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ABSTRACT

he Catalyst For a Cure (CFC) research consortium was conceived as an

multidisciplinary, collaborative, and sustained effort to achieve a better
understanding of glaucoma. Four principal investigators were selected for their
expertise in neuroscience, molecular biology, genetics and immunology as well
as their willingness to work collaboratively. Funding began in January 2002 and
was extended for a total of nine years and just over $7 million. In January 2011
the CFC’s Scientific Advisory Board credited the consortium with reshaping the
direction of glaucoma research, with showing that glaucoma shares a number of
similarities with Parkinson’s disease, amyotrophiclateral sclerosis, and Alzheimer’s
disease, and with taking a pioneering approach that should become a model for
research in other diseases.






EXECUTIVE SUMMARY

n 2001, Glaucoma Research Foundation (GRF) partnered with the Steven and

Michele Kirsch Foundation to establish the Catalyst For a Cure (CFC) research
consortium. The CFC effort was intended to be multidisciplinary, collaborative,
and sustained, initially for a period of at least three years, contingent on
satisfactory progress. The objective was to achieve a better understanding of
glaucoma, progress in treatment, and a possible cure.

GRF established a Scientific Advisory Board (SAB) to assist the CFC in identifying
target objectives and to monitor progress. Four Principal Investigators (Pls)
were selected for their expertise in neuroscience, molecular biology, genetics
and immunology as well as their willingness to work collaboratively. They were
located at four U.S. universities and they had neither previously done research
in glaucoma nor worked together. The first meeting of the consortium, with
the SAB and representatives of the foundations, produced a functional research
plan, a concise statement of the goal, and an explicit understanding of the
requirements for collaboration and reporting. In turn, the Pls were to expect
assistance with strong planning, oversight, and funding that, once allocated,
was unrestricted.

Funding for year one was made in January 2002, was extended in years two and
three, and then, by GRF alone, for two additional three-year terms, each year’s
funding approved on the basis of reported results. Funds provided to the CFC
over the nine-year period were just over $7 million.

The consortium has described the last decade of glaucoma research as “defined
by the recognition that glaucoma is an age-related neurodegenerative disorder
of the central nervous system.” The CFC efforts were guided by three main
approaches in their non-traditional and multidisciplinary investigations:

e Fundamental mechanism of neurodegeneration in glaucoma
e Interventional studies and target validation
e Development and novel use of enabling technologies

Summarizing the results of the nine-year effort, the SAB has credited the CFC
with reshaping the direction of glaucoma research by focusing on the earliest
molecular events of the disease, with showing that glaucoma shares a number of
similarities with Parkinson’s disease, amyotrophiclateral sclerosis, and Alzheimer’s
disease, and with taking a pioneering approach that should become a model for
research in other diseases.
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INTRODUCTION

Glaucoma Research Foundation: Our History

he Glaucoma Research Foundation (GRF) seeks to prevent vision loss from

glaucoma by investing in innovative research, education, and support with
the ultimate goal of finding a cure. GRF was founded in 1978, originally as the
Foundation for Glaucoma Research, by Robert N. Shaffer,
MD, John Hetherington, Jr., MD, and H. Dunbar Hoskins,
Jr., MD of the Shaffer Associates clinical practice at the
University of California San Francisco’s Glaucoma Clinic.
Initial funding for GRF consisted of two gifts, almost a
million dollars each, from a grateful patient, Blanche
Matthias and her good friend, Berenice Hauck.

The year it was founded, GRF awarded its first grant, the
1978 Shaffer Glaucoma Fellowship. In subsequent years
GRF funded additional fellowships. These provided
specialized training for visiting ophthalmologists from
throughout the United States and a number of foreign
countries. Early on GRF also launched a continuing
program of pilot grants, generally for one year, to
explore research ideas that had breakthrough potential
but were not yet qualified for funding from traditional
sources. These grants were also intended to encourage
new scientists to continue their work in the field of
glaucoma.

Blanche Matthias

Inaugural Funder cataIySt Meetlngs

To stimulate communication and further accelerate
progress toward a cure, GRF initiated periodic Catalyst Meetings to Support
Glaucoma Research in 1984. One of the explicit objectives of these meetings
was to lure non-ophthalmologists into the field of glaucoma. The emphasis
on bringing in scientists from other fields was at least partly inspired by the
experience of GRF founder, Robert N. Shaffer, MD. From 1950 through 1955 Dr.
Shaffer was a participant in the Glaucoma Forums, multidisciplinary meetings
sponsored by the Josiah Macy, Jr. Foundation at Princeton University. Dr. Shaffer
described these as “undoubtedly the most important scientific meetings that |
attended.”

These GRF Catalyst meetings were therefore gatherings of glaucoma experts
and scientists from other fields. Although it was perhaps an unnecessary carrot,
GRF made funds available for grants to participants that might be driven by



the outcome of the meetings. Seven of sixteen Catalyst meetings held between
September 1984 and April 2000 resulted in the award of 33 grants in the total
amount of $2 million. Awards went to researchers at institutions in 15 U.S. states,
3 provinces of Canada, the United Kingdom, and Israel. A review of the meeting
and grant topics over the history of these meetings shows increasing focus on
retinal ganglion cells, the optic nerve, and genetics.

Paul L. Kaufman, MD, with the Department of Ophthalmology and Visual
Sciences at the University of Wisconsin, was a frequent participant in the Catalyst
meetings and as a result of the first of them he shared a grant award with a
researcher at the Weizmann Institute of Science, Rehovot, Israel. He later joined
GRF’s Scientific Advisory Board, serving as its chair from 1998 to 2001, and was
a strong supporter of collaborative work. At the same time, from his entry into
the field of glaucoma in the early 1940's, Dr. Shaffer had cultivated friendships
and encouraged the sharing of knowledge among glaucoma experts. It became
a charge of the Catalyst meetings to develop ideas for collaborative research
projects.

Another result of the Catalyst meetings and reflection on the funding of Catalyst
and other pilot grants was GRF’s determination that such short-term projects
often provided inadequate time for development of significant results. GRF
thus established three key concepts for the guidance of its continuing research
endeavors:

e Multidisciplinary

e Collaborative
e Sustained

Early Research Highlights

The 1984 Catalyst meeting was constituted as an multidisciplinary discussion
of normal tension glaucoma. As a result of the discussion, GRF sponsored the
Collaborative Normal Tension Glaucoma Study beginning in 1986. This was a
ten-year collaborative study and controlled clinical trial. It involved 24 study
centers around the world and was monitored by an institutional review board.
Completed in 1998, it was the first study to document that lowering intraocular
pressure in people with normal tension glaucoma slows the progression of the
disease.

In 1997 GRF-funded researchers at the University of California at San Francisco,
collaborating with scientists at the University of lowa, isolated the TIGR gene.
This gene was found to be one of those responsible for the onset of some forms
of juvenile and adult glaucoma.
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Establishing the Catalyst For a Cure

In 2001, GRF partnered with the Steven and Michele Kirsch Foundation in
establishing the Catalyst for a Cure (CFC) research consortium. Four principal
investigators were selected for their expertise in neuroscience, molecular biology,
genetics, and immunology as well as their willingness to work collaboratively,
sharing their expertise, toward a better understanding of glaucoma, progress
in treatment, and a possible cure. The two foundations committed equally to
funding the consortium for three one-year periods, the second and third years’
funding contingent on reports of satisfactory effort and progress. GRF established
a Scientific Advisory Board to assist the CFC in identifying target objectives and
to monitor its progress.

The following report provides greater detail on the conception, implementation,
accountability, and funding of the CFC through the initial three years of Phase
| and the six years of Phases Il and Ill (Section I) and the results of the research
and evaluations of the work (Section Il). A list of individuals named with their
affiliations and a bibliography of CFC papers and abstracts follow the text of the
report.

Steven (left) and Michele Kirsch present the Catalyst Award
to David Pyott of Allergan in 2006.
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SECTION |

CONCEPT, IMPLEMENTATION, ACCOUNTABILITY AND FUNDING
OF THE CATALYST FOR A CURE CONSORTIUM
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CONCEPT

GRF quidelines: Multidisciplinary, Collaborative, Sustained

RF’s groundwork had persuaded its leaders that what was needed was a

sustained, collaborative, multidisciplinary research project to speed the search
for a cure for glaucoma. Such an effort would take advantage of laboratories
working outside the mainstream of the research topic, ensuring that new and
valuable expertise would be brought to bear, providing a fresh perspective, with
principal investigators who could work together in a collaborative structure. The
traditional approach to medical research — with individual scientists working
on separate projects at their own institutions and sharing advances only at
conferences and through publications — would not be followed.

In 2000 GRF's Director of Scientific Affairs, Tara Steele, attended a gathering at
the Cosmos Club in Washington, DC. Convened by Dr. Robert A. Goldstein of the
Juvenile Diabetes Research Foundation, representatives of a dozen institutions
and foundations, most much larger than GRF, discussed ways to fund research and
to do more with the research funds available. Among perhaps thirty participants
in discussion around the table was Sarah Caddick, PhD. In 2000, Dr. Caddick had
a history of successfully assembling and supporting collaborative research teams
and had just been recruited as Director of Medical & Scientific Programs for the
Steven and Michele Kirsch Foundation of Mountain View, California. Ms. Steele
subsequently engaged Dr. Caddick in conversation about ways in which the
two foundations might work together. Exploratory discussions followed during
which Dr. Caddick moved to the West Coast, taking up her new assignment.

Kirsch Foundation Model for Collaborative Consortia

The Kirsch Foundation had developed a model for setting up collaborative
programs, largely based on the success of the model developed by Susan Howley,
Executive Vice President for Research at the Christopher and Dana Reeve
Foundation. The Kirsch Foundation sought to fund investigators with multi-
year, collaborative consortium grants. Its goals included encouraging researchers
from diverse fields to bring a fresh outlook to specific topics and provide them
with a financial incentive and a common focus for work with others. It sought to
act as initiator/catalyst of true, functional collaborative research and established
guidelines for implementation that included assembling a scientific advisory
board, providing a mechanism for the researchers to remain in close contact, and
convening each consortium annually to review progress with its advisory board.

Dr. Caddick suggested to Ms. Steele that the foundations consider jointly setting
up a consortium. The idea was presented to GRF's Scientific Advisory Committee
and found a champion in one of its members, Martin B. Wax, MD, Washington

15



University, St. Louis and Pharmacia Corporation. The idea was taken to GRF’s
Board of Directors and the eventual result was an agreement between the Kirsch
Foundation and the Glaucoma Research Foundation to launch the Catalyst For
a Cure.

The specific objective was to assemble and support a consortium of scientists who
would use recent breakthroughs in neuroscience, molecular biology, genetics,
and immunology to answer key questions about the causes and mechanisms
of glaucoma. The plan was to engage experts willing to collaborate on an
ongoing basis, sharing information and techniques, discussing obstacles, and
shaping strategies. The project was also designed to permit relatively ambitious
planning and continuity of effort by extending to at least three years, contingent
on satisfactory progress. The participation of the Kirsch Foundation was also
explicitly limited to three years, consistent with that foundation’s purpose to
support the initiation and early stages of new research efforts.

IMPLEMENTATION

Assembly of the CFC Scientific Advisory Board

The CFC Scientific Advisory Board (2001)
Martin Wax, MD, Constance Cepko, PhD, Moses Chao, PhD, and Jack Antel, MD
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Critical to the success of this unconventional project would be oversight and
mentoring from highly qualified senior scientists in related disciplines. A new
GRF Scientific Advisory Board (SAB) was to be created specifically for the CFC
initiative. It was to consist of up to four senior researchers, including one clinician,
who would commit to three assignments:

e Selection of the participants for the research consortium

e Mentoring the functional collaboration necessary for the consortium to
meet its goals

e Reviewing progress annually

Essential qualifications for this role were a senior level of research expertise, some
knowledge in the field of glaucoma, and a willingness to envision the progress
that might be made with a non-traditional approach. This approach envisioned
selecting a group of investigators who would tackle a problem they had never
thought about. In addition, it was to be collaborative, multidisciplinary, and
goal-oriented.

Together, Dr. Wax and Dr. Caddick identified a small number of highly regarded
leaders to act as advisors and begin the process of creating the Catalyst For a
Cure consortium. In August of 2001 the following were named to the Scientific
Advisory Board for the CFC. They are listed with their affiliations at that time:

e Constance L. Cepko, PhD, Professor, Department of Genetics, Harvard
Medical School, Boston. Dr. Cepko was a leading expert and innovator
in the biology of retinal development and was working on complex
problems with which others had made only slow progress. Her eye on
innovation and technology provided important guidance and thrust for
the CFC team.

e JackP.Antel, MD, Professor of Neurology, Montreal Neurological Institute,
McGill University, Montreal. Dr. Antel was a clinical scientist whose work
has led to new hypotheses and potential targets for the treatment of
another devastating degenerative disease, multiple sclerosis. He had
successfully bridged the gap between basic and clinical research and
therefore provided perspective on the design and evaluation of studies
aimed at human disease.

e Moses V. Chao, PhD, Professor of Cell Biology, Physiology and
Neuroscience, New York University School of Medicine, NYU Medical
Center/Skirball Institute of Biomolecular Medicine, New York. Dr. Chao
was a renowned expert on the function of growth factors in neurons
and glia. He pioneered early molecular analysis of the quintessential
nerve growth factor receptor and was a respected editor and scientific
consultant with the ability to critically evaluate scientific ideas.
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e Martin B. Wax, MD, Washington University, St. Louis, Senior Director
& Head, Ophthalmology Discovery Research, Pharmacia. Dr. Wax was
an ophthalmologist specializing in the management and study of
glaucomatous disease and was recognized as a leading expert in the
field. His research knowledge and experience in glaucoma provided
historical perspective, essential to prevent the CFC from repeating failed
approaches and to keep the focus of the research directed toward the
clinical issues.

Selection of the Principal Investigators

The concept behind the CFC dictated the essential qualifications of those who
were to be chosen as its principal investigators:

e Demonstrated and highly promising research training and expertise

e Relative youth, offering the possibility that an intriguing problem might
catch their attention and shift a new generation of scientists to work on
it

e Willingness of the investigators and ability of their laboratories to work
in a collaborative structure

e Representation of the desired disciplines, outside the mainstream of
the research topic, ensuring that new and valuable expertise would be
brought to bear

The conventional approach to finding outside researchers for a proposed project
involves broadcasting a request for proposals (RFP). RFPs typically generate the
return of lengthy grant proposals from an assortment of aspirants anxious to
pursue their own research interests and hoping to fit those with the proposal.
The CFC was not to be a conventional project and the selection of its principal
investigators was also atypical.

Dr. Caddick worked with the four members of the Scientific Advisory Board, GRF
staff, and GRF board members to identify, approach, and interview candidates
for the research team. They began by identifying leading senior scientists in
different fields and asked for recommendations of young investigators who
could contribute to the proposed collaboration. For the thirty-some individuals
who were suggested, they then gathered information (biographies, publications,
and research) and invited them to be considered. The invitation was not sent
with an RFP. Instead, the concept and purpose of the proposed consortium were
described and each of the candidates was asked to respond to three deceptively
simple questions:

1. What focus/expertise could you/your lab bring to the consortium?
2. What would your “value-added” be to the overall effort?
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3. How well could you work in a collaborative group? Are you comfortable
working with other labs and sharing expertise/research?

As Dr. Caddick described it later, “The responses split the group in half, those
who got it and those who didn't.” Those who “didn’t get it” were eliminated.
The CFC Scientific Advisory Board and Dr. Caddick evaluated the 16 remaining
responses, along with the investigators’ scientific credibility, background, and
references, and in September 2001 selected the four individuals who would
constitute the CFC team. They were:

e David Calkins, PhD
University of Rochester Medical Center, Rochester, New York
e Philip Horner, PhD
University of Washington, Seattle, Washington
¢ Nicholas Marsh-Armstrong, PhD
Kennedy-Krieger Institute/Johns Hopkins University, Baltimore, Maryland
e Monica Vetter, PhD
University of Utah, Salt Lake City, Utah

Principal Investigators for the Catalyst for a Cure Consortium
Philip Horner, PhD, David Calkins, PhD, Monica Vetter, PhD, and
Nicholas Marsh-Armstrong, PhD (2004)
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The First Consortium Meeting and The Plan

In October of 2001 a dinner was held in San Francisco for the four principal
investigators (Pls) of the CFC consortium, the CFC Scientific Advisory Board, and
the CEOs and Boards of the co-sponsoring foundations, the Kirsch Foundation
and the Glaucoma Research Foundation. The investigators and their advisors
devoted all of the following day to their first consortium meeting, this one to
develop a plan that focused directly on the research questions and a collaborative
research agenda. The Pls, who had never worked together, needed to evaluate
their respective skills and resources and determine how to work most effectively
in pursuit of their now common objective. Again, as Dr. Caddick described it later,
“We literally locked everyone in a room for the day and focused on creating
a functional research plan that everyone contributed to. We encouraged an
open dialogue, eliminated “issues” that might prevent them from truly working
together, and made sure they understood that if they had a problem along the
way, changes they needed to make, additional funds they might need, they had
to tell us right then, not three years later when it would be too late to do a thing
about it.”

The plan that resulted began with a statement of the goal:

Our goal is to have significant new progress in finding the cause(s) and
critical mechanisms that result in the onset of glaucoma.

Five strategies were outlined. They were set up as three-year targeted plans
toward implementing the goal, and were supported by recital of proposed tactics,
that is, specific research goals (experimental strategies). Those five strategies
from the original plan, and the labs that were to execute them, were as follows:

1. Investigate the occurrence and mechanisms of a proliferative repair
response in glaucoma and the role/reaction of astrocytes in this process.
Horner Lab.

2. Create a molecular profile of retinal ganglion cells (RGCs) as glaucoma
progresses. Vetter Lab, Calkins Lab.

3. Define RGC and stem cell promoters in glaucoma. Vetter Lab, Marsh-
Armstrong Lab.

4. Investigate the neuronal-neuronal and neuronal-glial signaling
mechanisms in a glaucoma model. Horner Lab, Calkins Lab.

5. Define regulatory regions of human glaucoma predisposition genes.
Marsh-Armstrong Lab.

As well as their initial agenda, the strategic plan would serve as the basis of the
annual review process. It was to be updated after each review to reflect progress
and, if appropriate, changes in direction. The plan was finalized in the last two
months of the year, reviewed by the Advisory Board, and signed off. The Catalyst
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For a Cure consortium was to be funded and begin its research in January of
2002.

ACCOUNTABILITY

The Terms of Engagement

Accountability was a key component of the collaborative model for the CFC. Key
elements and responsibilities of this accountability were explicitly stated:

e Theresearchers were mandated to share their expertise and information
so that the consortium could address issues more efficiently and
effectively. This was expected to result in earlier identification of
promising new research routes and elimination of dead ends.

e The advisors and funders were to assist with strong planning, due
diligence, and oversight to ensure that the collaboration had adequate
support and remained focused on core issues.

e Funding, once allocated, was to be unrestricted in return for active
reporting of results and regular, open communication between
consortium members and the funding partnership.

During the late 2001 planning process each CFC participant had reaffirmed
his or her commitment to the expected regular and open communication. The
plan to fund all four principal investigators equally for three years promoted
the commitment to collaboration by reducing this element of competitiveness.
An interactive email group was created for the members of the consortium to
remain in close contact throughout the course of each year, to share information
and provide each other with assistance.

In May of 2002, Dr. Wax and Dr. Caddick hosted a lunch for the CFC principal
investigators and their assistants at the annual meeting of the Association for
Research in Vision and Ophthalmology (ARVO) in Fort Lauderdale, Florida.
Although it had been only four months since funding began, the Pls were
already visiting each other’s labs, sharing results, and corresponding regularly.
The Scientific Advisory Board had also been responding to questions and offering
assistance when needed. The CFC was up and running in accordance with its
design.

Formal Annual Meetings and Written Reports

The requirement for formal annual meetings of the CFC investigators and
reviews by the Scientific Advisory Board set expectations consistent with full
accountability. The meeting agendas called for presentations by the Pls to the
members of the advisory board covering the work of the prior twelve months,
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the results of that work, and any appropriate changes proposed to the longer-
term plan. The members of the Scientific Advisory Board had the opportunity
to question, comment, and challenge assumptions and were to serve as expert
resources in discussions to follow the presentations. The SAB was also to provide
a written evaluation of the work along with any recommendations on research
direction or funding to the investigators and to the funding foundations.

These expectations for reporting and review have been met during the nine-year
history of the consortium. Full and formal annual meetings, with the expected
Pl presentations for SAB review and followed by SAB evaluations, have been
held each year. Initially these meetings were held in December. From 2006, they
were held in January to coincide with a CFC team presentation at GRF’s annual
benefit. As the proposed term of the project was extended initially by three
years and then an additional three years, meetings at the end of each three-year
term were also the forum for presentation of prospectuses covering the next
three years.

Scientific Presentation at Glaucoma Research Foundation’s 2007 CFC Benefit
(From left) David Calkins, PhD, Monica Vetter, PhD,
Nicholas Marsh-Armstrong, PhD, and Philip Horner, PhD

Interim Meetings and other Collaborative Tools

As early as May of 2002, five months in, the principal investigators agreed that
they would like to meet more often than annually and proceeded to do so. In
most cases team members took advantage of conferences, such as ARVO, that
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were already on their mutual agendas. Additional meetings were specifically
convened for CFC purposes.

The Pls expanded upon regular telephone conference calls by sharing data and
discussing findings as a group using network meeting software. The software
enabled remote control of any computer (Mac or PC, desktop client or server),
either via the Internet or over a local network. Multiple users were able to log in
simultaneously and view or even control the same desktop.

The team participated in the purchase of a server to provide a central repository
for data files and other information. A virtual bank was also created for
tissues from the animal models. Often samples of tissue from the same animal
were required for different experiments in different laboratories. The group
coordinated efforts so that tissue prepared in one laboratory was openly shared
with the other laboratories as needed.

Strengthening the Scientific Advisory Board

In 2005, as expected, the Kirsch Foundation ceased its funding and oversight of
the CFC. Sole responsibility for both funding and oversight was undertaken by
GRF. Accordingly, the CFC Scientific Advisory Board was strengthened with the
addition of three more members:

e Eugene M. Johnson, PhD, Washington University Medical School, St.
Louis. Dr. Johnson's laboratory work focused on neurobiology and in
particular neurodegenerationinaging andin such diseases as Alzheimer’s
and Parkinson’s.

e Dennis D.M. O’Leary, PhD, Salk Institute, La Jolla. Dr. O’Leary’'s work
included the study of axon guidance and neural mapping, particularly
between the eye and the brain and his goals included the design of
effective strategies to overcome neurological diseases.

e Martin Raff, MD, Emeritus Professor, Department of Biology, University
College London. Dr. Raff's work involved study of optic nerve cells, cell
death, and clearance of self-destructive calls by phagocytes. He was
a strong advocate of sharing information and materials, even with
competitors.

Additional Reporting to Supporters — Beyond the Original Design

The apparent success of the CFC principal investigators in forming an effective
collaboration and exploring new ground was of great interest to GRF board
members. Two years into the work, in January of 2004, David Calkins, PhD,
one of the PIs, attended the quarterly meeting of the GRF Board of Directors
and provided an overview of the CFC: the team members, their current specific
goals, their collaboration (conference calls on strategy, planning, designing the
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experiments). He reported on the exchange of material between the labs (data,
tissue, reagents) and the three group meetings that had been held during the
preceding twelve months. He talked about retinal ganglion cells, gene expression,
and of course the DBA/2J mouse.

That was only one of many occasions when one or another of the Pls was
the featured speaker for gatherings of GRF supporters and potential donors.
Subsequently, a series of moderated telephone presentations was initiated.
Each of the PIs made time for a conversation with GRF’s CEO on the “President’s
Teleconference” and responded to live questions from donor-listeners. Without
exception the Pls were engaging as well as informative, managing to effectively
convey the essence and the newness of what they were doing, as well as their
enthusiasm, to largely non-scientist audiences.

In January 2006, and in conjunction with its annual meeting in San Francisco, the
entire CFC team provided a detailed scientific briefing to a larger gathering of
GRF supporters and in January 2007 this presentation became the centerpiece of
GRF's first (and profitable) benefit event.

To many who attended these briefings, the investigators soon became “Phil,”
“David,” “Nick” and “Monica.” The investigators have reported that such a close
relationship with the supporters of their work, many of them glaucoma patients,
was uncommon and that it was inspiring. These meetings with supporters appear
to have contributed to the openness of the enterprise, the collegiality of the
various relationships involved, and the commitment of the investigators.

FUNDING

The First Three Years, 2002-2004, Phase I: $1.5 million total

Both foundations initially committed to funding the three-year project at a total
of $1,150,000, half to come from each foundation. The Kirsch Foundation funded
its share with a three-year grant to GRF of $575,000. GRF channeled annual
funding, including its own $575,000 share, to the CFC laboratories in January
of each year, beginning in 2002 and continuing, after the required reviews and
approvals, through 2004. This core funding amount was equally divided among
the four laboratories.

Two supplemental grants were also made, funded equally by the two foundations.
The first, made in year two and paid over years two and three, was for $110,000
to establish the consortium’s DBA/2J mouse colony, located at the Horner lab,
University of Washington. The second, made in year three, was for $200,000 to
support an additional post doc at each institution in order to increase the effort
toward a successful conclusion of the first phase.
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The Second Three Years, 2005-2007, Phase Il: $ 2.8 million total

The Kirsch Foundation had indicated from the beginning that, consistent with its
own mandate, it would not fund the project after the initial three-year period.
In 2004, the consortium’s third year, GRF weighed results to date and determined
that it would take on the challenge of entirely funding the CFC consortium
for another three years, each year again contingent on satisfactory reviews of
progress.

At the same time, GRF determined to seek protection and any financial benefits
related to intellectual property that might be created by the CFC. Pro bono
assistance was provided by Michael Ladra, an intellectual property specialist
at the Palo Alto law firm Wilson Sonsini Goodrich & Rosati. As a result, GRF’s
exclusive rights and royalty sharing terms were included in grant agreements
with the four CFC institutions for 2005 and subsequent years.

GRF's total three-year commitment to the CFC for 2005-2007 was set at
$2,500,000, which included $65,000 per year for the mouse colony. To support
this undertaking, as well as its pilot grants, educational programs, and other
activities, the foundation launched a three-year $7.5 million capital campaign.
GRF's Board of Directors alone pledged $2.6 million and the campaign ultimately
raised a total of $8.6 million. Funding to the laboratories was again delivered
in January of each year, from 2005 through 2007, and again subsequent to the
required reviews and approvals in the second and third years.

For 2006 and 2007, with the endorsement of the Scientific Advisory Board, the
CFC issued a supplemental budget request. An additional $54,000 in 2006 and
$44,000 in 2007 were to support further expansion of the mouse colony and a
further $80,000 in each of the two years was to support additional personnel at
the Calkins lab to analyze the additional tissue. GRF authorized the supplemental
payments, bringing the three-year funding to $2.8 million.

The Third Three Years, 2008-2010, Phase lll: $3.0 million total

In 2007, the CFC's sixth year, GRF again evaluated progress and discussed the
possibility of funding for another three years. With the offer of major support
from the Melza M. and Frank Theodore Barr Foundation, a matching grant
through GRF of $1.5 million over three years, GRF elected to fund CFC for the
years 2008 through 2010, subject to the now-usual annual reviews. The Barr gift
served to kick-off a new three-year $12 million capital campaign. GRF's Board of
Directors provided increased funding and the foundation increased its efforts to
generate support from regional chapters and affiliated glaucoma practices.

The 2008-2010 capital campaign was less successful due to the recession, and
investment losses, included in the foundation’s total revenues, served to further
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reduce available funds. For the three-year period, total revenue was $7.8 million,
far short of the $12 million goal.

For 2008, the laboratories were funded for the year in January but in 2009 and
2010, to better match cash flows for the foundation, funding was delivered in
quarterly installments.
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Results of the Research

The CFC Approach — From a CFC Team Report dated June 2010

he last decade in glaucoma research was defined by the recognition that

glaucoma is an age-related neurodegenerative disorder of the central
nervous system. Finding neuro-protective and neuro-enhancing strategies to
abate vision loss in glaucoma for those patients who do not respond to IOP-
lowering regimens depends upon establishing the sequence and mechanisms of
key degenerative events in the disease. The CFC was part of this growing effort
in many important ways that are documented in our published work, recent
progress reports, and presentations at national and international conferences.

The unrestricted nature of the CFC funding and its consortium structure has
allowed us to pursue highly imaginative, non-traditional and multidisciplinary
investigations. Early on we adopted three main approaches that have guided
our efforts. These can be summarized as:

1. Fundamental mechanisms of neurodegeneration in glaucoma:
- cellular, molecular and physiological cascades
- genetic regulation and transcriptional events

2. Interventional studies and target validation:
- pharmacological agents

- transgenic and viral delivery of genes

- systemic modulations (e.g., dietary, irradiation)

3. Development and novel use of enabling technologies:
- new animal models of glaucoma

- cell-type specific reporter strains

- imaging technologies, both cellular and systemic

- physiological tools

The use of these three approaches in combination has proven to be very
powerful for developing and testing specific hypotheses. In particular, the
various hypotheses we have tested over the tenure of the CFC have evolved into
four primary themes of studies:

1. Key progressive events in degeneration:

- Distal injury at target sites in the brain

- Deficits in axonal transport and optic nerve function

- Morphological (dendritic) and transcriptional changes in the retina
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2. Intrinsic RGC Response:

- Oxidative stress and metabolic dysfunction
- Gene expression changes

- Gamma-synuclein aggregation

3. Microglial Modulation of RGC Survival:

- Role of microglia activation in chronic and acute glaucoma

- Activation/recruitment of microglia by RGC intrinsic signals

- Live imaging of microglia activation and gliosis in the central retina

4. Astrocyte-RGC Interactions in the Nerve Head

- Expression of trophic factors in the RGC projection

- Regulation of extracellular calcium in the RGC milieu

- Synucleins and other components of intracellular degradation
- Lipid metabolism and aggregation

Summary Report of Results — From a CFC Team Report of
February 2011

A. Focus of Investigation and Major New Knowledge Created

1. Overview. At the inception of the CFC, the prevailing viewpoint of vision
loss in glaucoma was that with aging, elevated intraocular pressure (IOP)
elicited mechanical damage to retinal ganglion cells (RGCs), thereby inducing
apoptotic cell death. The CFC challenged this viewpoint immediately on two
fronts. First, in line with emerging clinical studies, we proposed that sensitivity
to pressure, rather than elevated pressure, was a characteristic of the retina,
optic nerve head, and RGC projection to the brain. Thus, rather than passive
bystanders in mechanical injury, the system as a whole could respond actively
to stress in glaucoma and that this response included early as of yet unknown
cascades intrinsic to the RGCs themselves. Second, rather than playing a late
role in managing post-apoptotic scavenging, we proposed that retinal and optic
nerve head glia (microglia and astrocytes in particular) are active very early in
progression and provide a response extrinsic to the RGCs influential for system
maintenance, trophic support, and key interactions with RGC axons. Our view is
that these programs — intrinsic and extrinsic — interact during progression of the
disease and together influence outcome. This viewpoint guided the CFC through
Phases 1-3 and informed both our mechanistic studies (why RGCs degenerate)
and our interventional studies (slowing RGC degeneration).

2. Mechanisms of Progression: Intrinsic Pathway. Consistent with our central
viewpoint, we established in the DBA/2)J mouse that RGC axons in the optic
nerve are highly sensitive to subtle differences in IOP so that even at young
ages, axons could be lost with sufficient stress (Inman et al., 2006). Even RGCs in
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isolation without glial or vascular influence demonstrate this sensitivity, including
robust changes in the expression of genes involved in intrinsic stress pathways
(Sappington et al., 2006). This response can be ameliorated by the addition of
particular glial signals (interleukin-6), showing that extrinsic glial signals early on
might be protective. Part of the RGCintrinsic program includes an early challenge
to axons in the optic nerve, with loss of retrograde and anterograde transport
occurring prior to structural depletion of either RGC cell bodies in the retina
(Buckingham et al., 2008) or synaptic connections in the brain (Crish et al., 2010).
These changes in axonal function are concurrent with a remarkable program
of transcriptional changes, evoking large-scale reorganization of the expression
profile of RGCs in the retina (Soto et al., 2008). Further evidence suggests that
RGCs and their axons express an actual mechanism via the transient receptor
potential channel TRPV1 to respond directly to pressure-related signals through
changes in intracellular calcium concentrations (Sappington et al., 2009). These
signals may influence metabolic and oxidative cascades, since we have now shown
an early component of axon dysfunction is loss of metabolic activity influencing
subsets of axons (Baltan et al., 2010).

CFC Pl Monica Vetter, PhD in her lab (2004)

3. Mechanisms of Progression: Extrinsic Pathway. A broad screen of genetic
changes in the DBA/2J retina illuminated several important cascades (Steele et
al., 2006). Among these were genes involved in the innate immune response,
which influences interactions between microglia cells, RGCs and the immune
system. This is reflected with the highly reactive nature of microglial and
astrocyte populations early in the DBA/2J retina (Inman and Horner, 2007). While
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certain microglia-derived signals may be protective (Sappington et al., 2006),
inhibiting these interactions early in progression using minocycline, a broad
spectrum tetracycline antibiotic, reduces not only microglia activation, but also
much of the axonopathy associated with RGC degeneration in the DBA/2J (Bosco
et al., 2008). Subsequent work shows that not only are microglia activated early,
but represent a highly dynamic population of glia particularly near the optic
nerve head, where RGC axons pass unmyelinated in forming the nerve proper
(Bosco et al., 2011). This region of the retina-nerve junction is also a critical
locus for astrocyte interactions with RGC axons (Son et al., 2010). Recently, we
demonstrated that astrocytes in the unmyelinated zone of the nerve head form
phagocytotic relationships with RGC axons and that these interactions increase in
glaucoma and require intact gamma-synuclein signaling (Nyguyen et al., 2011).

B. Tool Development

1. Animal Models. Much work prior to the CFC utilized acute models in which
elevated IOP is induced by an injury to the aqueous fluid pathways. At the
time, these were not readily available to new laboratories without considerable
surgical experience. As well, the nature of the IOP elevations often exceeded
magnitudes seen in the human disease, calling into question their relevance.
Thus, we developed a colony of DBA/2J mice at the University of Washington
run by the Horner laboratory (Inman et al., 2006). This mouse shows an age-
dependent tendency towards elevated IOP through specific gene defects that
affect aqueous dynamics in the anterior eye. Because there is variability at every
age, the effects of IOP can be teased from those due to aging. For several years,
this colony supplied CFC investigators with all of the animal tissue necessary for
experiments. It also became a valuable resource for other laboratories across the
country in need of specific tissues and preparations.

The CFC also developed a new acute model with a less invasive mode of elevating
IOP that elicits elevations more akin to the human disease (25-30%). This
“microbead occlusion model” uses a simple injection of polystyrene microbeads
into the anterior chamber to block aqueous flow (Sappington et al., 2010). Much
of the early pathology in this model resembles that of the DBA/2J, but without
much variability in IOP (Crish et al., 2010). It is being used by several other groups
around the world, with the Calkins laboratory at Vanderbilt providing training
on an on-demand basis. The model is being used by CFC laboratories now to test
specific mechanistic hypotheses involving transgenic mice.

2. Quantitative Monitoring of Disease Progression. One of the challenges facing
the CFC early on was the field’s nearly total reliance on the use of a single assay
of RGC survival: retrograde labeling of RGCs from injections in the superior
colliculus. This technique is fraught with difficulties, not the least of which is
the underlying assumption that lack of signal in the retina translates to loss of
RGCs. We immediately began a methodical program to develop new tools to (1)
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measure intact axonal transport to and from the brain (Crish et al., 2010), (2)
quantify the spatial pattern of RGC-specific markers in the retina (Soto et al.,
2008; Buckingham et al., 2008; Wax et al., 2008), (3) track axon survival in the
optic nerve (Inman et al., 2006), and (4) assess functionality of the RGC projection
in living animals (Calkins et al., 2008). Moreover, with the growing importance
of understanding glial-dependent extrinsic mechanisms, we also developed tools
for tracking microglial and astrocyte proliferation and migration (Bosco et al.,
2011; Nyguyen et al., 2011). These and other quantitative tools and assays were
not available to the field at the inception of the CFC; they have become one of
the recognizable standards of our collaboration.

C. The Road Less Traveled: Avenues Not Pursued

1. Cell-Specific Microarrays. Following our microarray experiment in which we
probed gene expression in the DBA/2J retina (Steele et al., 2006), we explored
the possibility of repeating the experiment for specific cell types. Earlier we had
devised protocols for isolating purified populations of (1) RGCs, (2) microglia,
and (3) astrocytes (Sappington et al., 2006). Our plan was to use these protocols
to isolate these cells from the DBA/2J retina. However, ultimately we abandoned
the project because (1) yield was too low for microarray screening and (2) we
questioned how representative of the living state isolated cells really are. We
believed that our efforts were better directed at testing specific mechanistic
hypotheses regarding RGC-glial interactions, and certainly this has proven
successful. To this end, for genes of interest we have been successful in developing
specific probes for in situ hybridization.

2. Biomarkers. In certain forms of glaucoma, antibodies and other blood serum
proteins serve as markers for the disease (Wax et al., 2008). Our work indicates
broad changes in retinal and nerve levels of various markers for both RGCs and
glia (Buckingham et al., 2008; Soto et al., 2008; Bosco et al., 2011; Nyguyen et
al., 2011). It was natural to pose the question of whether these markers could
(1) breach the blood-retinal barrier and (2) if so, serve as serum biomarkers for
disease progression in either protein form or as auto-antibodies. Of particular
interest was gamma-synuclein, which was found to aggregate in dystrophic RGCs
of the DBA/2J. If indeed gamma-synuclein formed a toxic substrate, it might be
feasible to detect it or antibodies against it in blood serum. This is indeed the
case for gamma-synuclein in Parkinson’s disease. However, the investigation did
not demonstrate consistent results. Ultimately, we decided that a thorough and
guantitative screening of serum from our animal models might indeed illuminate
biomarkers of progression, but that to follow up on mechanistic studies to
identify the earliest markers would require resources beyond the capacity of a
highly focused consortium.

3. RGC-specific Promoters. One of our most imaginative hypotheses was that
by identifying and cloning RGC-specific genetic promoters, we could develop
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tools to re-program stressed RGCs to modify expression of pro-survival genes
and to develop RGC-like stem cells for transplantation. While we were successful
in identifying novel retina-specific promoters for progenitor cells, we ultimately
realized that the quest for an RGC-specific promoter gene would require years
more of highly focused effort. We also realized that by using viral vectors, we
could introduce new genes (or inhibitory genes) into RGCs with far greater
efficacy — especially given the RGC-preference of AAV2 vectors. In terms of stem
cells, recent technology indicates that the use of inducible pluripotent stem cell
lines could represent a far easier path, since these are easier to harvest, as is
influencing their neuronal or glial cell fate. Furthermore, we found very little
evidence for a proliferative repair response in glaucoma, indicating that our
efforts to induce such a response using stem cells would likely not be fruitful
(Inman and Horner, 2007).
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Evaluations

CFC Scientific Advisory Board Evaluation

The Scientific Advisory Board for the CFC, chaired by Moses Chao, PhD for nine
years, began the evaluation section of its January 2011 report as follows:

“The CFC consortium has completed nine years of support from the Glaucoma
Research Foundation and, in its first years, from the Kirsch Foundation. The CFC
initiative has exceeded expectations when it began as a collective enterprise
to study glaucoma. The CFC scientists have become a unique collaborative and
collegial partnership, which has been able to address key questions about the
pathogenesis of glaucoma. It has been gratifying to see the four groups working
closely together and sharing information throughout the past decade. It has
attracted numerous new students and fellows to the field. Its multidisciplinary
approach is enhanced by the synergism of the four laboratories, each of which
uses distinctive technologies and approaches and has now established its own
specific niche in the field. The SAB feels this pioneering approach to disease
research should become a model for research in other diseases, including other
neurodegenerative diseases.”

More specifically, in this report the SAB wrote that “the CFC consortium has
reshaped the direction of glaucoma research by focusing upon the earliest
molecular events of the disease, which occur well before the demise of retinal
ganglion cells. A major emphasis has been on studying changes in the glial
environment during disease progression.” Further, “the findings made by the
CFC scientists have shown that glaucoma shares a number of similarities with
Parkinson’s disease, amyotrophic lateral sclerosis and Alzheimer’s disease.”

In its annual reports during the nine years of the collaboration, the SAB has also
noted the effectiveness of the CFC at prioritizing its work, given the number of
attractive avenues for research and the limited resources available.

SAB comments in its annual reports have marked the progress of the CFC effort:

December 2003:

The group presented a clear and concise overview of how the four labs work
together and complement each others’ specific skills to achieve a fluid transfer of
knowledge and ideas that has resulted in significant progress and breakthrough
ideas over the last twelve months.

January 2004:
A major accomplishment has been the establishment of four intertwined core
facilities, including the DBA/2J mouse colony (Horner lab), a histopathology core
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(Calkins lab), transgenic genomic and gene expression core (Marsh-Armstrong
lab) and a microarray core (Vetter lab). The four laboratories have organized the
cores to minimize overlap and maximize the distribution of tissues and reagents
in the consortium. The four cores were integrated seamlessly.

January 2006:

During 2005 the consortium was successful in making considerable progress
on the specific aims outlined in the December, 2004 meeting. They include
documenting glial and neuronal responses in the DBA/2J retina; assessing gene
expression by RNA profiling during increased IOP; utilizing promoter-specific
DNA sequences for RGC expression and verifying the specific axonal defects in
the DBA/2J retina. Based upon the progress made in the last year, the consortium
has made a decided emphasis in moving toward intervention studies.

December 2006:

In the past four years, the number of personnel in the four groups has grown
to 30 investigators, including over a dozen PhD fellows. Four papers have been
published and another six manuscripts have been either submitted or are under
preparation. Over 35 abstracts describing work supported by the Glaucoma
Research Foundation have been presented at national conferences. The CFC
has become a highly visible research team, whose findings have now become
publicized in meetings and in journals. The four groups represent a model for
how research can be pushed forward through collaborative and multidisciplinary
approaches.

December 2008:

It is strongly recommended that the course of future research go deeper into the
mechanism of the earliest events that appear in the DBA/2J model and in the
intervention trials.

January 2010:

The major accomplishment of the consortium has been to document a preliminary
time course of the molecular and cellular changes in the DBA/2J model. The
methods now in place should allow the investigators to generate a more precise
timeline and sequence of events in this model.

January 2011:

The CFC consortium has reshaped the direction of glaucoma research by focusing
upon the earliest molecular events of the disease, which occur well before the
demise of retinal ganglion cells.

With respect to the collaboration, the SAB recognizes that all the investigators
have become experts in the field of glaucoma, and they are now working more
independently than when the consortium started, with their own projects. The
SAB feels the independence of each group is a healthy outcome.
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Glaucoma Research Foundation Evaluation

By Thomas M. Brunner, President & CEO

he Glaucoma Research Foundation Board

and its President and Chief Executive
Officer have had many opportunities to review
and evaluate the progress of the Catalyst For
a Cure scientists. Under the terms of the grant
agreements, each year the board and president
determined if progress merited continued
funding and subsequently approved funding
for the succeeding year. Also at the end of
each three-year phase, a major review was
made by the board and president together
with input from the CFC scientists and the CFC
SAB to determine if another three-year grant
should be made to extend the collaborative
research effort. At every step of the way, both

annually and at the end of the three-year Thomas M. Brunner
intervals, there was overwhelming support for President and CEO
continuing to fund the work of this productive

team.

Another way to evaluate the success of the Catalyst For a Cure is to compare
it to the impact it has on the accomplishment of the mission of the Glaucoma
Research Foundation “to prevent vision loss from glaucoma by investing in
innovative research, education and support with the ultimate goal of finding
a cure”. To accomplish our mission, the GRF Board defined a group of strategic
imperatives with each imperative including specific actionable items. One of the
key research imperatives was to “Fund large, multi-year, collaborative research
programs to better understand the mechanisms of glaucoma.” The satisfaction
with the early results of the Catalyst For a Cure collaboration led to the board's
making such programs key strategies for implementation of the Glaucoma
Research Foundation mission.

The Catalyst For a Cure is clearly an innovative approach to research and we
believe its success may lead to other true collaborative research efforts. In terms
of the return on investment, in addition to the many publications, presentations,
and discoveries which have changed how glaucoma is viewed by the research
community, the scientists have been acknowledged with significant funding
from the National Institutes of Health and other granting organizations. They
have also been recognized with career advancement. Dr. Monica Vetter has been
named Department Chair for Neurology and Anatomy at the University of Utah,
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Dr. David Calkins has been promoted to Director of Research for the Vanderbilt
Eye Center, and both Dr. Horner and Dr. Marsh-Armstrong have advanced in
their academic careers. In addition to the founding Pls, other scientists who
have worked with the program have expanded their interest in glaucoma
and continued their research at other organizations and in new laboratories
dedicated to glaucoma research.

When | joined GRF as its new President and CEO in February 2003, | was introduced
to the Catalyst For a Cure as a unique research opportunity jointly sponsored by
GRF and the Kirsch Foundation. | was told it was one of the most important
research efforts at GRF. Consequently | made it a priority to meet the scientists
and learn more about the Catalyst For a Cure which also represented a significant
amount of our expense budget. | first met the scientists at their May 2003 joint
meeting in Las Vegas. | was supposed to get half an hour to introduce myself but
instead we ended up spending the better part of the morning discussing their
program and their objectives. | came away impressed with the energy, knowledge,
and enthusiasm of the team. In particular, | remember their commitment to
undertaking only research that could benefit from their collaboration, i.e., their
multiple talents, as opposed to projects that any one of them could undertake
independently. Thus, they came up with their four research cores with each core
group contributing its particular expertise to jointly solving a problem.

Since that first meeting | have continued to be impressed with each of the
scientists and what they bring to the consortium and by the effectiveness with
which they work together. The team has certainly exceeded my expectations
and | believe the expectations of the Glaucoma Research Foundation. They have
stimulated the whole field of glaucoma research toward a greater understanding
of the earliest changes in the glaucoma disease process. This understanding is
our hope for identifying possible new therapies and ultimately curing glaucoma.

Finally, | believe it is also important to acknowledge that not only do the board
and CEO of the Glaucoma Research Foundation recognize the success of the
CFC, but also an outside independent reviewer found compelling evidence of
their progress and successful collaboration. As part of the consideration for a
third phase of CFC funding, at the January 2010 GRF board meeting an outside
reviewer who examined the reports and publications of the CFC stated that the
program had made significant accomplishments. At the same board meeting
Martin Raff, MD, a member of the CFC SAB, related his personal satisfaction with
CFC research progress and answered questions of the board. As a result of these
reviews and the commitment of two years of full funding from the Melza M.
and Frank Theodore Barr Foundation, the GRF Board decided to renew the CFC
funding for a third time with a two-year phase IV.

These commitments of funding and support reflect the strong belief that
the CFC has been an extremely successful program. The CFC exemplifies the
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early principles of the Glaucoma Research Foundation advancing innovative,
collaborative and sustained research toward better understandings of glaucoma
with the ultimate goal of helping patients.

Principal Investigators’ Comments on the Process

Your comments on the selection process?

“I think that having really smart scientists nominate a small group of young
promising scientists is a great idea since there is the likelihood that you are
going to end up with really good people. By design or by luck, or both,
it worked out well for the current group, and maybe such thinking went
into the original selection process. | would urge those nominating people
to consider both the quality of the investigator as well as their likelihood
to work well in a group. | would also urge the selection of young scientists
starting their careers, as there is the highest likelihood of them bonding
and of hooking them into the study of glaucoma.”

“The selection process must emphasize openness, collaboration, and
willingness to work as part of a team. This needs to be probed deeply
before a commitment is made. As well, the recruits should be very close
in career level - just beginning is best — so that excitement and energy is
shared on an even playing field.”

“The selection process was very different from anything that | had
experienced before. It was very fast from nomination to selection — which
is unusual in science, but | think it was a good thing. It got people working
together quickly.”

Individual reasons for signing up?

“It was money. Even more today than it was when we were selected,
scientists cannot afford to turn down money. Now, | am totally hooked.
You want to repeat that aspect of it.”

“l was busy studying the basic science of visual neural processing, but
found this less and less satisfying — so | jumped at the chance to broaden
my research program to include a neurodegenerative disease.”

“1signed up for several reasons. First of all -1 very much enjoy collaboration,
and find working with other scientists to be very stimulating. Second - it
seemed to be a serious effort backed by an esteemed advisory group, which
gave me confidence that it would lead to something. Third - it was an
opportunity to think about something new, and with potential translational
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impact. | think that it is important for basic scientists to actively think about
problems related to human health.”

Expectations for the CFC and how well the program has met them?

“Initially, | had no expectations. Over the years, the expectations have
fluctuated considerably. Being a perfectionist, | think we could have
done better at various junctions. But, we could have done a lot worse.
The expectations for success on a scientific front had to be balanced with
the expectations of success on many other fronts (meeting the career
advancement needs of Pls and trainees, the GRF needs for increased
fundraising, etc.). Looking back at the launch of the program, | think we
have done exceedingly well.”

“Expectations have been exceeded by the quality of the work emerging,
the friendliness of the team, and the commitment of the individual labs to
glaucoma.”

“My expectations were most definitely exceeded. | initially expected that
the CFC would provide short-term seed funding for us to start working in a
new area. But | was impressed and pleased that the support continued long
enough for us to become established in the field and make real progress.
The group worked (and continues to work) remarkably well together. The
advisory group has been very energetic and committed. It has been an
amazing opportunity to interact with great scientists both as colleagues
and advisors. “

An effective research process for the individual principal investigators?

“Generally yes. It got me into this area of study which | care so passionately
about. The collaborative nature of the project, while not perfect, was in
sum highly beneficial, especially in the beginning (where the collective
thinking was necessary to stay on the right track). | personally think that
being forced to tackle a tough problem through unconventional means,
as we were asked to do, forced me and others in the group to go places
where we would not have dared (or been able) to go without the freedom
that this structure afforded. Such approach is great in the long term, but
not necessarily in the short term, as we are judged by the outside (and
somewhat by GRF itself) by the short-term results. Since we find ourselves
now in a position of doing truly transformative science (with huge potential
of preventing vision loss), | think it was a great success.”

“Absolutely. | enjoy collaborative efforts and teamwork, and really found
my niche in the CFC model. | have received back completely what | put into
the effort.”



“This has definitely been an effective research process. The most important
aspect was to have flexible funding to permit exploratory research. This
enabled us to pursue several possible directions, and identify the most
relevant aspects of the disease to be targeted for intervention. This flexibility
is rare and allows a more creative scientific process.

The CFC effort has brought 4 active labs into the glaucoma field working on
neurobiological problems. These are labs that were not previously working
in glaucoma. This will have lasting impact. It is generally very difficult for
investigators to start working in a new field since NIH funding requires
a track record of publication and significant preliminary data for projects
to be funded. In addition, there are not straightforward mechanisms to
support collaborative work. So this was a rare opportunity to do science in
a different way.

The annual meeting was a very important time for us to present our findings

and lay out our new ideas for discussion with the advisory board. This is
unusual and very valuable.”

Modifying the process for a group of new, young Pls to make it

better? Advice for GRF as funder? For the SAB? For Pl teammates?

“The key thing is finding the right people. One bad apple will spoil
everything. Focus on getting good people with passion for science and
making a difference (and that can work together).

For GRF: | like the fact that [GRF’s CEO] now joins us in conference calls, as
frequent and regular communication is good for all involved. In general,
the GRF should avoid setting a precise direction of the research. For SAB:
It has been so supportive and helpful that it is hard to ask anything more
of very busy people who give so much of their time. However, any more
frequent contact (semi-annual conference calls, informal 1:1 mentorships,
etc.) would be even better.”

“lam notsure |l would modify anything substantially. | think the collaborative
nature of the work has to be continuously reinforced by the SAB. Less
emphasis on “cure” and more emphasis on “moving forward”. Cures arise
from solid mechanistic studies. One reason disease studies have had less
impact is because the search for the magic bullet has distracted the search
for understanding.

The power of the CFC lies in its capacity to perform non-traditional research
that is unappealing to the NIH. We do work that otherwise could not be
funded - high risk, high pay-off, and some purely imaginative whose use
may not be apparent. Such experiments often comprise paradigm shifts —



but this is not known for quite a while, and the payoff is not apparent in
the short term. | think this should be reiterated and kept as a focus. In terms
of the SAB, we have enjoyed nearly 100% dedication and participation. |
would encourage the SAB to take the time consistently to keep up on our
publications and progress reports in detail.”

“What the CFC effort has underscored is that diseases are complex and a
“cure” is not possible without first understanding the disease. This takes
time and significant investment, and is not a trivial undertaking.

To put this into context: The “War on Cancer” was launched in 1971.
Thousands of labs and billions of dollars have been poured into this effort,
yet 40 years later cancer remains a major cause of death. Significant progress
has been made, but diseases are complex and not easily tractable. In many
ways, diseases of the nervous system are even more complex.

Remarkably little was known about the neurobiology of glaucoma at the
outset of this effort. A very strong case can be made that we know a whole
lot more now than when we started, and that we are on the right track
towards that important end of curing glaucoma. We all have our eyes on
that, and this should remain the primary goal of any new consortium that
is formed.”

Postscript: The CFC Work Continues

The CFCwork has continued into 2011 and, subject to the requirements for annual
funding, prospectively into 2012. This additional work has been funded by the
continuing commitment of the Melza M. and Frank Theodore Barr Foundation

through GRF.

Ted and Melza Barr
at the Glaucoma Research Foundation Benefit in 2010
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