIONAL MEDICINE.



DIRECTOR'S MESSAGE

Everything in nature goes through cycles. Some cycles are so long that their beginning or
end is not yet recognized. In our man-made world, such cycling is also healthy, particularly if
it is planned and balanced.

The McLaughlin Centre for Molecular Medicine (MCMM) began about 10 years ago through
the efforts of a handful of our scientific leaders, who shared the simple vision of enhancing
the support for outstanding science and education to better medicine. Starting small,
MCMM grew to exceed its mandate, influenced science and medicine in Toronto and the
world, and now cycles back to prepare for the next decade. As you will see throughout this
report, MCMM’s impact has been significant. It is always surprising to see how much can be
accomplished in such a short time.

In the past few years, through many partnerships, MCMM scientists have been involved in
some of the biggest breakthroughs and projects in biomedical research. The advances span
the fields of applied stem cell and regenerative medicine, molecular therapeutics, genomics,
proteomics, and global medicine. The McLaughlin-Rotman Centre for Global Health and
the McEwen-McLaughlin Stem Cell Seminar Series have gained energy and reputations of
their own. The MCMM Education Program has been the Centre’s foundation for constantly
renewing its idea and talent pool.

The years 2007-2009 will be remembered as the time when medicine became “personal”.
The first genome sequence of an individual human was completed, ushering in an era

of personalized medicine. Cancer therapies started to become more targeted through
cellular profiling. Cells from patients were induced to form specified tissues for therapeutic
applications. Direct-to-consumer genetic testing became hip. And when the science played
out in the media and policy, our members were often the ones raising and responding to the
questions. MCMM always had some presence. | only wish there were more funding for more
discoveries and advances.

It has been my great pleasure to work with Dean Catharine
- Whiteside and Vice-Dean Peter Lewis, the Steering Committee
W comprising the Vice-Presidents of Research of the hospital-
! partner institutions, and the MCMM Board of Trustees, including
) University of Toronto President David Naylor. Over the past 18
months, we have planned for the next cycle of MCMM. There

were many wide-ranging proposals and vigorous discussions.
At one Board meeting, | recall our Chair, Christopher
Wansbrough, saying of our philanthropic founder Colonel
Robert Samuel McLaughlin, “His original ideas were never
wrong; sometimes they were just so simple or so visionary, it
took a while for history to catch up and realize he was right.”

In the next phase, MCMM will need to be leaner and more focused, as it was at the
beginning. | think our founders, like Colonel Sam, had it right. Remaining steadfast in
supporting outstanding science and education applied to medicine will be the foundation
for our perpetual success.

STEVE SCHERER
Interim Director, MCMM
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ORGANIZATIONAL STRUCTURE

OVERSIGHT COMMITTEE PRESIDENT,
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EXECUTIVE COMMITTEE

MCMM DIRECTOR

University

Global
Mewids Heal
University of Computational
Toronto Genomics
PARTNER ETHICS & POLICY
INSTITUTIONS EDUCATION
Mt. Sinai Drug Regenerative
Hospital Discovery Medicine

Sunnybrook

Health Sciences Immunogenomics

Centre




GOVERNANCE

EXECUTIVE COMMITTEE - GOVERNING
COUNCIL OF THE UNIVERSITY OF
TORONTO

An Executive Committee governs the MCMM with
representation from each partner institution. The
University of Toronto’s delegate, Peter Lewis, Vice-
Dean Research, chairs the Executive Committee. The
Executive Committee reports to the President of the
University of Toronto.

MICHAEL JULIUS

Vice-President, Research,

Sunnybrook Research Institute

PETER LEWIS (CHAIR)

Vice-Dean, Research, Faculty of Medicine,
University of Toronto

STEPHEN LYE

Vice-President, Research, Mount Sinai Hospital
CHRISTOPHER PAIGE

Vice-President, Research, University Health Network
JANET ROSSANT

Chief of Research, SickKids

STEPHEN SCHERER

Interim Director, MCMM

ART SLUTSKY

Vice-President, Research, St. Michael’s Hospital

as invited observer

CATHARINE WHITESIDE

Dean, Faculty of Medicine, University of Toronto
JIMWOODGETT

Director of Research,

Samuel Lunenfeld Research Institute

EXTERNAL ADVISORY BOARD - MCMM
The overall direction of the Centre, the quality of
the scientists recruited to the Centre, and the overall
impact of the Centre are assessed annually by an
External Advisory Board composed of outstanding
investigators from around the world.

MARTIN CETRON

Centers for Disease Control, Atlanta, GA

VICTOR DZAU (Chair)

Duke University Health System, Durham, NC
RICHARD LIFTON

Yale University School of Medicine,

New Haven, CT

LEE NADLER

Dana-Farber Cancer Institute, Boston, MA
GORDON PERKIN

Bill and Melinda Gates Foundation, Seattle, WA
EDWARD RUBIN

U.S. Department of Energy’s Joint Genome Institute,
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Berkeley, CA

CATHERINE VERFAILLIE

Stem Cell Biology Program, University of Minnesota,
Minneapolis, MN

HUNTINGTON WILLARD

Genome Sciences & Policy, Duke University,
Durham, NC

EXTERNAL ADVISORY BOARD -
MCLAUGHLIN-ROTMAN CENTRE
As part of the Donation and Charitable Trust
Agreement between MCMM, UHN and
Sandra Rotman to demonstrate commitment
to excellence, an Advisory Board was struck
with distinguished and respected experts
involved in the field of global health.
DANIEL CARUCCI

Foundation for National Institutes of Health,
Bethesda, MD

ALLAN GOTLIEB

Stikeman Elliott LLP, Toronto, ON

PHILIPPE GROS

McGill University, Montreal, PQ

ROBERT RAE

Goodmans LLP, Toronto, ON

ALLAN RONALD

St. Boniface Hospital, Winnipeg, MB
MAURICE STRONG

Tayuan Diplomatic Office, Beijing, China

OVERSIGHT COMMITTEE

At the time the MCMM grant was received, a
committee was formed to ensure the purpose
of the grant is pursued and that major changes
to the Centre remain faithful to the purpose

of the grant. Governing Council of the University
of Toronto appoints members on the nomination
of the President of the University of Toronto.
The Committee receives the MCMM Annual
Report and Reports prepared by the External
Advisory Board.

GEORGE CONNELL

CHAVIVA HOSEK

ALAN HUDSON

PETER LEWIS

DAVID NAYLOR

ROBERT S. PRICHARD

STEPHEN SCHERER

CHARLES TATOR

J. CHRISTOPHER C. WANSBROUGH (CHAIR)
CATHARINE WHITESIDE



A\FA\L\N

COMPUTATIONAL GENOMICS

The MCMM Computational Genomics (MCMM-CG) program strives
to generate and mine large genomic or proteomic datasets for new
insight into molecular medicine applications. The core group’s four
investigators, Aled Edwards, Charlie Boone, Stephen Scherer, and
Shoshana Wodak, partner with numerous other scientists.

Three projects are currently receiving investments:
Structural Variation in the Human Genome,
Autism Genome Project, and Genetic Networks.
The MCMM funds are also significantly leveraged
with investments from other agencies, including
Genome Canada, the Canada Foundation for Inno-
vation, the Canadian Institutes of Health Research
(CIHR), the Wellcome Trust, and Autism Speaks.
The MCMM-CG team also participates in proj-
ects with other MCMM program themes. Aled
Edwards, for instance, is collaborating with the
Global Health program to determine structures
of malarial proteins. The newest MCMM-CG
initiative is an Ontario Biobank Project with the
Ontario Cancer Research Network and The
Centre for Applied Genomics. In this term, new
collaborations have also been initiated with
numerous members of the MCMM Global Health
and Stem Cell groups in the themes of genome
annotation and chromosome stability, respective-
ly. In the past two years, MCMM-CG discoveries
have generated noteworthy attention from the
scientific press and headlined news worldwide.

PROJECTS
STRUCTURAL VARIATION IN DISEASE.

« Membership: Stephen Scherer, Abdallah
Daar, Rosanna Weksberg, Anne Bassett and
clinical geneticists from Toronto.

Early information from the Human Genome
Project suggested that the DNA in the genome
of any two individuals is 99.9 per cent identical
with the 0.1 per cent variation arising primarily
from some three million single chemical base
(nucleotide) changes. In a series of papers
supported by MCMM funding and published in
Nature, Nature Genetics and Genome Research
in the fall of 2006, far exceeding anyone's
predictions, the team found that thousands of
chunks of DNA, sometimes encompassing millions
of nucleotides, can vary between individuals. This
points to possible new explanations for individual
uniqueness, as well as how disease develops.
The MCMM-sponsored “Database for Genomic
Variants” (DGV) is now the standard source of
information in this new field and collaboration
with the Wellcome Trust Sanger Institute on the



“By knowing our
genomes, we will
begin to truly
know ourselves.”

PROGRAM DIRECTOR
STEPHEN SCHERER, PhD
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Andy Pang - Graduate Student with a
generation DNA sequencer

"DECIPHER" database is significantly impacting
the clinical genetics and diagnostic community.
The team has also embarked on individual
genome-sequencing initiatives in an effort to
catalogue all genetic variation in the human
genome. The group participated with the J. Craig
Venter Institute in generating the first complete
genome sequence of an identified individual
(Craig Venter). DGV now works with the European
Bioinformatics Initiative (EBI) to prepare for data
deposition from the 1000 Genomes Project. DGV
has also hosted numerous training and outreach
sessions, in particular with the Canadian and
international cytogenetics community. DGV and
the structural- and copy-number variation (CNV)
have been featured in articles in Nature, Science,
Scientific American and numerous others.

¢ Scherer SW, Lee C, Birney E, Altschuler D,
Eichler EE, Carter NP, Hurles ME, Feuk L. (2007)
Challenges and standards in integrating surveys
of structural variation. Nature Genetics 2007
Jul:39.

e Levy S, Sutton G, Ng PC, Feuk L, Halpern AL,
Walenz BF, Axelrod N, Huang J, Kirkness EF,
Denisov G, Lin Y, Macdonald JR, Pang AW, Shago
M, Stockwell TB, Tsiamouri A, Bafna V, Bansal
V, Kravitz SA, Busam DA, Beeson KY, McIntosh
TC, Remington KA, Abril JF, Gill J, Borman J,
Rogers YH, Frazier ME, Scherer SW, Strausberg
RL, Venter JC. The diploid genome sequence
of an individual human. PLoS Biolog. 2007 Sep
4;5(10):e254.

® Buchanan JA, Carson AR, Chitayat D, Malkin
D, Meyn MS, Ray PN, Shuman C, Weksberg R,
Scherer SW. (2009) The cycle of genome-direct-
ed medicine. Genome Medicine Feb 2;1(2):16.

e Ali-Khan SE, Daar AS, Shuman C, Ray PN,
Scherer SW. (2009) Whole genome scanning:
resolving clinical diagnosis and management
amidst complex data. Pediatric Research Octo-
ber; 66(4) 357-363.

AUTISM GENOME PROJECT. Membership:
« Steve Scherer, Wendy Roberts, John Vincent,
Andrew Paterson, international collaborators.
Autism is a neuropsychiatric disorder associ-
ated with lifelong disabilities that affects one in
160 newborns worldwide. Working with 137 re-
searchers from eight other countries, the MCMM
scientists analyzed DNA from 1,600 families. By
combining new types of gene copy number varia-
tion analyses the team pioneered along with

traditional genetic linkage studies, it revealed
for the first time in studies published in Nature
Genetics (2007) and the American Journal of
Human Genetics (2008), the genetic architecture
underlying autism susceptibility, promising better
diagnostics and possibly new therapeutics. A
$26.7 million second phase of the project was also
launched to find all of the susceptibility genes.
Following on these discoveries, the Canadian
team has published numerous papers describing
discoveries of new copy number variations in au-
tism and also more recently in schizophrenia. The
team has uncovered three specific genes, which
they have patented for clinical diagnostic testing.
In late 2009, the group will finish its latest analy-
sis of more than 2,000 new autism families from
around the world. Once annually, the team meets
with the parents and families involved in the study
to share its results and plan for the future.

¢ The Autism Genome Project Consortium.
(2007) Mapping autism risk loci using genetic
linkage and chromosomal rearrangements.
Nature Genetics, Devlin B and Scherer SW
corresponding authors.

® Marshall CR, Noor A, Vincent JB, Lionel AC,
Feuk L, Skaug J, Shago M, Moessner R, Pinto
D, Ren Y, Thiruvahindrapduram B, Fiebig A,
Schreiber S, Friedman J, Ketelaars CEJ, Vos YJ,
Ficicioglu C, Kirkpatrick S, Nicholson R, Sloman
L, Summers A, Gibbons CA, Teebi A, Chitayat
D, Weksberg R, Thompson A, Vardy C, Crosbie
V, Luscombe S, Baatjes R, Zwaigenbaum L,
Roberts W, Fernandez B, Szatmari P, Scherer
SW. (2008) Structural variation of chromosomes
in autism spectrum disorder. American Journal
of Human Genetics 82:477-488.

® Bassett AS, Marshall CR, Lionel AC, Chow EW,
Scherer SW. (2008) Copy number variations
and risk for schizophrenia in 22g11.2 dele-
tion syndromes. Human Molecular Genetics
24:4045-4053.

e Cook EH, Scherer SW. (2008) Copy-number
variations associated with neuropsychiatric con-
ditions. Nature 455:919-923.

GLOBAL MAPPING OF THE YEAST GENETIC
« INTERACTION NETWORK. Membership:
Charlie Boone, Brenda Andrews, Shoshana Wodak.
We know the genetic properties of living
systems result from the collaborative interaction
of many alternate forms of genes that occur within
different individuals of a population. The challenge



now is to identify the combination of natural ge-
netic variants that modulate the activity of specific
disease-associated pathways.

Complete maps of genetic networks are being
generated and both the intra- and inter-network
relationship rules are being defined. This project
team has developed an automatic genetic analy-
sis system to map the entire genetic network in
a yeast model system. Through databases, it is
relating this network to human genetic disease.
This is key for interpreting chemical-genetic
interactions and linking bioactive compounds to
their targets. In the past year, significant scientific
papers have been published in Nature, Proteom-
ics, and other high-impact periodicals docu-
menting scientific progress.

In the past two years, the group has performed
research on several biologically important fronts,
including reconstruction of yeast protein-protein
interaction networks, curation and compilation of
catalogues of yeast multi-protein complexes, and
development of algorithm for genetic interac-
tion data analysis. Reliable information on the
physical and functional interactions between
gene products is an important prerequisite for
deriving meaningful system-level descriptions
of cellular processes. The available information
about protein interactions in the yeast S. cerevi-
siae has been vastly increased recently thanks to
systematic mapping studies using tandem affinity
purification/mass spectrometry (TAP/MS) and
other high-throughput techniques. In collabora-
tion with Jack Greenblatt’s and Andrew Emili's
groups, we have reconstructed proteome-scale
protein-protein interaction networks by analyzing
high-throughput TAP/MS data in S. cerevisiae,
and identified protein complexes (a form of
functional modules) from such networks using the
Markov clustering algorithm (MCL).

Epistatic or genetic interactions, representing the
effects of mutating one gene on the phenotypes
caused by mutations in one or more distinct gene(s),
can be helpful in uncovering functional relationships
between genes. Recently, the epistatic miniarray
profiles (E-MAP) method has emerged as a powerful
approach for identifying such interactions systemati-
cally. For E-MAP data analysis, hierarchical clustering
is used to partition genes into groups based on the
similarity between their global interaction profiles.
The resulting descriptions assign each gene to only
one group, thereby ignoring the multifunctional
roles played by most genes.

The group has developed an original local

coherence detection (LCD) algorithm for identi-
fying groups of functionally related genes from
E-MAP data in a manner that allows individual
genes to be assigned to more than one function-
al group. This enables investigation of the pleio-
tropic nature of gene function. The performance
of the algorithm is illustrated by applying it to
two E-MAP datasets and an E-MAP-like in silico
dataset for the yeast S. cerevisiae. In addition

to recapitulating the majority of the functional
modules and many protein complexes reported
previously, the algorithm uncovers many recently
documented and novel multifunctional relation-
ships between genes and gene groups. The al-
gorithm is therefore a valuable tool for uncover-
ing new roles for genes with annotated functions
and for mapping groups of genes and proteins
into pathways.

e Py S, Vlasblom J, Emili A, Greenblatt J, Wodak
SJ. Identifying functional modules in the physi-
cal interactome of Saccharomyces cerevisiae.
Proteomics 2007 Mar;7(6):944-60.

e Dixon SJ, Fedyshyn Y, Koh JL, Prasad TS,
Chahwan C, Chua G, Toufighi K, Baryshnikova
A, Hayles J, Hoe KL, Kim DU, Park HO, My-
ers CL, Pandey A, Durocher D, Andrews BJ,
Boone C. Significant conservation of synthetic
lethal genetic interaction networks between
distantly related eukaryotes. Proceedings of the
National Academy of Sciences USA 2008 Oct
28;105(43):16653-16658.

® Wodak SJ, Pu S, Vlasblom J, Séraphin B. Chal-
lenges and rewards of interaction proteomics.
Molecular and Cell Proteomics 2009 Jan;8(1):3-18.

® Ho CH, Magtanong L, Barker SL, Gresham D,
Nishimura S, Natarajan P, Koh JL, Porter J, Gray
CA, Andersen RJ, Giaever G, Nislow C, Andrews
B, Botstein D, Graham TR, Yoshida M, Boone
C. A molecular barcoded yeast ORF library
enables mode-of-action analysis of bioac-
tive compounds. Nature Biotechnology 2009
Apr;27(4):369-77.

AWARDS

STEPHEN SCHERER

® 2007, GlaxoSmithKline/CIHR Endowed Chair in
Human Genetics and Genomics

* 2007, First Distinguished Alumni Award, Faculty
of Science, University of Waterloo

® 2008, Premier’s Summit Award for Medical
Research
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COMPUTATIONAL
GENOMICS TEAM

Stephen Scherer — SickKids
Charlie Boone — Donnelly Centre for
Cellular and Biomolecular Research
Shoshana Wodak - SickKids

Aled Edwards — UofT
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treat patients

based on their

protein profiles.”

PROGRAM DIRECTOR
MIKE MORAN, PhD
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DRUG DISCOVERY

The MCMM Drug Discovery Program consists of a team of investigators whose
complementary interests and expertise range from analytical and medicinal
chemistry and molecular biology, to cancer treatment and drug development.
The team’s five-year plan, initiated in 2005, includes a vision to improve
outcomes for cancer patients through the integration and translation of
biomolecular information towards (i) biomarker and innovative drug discovery
and development, and (i) biomarker-guided patient stratification and

combination therapies.

In addition to the research conducted in the
MCMM scientists’ laboratories, team activities
also take place at two facilities funded in part by
MCMM: The Sinai-McLaughlin Assay and Robot-
ics Technologies (SMART) facility at the Samuel
Lunenfeld Research Institute (SLRI), Mount Sinai
Hospital; and the Clinical Proteomics Laboratory
at Toronto Medical Discovery Tower, MaRS.
® The SMART facility, under Dr. Jeff Wrana's
leadership, supports several cell-based, high-
throughput screening strategies aimed at
leveraging MCMM strengths in stem cell and
molecular oncology research.
¢ The Clinical Proteomics Laboratory, next to the
laboratories of Drs. Moran, Raught, and Jurisica,
is engaged in the generation and integration
of information on proteins and Post-translational
Modifications (PTMs) in model systems, and
blood and epithelial cancers towards the
discovery and validation of pharmacodynamic
biomarkers and drug targets.

PROGRESS UPDATE

One of the team’s near-term goals was to estab-
lish collaborations among team members to initi-
ate translational research activities. As evidenced
by a growing list of publications, this objective is
being met. The team’s longer-term goals remain
the further development and application of small
molecule drug discovery and clinical proteomics
technologies to help identify novel drug targets
and biomarkers and to establish an innovative
drug pipeline. These activities are augmented by
team efforts in medicinal and analytical chemis-
tries and rational drug design.

Recent publications by collaborating Drug
Discovery team scientists, as listed below,
include the development and application of new
methods to profile protein PTMs and evidence
for their utility in clinical trial settings, and the
discovery of new small molecules or new indica-
tions as a product of innovative high-throughput
screens and new screening methods.

A\FA\Q\N
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The Drug Discovery team is also active in new
technology development. Dr. Moran established
collaborations with scientists at ThermoFisher
that led to their donation of a high-end mass
spectrometer and software to the MCMM Clini-
cal Proteomics Laboratory. This is enabling the
development of methods (known as selected
reaction monitoring, or SRM) to quantify PTMs
in response to drug treatments (Tong et al. sub-
mitted, St-Germain et al. submitted). Dr. Brian
Raught, together with Dr. Charlie Boone (MCMM
Computational Genomics Program), presented
exciting results on the profiling of a newly appreci-
ated PTM, Sumoylation (Mylvaganum et al. 2009).
Dr. Wheeler developed an integrated proteome
profiling method and a multiplexed screening
tool, and demonstrated enzyme- and cell-based
assays by digital microfluidics, and an interface
between microchannels and nanoelectrospray
mass spectrometry (Miller & Wheeler 2008).

Dr. Lakshmi Kotra has investigated structure-

activity relationships and developed and applied

rational drug design methods to target a variety
of nucleotide-binding drug targets, some in
collaboration with Dr. Kevin Kain (MCMM Global

Health Program) (e.g. Bello et al. 2007; 2008).

A major success criterion for the program
continues to be the demonstration of clinical
impact stemming from its activities. Recent
examples include:

* Drs. David Kaplan and Jeff Wrana used high-
throughput screens of 5,000 compounds to
identify drugs that were cytotoxic for primary
human neuroblastoma cancer stem cells, but
not normal pediatric stem cells. Drug hits in-
cluded anti-malarials, anti-microbials and neu-

il

His Royal Highness, The Duke of York with Steve Scherer
and Peter Ray — April 2009

roactive drugs (Smith et al. submitted). Several
were active in the picomolar range, and greatly
decreased cancer stem cell self-renewal
in culture and in xenograft models. One of the
drugs, rapamycin, has been administered to
neuroblastoma patients on a compassionate
basis with three positive responses.

¢ Dr. Schimmer led a project that identified a
new molecule with promising pre-clinical activ-
ity in certain blood cancers (Mao et al. 2008).

¢ Drs. Trudel and Moran demonstrated the util-
ity of mass spectrometry-based proteomics
profiling to investigate drug mechanisms and
targets as a part of a Phase 2 study of lenalido-
mide in leukemia (Chen et al. 2007).

e Similar studies are underway with Drs. Tsao and
Hedley to investigate the pharmacodynam-
ics of protein kinase-directed drugs in lung,
colorectal, and pancreatic cancers.

AWARDS

e Kristen Smith in the Kaplan lab’'s MCMM high-
throughput screening project at the AACR-
NCI-EORTC International Conference on
“Molecular Targets and Cancer Therapeutics,”
October 2007, was chosen for a press release
and featured on the AACR website.

¢ David Kaplan was awarded the Prize for "Best
Paper” at the Advances in Neuroblastoma
Research 2008 meeting in Japan for the
MCMM high-throughput screening project.

e Aaron Wheeler was awarded both the Cana-
dian Society for Chemistry Fred Beamish Award
for Innovation in Analytical Chemistry, and the
Eli Lilly and Company ACACC Young Investiga-
tor Award in Analytical Chemistry.

e Lakshmi Kotra won the Ontario Research
Commercialization Program (ORCP) Innovation
Award for advancing research into the commer-
cialization of novel antimalarial compounds,
BioDiscovery Toronto, Toronto, Canada.

HIGHEST IMPACT PAPERS FROM

MRC PROGRAM, PUBLISHED FROM

2007 TO PRESENT

e Chen C, Paul H, Mariela P, Brandwein J, Kukreti
V, Trudel S, Wei E, Tong J, Moran MF. (2007)
A Phase Il Study of Lenalidomide in Previously
Untreated, Symptomatic Chronic Lymphocytic
Leukemia (CLL). Blood 110:2042.

e |liadi K, Avivi A, lliadi N, Korol A, Nevo E, Knight
D, Taylor P, Moran MF, Kamyshev N, Boulianne
G. (2008) nemy encodes a cytochrome b561 that
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Group Picture at Presidential Palace, New Delhi, September
2008; International Human Genome Organization Conference
(left to right): Dhavendra Kumar (UK), Steve Scherer (Canada),
Edison Liu (Singapore), Dr. APJ Abdul Kalam — Former
President of India — Doron Lancet (Israel), Samir Brahmachan
(India), Aravinda Chakravarti (USA), Charles Cantor (USA)

is required for Drosophila learning and memory.
Proc Natl Acad Sci USA 105:19986-19991.

e Tong J, Taylor P, Jovceva E, St-Germain J, Jin
L, Nikolic A, Gu X, Li Z, Trudel S, and Moran
MF. (2008) Tandem Immunoprecipitation of
phosphotyrosine-mass spectrometry (TIPY-MS)
indicates C190rf19 becomes tyrosine phospho-
rylated and associated with activated epider-
mal growth factor receptor. J Proteome Res.
7:1067-77.

® Mylvaganum M, La J, Smith K, Kaplan D,
Lingwood C. Derivatives of ouabain with

cytotoxic selectivity for neuroblastoma stem
cells. Patent application filed 2008.

e Smith K, Paris M, Kaplan D, Miller F.
Compositions for proliferation of cells and
related methods. Patent application filed 2008.

e Miller EM, Wheeler AR. (2008) A Digital Micro-
fluidic Approach to Homogeneous
Enzyme Assays. Anal Chem. 80:1614-1619.

e Wheeler AR. (2008) Chemistry: Putting Elec-
trowetting to Work. Science 322:539-540.

e Makhnevych T, Sydorskyy Y, Xin X, Srikumar
T, Vizeacoumar FJ, Jeram SM, Li Z, Bahr S,
Andrews BJ, Boone C, Raught B. (2009) Global
map of SUMO function revealed by protein-
protein interaction and genetic networks.
Molecular Cell 33:124-35.

e Taylor P, Nielsen P, Trelle M, Horning O,
Andersen M, Vorm O, Moran MF, Kislinger T.

(2009) Automated 2D peptide separation on

a 1D Nano-LC-MS system. J Proteome Res.
8(3):1610-1616.

St-Germain JR, Taylor P, Tong J, Jin LL, Nikolic A,
Stewart Il, Ewing RM, Dharsee M, Li ZH, Trudel
S, Moran MF. Multiple Myeloma Phosphoty-
rosine Proteomic Profile Associated with FGFR3
expression, ligand activation, and drug inhibi-
tion. Proc Natl Acad Sci, USA in press.

Smith K, Datti A, Zhang L, Fujitani M, Roten-
berg S, Hansford L, Miller F, Yeger H, Irwin M,
Baruchel S, Wrana J, and Kaplan D. Identifica-
tion of agents specifically targeting neuroblas-
toma tumor-initiating cells using a cell-based
small molecule screen. Submitted.

Tong J, Taylor P, Peterman S, Prakash A, Moran
MF. Identification and quantification of EGF
receptor phosphorylations linked to receptor
trafficking and p38 MAP kinase. Mol. Cell. Pro-
teomics June 2009 [Epub ahead of print].

Tang S, Xiao V, Wei L, Whiteside Cl, Kotra LP.
(2008) Protein kinase C isozymes and their se-
lectivity towards ruboxistaurin. Proteins Struct
Function & Bioinform 72:447-460.

Bello AM, Poduch E, Liu Y, Wei L, Crandall I,
Wang X, Dyanand C, Kain KC, Pai EF, Kotra
LP. (2008) Structure-Activity Relationships of
Cé-Uridine Derivatives Targeting Plasmodia
Orotidine Monophosphate Decarboxylase. J
Med Chem. 51(3):439-448.

Poduch E, Wei L, Pai EF, Kotra LP. (2008) Struc-
tural Diversity and Plasticity Associated with Nu-
cleotides Targeting Orotidine Monophosphate
Decarboxylase. J Med Chem. 51(3):432-438.
Meza-Avina ME, Wei L, Buhendwa MG, Poduch
E, Bello AM, Pai EF, Kotra LP. (2008) Inhibition

of Orotidine 5'-Monophosphate Decarboxylase

and lts Therapeutic Potential. Mini-Rev Med
Chem. 8(3):239-247.

Bello AM, Poduch E, Fujihashi M, Amani M,
Li Y, Crandall I, Hui R, Lee PI, Kain KC, Pai EF,
Kotra LP. (2007) A potent, covalent inhibitor
of orotidine 5'-monophosphate decarboxy-
lase with antimalarial activity. J Med Chem.
50(5):915-921.
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DRUG DISCOVERY
TEAM

Michael Moran - SickKids

Rob Batey — UofT Chemistry

Tony Pawson - SLRI

Rob Gryfe - SLRI

Brian Raught — Ontario Cancer
Institute (OCI)

David Hedley — OCI

Aaron Schimmer - OClI

David Kaplan - SickKids
Suzanne Trudel — OCI

Igor Jurisica — OCI

Ming Tsao — OCI

Lakshmi Kotra — Toronto General
Research Institute

Aaron Wheeler — UofT Chemistry
Jane McGlade - SickKids

Jeff Wrana - SLRI
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EDUCATION

During 2007-2009, the MCMM Education portfolio supported (i) training
salary stipends awarded to MD-PhD students and postgraduate trainees
in the Clinician Investigator Program at the University of Toronto, and (i)
seminars related to molecular medicine directed primarily at clinician
research trainees. Publications arising from salary support awards as of

the date of this report are listed.

SALARY SUPPORT AWARDS

McLaughlin MD-PhD Studentships: Highly
meritorious MD-PhD students at the University
of Toronto receive awards aimed at supporting
their training. Below, students supported by the
MCMM are listed.

BENJAMIN STEINBERG (supervisor Sergio
Grinstein) "A biophysical characterization of the
phagosome.” Ben, a fifth year MD-PhD student,
successfully defended his PhD in December 2008
and has now returned to complete medical school.
¢ Birmingham CL, Canadian V, Kaniuk NA,
Steinberg BE, Higgins DE, Brumell JH. List-
eriolysin O allows Listeria monocytongenes
replication in macrophage vacuoles. Nature
2008,451(7176):350-4.

Steinberg BE, Grinstein S. Assessment of

Phagosome Formation and Maturation by
Fluorescence Microscopy. Chapter 19 Pages
289-300. Methods Mol Biology 2007;vol 412:
Neutrophil Methods and Protocols. Edited by
Quinn MT, Deleo FR, Bokoch, GM. Humana
Press Inc., Totowa NJ.

Steinberg BE, Huynh KK, Grinstein S. Phago-
some acidification: measurement, manipulation

and functional consequences. Biochemical
Society Transactions 2007;35(Pt 5):1083-1087.
Steinberg BE, Touret N, Vargas-Caballero M,
Grinstein S. In situ measurements of the

electrical potential across the phagosomal
membrane using FRET and its contribution
to the proton-motive force. Proc Natl Acad

Sci USA. 2007;104(22):9523-9528.
GRAEME SCHWINDT (supervisor Sandra Black)
"Functional and structural brain imaging in
Alzheimer's Disease: Towards a biomarker of
treatment response and decline.” A third year
MD-PhD student, Graeme is currently undertaking
PhD studies.
BRIAN BALLIOS (supervisors Derek van der Kooy/
Molly Shoichet) “Novel Stem Cell Delivery Systems
to Treat Retinal Degenerative Diseases.” As a sec-
ond year MD-PhD student, Brian moved into
the graduate phase in January 2009.
MIKE BOHDANOWICZ (supervisor Sergio
Grinstein) “Recruitment and regulation of Rab5
during phagocytosis.” Mike is also a second year
MD-PhD student who began graduate work in
January this year.
JANINE HUTSON (supervisor Gideon Koren)
“Mechanisms of drug transport across the
human placenta and its role in drug safety
during pregnancy.”A second year MD-PhD
student, Janine has returned to the lab where
she previously undertook a Masters degree to
continue a PhD program.
MARKO SKRTIC (supervisor Aaron Schimmer)
“Drug Development — Novel therapies for Acute
Myeloid Leukemia.” In the second year of the
MD-PhD program, Marko also began graduate
work in January 2009.
DAVID TSUI (supervisor Freda Miller) “Fate speci-
fication of cortical precursors.” David is also a
second year MD-PhD student who recently left his
MD class to begin full-time graduate studies.



“Educating the
next generation

of researchers
towards excellence
and innovation is
fundamental to
our future success.” B

EDUCATION PROGRAM DIRECTOR |
NORMAN ROSENBLUM, MD
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Mel Silverman, Education Program
Director (2000-2008)
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The following students in the first year of the
MD-PhD Program are supported by the MCMM.
They are currently in the process of identifying

a research program for the PhD phase of their
program. So, no supervisor is named.

SUSAN ARMSTRONG, WARREN BERGER, GREG
COSTAIN, PATRICK MCVEIGH, JARED WILCOX

Fellowship in Translational Research: Several
years ago, MCMM initiated a program to support
postgraduate scientist trainees engaged in trans-
lational research. One such award was supported
during this reporting period:

JOSEPH ANTONY (supervisor Freda Miller)
"Microglia are an essential component of the
cortical stem cell niche in embryonic brain.”

Fellowships for Clinician Investigator Program
trainees: The MCMM has supported clinicians
engaged in training within the University of
Toronto Clinician Investigator Program. The fol-
lowing trainees received awards in 2007-2008:

MARIO MASELLIS (supervisor S. Black) “Corti-

cobasal Syndrome: heterogeneity across clinical,

neuroimaging, genetic and pathological features”

(July 2006 to June 2008)

® Masellis M, Momeni P, Meschino W, Heffner R,
Elder J, Sato C, Liang Y, St. George-Hyslop P,
Hardy J, Black SE, Rogaeva E. Novel splicing
mutation in the progranulin gene causing fa-
milial corticobasal syndrome. Brain 2006;129(Pt
11):3115-3123

e Praschak-Rieder N, Kennedy JL, Wilson AA,
Hussey D, Boovariwala A, Willeit M, Ginovart
N, Tharmalingam S, Masellis M, Kish S, Houle
S, Meyer JH. Novel 5-HTTLPR Allele Associ-
ates With Higher Serotonin Transporter Binding
in Putamen: An ['"C] DASB Positron Emis-
sion Tomography Study. Biological Psychiatry
2007,62(4):327-31.

GREG HAWRYLUK (supervisor MG. Fehlings)

“Transplantation of neural stem cells & tissue

engineering to repair spinal cord injury” (July

2006 to June 2008)

¢ Hawryluk GW, Rowland J, Kwon BK, Fehlings
MG. Protection and repair of the injured spinal
cord: a review of completed, ongoing, and
planned clinical trials for acute spinal cord
injury. Neurosurg Focus 2008;25(5):E14

¢ Rowland JW, Hawryluk GW, Kwon B, Fehlings

MG. Current status of acute spinal cord injury
pathophysiology and emerging therapies:
promise on the horizon. Neurosurg Focus
2008;25(5):E2

e Hawryluk GW, Fehlings MG. The center of
the spinal cord may be central to its repair. Cell
Stem Cell 2008 Sep11;3(3):230-2

MICHAEL TSENG (supervisor T. Young) “BDNF-

TRPC3 Coupled Signal Transduction in the

Pathophysiology of Bipolar Disorder and Mood

Stabilizer Action” (July 2007 to June 2009)

¢ Tseng M, Alda M, Xu L, Sun X, Wang J, Grof
P, Turecki G, Rouleau G, Young LT. BDNF
protein levels are decreased in transformed
lymphoblasts from lithium-responsive bipolar
disorder subjects. J Psychiatry Neurosci 2008;
Sep;33(5):449-453

® Sun X, Wang J, Tseng M, Young LT. Down
regulation in components of mitochondrial
electron transport chain in post-mortem frontal
cortex from subjects with bipolar disorder.
J Psychiatry Neurosci 2006 May;31(3):189-96.

MCMM LECTURE SERIES FOR

CLINICIAN SCIENTIST TRAINEES

The following educational seminars were

supported during this reporting period:

® Bioinformatics Workshop — April 30-May 1, 2007

® Dr. Richard Smith, Former Editor, BMJ: “Can
you trust medical journals? Workshop on Pub-
lication Ethics” — November 22, 2007

¢ Dr. David Urbach: “An introduction to health
services research” — February 14, 2008

® Women as Clinician Scientists: An interactive
discussion panel — February 26, 2008

® Bioinformatics Workshop: Exploiting public
resources for clinical research” — March 18 and
19, 2008

¢ Dr. Thomas Waddell: “Bone marrow derived
pulmonary epithelial progenitor cells: Progress
towards cell therapy of the lung” — April 7, 2008

SCIENTIFIC SEMINARS

The McEwen Centre for Regenerative Medicine,
together with the McLaughlin Centre for
Molecular Medicine, host a seminar series to
profile exciting new research in stem cell
biology and regenerative medicine. Leading
scientists from around the world are invited

to present their research to the Toronto
scientific community.



PAST SEMINARS

JULY 20, 2009 - DR. MICHAEL RUDNICKI,
OTTAWA HEALTH RESEARCH INSTITUTE

Dr. Rudnicki is a Senior Scientist and Director

of the Regenerative Medicine Program and the
Sprott Centre for Stem Cell Research, Ottawa
Hospital Research Institute. He is also Scientific
Director of the Stem Cell Network and holds a
Canada Research Chair in Molecular Genetics.
“Molecular Regulation of Muscle Stem

Cell Function”

JUNE 3, 2009 - DR. TSVEE LAPIDOT,
WEIZMANN INSTITUTE

Dr. Lapidot is a Professor of Immunology and
the Edith Arnoff Stein Professorial Chair in Stem
Cell Research at the Weizmann Institute, Israel.
“Dynamic interactions between the nervous and
immune systems with the microenvironment
regulate hematopoietic stem cells”

MAY 21, 2009 - DR. FIONA DOETSCH,
COLUMBIA UNIVERSITY

Dr. Doetsch is an Assistant Professor of Pathol-
ogy at the Columbia University Medical Center,
New York. “Stem cells and their niche in the adult
mammalian brain”

MAY 8, 2009 — DR. AUSTIN SMITH, UNIVERSITY
OF CAMBRIDGE

Dr. Smith is Director of the Wellcome Trust
Centre for Stem Cell Research at the University
of Cambridge, UK. “Capturing pluripotency”
MARCH 26, 2009 - DR. AMY WAGERS,
HARVARD MEDICAL SCHOOL

Dr. Wagers is a faculty member in the Section

on Developmental and Stem Cell Biology at
Joslin Diabetes Center and Assistant Professor of
Pathology at Harvard Medical School. “Stem cell
maintenance and function in aged and regenerat-
ing tissues”

FEBRUARY 20, 2009 — DR. SHIN-ICHI NISHIKA-
WA, RIKEN CENTER FOR DEVELOPMENTAL
BIOLOGY

Dr. Nishikawa is Director of the Lab for Stem Cell
Biology at the RIKEN Center for Developmental
Biology in Japan. “Purification of hematopoietic
stem cells without negative selection markers”
OCTOBER 16, 2008 - DR. TIMM SCHROEDER,
GERMAN RESEARCH CENTRE FOR ENVIRON-
MENTAL HEALTH

Dr. Schroeder is Deputy Director of the Helmholtz
Zentrum Miinchen — German Research Center

for Environmental Health, Institute of Stem Cell
Research. “Tracking of stem cell behavior at the
single cell level: New tools for old questions”
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SEPTEMBER 8, 2008 — DR. TONY GREEN,
UNIVERSITY OF CAMBRIDGE
Dr. Green is University Chair in the Department of

EDUCATION TEAM

Haematology at the University of Cambridge, UK.
“From the birth of a HSC enhancer to death in
the myeloproliferative malignancies”

AUGUST 13, 2008 - DR. LEIF CARLSSON,
UMEA UNIVERSITY, SWEDEN

Dr. Carlsson is a Professor at the Umea Center

Norman Rosenblum
Oct. 1, 2008 — Present
Mel Silverman

for Molecular Medicine at Umea University in 2000 - Sept. 30, 2008

Sweden. “The role of the LIM-homeobox gene

Lhx2 in stem cell function, organ development
and disease”

JUNE 26, 2008 — DR. JOSEPH WU, STANFORD
UNIVERSITY

Dr. Wu is an Assistant Professor in Cardiovascu-
lar Medicine in the Department of Medicine at
Stanford University. “Molecular imaging of adult
and embryonic stem cell fate”

MAY 15, 2008 — DR. CARLA BENDER KIM,
CHILDREN'S HOSPITAL, HARVARD UNIVERSITY
Dr. Kim is a member of the Department of
Genetics and the Children’s Hospital Stem Cell
Program at Harvard University. “Examining stem
cells in normal lung and lung cancer”

APRIL 24, 2008 - DR. CHARLES MURRY,
UNIVERSITY OF WASHINGTON

Dr. Murry is Co-Director of the Institute for

Stem Cell and Regenerative Medicine at the
University of Washington. “Embryonic Stem
Cells: Differentiation Pathways and Cardiac
Repair Applications”

APRIL 3, 2008 — DR. KONRAD HOCHEDLINGER,
HARVARD MEDICAL SCHOOL AND HARVARD
STEM CELL INSTITUTE

Dr. Hochedlinger is an Assistant Professor in the
Department of Medicine at the Cancer Center
and the Center for Regenerative Medicine at
Harvard University. “Reprogramming of adult
cells into pluripotent cells”

NOVEMBER 13, 2007 — DR. AUSTIN SMITH,
UNIVERSITY OF CAMBRIDGE

Dr. Smith, Director of the Wellcome Trust
Centre for Stem Cell Research at the

University of Cambridge, presented his

work in “Capturing Pluripotency.”

NOVEMBER 1, 2007 - VISITING SPEAKER DR.
ANAND ASTHAGIRI, CALTECH

Dr. Asthagiri, from the California Institute of
Technology (“Caltech”), presented his work to a
Toronto audience in a presentation entitled “Quan-
titative variations in molecular networks and the
emergence of multicellular phenotypic diversity.”
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ETHICS AND COMMERCIALIZATION

Innovative health technologies are less available to people in the developing
world than they might be. This is due largely to the uncertain path and
unacceptable time lag from discovery and development to commercialization
and delivery of appropriate and affordable products.

The McLaughlin-Rotman Centre for Global
Health (MRC)'s mission is to conduct translational
research in global health and help researchers
and companies get their life sciences technolo-
gies to those who need them in the develop-
ing world. Our vision is to illuminate the path
towards a world where everyone benefits from
new diagnostics, vaccines, drugs, and other life
science solutions. This research-based academic
centre at the University Health Network and
University of Toronto is located in the MaRS
Discovery District.

We have created a unique approach to ad-
dress the lab-to-developing world problem via
two programs:

e the Sandra A. Rotman Laboratories, led by
Dr. Kevin Kain, Director of the MCMM Global
Health program, strive to solve clinically rel-
evant end priority problems in global health
with the modern tools of molecular discovery
and an emphasis on translational research.

¢ the Program on Ethics and Commercializa-
tion focuses on developing new models and
approaches to commercialization by linking

science and business, and involving the domestic
private sector in the developing world. We use
scholarly research to help move health tech-
nologies for researchers and companies from
“lab to village"” through the convergence of
science and business. The program comprises
the following four themes, each one focusing
on a set of related issues:

The Commercialization in Emerging Econo-

« mies theme identifies solutions to the com-
mercialization barriers of health biotechnology
products in emerging economies. Its aim is to
understand how companies in emerging econo-
mies meet local and global health needs. It also
examines and facilitates partnership opportunities
between industrialized companies and their
counterparts in emerging economies.

UPDATE

MRC's Commercialization in Emerging Economies
(CEE) program has led to both global health and
economic impacts by fostering new economic
opportunities for emerging economies and facili-



“We will not have
enduring peace
without addressing
global health
inequities.”

ABDALLAH DAAR, D. PHIL
(OXON), FRCP, FRCS, FRCSC
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A New Campaign 1o Fight Diseases of the

Wealthy

i ik

evoloprang s e oo sl Lk e 55

il = thery e sl Sl

P

20

rasiogf Hibrad e e e ©

I Ty m——

tating access to new markets for international bio-
technology firms. For example, treatments for dis-
eases such as leprosy, tuberculosis, cholera, yellow
fever and other infections that have a significant
impact on the health of poorer populations are,

in general, not pursued by biotech firms in more
developed parts of the world because of their
perceived limited profitability. However, biotech
firms in emerging economies not only have the
potential to develop effective treatments for these
diseases, but their products also can be more
affordable and more easily accessible. MRC's CEE
program has conducted in-depth studies on the
capabilities of emerging economies to develop
novel health products for local needs.

IMPACT

This work has expanded the awareness of

the international community regarding how
emerging economies can be better engaged
as participants in ongoing global health
initiatives. MRC's CEE program has also helped
to facilitate linkages and partnerships between
innovative firms in emerging economies with
the global health community and other
international partners. This work has helped
increase biotechnology commercialization

for emerging economy firms and has led to
improved access to global markets.

The Life Science Innovation Centres in

« sub-Saharan Africa theme brings together
diverse stakeholders, such as policy-makers,
research institutions, capital providers, the private
sector and donor groups, to develop and com-
mercialize domestic life sciences research, prod-
ucts and services that meet local and regional
health needs.

UPDATE

During the past year, the team has continued to

work with the governments of Ghana, Rwanda

and Tanzania, while expanding to Uganda at the

invitation of the Hon. Vice-President of Uganda

to study its health innovation system and help

develop ways to commercialize it.

GHANA

¢ Supported the preparation of a business plan
for the creation of a virtual innovation platform
by facilitating a Ghanaian working group com-
posed of local stakeholders.

¢ Developed an analysis of the Ghanaian system
of innovation that will soon be published.

RWANDA AND TANZANIA

¢ Submitted business plans and operational
plans to the Minister of Science and Technol-
ogy to develop innovation platforms that will
enable accelerated health product commercial-
ization and improve innovation capacity locally.

¢ Held stakeholder consensus workshops.

UGANDA

¢ Interviewed 30 key stakeholders and liaised
with local collaborators.

e Currently analyzing the data collected and will
be traveling to Uganda to present the findings.

® Commenced a study of documenting stagnant
health technologies in selected sub-Saharan
African countries to showcase the potential of
homegrown innovation.

IMPACT

The findings from our teams in Ghana, Rwanda
and Tanzania and the resulting conceptual frame-
work around the innovation centres were featured
in two publications. The “Commercializing African
Health Research: Building Life Science Conver-
gence Platforms — Global Forum Update” paper
was presented at the Global Ministerial Forum

on Health Research at Bamako, Mali. The second
paper, "Accelerating African Health Innova-

tion” (Kamunyori S, Al-Bader S, Shah R, Simiyu

K, Singer PA, Daar AS), was published in winter
2008 in a special issue of the Africa Journal, a
quarterly publication of the Corporate Council for
Africa. This non-profit membership organization
is dedicated to enhancing trade and investment
relations between the United States and the 53
countries of Africa. It highlights the barriers to
commercialization of indigenous health products
African countries face.

The Minister of Communications, Science and
Technology of Tanzania, the Hon. Peter Msolla,
has appointed a steering committee to help the
ministry implement the development of the pro-
posed innovation centre. The MRC is part of the
Tanzanian Steering Committee’s secretariat.

The Rwandan government has also accepted
the business and operational plans for the inno-
vation centre and approved a budget line for the
centre in its 2008-2009 budget.

3 The Ethical, Social, Cultural and Commercial
« (ESC2) theme provides original research and
consultation services for the Bill and Melinda Gates
Foundation’s Grand Challenges in Global Health
Initiative and for the Water Efficient Maize for Africa



Project to maximize their success and increase the

likelihood of appropriate adoption of science and

technologies in the developing world.
a) The Grand Challenges in Global Health
Initiative is modeled after the grand chal-
lenges formulated more than 100 years ago by
mathematician David Hilbert. It has funded 44
projects, focusing on 14 major global health
challenges, with the aim of working on solu-
tions that will lead to breakthrough advances
for those in the developing world.

UPDATE AND IMPACT
In the last two years, we have been involved
in 29 consultations that cover a wide range
of topics. For example, in 2008, significant
contributions were made to the development
of ethics capacity in China to address regulatory
issues relating to US-Chinese research on animal
models used to develop new vaccines. The team
also developed and began to help implement
a framework for community engagement in
the context of research on genetic control of
vectors. Similarly, there was development of
shared principles of ethics on complementary
feeding products for infants and children in
the developing world. The hope was that this
would inspire dialogue and cooperation among
estranged stakeholders, thus helping to facilitate
the vital scale-up of complementary feeding
products. Finally, we looked into the ethical
considerations around the exportation of
tissues and databases and of stopping clinical
trials early.
b) The Water Efficient Maize for Africa (WEMA)
Project is a public-private partnership founded
by the Bill and Melinda Gates Foundation,
as well as by the Susan Thompson Buffett
Foundation, and is managed by the African
Agricultural Technology Foundation (AATF). Its
goal is to develop drought-tolerant and royalty-
free maize varieties for Africa.

UPDATE AND IMPACT

The team performed the first social audit of the
WEMA project and consulted with 85 stakehold-
ers in the five WEMA partner countries. They
obtained multiple perspectives on the ethical,
social, and cultural and commercialization issues
related to the WEMA project and other agro-
biotechnology initiatives in sub-Saharan Africa.
Three working papers were drafted around
issues encountered in the social audit. They

were titled: “A Social Audit Model for Agro-bio-
technology Initiatives in Developing Countries”;
"Addressing Conflicts of Interest in Public
Private Partnerships”; and “Gender Relevance
in the Adoption of Agro-Biotechnology Initia-
tives in Africa.”

4 The Global Grand Challenges theme helps
« foundations and agencies to identify, pri-
oritize and develop programs for science-based
breakthrough solutions to global challenges.

UPDATE

As part of the Grand Challenges in Chronic
Non-communicable Diseases, which were
published in Nature (November 2007), work
continued with the National Institutes for Health
(US), the Oxford Health Alliance, the UK Medi-
cal Research Council, the Canadian Institutes for
Health Research, as well as with other founda-
tions and agencies to deliver an implementable
platform that will address some of the recom-
mendations discussed in the 5-10 highest impact
papers published by the MRC. Our collaboration
with these various foundations and agencies has
helped us move forward towards the creation of a
global alliance to address Chronic Non-Commu-
nicable Diseases.

In 2008, the federal government budget
announced a Development Innovation Fund.
Together with our SEB committee, we have
been advising the Finance Department and the
Department of Foreign Affairs over the past
year on how to deliver this fund using the Grand
Challenges in Global Health approach.

IMPACT

* Providing the Canadian federal government
with a novel Grand Challenges approach to
funding its health and related projects as part
of its international aid portfolio.

e Providing leadership and working with key part-
ners to develop an implementation mechanism
to address chronic non-communicable diseases
in the developing world.

SOME HIGHEST IMPACT PAPERS

FROM MRC PROGRAM, PUBLISHED

FROM 2007 TO PRESENT

¢ Frew SE, Rezaie R, Sammut S, Ray M, Daar AS,
Singer P. (2006) India’s Home-Grown Health
Biotechnology Sector at a Crossroads. Nature
Biotechnology 25(4):403-417.
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THE ETHICS AND

COMMERCIALIZATION

Peter Singer - MRC
Kevin Kain - MCMM
Andrew Taylor - MRC
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Peter A. Singer FRCPC, FRSC, MD,
MPH Director, McLaughlin-Rotman
Centre for Global Health
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¢ Daar AS, Greenwood HL. (2007) A proposed
definition of regenerative medicine. Journal of
Tissue Engineering and Regenerative Medicine
1(3):179-184.

Singer PA, Berndtson K, Tracy SC, Cohen ERM,
Masum H, Daar AS, Lavery JV. (2007) A tough
transition. Nature 449:160-163.

Daar AS, Singer PA, Persad D, Pramming S,
Matthews D, Beaglehole R, Bernstein A, Borysie-

wicz L, Colagiuri S, Ganguly N, Glass R, Fin-
ewood D, Koplan J, Nabel E, Sarna G, Sarrafza-
degan N, Smith R, Yach D, Bell J. (2007) Grand
Challenges in Chronic Non-Communicable
Diseases. Nature November 2007;450:494-496.
Masum H, Daar AS, Albader S, Shah R, and
Singer PA. (2007) Accelerating Health Product
Innovation in Sub-Saharan Africa. Innovations
(MIT Press);2(4):151-171.

Frew S, Sammut S, Shore A, Ramijist J, Al-
Bader S, Rezaie R, Daar AS, Singer PA. (2008)
Chinese health biotech and the billion-patient
market. Nature Biotechnology 26:37-53.
Rezaie R, Frew SE, Sammut SM, Maliakkal MR,
Daar AS, Singer PA. (2008) Brazilian health
biotech — fostering crosstalk between public
and private sectors. Nature Biotechnology
26(6):627-44.

Séguin B, Hardy B, Singer PA, Daar AS. (2008)
Genomic medicine and developing countries:
Creating a room of their own. Nature Reviews
Genetics 9(6):487-493.

Séguin B, Hardy B, Singer PA, Daar AS. (2008)
Genomics, public health and developing coun-
tries: the case of the Mexican National Institute
of Genomic Medicine INMEGEN). Nature
Reviews Genetics 9(10):55-s9.

Hardy B, Séguin, B, Goodsaid F, Jimenez-
Sanchez G, Singer PA, Daar AS. (2008) The
next steps for genomic medicine: challenges

and opportunities for the developing world.
Nature Reviews Genetics 9(10):s23-s27.

AWARDS

DR. ABDALLAH DAAR

® Fellow of The Academy of Sciences for the
Developing World (TWAS)

e Fellow of the Royal Society (Canada)

* Fellow, Canadian Academy of Health Sciences

e Senior Fellow, Massey College, University of
Toronto

® UNESCO Avicenna Prize for Ethics in
Science, UNESCO

e Anthony Miller Award for Research
Excellence, University of Toronto

DR. PETER SINGER

® Michael Smith Prize in Health Research:
Canada’s Health Researcher of the Year

¢ Fellow of the Royal Society (Canada)

MEDIA, ARTICLES BY

DR. ABDALLAH DAAR

e Berndtson K, Daar AS. Faithfully fighting
malaria together. Globe and Mail, December
23, 2007

e Singer PA, Daar AS. The tragic test of a peace-
loving man. National Post, January 19, 2009

e Singer PA, Daar AS. Gaza Heartbreak.
Sunday Star. Profiled in The Toronto Star,
February 1, 2009

e Profiled in University of Toronto, Dalla Lana
School of Public Health, Volume |, Issue 1,
March 2009

MEDIA, ARTICLES BY

DR. PETER SINGER

e Singer PA. Appearance on CBC TV program
about Dr. Ezzeldeen Abu al-Aish, February
28, 2009

e Singer PA, Daar AS. Gaza Heartbreak. Sunday
Star. The Toronto Star, February 1, 2009

e Singer PA, Daar AS. The tragic test of a peace-
loving man. National Post [Full Comment],
January 19, 2009

e Singer PA. Is Canada Ready for Bioterrorism?
Globe and Mail, January 4, 2009

e Singer PA. Built from Scratch. National Post,
January 29, 2008

e Singer PA. A New Year's resolution: Create a
living will. National Post, December 26, 2007

e Singer PA. Turning Health Workers into
Torturers. Comment, National Post, December
18, 2007

e Singer PA. Healing the World with Canadian
Know-How. National Post, November 21, 2007

e Singer PA. PM Harper's new science and
technology strategy hardly mentions China and
India. The Hill Times, June 11, 2007

e Singer PA. Put science at the centre of CIDA's
agenda. National Post, April 26, 2007

MCMM TRAINEES
e Claudia Emerson, Research Associate,
Commercialization in Emerging Economies



¢ Sarah Frew, Research Associate, Commercial-
ization in Emerging Economies

¢ Obidimma Ezezika, Senior Post-Doctoral
Fellow, Ethical, Social, Cultural and Commercial
(ESC2)

MRC STORIES OF IMPACT

MOBILIZING THE PRIVATE SECTOR FOR GLOBAL
HEALTH DEVELOPMENT CONFERENCE

MRC organized a three-day conference in Toronto
at the MaRS Convergence Centre from May 2

to 4, 2007, which brought together the global
community to discuss and facilitate international
partnerships for global health. The conference
attracted over 200 experts and included plenary
talks by renowned experts such as Prof. C.K.
Prahalad (author of The Fortune at the Bottom of
the Pyramid) and Dr. Carol A. Dahl (Chief of Staff,
Global Health program, Bill and Melinda Gates
Foundation). In addition, executives of 70 bio-
technology firms from many countries, including
India, China, Brazil, South Africa, Ghana, Nigeria,
Canada and the United States, gave presentations
and participated in partnering meetings. We are
aware of at least five international partnerships
that have resulted from this event. For example,
FK Biotechnologia (Porto Alegre, Brazil) has final-
ized partnerships with two Canadian firms. In the
first example, FK Biotech will complete clinical
validation in Brazil of an HIV resistance diagnos-
tic developed with proprietary technology by
Spectradigital (Guelph, Ontario). This partnership
has the potential to generate valuable proof-of-
concept data needed by Spectradigital to attract
future investment. In the second example, FK
Biotech has entered into a joint venture agree-
ment with ZBx Corporation (Toronto, Ontario) to
co-develop rapid diagnostics.

THE STORY OF MISSING LINKAGES IN AFRICA
AND THE ROLE OF INNOVATION CENTRES
Unfortunately, the linkages between African
researchers and research institutions, and com-
panies — even those that are domestically based
— are weak.

Consider the following:

A to Z Textile Mills, a company in Arusha,
Tanzania, in a joint venture with the Japanese
company Sumitomo, is the largest manufacturer
of long-lasting insecticide-impregnated bed nets
in Africa. A to Z currently manufactures about 12
million bed nets a year, which are WHO-certified
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and reasonably priced. Moreover, A to Z has cre-
ated more than 3,200 jobs for Tanzanians, sup-
porting at least 20,000 people. As an example of
manufacturing a science-based health product
for one of Africa’s most burdensome diseases, A
to Zis a huge success.

Now imagine a company like A to Z that
relied not on imported technology, but on
domestic African health research. Over the
same time period that A to Z was manufactur-
ing malaria bed nets, distinguished East African
researchers were studying and publishing on the

malaria parasite and mosquito vector. Imagine
if this domestic East African research were the

Obidimma Ezezika, Senior Post-
Doctoral Fellow

source of the technology for innovations in long-
lasting insecticide-treated bed nets. The interest-
ing fact is such domestic research does exist.

At the same time as A to Z textiles was starting
up in the bed nets area, Prof. Wen Kilama, the
Director General of Tanzania National Institute
for Medical Research, was also working on the
technical aspects and efficacy around insecticide-
treated nets. It took 20 years for both sides to
meet for the first time at a stakeholders meet-
ing held by the MRC in collaboration with the
Ministry of Science and Technology (Tanzania) in
December 2007. This story is representative of the
many we encountered as part of the LSIC project
where there is a lack of synergy and knowledge
flow among various stakeholders, resulting in the
underexploited potential to commercialize local
innovative “stagnant technologies”.

Our concept of Innovation Centres embodies
a new approach to innovation, bringing together
science, business and capital to create a dynamic
environment where scientific knowledge, the
demands of the marketplace and the realities
of funders exist together — within an Innova-
tion Platform. An example of a Convergence
Platform is the MaRS Centre based in Toronto,
Ontario. The Innovation Platform has a Physical
and Virtual Component, which would facilitate
the linkages, along with an associated Product
Development Fund, which would award grants to
support the development of the most promising
pre-commercial technologies.
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GLOBAL HEALTH

Global infectious disease threats — the McLaughlin-Rotman Centre for Global
Health's focus — are responsible for the greatest burden of illness and death
worldwide. They account for the most pronounced disparities in health between
the advanced and developing countries, have traditionally been neglected

by western research, and can profoundly impact both regional and global
economies. The centre’s mission is to bring together new minds, novel ideas,
and innovative solutions to address emerging infectious disease threats. Its
focus is on translating biomedical advances all the way to field trials.

PROJECTS
INNATE IMMUNITY AND MALARIA. MCMM

« Global Health has established an exciting
multidisciplinary team of Canadian and interna-
tional (USA, Thailand, Kenya, Malawi and Uganda)
scientists with complementary expertise for this
initiative. It focuses on delineating the molecu-
lar basis for adverse outcomes in malaria and
using this knowledge to create novel classes of
therapeutics. These would be designed to modify
deleterious innate host responses to improve
outcome, drive acquired immunity, and prevent
drug resistance and treatment failure. The ap-
proach has successfully employed cell and mo-
lecular biology, animal models of infection, and
informative human field studies to examine both
sides of the host-pathogen interface. These in-
clude identifying host and parasite determinants
that regulate the onset and ultimate outcome
of malaria infections. New pathways mediating
pathogenesis and biomarkers for these pathways
have been identified. Several synthetic inhibi-

tors of these determinants (especially focusing
on compounds already FDA-approved for other
indications) have been evaluated for efficacy in
animal models and are being studied in random-
ized human clinical trials in Thailand, Cambodia,
Kenya and Uganda.

MALARIA-HIV CO-INFECTIONS

« DURING PREGNANCY. Malaria and HIV
infections in pregnant women are massive public
health problems. Despite this, relatively little is
known about the mechanisms underlying sus-
ceptibility to and protection against pregnancy-
associated malaria (PAM) and the impact of HIV
co-infection on these processes. This project
assembles a team of skilled scientists with
complementary expertise to tackle this important
global health priority. This team is investigating
the mechanisms underlying pathology and pro-
tection against PAM and how they are influenced
by HIV infection. Specifically, whether C5a medi-
ates or enhances PAM-specific inflammatory and



“Many people
get infections
yet few develop
life-threatening
disease.The
discovery of
biomarkers
that identify
individuals at
risk of critical
illness would
represent
transformative
advances.”

PROGRAM DIRECTOR
KEVIN KAIN, MD, FRCPC
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SCIENTISTS MAKE
BREAKTHROUGHS IN
MALARIA RESEARCH

INTHENEWS.CO.UK
MONDAY, 8 DEC 2008 00:01

A team of Canadian
scientists have made

a double breakthrough
in malaria research. The
team, from Toronto’s
MclLaughlin-Rotman
Centre for Global Health
(MRC), have discovered
biomarkers that

could help identify
crippling, often fatal
forms of malaria.
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angiogenic responses, how HIV alters these re-
sponses, and whether outcomes can be improved
by disrupting this pathway using anti-C5 mono-
clonal antibodies and C5a-receptor antagonists.
A detailed understanding of these events at the
molecular level is providing important insights
into the pathophysiology of PAM and its inter-
action with HIV and suggesting a rational basis
for effective therapeutic interventions for these
globally important diseases. The team recently
discovered that C5a inhibitors block malaria—
induced dysregulation of inflammatory and
angiogenic factors that contribute to PAM and
suggest a novel intervention since FDA-approved
C5a inhibitors already exist. Biomarkers based on
these studies have been successfully evaluated in
field studies in Uganda, Kenya and Thailand.

NOVEL DIAGNOSTICS: QUANTUM DOT

« DIAGNOSTIC PROJECT, SIMULTANEOUS
GENOMIC AND PROTEOMIC PROFILING OF
MULTIPLE PATHOGENS AT POINT-OF-CARE.
The lack of accurate and rapid diagnosis of
infectious disease is a major barrier to improv-
ing global health. The goal of this initiative is to
develop the next generation of diagnostic devices
capable of simultaneously detecting multiple
infectious pathogens at point-of-care. This unique
biomedical research program brings together
exciting advances in nanomaterials and exper-
tise in biomedical engineering, nanotechnology,
genomics, proteomics, microfabrication, imaging,
bio-informatics, and commercialization. Col-
laborative field trials are designed with Mahidol
University, Thailand; CDC, Atlanta; and Harvard
University. A start-up biotech company has been
created to commercialize the diagnostic device; it
has received more than $14 million in funding from
the private sector.

STRUCTURAL PROTEOMICS OF MALARIA -

« A STRUCTURAL GENOMICS CONSORTIUM
(SGC) COLLABORATION. New effective therapies
for drug-resistant malaria are urgently needed.
This initiative exploits high-throughput genom-
ics and proteomics strategies to clone, express,
purify and crystallize malaria proteins to identify
new drug and vaccine targets. This collaboration
has been very successful with the expression and
purification of hundreds of malaria-related proteins
and has fostered new research partnerships based
on malaria structural biology and drug design/me-
dicinal chemistry.

HIGHEST IMPACT PAPERS FROM MRC
PROGRAM, PUBLISHED FROM 2007
TO PRESENT

e Jha P, Jacob B, Gajalakshmi V, Gupta PC, Dhingra
N, Kumar R, Sinha DN, Dikshit RP, Parida DK,
Kamadod R, Boreham J, Peto R. A nationally
representative case-control study of smoking and
death in India. New England Journal of Medicine
2008 Mar13;358(11):1137-1147. Epub 2008 Feb 13.
Keen J, Serghides L, Ayi K, Patel S, Ayisi J, Eijk
A, Steketee R, Udhayakumar V, Kain KC. HIV Im-
pairs Opsonic Phagocytic Clearance of Pregnan-

cy-Associated Malaria Parasites. PLoS Medicine
2007;4(5):e181.

Ayi K, Min-Oo G, Serghides L, Crockett M,
Kirby-Allen M, Quirt I, Gros P, Kain KC. Pyruvate
kinase deficiency protects against Plasmodium

falciparum malaria. New England Journal of
Medicine 2008;358:1805-1810. (Accompanied by
an editorial).

Patel SN, Berghout J, Lovegrove FE, Ayi K,
Serghides L, Min-Oo G, Sarma V, Rittirsch D,
Ward PA, Liles WC, Gros P, Kain KC. C5 de-
ficiency and Cba or C5aR blockade protects

against cerebral malaria. Journal of Experimental
Medicine 2008;205:1133-1143.

Lovegrove FE, Gharib SA, Patel S, Hawkes C,
Liles WC, Kain KC. Genome-wide expression

microarray analysis implicates important roles
for apoptosis and interferon-responsive tran-
scripts in resistance and susceptibility to
experimental cerebral malaria. American Journal
of Pathology 2007;171(6):1894-1903. (This article
was the lead article and accompanied by a lau-
datory editorial).

Yeung T, Terebiznik M, Yu L, Silvius J, Abidi WM,
Philips M, Levine T, Kapus A, Grinstein S. (2006)
Receptor activation alters inner surface potential

during phagocytosis. Science 313:347-351.
Steinberg BE and Grinstein S. (2007) Unconven-
tional roles of the NADPH oxidase: signaling, ion
homeostasis, and cell death. Science 379:11.
Yeung T, Gilbert G, Shi J, Silvius J, Kapus A,
Grinstein S. (2008) Membrane phosphatidylserine
regulates surface charge and protein localization.
Science 319:210-213.

Lécuyer E, Yoshida H, Parthasarathy N, Alm C,
Babak T, Cerovina T, Hughes TR, Tomancak P,
Krause HM. Global analysis of mRNA localiza-

tion reveals a prominent role in organizing
cellular architecture and function. Cell 2007 Oct
5,131(1):174-87.

® Mei SH, McCarter SD, Deng Y, Parker CH, Liles



WC, Stewart DJ. Prevention of LPS-induced
acute lung injury in mice by mesenchymal stem
cells overexpressing angiopoietin 1. PLoS Med.
2007 Sep;4(9):e269.

AWARDS

SERGIO GRINSTEIN

® International Scholar of the Howard Hughes
Medical Institute

* Recipient of the CIHR Distinguished Scientist

* Michael Smith Award

* Fellow of the Royal Society of Canada

KEVIN KAIN

® CIHR Tier | Canada Research Chair (renewed 2009)

* First Canadian to receive the Bailey K. Ashford
Medal for "Distinguished Work in Tropical
Medicine” American Society of Tropical Medi-
cine and Hygiene. Presented: New Orleans,

LA. December 2008

* Honourary Fellow of the Royal Society of Physi-
cians and Surgeons of Glasgow, University of
Glasgow (2008)

® The Fred Barrett Lectureship in Medicine Visiting
Professor: Kevin Kain; Host University: University
of Tennessee (2008)

* Distinguished Service Award for Sustained Lead-
ership in Global Health; Global Health Educa-
tion Consortium (2007) Presented by Dr. A. Veljj,
Co-founder GHEC; Chief, Infectious Disease,
University of California School of Medicine

RUPERT KAUL
¢ CIHR Tier Il Canada Research Chair (renewed)

CONRAD LILES
¢ CIHR Tier | Canada Research Chair

MEDIA ARTICLES (SELECTED):
Pyruvate kinase deficiency and resistance to

« malaria. The Kain lab made an intriguing dis-
covery that the 2nd commonest red cell disorder,
pyruvate kinase deficiency (PKD), protects against
human malaria. This was done using PK-deficient
patients recruited to the Hospital for Sick Chil-
dren and the Toronto General Hospital. This work
demonstrated that homozygosity and heterozy-
gosity for PK-deficient alleles have a protective
effect against malaria in humans (Ayi K, Min-Oo
G, Serghides L, Crockett M, Kirby-Allen M, Quirt
I, Gros P, Kain KC. Pyruvate kinase deficiency and
malaria. N. Engl. J. Med. 358:1805-1810, 2008).
This paper was accompanied by an editorial in the

NEJM (A footprint in the human genome. Daily J
et al. New Eng J Med 2008;358:1855) and gener-
ated considerable media attention.

Kain lab identified novel biomarkers and new

« potential therapeutic targets for cerebral
malaria and pregnancy-associated malaria, which
collectively represent leading causes of infant and
childhood mortality worldwide. Findings from
these studies were covered by 14 news agen-
cies in six languages. These findings have been
patented and have received considerable interest
in licensing from Biotech.

Kain lab identified novel interaction between
« HIV and malaria in pregnancy. This provided
new insights into the deleterious interaction
between these global health priorities. This study
generated press releases and was covered by
several news agencies.

MCMM TRAINEES
e Fiona Lovegrove MD, PhD Program
e Laura Erdman MD, PhD Program

“Working with Kevin Kain at the MCMM has pro-
vided amazing opportunities for collaboration with
outstanding scientists — both peers and mentors.
Among the goals of the MCMM global health
group is to research and apply innovative biomedi-
cal solutions to global infectious disease priori-
ties such as malaria. One of the most rewarding
projects | contributed to while in Kevin's lab was
identifying and verifying biomarkers of cerebral
malaria (CM), one of the most severe malarial com-
plications. We examined these markers in the se-
rum of both Thai adults and Ugandan children and
showed that it distinguishes beautifully between
patients with cerebral and mild disease and pre-
dicts clinical outcome in CM. Despite the fact that
millions of people are affected by CM every year
around the globe, there is no good way to predict
which malaria patients will progress to or die from
CM. Identifying people who are at risk of a poor
outcome at an early stage in disease will facilitate
timely intervention or reallocation of limited heath
resources in developing countries. It's a wonderful
feeling to have worked on a project that will likely
impact malaria diagnosis and treatment going
forward.” — Mark Ungrin, Post-Doctoral Fellow
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GLOBAL HEALTH
TEAM

Kevin Kain - TGH
Prabhat Jha - STM
Scott Gray-Owen — UofT
Jun Liu — UofT

THE CENTRE HAS
INITIATED A NUMBER
OF INNOVATIVE
PROJECTS THAT ARE
CONVERGENT AND
LIKELY TO HAVE GLOBAL
IMPACT, INCLUDING:

e the study of innate
immunity and infectious
diseases.

e the development of
collaborative overseas
research sites and
partners to validate new
diagnostics, theranostics
and interventions.

nanotech multiplex
diagnostics — simultaneous
genomic and proteomic
profiling — detection

and characterization of
multiple pathogens at
point-of-care.

collaboration with the
Structural Genomics
Consortium using
genomics and proteomics
to identify new drug

and vaccine targets for
malaria.
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IMMUNOGENOMICS

Inflammatory autoimmune diseases, exemplified by rheumatoid
arthritis, inflammatory bowel disease and Type 1 diabetes, are
associated with high morbidity and a very significant medical and
socioeconomic burden. The molecular therapeutics program aims
to identify and develop molecular markers for diagnosis and risk
and outcome prediction for these chronic conditions.

Led by five core investigators, Laurent Briollais,
Dan Drucker, Andrew Emili, Kathy Siminovitch
and Boris Steipe, the program has focused on
two projects: Inflammatory autoimmune disease-
biomarker discovery and design of genomic/
proteomic biomarker discovery tools.

These projects bring together national and
multinational research consortia, such as the
Canada-wide Michael J. Howorth Inflammatory
Bowel Disease Genetic, Environmental, and
Microbial (GEM) Project; the juvenile inflammatory
arthritis REACH consortium; the North America
rheumatoid arthritis consortium (NARAC); and a
broad network of international collaborators, and
have attracted numerous leveraged government
and private sector investments. Capitalizing on its
partnership with the Analytical Genetics Technol-
ogy Centre (AGTC), MCMM Molecular Thera-
peutics’ (MT) team continues to collaborate with

other MCMM programs, providing, for example,
technology support for a Global Health program
on determinants of malaria outcome, and to build
new collaborative relationships with the Ontario
Institute for Cancer Research and Centre for
Research in Neurodegenerative Disease.

PROJECTS
1 INFLAMMATORY AUTOIMMUNE DISEASE

« BIOMARKER DISCOVERY. Membership:
Laurent Briollais, Vivian Bykerk, Dan Drucker,
Jenny Heathcote, Ed Keystone, Kathy Siminovitch,
international collaborators.

Rheumatoid arthritis (RA) and primary biliary
cirrhosis (PBC) are exemplars of inflammatory
autoimmune diseases — a class of chronic human
disease with multifactorial, but poorly understood
etiologies. Resolution of the genetic causes of such
diseases has only recently been made possible



“The new understanding
of disease etiology now
emerging from genomics
research has created
an unprecedented
opportunity for more
effective, personalized
healthcare delivery.”

PROGRAM DIRECTOR
KATHERINE SIMINOVITCH, MD, FRCPC
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"During my
research at AGTC,
| was able to learn

about many of
the latest genomic
technologies

that have allowed
genetic disease
research to
produce such

fast results.”

Dr. Erin Walker,
Post-Doctoral Fellow
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with the emergence of dense single nucleotide
polymorphism (SNP) genotyping platforms. These
enable genome-wide association surveys for dis-
covery of disease risk alleles. Our team has recently
performed such surveys on large cohorts of Cana-
dian patients with RA and PBC and controls, iden-
tifying genetic variants contributing to risk for each
of these diseases. Our team has also identified new
risk variants for inflammatory bowel disease and

is currently conducting a genome-wide survey to
identify risk variants for a severe, often lethal form
of vasculitis.

By combining our extensive clinical data with
genetic data, we are also screening for gene vari-
ants that influence disease course and outcome
for this class of diseases. To that end, our team
has established a pilot translational genomic
medicine program that enables collection of bio-
logic materials from every patient with RA allowed
at the Mount Sinai Hospital Arthritis Centre. In this
way, correlates between newly emergent genetic,
proteomics and other biomarkers and clinical
course, drug responsiveness and disease out-
come can be identified and used to inform
clinical treatment decisions.

This project has also developed and studied
new mouse models of disease to characterize mo-
lecular pathways of possible relevance to treatment
of inflammatory autoimmune disease. Capitalizing
on such models, the Drucker lab has, for example,
further explored the role of glucagon-like pep-
tide as a possible therapy for inflammatory bowel
disease. Focusing on the role of this gut peptide in
intestinal mucosal function and growth, the group
has identified a critical role for GLP-2 receptor
signaling in control of nutrient absorption and
epithelial permeability, played key roles in Phase
3 clinical trials testing GLP-2 therapeutic potential
in treating short bowel syndrome, and shown that
altered GLP-2 function does not influence gut cell
neoplastic transformation. This knowledge is critical
to the potential use of GLP-2 in treating inflamma-
tory bowel disease. This work led to Dr. Drucker
receiving the 2008 Prix Galien Canada Research
Award for outstanding biopharmaceutical research.

DESIGN OF GENOMIC/PROTEOMIC
« BIOMARKER DISCOVERY TOOLS.
Membership: Laurent Briollais, Andrew Emili,
Helene Massam, Kathy Siminovitch, Boris Steipe
and international collaborators.
Applying new genetics and proteomics
technologies to molecular dissection of disease

continues to depend largely on concomitant
advances in biometric and computational biology,
advances our team is enabling by creating tools
and methods that allow genome/proteome-

scale datasets to be visualized, annotated and
analyzed. Led by Drs. Laurent Briollais and Boris
Steipe, the MCMM-MT project team has suc-
cessfully developed novel statistical methods and
data mining algorithms that support disease gene
discovery and its clinical application.

Output from this work includes, for example,
development of a Bayesian graphical modeling
approach enabling modeling/prediction of SNP
combinations that best predict disease and/
or clinical outcome(s) of interest. This model,
recently extended to include informative prior
biologic knowledge, is currently being validated
using rheumatoid arthritis and several other
project-derived genetic datasets.

A second team-created statistical tool involves
a novel, sequential design for microarray studies
that reduces study costs by allowing for reduced
study sample size. To enable prediction of gene
mutation effects on protein structure/function, the
team has also developed an annotated “diction-
ary” of protein structure motifs, predicated on
a newly developed algorithm in which structural
analyses enable unsupervised discovery of such
motifs. From a database of almost 100 non-
homologous protein structures containing over
120,000 residues, over 25,000 non-local motifs
have been discovered using this method. Further
statistical and computational modifications of the
algorithm are underway to delineate statistical,
sequence and semantic (i.e. biologic) significance
of each motif. The data are being streamlined into
a database, enabling further motif sorting and
analysis of the data to gauge potential effect(s)
of coding SNPs on protein structure and stability.
Together, these methods provide powerful tools
for coupling genetic datasets with discovery of
disease-causal gene variants.

A second arm of this project, led by Dr. Andrew
Emili, involves optimization of highly sensitive
liquid chromatography tandem mass spectrom-
etry (LC-MS)-based proteomic assays to enable
quantification of low abundance proteins repre-
senting disease activity/outcome biomarkers. This
work addresses a need for more sensitive LC-MS
screening procedures capable of detecting,
across multiple samples, low abundance proteins
and multi-protein complexes that may be per-
turbed in the context of disease. To this end, our



team has developed a new proteomic paradigm
for isolating low abundance proteins. This involves
high-throughput reference peptide synthesis for
assay development and the engineering of bind-
ing reagents to selectively enrich for targets of
interest prior to mass spectrometry. Using these
novel enrichment methods, “Multiple Reaction
Monitoring” (a modified form of LC-MS), and high
density synthetic peptide panels, we have created
an optimized target-capture platform that boosts
LC-MS sensitivity and specificity, making possible
the routine monitoring of peptide levels in clinical
samples from representative patient cohorts.

This approach is now being applied to the team’s
patient samples to search for disease “signatures”
that enable, independently or in conjunction with
genetic and other biomarkers data, prediction of
disease risk and outcome. Together, these novel
methods and tools provide an improved analytic
and computational framework to identify disease
biomarkers and to mine complex structured, mul-
tidimensional genomic/proteomic datasets.

SOME HIGHEST IMPACT PAPERS
FROM MRC PROGRAM, PUBLISHED
FROM 2007 TO PRESENT

e Liu J, Erassov A, Halina P, Canete M, Nguyen
DV, Chung C, Cagney G, Ignatchenko A, Fong
V, Emili A. Sequential interval motif search:
unrestricted database surveys of global MS/
MS data sets for detection of putative post-
translational modifications. Anal Chem. 2008
Oct 15;80(20):7846-7854.

e Sandhu C, Hewel JA, Badis G, Talukder S, Liu
J, Hughes TR, Emili A. Evaluation of data-
dependent versus targeted shotgun proteomic
approaches for monitoring transcription factor
expression in breast cancer. J Proteome Res.
2008 Apr;7(4):1529-1541.

e Jarjanazi H, Kieffer J, Savas S, Briollais L, et
al. Discovery of genetic profiles impacting re-
sponse to therapy: application to gemcitabine.
Hum. Mutat. 2008;29:461-467.

® Baggio LL, Cao X, Huang Q, Drucker DJ. An
albumin-exendin-4 conjugate engages central
and peripheral circuits regulating murine energy
and glucose homeostasis. Gastroenterology
2008 Apr;134(4):1137-1147.

e Koehler J K, Harper W, Barnard M, Yusta B,
Drucker DJ. Glucagon-like peptide-2 does
not modify the growth or survival of murine
or human intestinal tumor cells. Can Res.
2008;68:7897-7904.

¢ Drucker DJ, Buse JB, Taylor K, Kendall D, Traut-
mann M, Zhuang D, Porter L. (2008) Exenatide
once weekly versus twice daily for the treatment
of type 2 diabetes: a randomised, open-label,
non-inferiority study. Lancet 2008;372:1240-1250.

e L onguet C, Sinclair EM, Maida A, Baggio LL,
Maziarz M, Charron MJ, Drucker DJ. Glucagon
is essential for control of hepatic lipid metabo-
lism and the adaptive metabolic response to
fasting. Cell Metabolism 2008;8:359-371.

o Walker EJ, Hirschfield GM, Xu C, Lu Y, Liu X,
Zhang Q, Coltescu C, Wang K, Newman WG,
BykerkV, Keystone E, Amos Cl, Heathcote EJ,
Siminovitch KA. CTLA-4/ICOS gene variants and
haplotypes are associated with rheumatoid arthri-
tis and primary biliary cirrhosis in the Canadian
population. Arthritis Rheum. 2009;60(4):931-937.

e GregersenPK, Amos Cl, Lee AT, LuY, Xie G,
Remmers EF, Korman BD, Kastner D, Seldin MF,
Criswell LA, Plenge RM, Holers VM, Mikuls T,
Sokka T, Moreland LW, Bridges SL, Begovich AB,
Siminovitch KA. C-Rel, a member of the NF-B
family of transcription factors, is a newly defined
risk locus for rheumatoid arthritis. Nature Genet-
ics 2009;41(7):820-823.

¢ Hirschfield GM, Liu X, Xu C, Xie G, Lu Y, Gu
X, Walker EJ, Jing K, Juran BD, Mason AL,
Myers RP, Peltekian KM, Ghent CN, Coltescu
C, Atkinson EJ, Heathcote EJ, Lazaridis KN,
Amos Cl, Siminovitch KA. Primary biliary
cirrhosis associated with HLA, IL12A and
IL12RB2. New England Journal of Medicine
2009;360(24):2544-2555.

AWARDS

DR. DANIEL DRUCKER:

® 2008 Prix Galien Canada Research Award

* Endocrine Society 2009 Clinical Investigator
Award

MCMM TRAINEES

DR. EMILI'S LAB:

¢ Dr. Johannes Hewel (Post-Doctoral Fellow)
DR. STEIPE'S LAB:

e Philip Tong (Graduate student)

DR. DRUCKER'S LAB:

o Dr. Jackie Koehler (Post-Doctoral Fellow)
DR. BRIOLLAIS' LAB:

¢ Dr. Jinnan Liu (Post-Doctoral Fellow)

* Dr. Sohee Kang (Post-Doctoral Fellow)
DR. SIMINOVITCH'S LAB:

¢ Dr. Erin Walker (Post-Doctoral Fellow)

¢ Dr. Gang Xie (Post-Doctoral Fellow)
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THE IMMUNOGENOMICS
TEAM

Kathy Siminovitch - MSH
Boris Steipe — UofT

Laurent Briollais - MSH

Dan Drucker — MSH

Jinyl Zhang - MSH

Andrew Emili — Banting & Best
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“Stem cell biology

provides the basis

for a regenerative

medicine that can

replace cells lost

due to disease

or injury.”

PROGRAM DIRECTOR
DEREK VAN DER KOQY, PhD *
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REGENERATIVE MEDICINE

Stem cells are at the heart of regenerative medicine; if tissue has degenerated,
these are the major substrate for missing cell regeneration. The Regenerative
Medicine program seeks to stimulate translational research using innovative
therapeutic strategies based on ground-breaking basic research. It seeks

an international leadership role by translating basic stem cell discovery into
therapy, focusing on a few carefully selected projects from one of the following
areas: (i) cardiovascular, (i) neuro-regeneration and (i) stem cell biology.

To broaden the vision and the reach of the program, it will provide support
and organize meetings in Toronto. These additional activities will bring the
discoveries and expertise of the basic stem cell biology researchers directly

in contact with advances made and issues faced by clinician/researchers
pioneering human stem cell treatments.

PROJECTS established hESCs as well as provide training in
1 ENHANCED ANGIOGENIC CELL THERAPY: their use. To that extent the facility has estab-

« ACUTE MYOCARDIAL INFARCTION lished a memorandum of understanding (MOU)
(ENACT-AMI) TRIAL. Membership: Mike Kutryk, with WiCell to obtain hESC lines derived by that
Tom Parker, Howard Leong Poi, Sandy Dick, centre. This MOU covers all labs at the University
Vlad Dzavik. of Toronto. We have obtained H1 and H9 cells

We have been very successful at leveraging and expanded and characterized them.
funding for this trial with a successful award The emergence of induced pluripotent
from the CIHR Randomized Clinical Trial stem cells (iPS) has created a new venue for the
Committee for $2.7 million and another $1 research of stem cells. The facility recognizes the
million from the Canadian Stem Cell Network. impact these cells will have and is working to
We are finalizing the submission to Health expand its capabilities to include iPS cells. With
Canada and research ethics and plan to initiate this in mind, the facility has undergone a slight
the trial in the fall of 2009. This is a multicentre name change from the MCMM-McEwen hESC
trial involving three cities (Toronto, Ottawa and Core Training Facility to the MCMM-McEwen
Montreal). In Toronto, the sites are Sunnybrook, Pluripotent Stem Cell Core Training Facility.

St. Michael’s and UHN. The facility also incorporated this new
technology into the expansive training seminar it
2 HUMAN EMBRYONIC STEM CELL AND put on with the Stem Cell Network in August 2008.
« XENOGRAPH FACILITIES. Membership: Twelve trainees from across Canada were trained
Peter Zandstra, John Dick, Derek van der Kooy, in standard hESC protocols, from maintenance
Norman Iscove, Janet Rossant, Andras Nagy. and characterization to differentiation along with

The objective of the human embryonic stem some basic protocols, for the derivation of iPS cells.
cell hESC core facility has always been to col- This was the second year this facility had given this
lect, characterize, bank and distribute derived, four-day training session, to positive reviews. The
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Dr. Peter Zandstra

Imagine if doctors could put a
cardiac-cell “bandage” over a
damaged heart, or inject a gel
loaded with insulin-responsive

cells into a diabetic's bloodstream.

For Peter Zandstra, professor of
tissue engineering and principal
investigator at University of
Toronto’s Institute of Biomaterial
and Biomedical Engineering,

envisioning such medical advances

is not so much an exercise in
imagination as it is an educated
speculation of things to come.
The Globe and Mail, May 6, 2008
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curriculum covered has been adapted to reflect
the changes in the field and brought in leading
speakers and demonstrators on the topics. In
addition to the large training seminar, four trainees
have taken individual-based training sessions. We
have also provided assistance and information in
the procedures for obtaining permission to work
with hESCs.

In all, the facility has performed the duties it
set out to do and will continue doing so while
maintaining the flexibility to incorporate new
techniques and advances in the field.

3 REGENERATIVE MEDICINE STRATEGIES
« FOR SPINAL CORD INJURY REPAIR:
INTEGRATION OF STEM CELL BIOLOGY,
NANOTECHNOLOGY, AND BIOENGINEERING
APPROACHED WITH NEUROSURGICAL
APPLICATIONS (SCI-NET). Membership: Michael
Fehlings, Derek van der Kooy, Molly Shoichet,
Cindi Morshead, Charles Tator, Greg Stanisz.

This project captures the promise of
regenerative medicine — the translation of
basic science, engineering, nanotechnology,
and imaging, to applied surgical treatment.
The project will involve the development of
bioengineered cell-adhesive tubular constructs
to facilitate spinal cord repair and regeneration,
development and application of bioengineered
drug delivery systems to facilitate therapeutic use
of anti-apoptotic molecules in the treatment of
spinal cord injury, application of human ES cell-
derived neural precursor cells to facilitate spinal
cord repair and regeneration, and development of
magnetic resonance imaging-based approaches
to assess spinal cord regeneration and track stem
cell survival and distribution. Preliminary data have
demonstrated that the application of guidance
channels, minimally invasive bioengineered drug
delivery systems, and human ES cell-derived stem
cell therapies show considerable promise for
translation into clinical therapies for spinal
cord injury and other neurological disorders.

HIGHEST IMPACT PAPERS FROM MRC

PROGRAM, PUBLISHED FROM 2007

TO PRESENT

¢ Coles-Takabe BLK, Purpura KA, Brain |, Karpo-
wicz P, Zandstra PW, Morshead CM, van der
Kooy D. (2008) Don't Look: Growing clonal
versus non-clonal neural stem cell colonies.
Stem Cells 26(11):2938-2944.



The AggreWell plate was commercialized in 2008 and will
now be available to the broader research community

e Nomura H, Baladie B, Katayama Y, Morshead
CM, Shoichet MS, Tator CH. (2008) Delayed
implantation of intramedullary chitosan chan-
nels containing nerve grafts promotes extensive
axonal regeneration after spinal cord injury.
Neurosurgery 63(1):127-141.

Eftekharpour E, Karimi-Abdolrezaee S, Wang
J, El Beheiry H, Morshead CM, Fehlings MG.
(2007) Myelination of congenitally dysmyelin-

ated spinal cord axons by adult neural precursor
cells results in formation of nodes of Ranvier
and improved axonal conduction. J Neurosci.
27(13):3416-3428.

Bauwens CL, Peerani R, Niebruegge S, Husain
M, Zandstra PW. (2008) Control of human
embryonic stem cell colony and aggregate size

heterogeneity influences differentiation trajec-
tories. Stem Cells. Sep;26(9):2300-2310.

Ungrin MD, Joshi C, Nica A, Bauwens CL,
Zandstra PW. (2008) Reproducible, ultra high-
throughput formation of multicellular organiza-

tion from single cell suspension-derived human
embryonic stem cell aggregates. PLoS ONE
Feb 13;3(2):e1565.

Peerani R, Rao BM, Bauwens CL, Yin T, Wood
GA, Nagy A, Kumacheva E, Zandstra PW.
(2007) Niche-mediated control of human
embryonic stem cell self-renewal and differenti-
ation. EMBO Journal. Nov 14;26(22):4744-4755.
Mei SH, McCarter SD, Deng Y, Parker CH, Liles
WC, Stewart DJ. (2007) Prevention of LPS-
induced acute lung injury in mice by mesen-

chymal stem cells overexpressing angiopoietin
PLoS Med. 4(9):e269.

AWARDS

DR. PETER ZANDSTRA:

® McLean Award, University of Toronto (2008)

¢ Canada’s Top 40 Under 40 (2008)

¢ Fellow of the American Institute for Medical
and Biological Engineering (2007)

¢ Fellow of the American Association for the
Advancement of Science (2007)

¢ John Simon Guggenheim Fellow (2007-2008)

DR. MOLLY SHOICHET:

* Elected to the Mathematical and Physical
Sciences Division of the Academy of Science of
RSC (2008)

e Canada Council for the Arts Killam Research
Fellowship (2008-2010)

e Fellow, Biomaterials Science and Engineering
(FBSE), (2008-present)

e Fellow, American Institute for Medical and
Biological Engineering (2006-present)

MEDIA ARTICLES

Our science superheroes: The XY-Men (and
women) in Toronto working to save the world
one medical breakthrough at a time featured in
the Toronto Star on Mar 07, 2009 05:06 AM

MCMM TRAINEES

DR. ZANDSTRA'S LAB:

® Mark Ungrin, Post-Doctoral Fellow
DR. FEHLINGS'S LAB:

e James Rowland, Graduate Student

e Gregory Hawryluk, Graduate Student

“Human embryonic stem cells (hESC) provide

a window into early human development,

and a renewable source of cells for regenerative
medicine. However, the embryoid bodies (hEB)
typically employed to reveal hESC develop-
mental potential are heterogeneous and exhibit
disorganized and inefficient differentiation.

We therefore developed a method to form
large numbers of well-defined aggregates
exhibiting multi-lineage differentiation and
substantially improved self-organization from
single-cell suspensions in well plates. Various
other cell types including mouse ESC, fibro-
blasts, and cultured tumor cells have also

been successfully aggregated in preliminary
investigations.” — Mark Ungrin
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THE REGENERATIVE
MEDICINE TEAM

Derek van der Kooy — UofT
Tom Parker - STM

Sandy Dick - SHSC

Peter Zandstra (The Institute
of Biomaterials and Biomedical
Engineering)

Howard Leong Poi - STM
Norman Iscove — UHN

John Dick — UHN

Mike Kutryk — STM

Michael Fehlings — UHN
Cindi Morshead — UofT

Vlad Dzavik - UHN

Andras Nagy (Samuel
Lunenfeld Research Institute)

Charles Tator — UHN
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FINANCIAL STATEMENTS

STATEMENT OF OPERATION
For the Year Ended April 30

2008-09 2007-08 2006-07
SOURCES OF FUNDING
Revenue
Investment income from Endowments (Note 4) - 2,163,928 2,010,916
Cash from Partners, Education Program 500,000 200,000 200,000
Cash from Partners, Policy & Ethics Program 330,000 240,000 265,000
830,000 2,603,928 2,475,916
Other Revenue
Investment income from Expendable Fund (Note 5) - 803 12,758
Other donations/contributions 222,905 23,314 2,500
222,905 24,116 15,258
TOTAL REVENUE 1,052,905 2,628,044 | 2,491,174
EXPENDITURES
Compensation
Administrative & Program Directors, Salary & Benefits | 1,116,861 956,446 980,042
Research
Global Health 222,814 - 282,421
Genomics 315,000 493,145 416,079
Molecular Therapeutics 418,000 547,784 248,633
Drug Discovery 390,000 20,023 350,000
Regenerative Medicine 250,000 347,000 363,631
Start-up and other operational commitments - 70,000 295,416
SHSC 100,000 100,000 -
SMART/hES Facility — Stem Cells - 125,000 -
1,695,814 1,702,952 1,956,180
Educational Initiatives & Programs
MCMM support to Education programs & Initiatives 241,500 484,267 597,517
Administration
Suppliers/Services/Travel/Other 87,157 69,508 156,112
TOTAL EXPENSES 3,141,332 3,213,172 3,689,850
Net surplus (deficit) for the year (2,088,427) (585,128) | (1,198,676)
Cumulative Carry Forward 1,478,538 2,063,666 3,262,342
FUND BALANCE, END OF THE YEAR (609,889) 1,478,538 | 2,063,666




SUMMARY OF THE MCLAUGHLIN ENDOWMENT

For the Year Ended April 30

2008-09 2007-08 2006-07

BOOK VALUE OF ENDOWMENT

(NOTE 2):

McLaughlin Endowment (Fund 304107) 49,009,694 49,009,694 50,007,194
Donations (additions) 0 0 2,500
Transfer (out) to establish GSEF 0 0 (1,000,000)

GSEF-McLaughlin Fellowships (Fund 306084) 2,000,000 2,000,000 0
Transfer (in) from MclLaughlin Endowment 0 0 1,000,000
GSEF Matching from Government 0 0 1,000,000

BV OF ENDOWMENT 51,009,694 51,009,694 | $51,009,694

(FUND 304107 & 306084)

Annual Payout

McLaughlin Endowment (Fund 304107) 0 2,099,835 1,987,448

GSEF-McLaughlin Fellowships (Fund 306084) 0 70,995 16,566
GSEF Matching for 50% of Annual Payout 0 (6,902) 6,902

0 2,163,928 2,010,915
Annual Payout (% of Book Value) 0.00% 4.33% 4.02%

MARKET VALUE OF ENDOWMENT

(NOTE 6):

McLaughlin Endowment (Fund 304107) 39,874,912 57,686,457 60,892,480

GSEF-McLaughlin Fellowships (Fund 306084) 1,348,164 1,950,369 2,058,764

MV OF ENDOWMENT 41,223,076 59,636,826 62,951,244

(FUND 304107 & 306084)

Annual Payout (% of Market Value) 0.00% 3.63% 3.20%
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BALANCE SHEET

As at April 30
2008-09 2007-08 2006-07
ASSETS
Cash and cash equivalents (Note 1)
McLaughlin Endowment (Fund 304107) 33,860 1,371,683 1,887,913
GSEF-McLaughlin Fellowships (Fund 306084) 87,561 87,561 23,468
121,421 1,459,243 1,911,381
Short-term investments (Note 1)
McLaughlin Endowment (Fund 304107) 0 19,296 152,285
121,421 1,478,539 | 2,063,666
Endowments, book value (Note 2)
McLaughlin Endowment (Fund 304107) 49,009,694 49,009,694 | 49,009,694
GSEF-McLaughlin Fellowships (Fund 306084) 2,000,000 2,000,000 2,000,000
51,009,694 51,009,694 | 51,009,694
TOTAL ASSETS 51,131,115 52,488,233 53,073,360
LIABILITIES (NOTE 3) 731,309 0 0
NET ASSETS 50,399,806 52,488,233 | 53,073,360

NOTES TO FINANCIAL STATEMENTS
NATURE OF FINANCIAL STATEMENTS

These financial reports are prepared on a cash basis. They do not provide for goods and services received but

not paid for at the statement date nor do they provide for investment income earned but not received at the

statement date.

1. CASH AND SHORT-TERM INVESTMENTS

Cash is held by the University of Toronto (the “Univer-
sity”) on behalf of the Centre. Surplus cash is invested
in the University's expendable funds investment pool
(“EFIP") on a quarterly basis. The asset mix of this pool
is disclosed in the University's audited financial state-
ments available at www.finance.utoronto.ca/alerts/
finreports.htm.

2. ENDOWMENTS, BOOK VALUE

Endowment funds are invested in the University's long-
term capital appreciation pool (“LTCAP") in perpetuity
for the purpose of funding specific activities of the
Centre. The asset mix of this pool is disclosed in the
University’s audited financial statements available at
www.finance.utoronto.ca/alerts/finreports.htm. The
book value is the nominal amount of dollars contribut-
ed to the endowment fund recorded at the time of the
contribution. The investment income generated from
endowments must be used in accordance with various

purposes established by donors.

3. LIABILITIES AND FINANCING

As a result of no endowment payout in April 2009,
financing of $731,309 in 2008-09 was required. Financing
repayment terms are to be decided.

4. INVESTMENT INCOME FROM ENDOWMENTS

The investment income from the LTCAP represents the
University’s payout per LTCAP unit. In 2009, as a reflec-
tion of poor investment market, no payout has been
made from the endowment.

5. INVESTMENT INCOME FROM EXPENDABLE FUNDS
Investment income from expendable funds represents
the return paid by the University on funds invested in
EFIP. The average of return depends on the timing of
investment into EFIP and liquidation from EFIP. The
interest income paid in April of each year reflects the 90
day T-Bill rate for each quarter during the year.

6. ENDOWMENTS, MARKET VALUE

The market value is the number of units in the LTCAP
multiplied by the market price of a unit on April 30 of

each fiscal year.
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