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Executive Summary

Big economic payoffs will accrue to communities that successfully nurture the neurotechnology
industry. The close collaboration of knowledge-intensive institutions, investors, businesses and
workers fosters high-quality job creation, influx of investment capital and more robust economic
growth.

Neurotechnology represents the largest untapped medical market, and there are numerous
opportunities available to regions that can leverage the dramatic growth of neurotech. Given
the promise of new treatments, coupled with a patient population of over 2 billion people who
suffer from a brain-related illness, neurotechnology has become a leading recipient of life

science venture funding worldwide.

Neurotechnology today is a truly a global industry with companies and cutting-edge research in
the U.S., Europe, and Asia. As a nearly a $150-billion-a-year industry, neurotechnology,
includes over 800 public and private organizations researching, developing and marketing
pharmaceuticals, biologics, medical devices, as well as diagnostic and surgical equipment for
the treatment of neurological, psychiatric illness and nervous system injuries.” Given its size and
growth trajectory, neurotechnology will play an important role in regional economic development

in the coming decades.

Brain-related illness generates more healthcare related costs and lost income than any other
area of health: an estimated $2.0 trillion annually worldwide and $1.3 trillion annually in the U.S.
Neurotechnology companies face fundamentally different investment requirements, research
and development challenges, regulatory milestones and social drivers that set them apart from
other life science and health care companies. For example, delivering therapeutics to the brain
requires different techniques and technologies than is required for other organs such as the
heart or kidney.

In addition to the race for discovering more effective neurotherapeutics, there is another race

underway: one that will determine where the primary geographic locations of the neurotech

! The Neurotechnology Industry 2009 Report: Drugs, Devices and Diagnostics for the Brain and Nervous System, Market Analysis
and Strategic Investment Guide of the Global Neurological Disease and Psychiatric lliness Markets, published by Neurolnsights,
LLC, May 2009. www.neuroinsights.com



industry reside and prosper. The economic outcomes of the formation and growth of these
neurotechnology clusters will have long lasting implications on employment, infrastructure

development, and regional competitiveness.

The 21st century race to be a leading cluster for neurotech has many regional entries from the
U.S. and around the world. Eight of the nine leading neurotech clusters are within the U.S. Many
organizations exist with ties to the neurotechnology industry; in this report, over 1400 individual
entities were catalogued, assigned geographies and classified according to Neurolnsights
neurotechnology industry taxonomy (see page 9). Regions across the globe were evaluated
according to the number of companies, access to risk capital and neurotechnology

infrastructure.

1 Thetwo Top Tier Clusters are the Greater San Francisco Bay Area and the

Greater Boston Area. These two regions represent the geographic centers of

neurotechnology innovation, growth and development.

9 The four Second Tier Clusters are New York/New Jersey, London/Cambridge,

San Diego and Los Angeles/Irvine exhibit all of the necessary ingredients for

significant innovation and growth in neurotechnology although they are less
developed than the top tier clusters.

1 The three Emerging Clusters are Baltimore, Philadelphia, and Minneapolis.

Each posses significant resources and are poised for expansion in the years to
come.

1 Several other regions are also on the radar and while not yet clusters, will
provide a significant proportion of the neurotechnology innovation in the years to

come. These regions include our Nascent Clusters (Montreal, Basel/Zurich, Tel

Aviv, Seattle, Stockholm, Tokyo) as well as our Regions to Watch (Munich, New

Haven, Chicago, Shanghai, Raleigh/Durham, and Cleveland).

Data gathered for the report also reveals several other interesting regional trends. New
York/New Jersey is the leading region for public neurotechnology companies. Boston MA and
Baltimore/DC are the leading regions for neurotechnology infrastructure based on strong
graduate programs and hospital rankings in neuroscience related areas. The San Francisco Bay

Area, Minneapolis, MN and Cleveland, OH are major centers for neurodevice development.



The Global Neurotech Economy

I nf or mat i on Pphe beutotdcanblogy Industry 2009 Report: Drugs, Devices and
Diagnostics for the Brain and Ner ySauRangsyost emo pub

Copyright Reminder: Cite the Neurolnsights report if any of below data are used in any way

Market Overview

1 The neurotechnology industry includes companies researching, developing and
marketing pharmaceuticals, biologics, cell-based therapeutics and medical devices, as
well as diagnostic and surgical equipment for the treatment of neurological diseases,
nervous system ailments and psychiatric illnesses.

The global economic burden of brain-related illnesses has eclipsed $2 trillion a year.
The estimated US economic burden of brain-related illnesses exceeds $1.3 trillion.
Neurotechnology addresses the largest unmet medical market: 2 billion people
worldwide, including nearly 100 million in North America.
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Industry Overview

1 Over 850 companies were involved in the neurotechnology industry in 2008.

1 In 2008, neurotech companies generated revenues of $144.5 billion with 9.0% growth

1 The neurotechnology industry has three sectors:
i Neuropharmaceuticals with revenues of $121.6 billion and 9.3% annual growth
i Neurodevices with revenues of $6.1 billion and 18.6% annual growth
i Neurodiagnostics with revenues of $16.8 billion and 3.7% annual growth

Venture Financing

1 In 2008, venture capital investment in neurotech companies (including drugs, devices
and diagnostics) dropped 22% to $1.44 billion.

1 Venture funding of private neurotech companies climbed over 225% from 1999 to 2008.

1 From 2000 to 2008, venture funds invested over $12 billion in neurotech companies.

Public Market Activity

1 As of Sept. 30, 2009 the NASDAQ Neurolnsights Neurotech Index ("NERV) is down
25.3% from a start date of Sept. 25, 2007, compared to a loss of 1.6% in the NASDAQ
Biotech Index and loss of 30.7% for the S&P 500.

Global Growth Drivers

1 Since 1997, annual funding for basic neuroscience by the US National Institutes of
Health (NIH) increased from $1 billion in 1997 to more than $5 billion in 2008.

1 In 2008, the National Neurotechnology Initiative Act a $1 billion bill aimed at accelerating
treatments for the brain and nervous system, was introduced into the US Congress.

1 Neurotech-related US patent claims have soared 200% in the past 10 years compared

to 60% growth in overall patent claims.

There are more than 65,000 Ph.D. neuroscientists worldwide.

More than 300 scientific journals related to neuroscience are currently in publication.

In 2006, the Neurotechnology Industry Organization (NIO) emerged as the trade

association representing companies involved in commercial neuroscience, brain

research centers and patient advocacy groups across the US and the world.

=A =4 =4



Role of Geographic Clusters in Neurotechnology

A neurotechnology cluster is a geographic concentration of interconnected companies,
suppliers, and service providers in related industries as well as associated institutions in fields
that compete but also cooperate. Established and emerging neurotech clusters have
developed by a coincidence of factors, i.e. research facilities, educated workforce, venture
capital, experienced managers and proximity of supplier networks. Emerging and nascent
clusters are developing from focused initiatives, but as has been true for both information

technology and biotechnology, not all locations will succeed.

Clusters are interconnected by the flow intellectual and economic capital. This flow is stronger
than the one linking them to the rest of the local economy. Cluster members include government
and nongovernment entities such as public/private partnerships, trade associations, universities,
think tanks, companies, venture capitalists, patent attorneys, and even accounting and auditing
firms in the case of neurotechnology. Because knowledge is generated, transmitted, and
shared more efficiently in close proximity, economic activity based on new knowledge has a
high propensity to cluster in a geographic area.’

A leading neurotechnology cluster will have more innovations, less of which will migrate to other
regions, or at least at a slower rate. Regions excel to the extent that the firms and talent can
innovate successfully by being there, rather than elsewhere. This is particularly important for an

industry such as neurotechnology whose survival is based upon continuous innovation.

2 The Greater Philadelphia Life Science Cluster 2009, Milken Institute, May 2009.



Neurotechnology Industry Taxonomy

Neurolnsightsdindustry taxonomy clarifies the complex and inconsistent terminology currently

employed by industry analysts to describe markets for brain-related treatments and diagnostics.

The taxonomyodés structure and content ieasswdh based on
corporate executives, venture capitalists, investment bankers and industry leaders. The

Neurolnsights framework includes three industry sectors; neuropharmaceuticals, neurodevices

and neurodiagnostics, which are then divided into the ten markets seen below.

THE NEUROTECHNOLOGY INDUSTRY TAXONOMY

INDUSTRY : SECTOR : MARKET

— NEUROLOGY

NEUROPHARMACEUTICAL PSYCHIATRY

—— SENSORY

—— HNEUROFROSTHETIC

— NEUROMODULATION
NEUROTECHNOLOGY NEURODEVICE —

—— HNEUROSURGICAL

 HNEUROSOFTWARE

; NEURDIMAGING
NEURODIAGNOSTIC IN VITRO DIAGNOSITCS

NEURDINFORMATICS

The lack of a comprehensive industry analysis for commercial heuroscience has resulted in
incomplete investment scrutiny and a cloudy view of competitive dynamics. Analysts generally
consider pharmaceuticals, devices and diagnostics separately. However, these sectors are
becoming increasingly intertwined both competitively and cooperatively and, therefore, must be
considered together. For instance, neurodevices are targeting neuropharmaceutical treatment
resistant populations while neuropharma companies are developing diagnostics based on
proprietary knowledge. Moreover, technologies across these three sectors are converging,
creating more effective treatments such as drug pumps for pain management or delivery of

treatments to the brain.



Traditionally, theterm A CONSmeani ng centr al nervous system, has
portion of the neuropharmaceutical market. However, as the field has grown, this term has

become less useful as analysts use it to refer to completely different sets of diseases. For

example, some analysts include only psychiatric illnesses, while others include neurological

di seases | i ke Al zhei mer 6s, Parkinsonos, or epilep
and spinal cord injury currently do not have a regular categorization, but are part of the

neurotechnology industry, as treatments are often directly targeted to the brain, nerves and

neurotransmitter systems.

Similarly, in devices, the fAneurologyo sector wil
devices and sometimes to neuromodulation technology. Neurosurgical tools, like navigation

equipment and radiosurgery systems, are often left out completely despite the fact that

neurologists must choose between stimulators and ablative surgery when treating conditions

likelate-st age Par kinson6s or refractive epilepsy. T h e
comprehensive methodology to understand and profit from the growth of technology and

markets related to the brain and nervous system.
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NEUROPHARMACEUTICALS

The neuropharmaceutical sector includes companies that develop pharmaceuticals, biologics,
and cell-based therapeutics for the brain and nervous system. In 2008, global
neuropharmaceutical sales were $121.6 billion, with 9.3% annual growth. This is compared to
$773 billion and 8.1% growth (4.2% growth in constant dollars) for the overall pharmaceutical
market, according to IMS Health. Neuropharmaceuticals are the top sales category of drugs
worldwide. Therapeutics currently generating the highest revenues are treatments for pain,
antipsychotics, antiepileptics, and antidepressants.

Despite progress in the development of new treatments, low efficacy and side effects

associated with current drugs leave room for innovative treatments to achieve rapid market

upt ake. For example, current treatments for Al zhe
only for the early stages of the disease. Al zheim
50% over 85. With an average duration of eight to 10 years from onset until death, the annual

cost of Al zheimerds to the US economy now exceeds
general population is increasing such that the proportion of the world population over age 60 is

forecast by the World Health Organization to double between 2000 and 2050. This suggests

that the number of individuals suff erdisesage, from age
Par ki ndseasebdssoke, and sensory disorders will also increase, creating a substantial

market opportunity for neuropharmaceutical companies.

The neuropharmaceutical sector has three primary treatment markets:

ANeurologymar kets include Al zheimerodés disease, epi

mi graine, multipl edsaéandstrcke.s, Par ki nsonods

APsychiatry markets include addiction, anxiety, attention disorders, depression, obesity,

and schizophrenia.

ASensory markets include conditions like neuropathic pain, retinal degenerative

disorders, and sensorineural hearing loss.

11



NEURODEVICES

The neurodevice sector includes companies which develop medical devices, stimulators,
surgical equipment and specialized software solutions that treat brain and nervous system
illnesses. In 2008, neurodevices generated estimated revenues of $6.1 billion, with 18.6%
annual growth, according to data compiled by Neurolnsights. This compares to $5.2 billion in
revenue and 20% growth in 2007. Neurodevices include successful, established products such
as cochlear implants for the hearing impaired, neurostimulation devices for the treatment of pain

and neurovascular interventions for the prevention of stroke.

Advances in technology, higher rates of patient and physician outreach, and expanding health
care reimbursement are driving growth. Neurodevice companies will increasingly compete for
market share and contribute to the growth of novel markets, particularly where
neuropharmaceuticals are unsuccessful, for example in stroke and treatment-resistant patients
with neuropathic pain, depression, and epilepsy. Neurolnsights believes the market for
neurodevices will continue to grow rapidly, and that it has the potential to become as large as

the $18 billion cardiac device market within the next 15 years.

The neurodevice sector has four markets:

ANeuroprosthetic devices substitute for an injured part of the body, including cochlear

implants, retinal implants, motor prosthetics and brain-computer interfaces.

ANeuromodulation devices provide therapeutic modulation to restore desired function,
including deep brain stimulation, transcranial magnetic stimulation, spinal cord
stimulation, vagus nerve stimulation, peripheral nerve stimulation, and implantable drug

pumps.

ANeurosurgical devices include products like radiosurgical devices, surgical navigation

systems and neurovascular intervention devices.
ANeurosoftware includes neuroscience-based software solutions and neurofeedback

systems to promote brain fitness and potentially improve symptoms of a range of

neurological diseases and psychiatric illnesses.

12



NEURODIAGNOSTICS

The neurodiagnostic sector is composed of companies providing tools to diagnose and monitor
neurological and psychiatric illnesses. Customers for neurodiagnostics include neuropharma
and neurodevice companies, hospitals, clinics and university research centers. In 2008, the
neurodiagnostics sector had estimated revenues of $16.8 billion, growing at 3.7%, according to
data compiled by Neurolnsights. Neurolnsights expects that neurodiagnostic products will
continue to see healthy growth as brain imaging and in vitro protocols become established as
criteria for disease diagnosis in psychiatry and neurology.

Neurolnsights has identified three neurodiagnostic markets:
ANeuroimaging equipment includes brain scanning and patient monitoring equipment
like magnetic resonance imaging (MRI), positron emission tomography (PET), single
photon emission computed tomography (SPECT), computed tomography (CT) and
electro-encephalography (EEG).
Aln Vitro Diagnostics includes biomarkers, genetic testing, and pharmacogenomics.
ANeuroinformatics solutions include brain imaging analysis software, data tracking

and processing software, and proprietary patient databases that correlate imaging data
or other patient data with treatment outcomes.

13



Neurotech Cluster Methodology

In this study, we evaluated regions worldwide according to the following factors; the number of
neurotechnology companies (neuropharmaceutical, cell-based therapeutics, neurodevice, and
neurodiagnostic), local access to risk capital (private and public), and social infrastructure

(hospitals, universities and research institutes) to support current and future innovation. Each of

the above three factors was equally weighted to calculatea r egi onsdé coSecopes si t e S cCC
were normalized on a scale of 100 points with the number one region assigned a score of 100.

A geographic region was defined as the greater of 50 miles or a 1-hour drive from a city center.
For some regions, multiple similarly sized cities were located within the same region and so they
were considered as a single region (of the regions described herein, only Basel/Zurich and
Raleigh/Durham qualify). In cases of high population density like the Northeast United States,
regions may be slightly smaller than the above stated values (i.e. New Haven). In cases where
an asset fell within the boundaries of multiple regions, it was assigned to the region to whose
geographic center it was closest. Large corporations with multiple locations were assigned
multiple geographic designations to accurately represent both headquarters, and research and
development. In short, efforts were made so that regional designations reflect available capital;

financial, human, intellectual and otherwise.

The total number of companies was calculated by crosschecking the list of companies

contained in the Neurotech Insights Online Archive and the Neurotechnology Industry 2009

Report, both exhaustive collections of data on the neurotechnology industry, with information

from individual company websites and press releases. A particular market (neurodevice,
neuropharmaceutical, neurodiagnostics) was assigned to each firm by analyzing items in

production as well as the research pipeline and then assigning a label according to the most

prominent area (i.e. a neurotech company with four devices and one diagnostic would be

assigned the title of Aneurodeviceoo). I nf ormatio
public or private, was gathered from the Neurotech Insights Online Archive and the

Neurotechnology Industry 2009 Report, company website, press releases and Google finance.

Risk capital sources were calculated from the list of firms who have made neurotechnology
investments between 2007 and 2009, contained in the Neurotech Insights Online Archive and
the list of leading neurotechnology firms in The Neurotechnology Industry 2009 Report. To
gualify as a source of neurotechnology risk capital, we required that a firm must have at least

one prior investment in neurotechnology. A region was assigned accordingtoa f i r més of fi ce

14



the company website. Al i nvestment iinformation

releases.

Neurotechnology infrastructure was calculated by creating an equally weighted composite score
of 1) neurotechnology education, 2) neurotechnology healthcare and 3) neurotechnology
research, as defined below. It should be noted that data was not available to directly compare
infrastructure within the U.S. and outside the U.S. and so for foreign centers, the infrastructure

score was omitted when calculating the overall region score.

A score for education was calculated by creating a composite score for graduate education in
psychology and neurobiology; program data and rankings came from US News and World
Report 2009 rankings. Neurotech healthcare was evaluated by collecting similar ranking data for
psychiatric care, ophthalmology and neurology and neurosurgery. Hospitals were assigned a
geographic region and point values according to ranking data. Points were summed for regions
with multiple hospitals in a particular category. Discrete scores for psychiatry, ophthalmology
and neurology and neurosurgery were calculated and the three scores averaged to give the
overall score for neurotechnology healthcare.

Neurotechnology research was evaluated by collecting data on neuroscience and behavior

publication and citation over the past 10 years, available throughThoms on Sci enti fi csd
Science Indicators database. Data on grant monies awarded to individual departments was also

collected from The National Institutes of Health Research Portfolio Online Reporting Tool

(RePORT), but was considered only qualitatively since distinctions between departments were

not uniform between institutions.

The twenty leading neurotech clusters worldwide can be categorized into three broad groups
that represent their current stage of neurotechnology development and future potential. The

three categories of neurotech clusters are defined as follows:

1) Established Cluster: A region wherein neurotech firms and social institutions exhibit high
rates of innovative technological convergence and positive network effects from inter-firm
regional linkages (via established specialized workforce and risk capital networks) resulting
in substantial number of translational focused firms who generate economic returns and

regional competitive advantage.

15



2)

3)

4)

Established Clusters are further broken down into Top Tier Clusters (regions that will drive
growth of the neurotech industry for the coming decade) and Second Tier Clusters
(regions with all of the attributes necessary for sustainable growth, but lacking the

abundance within specific characteristics as compared to a Top Tier Cluster).

Emerging Cluster: A region in which neurotech firms exhibit high rates of technological
innovation but currently lag behind established regions with respect to technological
convergence and specific inter-firm regional linkages (either labor or capital) resulting in
lower positive network effects, fewer innovative startups and decreased competitive

advantage.

Nascent Cluster: A region in which neurotech firms and/or social institutions exhibit high
rates of technological innovation and partial convergence but currently lack major
components of inter-firm regional linkages (both labor and capital). (NOTE: Nascent
clusters are not ranked because they each lack different factors that would lead to

appropriate relative inter-regional comparison.)

Regions to watch: A region of interest, which is poised to become a cluster within the
coming decade. These regions may appear to have few start-ups but make up for this with
large-scale government institutional support. (NOTE: Regions to watch are not ranked
because they each lack different factors that would lead to appropriate relative inter-regional

comparison.)

16



Neurotech Region Rankings

: Overall SO \mires Company | Capital
Class Region Ranking out of struct_ure Ranking Ranking
100 Ranking
Top Tier | San Francisco, CA 1 100 3 1 1
Cluster | Boston, MA 2 98 1 2 3
New York, NY 3 91 5 3 2
Second | ondon, UK 4 84 ) 6 5
Cluster [ San Diego, CA S 83 S 4 6
LA/Irvine, CA 6 81 4 5 7
SrEning Baltimore, MD 7 69 2 8 13
SEiE Philadelphia, PA 8 66 14 7 4
Minneapolis, MN 9 53 10 9 13
Montreal, Canada * 17 9
Basel/Zurich, Switz * 14 13
Nascent | Tel Aviv, Israel * 11 17
Cluster | seattle, WA >20 11 9
Stockholm, Sweden * 20 13
Tokyo, Japan * 13 >20
Munich, Germany * >20 17
Regions New Haven, CT 5 >20 >20
to Watch Chicago, IL >20 20 9
Shanghai, China * >20 >20
Raleigh/Durham >20 10 >20
Cleveland, OH >20 14 >20

*Scores for regions outside the U.S. are based on estimates of infrastructure robustness from
qualitative analysis.
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Top Tier Neurotech Clusters
1 - GREATER SAN FRANCISCO BAY AREA, CA

Neurolnsights ranks the greater San Francisco Bay area first overall for neurotechnology
worldwide. The ranking is due primarily to the wealth of neurotechnology companies, including
57 specializing in neuropharmaceuticals, 30 in neurodevices, and 7 in neurodiagnostics. Sixty-
nine of the companies are private and 25 are public. The region has the highest number of total
neurotechnology companies, neuropharmaceutical companies, neurodevice companies and
total private companies. Prominent companies involved in neurotech in the area include
Medivation, Jazz Pharmaceuticals, Geron, Stem Cells Inc, Xenoport, Neuropace, and Pain
Therapeutics. Pfizer also has significant research efforts in the Bay Area at their South San
Francisco facility, which now an integral part of Pfizer's Biotherapeutics Research.

The SF Bay area also ranked first in Neurolnsights assessment of global neurotechnology risk
capital with 99 different investment firms clustered within the region. Six of the leading 13 firms
making neurotech investments have offices in the Bay Area, including Alta Partners, MDS
Capital, MPM Capital, New Enterprise Associates, SV Life Sciences and Technology Partners.

The only metric in which San Francisco did not rank first was neurotechnology infrastructure
where the region ranked 3™. The region has three of the leading neuroscience universities in
the world (University of California, Berkeley; University of California, San Francisco; Stanford
University), driving its second overall ranking for neurotechnology education and its third place
research ranking. Neurotechnology healthcare is also strong, ranking 6" overall. Notable
hospitals in the region include University of California, San Francisco Medical Center (ranked
18% for psychiatry, 10" for ophthalmology, 4™ for neurology and neurosurgery) and Stanford

Hospital and Clinics (ranked 10" for psychiatry, 28" for neurology and neurosurgery).

Academic neurotech centers in the San Francisco Bay Area are prominent. The W.M. Keck
Foundation Center for Integrative Neuroscience was established at UC San Francisco in 1990.
Within the Keck Center, more than 80 scientists in 11 laboratories study vision, hearing,
movement, pain, learning and language. Also at UCSF is the Sloan-Swartz Center for
Theoretical Neurobiology, Conte Center for Neuroscience Research, Wheeler Center for the

Neurobiology of Addiction, and the Gladstone Institute of Neurological Disease. Ernest Gallo

18



Clinic and Research Center, a leading center for research into treatments for addition and

obesity, is located in nearby Emeryville.

An exciting new development at Stanford University is the Stanford Conte Center devoted to the
study of neuroplasticity. In June 2009, The National Institute of Mental Health awarded $10
million over five years to how the brain changes during development or when it is exposed to
changing conditions. Research on neuroplasticity may have implications for understanding
schizophrenia, autism, bipolar disorder, pain syndromes and many other conditions that induce
brain adaptations. The research will also be applicable to understanding positive neural
changes, such as normal brain development, how the brain best incorporates new learning and
how it successfully adapts to challenging situations. The SF Bay area is also home to several of
the leading neurosoftware companies who leverage neuroplasticity research including Posit
Science and Lumos Labs.

2 - GREATER BOSTON, MA

Neurolnsights ranks the greater Boston region 2nd overall for neurotechnology, scoring 98
points on a 100-point scale. The region ranks 2nd for number of companies with a total of 75.
Of these companies, 48 specialize in neuropharmaceuticals, 15 in neurodevices, and 12 in
neurodiagnostics. Fifty-four of the companies are private and 21 are public. Boston has the

most diagnostic companies of all regions examined.

Big pharma also has a significant impact on neurotechnology efforts in the Boston region.

Merck Research Laboratories Boston is dedicated to discovering and developing medicines for

cancer and neurodegenerative disorders. Locatedintheheart of Bostonds Longwo
area, the state-of-the-art research facility is at the center of the emerging hub of premier

bi omedi cal research in North America. Cambridge a
locations, Novartis Institute of BioMedical Research (NIBR), Cambridge. The NIBR

headquarters is home to research in the areas of oncology, infectious diseases, ophthalmology,

and cardiovascular and metabolic diseases.

20



The greater Boston region has significant risk capital resources, ranking 3™ overall with 41 firms
having local offices. Four of the top 10 venture capital firms investing in neurotechnology have

offices in Boston, including MPM Capital, SV Life Sciences, and Oxford Bioscience Partners.

Neurotechnology infrastructure in Boston ranks first in neurotechnology education, healthcare

and research. High quality research institutions like Harvard and MIT, both of which have

several world-class neuroscience research centers drive these rankings. MIT run centers

include the McGovern Institute for Brain Researchi focused on studying systems and

computational neuroscience, imaging and cognitive neuroscience, and genetic and cellular
neuroscience; The Picower Center for Learning and Memory - studying synaptic plasticity,

learning and memory; and the Whitehead Institute for Biomedical Research - research focuses

on neural development, cloning and stem cells, and neurodegenerative diseases. Harvard

research includes the Program in Neuroscience at the Harvard Medical School, the

Neuroscience Center at Massachusetts General Hospital, the Department of Neurobiology and

the newly formed Center for Brain Science on the
institutions r epr es @tachnology iefrastroctude,dablking firstime st neur

neuroscience publication, citation and graduate school ranking.

A wealth of world renowned hospitals provide a significant basis for translating neuroscience to
the clinical setting; Boston ranks 1% for psychiatry, 4™ for ophthalmology and 3" for neurology
and neurosurgery. Prominent hospitals in the region include Massachusetts General Hospital
(ranked 1% for psychiatry, 3" for neurology and neurosurgery), Austen Riggs Center (ranked
15" for psychiatry), Massachusetts Eye and Ear Infirmary (ranked 4™ for Ophthalmology),and
Brigham and Women's Hospital (ranked 21° for neurology and neurosurgery).
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Second Tier Neurotech Clusters
37 GREATER NEW YORK, NY

Neurolnsights ranks the greater New York region 3™ overall, scoring 91 points on a 100-point
scale. The region ranks 3" for companies with 60 total. Of these companies, 46 specialize in
neuropharmaceuticals, 10 in neurodevices, and 4 in neurodiagnostics. Twenty-nine of the
companies are private and 31 are public, making New York the number one region for public
neurotechnology companies. Several big pharma companies are headquartered in the region

including Pfizer, Merck, Johnson and Johnson and Bristol-Myers Squibb.

The region ranks 2™ for local risk capital with 62 firms that invest in neurotechnology having
offices in the area including Oxford Bioscience Partners, Johnson & Johnson Development
Corporation, Pfizer Strategic Investments Group, Radius Ventures and Thomas, McNerney &
Partners. New York is also a haven for non-venture sources of capital including investment

banks and hedge funds like JP Morgan, Morgan Stanley and Merrill Lynch.

The New York region ranks 5" overall for neurotechnology infrastructure. New York is 9" in
research ranking and 10" for neurotechnology education, both driven primarily by Columbia
University. New Yo rlovemsll incladsga 3t @ake ranking  psgchiatri/, s
15" place in ophthalmology and 2™ place in neurology and neurosurgery. These high rankings
are due to both the depth and breadth of hospitals in the region; New York-Presbyterian
University Hospital of Columbia and Cornell, ranked 2" for psychiatry and 5" for neurology and
neurosurgery; New York University (NYU) Medical Center ranked 16" for psychiatry and 10" for
neurology and neurosurgery; Mount Sinai Medical Center ranked 20" for psychiatry and 16" for

neurology and neurosurgery; and New York Eye and Ear Infirmary ranked 15" ophthalmology.

From a social infrastructure perspective, NYU and Columbia University underpin intellectual
capital creation, having launched several neurotech startups in recent few years. Columbia has
an annual budget of $2 billion, half of it for the medical center and the departments of neurology
and psychiatry (including researchers in the New York State Psychiatric Institute) each
consistently rank in the top five departments in NIH funding in the country. Supporting university
spinouts i s Co bhndfrdelinaogysvVenBuces, ehich leandles patents, inventions

and industry collaborations, and advises on formation of new companies.
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Columbia recently announced construction of a new STAR Integrated Imaging Center for high
resolution imaging of functional neurocircuits. This center will foster the use of new technologies
for brain imaging to create new diagnostic and therapeutic tools and therapies for treating major
neurological and psychiatric diseases. The new facilities will include state of the art animal micro
PET scanners. Funded by an $11 million grant from NYSTAR, the Integrated Imaging Center at
Columbia University will develop new technologies to improve the diagnosis and treatment of
neurodegenerative and psychiatric disorders. The principal goal of the STAR Integrated Imaging
Center is to implement a comprehensive central nervous system drug development program in

collaboration with the pharmaceutical industry.

47 LONDON/CAMBRIDGE, UNITED KINGDOM

Neurolnsights ranks the London-Cambridge region 4™ overall for neurotechnology, scoring 84

on a 100-point scale. The region ranks 6" for companies with 35. Of these companies, 22

specialize in neuropharmaceuticals, 6 in neurodevices, and 7 in neurodiagnostics. Twenty-five

of the companies are private and 10 are public; GlaxoSmithKline and AstraZeneca, two of the

worl dés | argest publ i c pheadquareredéndhe iegiom &nd lcagertogah ni e s a

networks of R&D facilities throughout.

In addition to GSK and AstraZeneca, other significant big pharma neurotechnology research

efforts are concentrated in London/Cambridge. Merck Sharp & Dohme Research Laboratories in

Hoddesdon, Herts, UK is one of three R&D groups worldwide. This group has a specific interest

in developing new medications to treat migraine headache. Eli Lilly also has significant

research infrastructure in the region at their Erl Wood Facility. The UK Research Centre,

founded in 1967, producedt he companyds most s Utbecastipsychatid ever pr
Zyprexa. Multidisciplinary development teams are dedicated to meeting medical needs and are
pursuing medicines for Al zhei merds di sease, Par ki

syndromes.

Big pharma continues to add to the existing neurotechnology infrastructure in the greater
London area through collaborations with academia. Recently, GlaxoSmithKline and University
College London's Institute of Ophthalmology entered into a three-year strategic collaboration to

investigate new compounds to treat potentially sight-threatening disorders. The alliance will
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apply the expertise and research facilities at UCL's Institute of Ophthalmology (100) to
investigate the potential of compounds provided by GSK's ophthalmic drug development unit
Ophthiris. The collaboration will provide 100 with dedicated staff and funding as well as a range
of pharmaceutical compounds, biopharmaceuticals and reagents with which to probe
ophthalmic disease mechanisms, while GSK will gain access to the world class ophthalmic

experience, facilities and investigators.

In a separate project, in 2007 GlaxoSmithKline opened a new Clinical Imaging Centre (CIC).

The new center represents an investment of over £50 million and is a pioneering collaboration

between industry, academia and the public sector to produce the largest new imaging centre in

Europe dedicated to development and application of imaging techniques for clinical research in
neurology and psychiatry. O-unverstf-gotedmmeentwor | ddéds | arg
collaborations, the CIC will create a globally-recognized center of expertise in London and

substantially increase the entire research base in medical imaging in the UK. Its facilities include

an advanced radiochemistry development facility, two MRI machines and two PET scanners

which give the unit the capacity to conduct up to 2500 scans annually. Built over three floors, it

will be staffed by almost 80 clinical, scientific and support staff, plus an additional eight

Research Fellows from Imperial College. The whole Burlington Danes center, which

encompasses the GSK CIC, ICL and MRC facilities, will eventually employ around 400

researchers and support staff. Around half of these will be new positions. In addition to the

research center, the completed development will include affordable housing for over 300 health

wor ker s, provided by the Charity Trustees for Ham

Housing Association.

Both of the above collaborations leverage the neuroscience expertise of local academic centers
such as Oxford University, University of College London (UCL), Cambridge University, and
London Imperial College. Of note is the UCL Business PLC (UCLB), an organization
responsible for commercializing research across all disciplines, generated from within UCL and
associated organizations. It is primarily responsible for protecting inventions and transacting
commercial activity including options, licenses and collaborative commercial research. UCLB
also has responsibility for creating and spinning-out companies from UCL. UCLB is wholly-
owned by UCL and operates as an independent company with its own board of directors. Also

of not e, is UCLO6s neuroesthetics research (unders
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artistic achievement) and cognitive science leadership (specializing in understanding emotions)-

unique assets not found in competing neurotech clusters.

Ot her engines of intellectual property creation i
the study of epilepsy, brain injury, neurodegeneration, neuroinflammation, and motor

neuroscience; the Wellcome Laboratory for Molecular Pharmacology, focused on the study of
neurotransmitter receptors and ion channels; and the Windeyer Institute of Medical Sciences

Concentrating on the study of molecular psychiatry. London is also home to the U.K.'s Medical

Research Council, which comprises a variety of facilities and labs, such as the Molecular

Biology Laboratory in Cambridge and the Cyclotron Unit at Hammersmith Hospital, London, site

of brain-imaging studies and other neurological research.

While not specifically ranked by Neurolnsights due to lack of quantitative data, the London

region has a significant infrastructure for neurotechnology healthcare. The Royal London

Hospital includes The London Centre for Neurosciences. The center uses advanced

therapeutics and facilities to treat and support patients with neurological conditions affecting the

brain, spinal cord and/or nerves. It is one of only two NHS facilities to provide gamma knife

treatment to treat NHS patients. This provides non-invasive treatment for many types of brain

tumors, blood vessel disorders of the brain and areas of new development such as epilepsy and

facial pain. The center was one of the first hospitals to begin using advanced techniques such

as kyphoplasty to treat spinal damage and neurostimulation, which relieves pain, and counteract

the symptoms of conditions |i ke Parkinsonébés disea

neurostimulation unit in Europe.

London is also rich in risk capital; the region ranks 5" for risk capital with 21 local investment
offices. Biotechnology investors such as SV Life Sciences, Cambridge Angels, and the
Wellcome Trust all have roots within the greater London region.

5 - SAN DIEGO, CA

In a 2004 Milken Institute survey, the San Diego metropolitan area ranked first among U.S.
biotech clusters, a part of which is included within the neurotechnology industry sector.

According to the survey, San Diegods |life science
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numerous smaller biotech and medical device companies. Employment in the San Diego area

for biotech is over 55,000 and is estimated to generate $5.8 billion in local income.®

Neurolnsights ranks San Diego as the 5" region in the global neurotechnology industry, scoring

83 out of 100 possible points. The regionbs high
neurotechnol ogy compani es, b ot scompparbesiank4™and pri vat
overall. Of the 47 total companies (34 private companies, 10 public companies) 34 are

neuropharmaceutical, 7 neurodevice and 3 neurodiagnostic. The region is a particularly popular

destination for private neuropharma investments, ranking 3" for private companies and 4" for

neuropharma companies. Additionally, public neuropharma has flourished in the region with

notable companies including Acadia Pharmaceuticals, Arena Pharmaceuticals and Cypress

Bioscience. San Diego is also rich in risk capital; the region ranks 6" for risk capital with 12

sources. Biotechnology investors include Amgen Ventures, Domain Associates, and Biogen

Idec New Ventures all have offices within the greater San Diego region.

San Diego ranks 5" for neurotechnology infrastructure. This ranking is primarily driven by
research and graduate education in the region. San Diego is Neurolnsights 3™ ranked region for
graduate training in neuroscience; The University of California at San Diego (UCSD) ranks 3"
for psychology and 5" for neuroscience. Academic institutions like UCSD, The Salk Institute and
The Scripps Research Institute make the region 8" for total neuroscience publications and
citations.San Di e g o 0 sclusteragdvartages al$o emerge from its attractiveness for
public R&D funding such as National Science Foundation (NSF), and the National Institutes of
Health (NIH). UCSD ranks sixth in the nation and first in the University of California system
according to the amount of federal dollars the campus spends on R&D. In 2004, UCSD
announced a $30 million gift from The Skaggs Institute for Research to support the UCSD
School of Pharmacy and Pharmaceutical Sciences. UCSD School of Medicine is the
coordinating center for a nationwide $60 million, 5-year public-private partnership called the

Al zhei mer 0s di sease n @roxmatelymaoghirds@f the grantwillgdto v e . Ap
UCSD for the center. The region however, lacks in quality hospitals as compared to other areas
in the top 10. San Diego does not rank in the top 10 for neuroscience hospitals and the UCSD
Hospital is 21* for psychiatry, but is not ranked for ophthalmology or for neurology and

neurosurgery.

3 Devol R., Wong P., Ki J., Bedroussian A., Koepp R. (2004) America's Biotech and Life Science Clustésr Instifite

26



6- LOS ANGELES/IRVINE, CA

The Los Angeles/Irvine greater metropolitan area ranks as the 6", representing the last full-

fledged cluster according to Neurolnsights. The r egi on6s r ankViramigfori s dr i ven
companies with 37 total, 21 of which are neuropharmaceutical, 14 neurodevice and 2

neurodiagnostic. Of these companies, 25 are private and 12 are public. Boston Scientific, Avanir
Pharmaceuticals, Valeant Pharmaceuticals, and Cortex Pharmaceuticals are notable public

neurotech companies with offices in the region.

LA-Irvine also ranks 4" for the number of neurodevice companies. One driver for device
development in the region is the presence of the Boston Scientific Neuromodulation in Valencia.
Boston Scientific is a worldwide developer, manufacturer and marketer of medical devices with
approximately 25,000 employees and revenue of $8.3 billionin 2007.The companyds
neuromodulation group offers solutions for pain management by developing devices that use
neurostimulation to mask chronic pain signals with electrical impulses. Furthering device
development in the region is a small fund called Salt Creek Medical Device Development, a
medical device company generator with an integrated Venture Fund.

Further driving device development in the region, are publically funded centers like the National

Science Foundation Engineering Research Center devoted to Biomimetic Microelectronic

Systems (BMES). Located at the University of Southern California, this neurotechnology team

effort combines academic research with commercial development. The industrial partners

deliver technology and funding and get access to
intellectual property. It has attracted the interest of numerous corporations in fields ranging from

neurodevices to neuroimaging.

The Los Angles-Irvine Cluster has a 7" place ranking for risk capital, with 11 sources. The
region ranks 4th for neurotechnology infrastructure, drawing its strength from several
universities, including University of California, Los Angeles (UCLA), California Institute of
Technology (Caltech), University of Southern California (USC) and the University of California,
Irvine (UCI), each of which contributes substantially to innovation among the converging
sciences. Neurolnsights ranks the region 5" for graduate training in neurotechnology; UCLA is
the number one ranked psychology program, and Caltech ranks 10" for neuroscience. These

institutions together rank the region 6™ for total neuroscience publications and citations.
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UCLAOGs Al zhei merd6s Disease Research Center,
Mapping Division, are but a few of the cutting edge, well funded initiatives occurring at UCLA
that are generating substantial new insights into neurological disease and psychiatric illness.
UCLA is also home to well-funded nanoscience projects (California Nanosystems Institute) and
is the recipient of several DARPA and U.S. Department of Defense contracts in the area of
improving cognitive performance. Additional strength comes from the UCLA Semel Institute,
Department of Psychiatry and Resnick Neuropsychiatric Hospital; all of which are devoted to
teaching, research and patient care in psychiatry, neuroscience and related fields.

LA-Irvine ranks highly for neurotechnology healthcare as well, garnering Neurolnsights 3™ place
ranking. The region placed 4™ for psychiatry, 5™ for ophthalmology, and 6™ for neurology and
neurosurgery. These high rankings are due to the expertise of the UCLA Hospital system (5th
psychiatry, 5th ophthalmology and 7th neurology and neurosurgery), Cedars-Sinai Medical
Center (17" neurology and neurosurgery) and USC University Hospital (49" neurology and

neurosurgery).
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Emerging Neurotech Clusters

71 BALTIMORE, MD

Neurolnsights ranks the Baltimore metropolitan region as the 7™ neurotechnology cluster. The
region ranks 8" for number of companies (27 total, 22 neuropharmaceutical, 4 neurodevice, 1
neurodiagnostic). These companies include 19 private and 8 public neurotechnology firms,
including Nabi Pharmaceuticals, Psyadon, and start-up Traxion. Baltimore ranks 13" for risk

capital, with seven sources.

Baltimor eds i ncl us i oclstanis duain largemartrtoghie stgpng neurotechnology
infrastructure in the region, ranked 2" overall. Johns Hopkins University is a biomedical science
powerhouse, ranking 4" for neurotechnology education (7" ranked psychology program and 3™
ranked neuroscience program). Neurotechnology healthcare in the region is also particularly
strong, ranked 2" overall. The ranking is due primarily to the Johns Hopkins Hospital (2™
neurology and neurosurgery, 2" ophthalmology, 2™ psychiatry) but also includes well-known
regional hospitals like Sheppard and Enoch Pratt Hospital and Sinai Hospital of Baltimore.

Baltimore is the 2" ranked region for basic neurotechnology research. The combination of
Hopkins and the National Institute for Mental Health produced the second most neuroscience
publications of any region worldwide. At Hopkins more than 540 faculty members are studying
neurosciences, and there is over $120M in research support annually. Neuroscience
researchers are in many schools throughout the Institution, including the School of Medicine,
the Zanvyl Krieger School of Arts and Sciences, the Whiting School of Engineering, the
Bloomberg School of Public Health, the Applied Physics Laboratory, and the School of
Education. The senior faculty includes some of the most productive and highly cited
neuroscientists in the world. For example, of the top 25 neuroscientists by citation over the past
ten years, four are at Johns Hopkins. The future for neurotechnology in Baltimore is also
particularly bright due to the Johns Hopkins Brain Science Institute (BSI), an entity endowed
with $110 million unrestricted grant to support basic and translational research activities in the
neurosciences at Hopkins. The Johns Hopkins BSI brings together both basic and clinical

neuroscientists from across the Johns Hopkins campuses.
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8 - GREATER PHILADELPHIA, PA

Neurolnsights ranks the greater Philadelphia region 8" overall for neurotechnology. The region
ranks 7" for companies with 31 total. Of these companies, 27 specialize in neuro-
pharmaceuticals, 3 in neurodevices, and 1 in neurodiagnostics. Eighteen of the companies are
private and 13 are public; Teva Neuroscience and Cephalon are two high profile public

neuropharmaceutical companies in the region.

Astra Zeneca also has a heavy influence in the greater Philadelphia region, with a significant
portion of its neuroscience research located in Wilmington, Delaware, not far from Philadelphia.
Research here is focused on pain control, neurology and psychiatry. The site is a center of
excellence in psychiatry, concentrating on developing therapies for schizophrenia, anxiety,
depression, bipolar disorder and dementia. The site employs over 2,000 people in R&D in

Wilmington, whichisalsot h e ¢ 0o mp eheadguaterdih over 5,000 total employees.

Philadelphia is particularly rich in risk capital, ranking 4™ overall with 22 sources. ProQuest
Investments, GSK Venture Fund, S.R. One, Domain Associates are some of the prominent
investors in the region. Of note, S.R. One is a wholly owned affiliate of GlaxoSmithKline, one of
the worl dbés | argest health care caalstagestets. S. R.
engage in aspects of drug discovery and development, including biologics and platform tools

and technologies.

The region ranks 14th for neurotechnology infrastructure; drawing on research occurring at
Jefferson Hospital for Neuroscience; University of Pennsylvania Department of Neuroscience;
Evolutionary Cognitive Neuroscience Laboratory at Drexel University; and the Departments of
Mental Health Sciences at Hahnemann University the Philadelphia region has a strong
intellectual infrastructure from which to obtain fresh and experienced talent. These schools
contribute to the region& 9" place ranking for neurotechnology education and 12" place ranking
for neuroscience citations and publications. Neurotech infrastructure is also prominent in the
regi onods hos pl adverdl fr,neuroechhology bealthcare. The University of
Pennsylvania Hospital ranks 24™ for psychiatry, 3 for ophthalmology, and 23™ for neurology

and neurosurgery.

One of Phi |l a & stiengthsicanm@esfrom itsideppseated intellectual property and

legal expertise in emerging issues related to neurotechnology. In particular, the University of
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Pennsylvania is home to leading neuroethicists including Arthur Caplan and Martha Farah who
preside over the cutting edge of neuroethics (the intersection of ethics, public policy, regulations

and neurotechnology).

917 MINNEAPOLIS, MN

Minneapolis ranks 9" overall according to Neurolnsights list of regions for neurotechnology.

The region ranks 9™ overall for neurotechnology companies with 23 total (4 neuropharma, 18
neurodevice, 1 neurodiagnostic). Of these companies, 18 are private and 5 are public. Notably,
the region has the 2" highest number of neurodevice companies (after San Francisco) with 18
companies and has the highest percentage of neurodevice companies in any region analyzed.
Minneapolis is also ranked 13" for risk capital with seven sources including firms such as Split
Rock Partners and Affinity Capital Management.

Minneapolis is a hub for neurodevices, in part due to the two large public medical device
companies in the region: Medtronic and St. Jude Medical. 1) Medtronic operates in seven
segments that manufacture and sell device-based medical therapies: Cardiac Rhythm Disease
Management, Spinal, CardioVascular, Neuromodulation, Diabetes, Surgical Technologies and
Physio-Control. Neuromodulation accounted for $1.3 billion, or 10%, of Medtronic's $13.5 billion
in revenue in 2008. Current products include neurostimulation systems and implantable drug
delivery systems for chronic pain, common movement disorders, and urologic and
gastrointestinal disorders. 2) St. Jude Medical develops, manufactures and distributes
cardiovascular medical devices for the global cardiac rhythm management, cardiology and
cardiac surgery and atrial fibrillation therapy areas and implantable neurostimulation devices for

the management of chronic pain.

Neurotechnology infrastructure in Minneapolis is ranked 10", a figure primarily driven by a 5
overall ranking for neurotechnology healthcare. The Mayo Clinic in Rochester, MN ranks 1%in
neurology and neurosurgery, 13" in ophthalmology and 8" in psychiatry. Within the city of
Minneapolis, The University of Minnesota Medical Center and Abbott Northwestern Hospital
were 30" and 35" respectively for neurology and neurosurgery. The University of Minnesota
provides academic support to the region, but the research and educational training in

Minneapolis are significantly weaker than in similarly ranked regions.
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Nascent Neurotech Clusters

MONTREAL, CANADA

While Canada is home to 25 neurotechnology companies, they are spread out across the

country. Despite this, Montreal appears to be Ca
assets underpinning their potential emergence as an important region in the global neurotech

economy. Montreal ranks 17" in terms of neurotech companies and 9" for access to risk capital.

The region includes 9 total companies (6 neuropharmaceutical, 1 neurodevice, 2

neurodiagnostic) and 9 sources of risk capital.

One example of Canadabs ability to |l everage infor
development is the Quebec Mental Health and Neuroscience Network (QMHNN), which brings

together Quebec researchers working in two fields related to the brain and inter-related

research, namely mental illness and neurological disorders. The structure of the QMHNN is

composed of a rich pool of experts, from various Quebec Universities and Research Centres,

grouped along thematic axes, which integrate various major projects. The Quebec Brain

Il maging Research Groupb6s goal is to provide infra
students who are interested in the study of the brain using brain imaging techniques, whether

they are inside or outside Quebe cNeurolMica Ihstitute Mont r e al

houses a world-class group of researchers.

BASEL/ZURICH, SWITZERLAND

Neurolnsights ranks the region spanning from Basel to Zurich, Switzerland among the nascent
neurotechnology regions worldwide. The region ranks 14" overall for companies (11 total
companies; 8 neuropharmaceutical, 2 neurodevice, 1 neurodiagnastic, 6 private, 5 public). Of
note, the region features headquarters for two large biopharmaceutical companies, Hoffman- La
Roche and Novartis. Basel/Zurich also ranks 13" for capital with 7 risk capital sources, including

Novartis Bioventures.
There are neurotechnology research hubs contained within the area. 1) The Friedrich Miescher

Institute is devoted to fundamental biomedical research. As part of the Novartis Research

Foundation and one of the institutes of Novartis
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exploit new technologies to further understanding of the basic molecular mechanisms of cells
and organisms in health and disease. Focus areas include epigenetics, growth control and
neurobiology. Currently the FMI has around 300 staff, including 24 research group leaders, 95
PhD students and about 80 postdoctoral fellows from almost 40 different countries. 2) The
Neuroscience Center Zurich is a joint competence center of the University of Zurich creating
synergies between its 440 neuroscientists in research and education. About 100 basic, clinical
and applied research groups cover the entire spectrum of neuroscience ranging from molecular
and cellular processes in the brain to computational modeling and psychology. 3) The Basel
Neuroscience Program (BNP) is an interdisciplinary and interdepartmental education program
for graduate Ph.D. students at the University of Basel. Over 400 scientists from more than 40
different groups are associated with the BNP representing among the highest densities of
neuroscientists world-wide. The groups cover a wide spectrum of neuroscience research
ranging from basic to clinical and applied research and are associated with the University of
Basel, the Friedrich-Miescher Institute for Biomedical Research, the University hospitals and the

pharmaceutical industry.

The many neuroscientists in the region are organized in the Swiss Society for Neuroscience
(SSN). The organization currently has more than 1000 members and organizes annual
meetings taking place alternatively in Geneva, Lausanne, Fribourg, Bern, Basel and Zirich. The
SSN also fosters interactions with the "Federation of European Neuroscience Societies," a

group of 26 National Neuroscience Societies and 6 international monaodisciplinary societies.

TEL AVIV, ISRAEL

Tel Aviv, Israel is the also amongst the nascent regions for neurotechnology. This ranking is

pi marily driven by the 1"evgrall¢ld total commpamesaOny r anki ng,
neuropharmaceutical, 7 neurodevice, 14 private, 3 public). Of note, the region features a

unique ratio of neurodevice to neuropharma companies; only Minneapolis has a higher

percentage of device companies. Device companies in the region include BioLineRX,

Brainsway, BrainsGate, NeuroSonix, SteadyMed Ltd., BioControl Medical, Ltd. and CogniFit.

Tel Aviv also ranks 14" for capital with 7 risk capital sources, including notable biomedical

investors Medica Venture Partners, BME Capital, and Agate Medical Investments.

While difficult to compare the neurotechnology infrastructure of Tel Aviv to most American cities,

Israel boasts a strong university system; Nine universities are contained within a small
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geographic region and include Hebrew University of Jerusalem, Technion - Israel Institute of
Technology, Weizmann Institute of Science, Bar-llan University, Tel Aviv University, University

of Haifa, Ben-Gurion University of the Negev, Open University of Israel.

Tel Aviv in particular is home to two research institutions with extensive neuroscience research
activities; the Weizmann Institute of Science and Tel Aviv University. At the Weizmann Institute
of Science, the neurotechnology activities are centered on the Department of Neurobiology and
revolve around two major themes: the study of neuronal function at the molecular and cellular
levels and the study of the CNS at the system level. Research techniques include cellular and
molecular biology, neuroanatomy, functional magnetic resonance imaging (fMRI), physiology,
pharmacology, psychophysics, and computational sciences. The groups studying neuronal
function at the molecular and cellular levels are attempting to elucidate the roles of various
molecular components of the nervous system, including cell surface membrane components,
specific enzymes, neurotransmitters, neuromodulators, growth factors, neuroreceptors, lipid
components, ionic channels and cytoskeletal constituents. Additional focus is placed on
developing algorithms for the synaptic plasticity between neurons and studying injury models of
nerve lesion including ischemia and stroke. The groups studying the CNS at the system level
are striving to understand the complex neuronal mechanisms underlying learning, memory, and
sensory processing (vision, taste, smell), and to determine the relationship between brain and
mind. Nearly 20 groups of researchers carry out both independent studies and collaborative

research with colleagues from within the department and outside it.

At the Tel Aviv University, the recently created Adams Super Center for Brain Studies provides
an umbrella for research activity in the neurosciences by encouraging collaboration by faculty
members from different disciplines. Established in 1993, the center coordinates efforts between
multiple departments to fund pilot research projects, enhance graduate student education and
develop an undergraduate neuroscience curriculum. The Super Center includes a widely
diverse list of scientists, drawing from the Departments of Neurobiochemistry, Biochemistry,
Zoology, Physiology and Pharmacology, Neurology and Neurosurgery, Psychiatry, Molecular
Genetics, Psychology, Electrical Engineering, Bio-Medical Engineering, Computer Science and

Statistics, Chemistry and Philosophy.

As an additional piece of the local infrastructure, The Israel Society for Neuroscience (ISFN) is a

registered non-profit organization, founded in 1992 by several leading Israeli neuroscientists.
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The groupdés approximately 600 members include neu
the research institutes and universities in Israel, as well as foreign delegates, all of whom are

involved in versatile basic and clinical research of the nervous system. The Society holds an

annual meeting each fall, which offers a stage for presentations of cutting edge research in the

form of oral lectures, posters and web based abstracts. It works closely with The Israel

Academy of Sciences and Humanities and the various research institutes and universities, as

well as other international scientific societies such as the Federation of European Neuroscience

Societies (FENS), the International Brain Research Organization (IBRO), and European Dana

Alliance for the Brain.

SEATTLE, WA

The Seattle region ranking is driven primarily by neurotechnology companies and risk capital.

The region is home to 17 neurotechnology companies, tying it in 11" place on the Neurolnsights

company rankings. Of the neurotechnology companies in the region, there are 12

neuropharmaceutical and 4 neurodevice companies; of these companies, 2 are publically listed.

Of note, is the recent closing of Northstar Neuroscience, which was dissolved as of July 2009

and its assets acquired by St. Jude Medical. Risk capital, ranked here in 9" place overall, is also
relatively strong intheregion. The regi onds 9 risk capital firms in

Ventures and Polaris Venture Partners.

Seattle is currently limited by its neurotechnology infrastructure but is poised for significant
growth in this area. Most of the activity in the region is centered on the University of
Washington, which is currently the 15" ranked institution in the world in terms of neuroscience
and psychology publication and citations. Neurotechnology research is distributed widely across
multiple departments and graduate programs including the Graduate Programs in Neurobiology
and Behavior, Graduate Program in Psychology, the Department of Biological Structure,
Department of Neurological Surgery, Department of Neurology, Department of Pharmacology,
Department of Physiology and Biophysics, Department of Psychiatry, and Department of
Psychology. The Fred Hutchinson Cancer has also recently launched new efforts in
neurotechnology by hiring Linda Buck, a 2004 Nobel Laureate for discovering the molecular
basis of smell. Hospitals in the region lag significantly behind research efforts. While notable in

the Pacific Northwest, Seattle hospitals are ranked 22" in neurology and neurosurgery by US
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News and World Report, but were not ranked among top institutions in Ophthalmology and

Psychiatry.

Perhaps the largest neurotechnology development in the region is the Allen Brain Science
Institute. Founded in 2003 with a $100M seed investment from philanthropist Paul Allen, the
center is a 32,000 square foot facility housing 85 scientists in a multidisciplinary group of
neuroscientists, molecular biologists, informaticists, engineers, mathematicians, statisticians,
and computational biologists. Their primary effort is directed toward construction of the Allen
Brain Atlas, an effort to map the expression of 20,000 genes in the adult mouse brain and to
map gene expression to a cellular level beyond neuroanatomic boundaries. The data generated
from this joint effort is contained in the publicly available Allen Brain Atlas application located at
www.brain-map.org. Upon completion of the Allen Brain Atlas, this consortium of scientists will
pursue additional questions to further the understanding of neuronal circuitry and the
neuroanatomic framework that defines the functionality of the brain.

STOCKHOLM, SWEDEN
The ASwedi sh Brain P dWtecraate avarster forrearly diagnossséindi n 2 0

therapy research focusing on neurodegenerative diseases. Research is primarily undertaken in
fields in which Sweden and the Stockholm-Uppsala region have developed an international
reputation. mThe pobpopeceagthen the regionbs | ead

competition.

Of 31 Nobel Prizes that have honored advances in neurosciences, Swedes have received five.

Sweden has several neuroscience research institutes and universities including, the Karolinska

Institutet in Stockholm; the Aging Research Center that takes a neuroepidemiological approach

to aging, focusing on cognition, mild cognitive i
Hearing and Communication Research which takes a molecular approach to hearing and

deafness and cochlear and cellular mechanics by utilizing imaging techniques, computer

models, and tissue engineering.
The commercialization process in Sweden is supported by the Karolinska Enterprise system.

Technology transfer and licensing is handled by Karolinska Innovations. Start-up and seed

financing is available through two investment companies: Karolinska Development and
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Karolinska Development Il. NeuroNova, whichi s devel oping treatments for

based on stimulation of neurogenesis, i s one -lmdwn spinduts. best

Stockholm is also leading the way in creating a global neuroinformatics initiative and may be the
home of an OECD initiative to bring together international teams of scientists to collaborate on

creating new databases, analytical tools and computational models.

TOKYO, JAPAN

Tokyo is home to the internationally recognized RIKEN Brain Sciences Institute (BSI). RIKEN

BSI, Japandés |l argest brain r eseiasr clhoccaetnetderat wRlskK BN
Wako City campus, 30 minutes from central Tokyo. Affiliated institutes working on different

aspects of neurotechnology include the Advanced Technology Development Group, focusing on

neural architecture, behavioral genetics, cell culture development, cell function dynamics and
neuroinformatics; the Aging and Psychiatric Resea
di sease, Al zhei merés and proteolysis,-Stdechi zophren
Information Systems Research Group which is exploring mathematical neuroscience, visual

neurocomputing, advanced brain-signal processing and microdynamics of visual perception; the

Brainway Group with expertise in brain-operative expression and brain-operative devices; and

the Neuronal Growth and Regeneration Research Group, which studies developmental gene

regulation, neuronal growth mechanisms and neural cell polarity.

RIKEN BSI has several relationships with other leading neuroscience universities including the
RIKEN-MIT Neuroscience Research Center. The contract for the RIKEN-MIT Neuroscience
Research Center, founded in 1998, was renewed for another five years in 2003 at a higher level
of funding. In 2004, BSI underwent significant organizational restructuring and many new
laboratories and units were added (Laboratory for Motor Learning Control, The Laboratory for
Comparative Neurogenesis, The Laboratory for Symbolic Cognitive Development, The
Laboratory for Biolinguistics and others). RIKEN BSI has established general cooperative
agreements with KNIH, KAIST (Korea), NBRC (India), UCSF (USA) and L.A. Orbeli Institute of

Physiology, National Academy of Sciences (Armenia).

Tokyo is also home to major public pharmaceutical companies with an interest in neuroscience

including Takeda, Astellas, Daiichi Sankyo, Eisai, Chugai, Taiho, Mitsubishi, Dainippon
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Sumitomo, Kyowa Hakko Kogyo and Shinogi. The presence of these pharmaceutical companies
making substantial investments in the sector as well as partnering with US companies, along
with a rapidly aging Japanese population, will continue to drive neuropharmaceutical treatments

for age-related neurodegenerative diseases in the coming years.

38



Regions to Watch

MUNICH, GERMANY

Neurolnsights ranks Munich, Germany among the neurotechnology regions to watch worldwide.
With Seimens Medical Solutions acting as a strong attractor of talent and capital, Munich is
becoming a rich center for neurotechnology research and development. Intellectual capital
creation and a desirable workforce are supported by a strong university and research institute
system that includes Ludwig Maximilians University Muenche; Max Planck Institutes of
Neurobiology, Psychiatry and Biochemistry; University of Munich; and Bernstein Center for
Computational Neuroscience. The Munich region is also home to nine neurotech companies.

A new development in the region is the establishment of a "National Network for Computational
Neuroscience" by the Bernstein Centers for Computational Neuroscience (BCCN). This
initiative has established four "Centers for Computational Neuroscience" in Berlin, Freiburg,
Gottingen and Munich. Forty Million Euros have funded this effort from 2004 and 2010. The
BCCN Munich integrates projects at the Ludwig-Maximilians-Universitat, Technische Universitat
Minchen, Humboldt-Universitat zu Berlin, MPI fiir Neurobiologie and Planegg-Martinsried, as

well as in industry with Infineon Technologies AG.

RALEIGH/DURHAM, NORTH CAROLINA

A strong university system, including Duke University, University of North Carolina, and Wake
Forest University act to create a talented labor pool with particular expertise in the underlying
sciences necessary to develop cutting edge neurotechnology. The exceptional labor pool is
driving the current success and long-term potential of this region, giving rise to companies like

Targacept and CeNeRx.

The neurotech industry requirements for science and technology backgrounds are even more
demanding than the other technology-oriented industries such as biotechnology and information
technology. According to a recent report by the Milken Institute the Raleigh-Durham-Chapel Hill
region ranks 1st in the U.S. in terms of workforce capabilities as applicable to the life sciences.
The entrepreneurial vigor of the region is evidenced by the fact that 18 neurotech firms have

their headquarters in the Raleigh-Durham Cluster.
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In terms of neurotech venture capital the Raleigh-Durham Cluster has offices for several of the
wor |l dés | e asdor corgmeicial megrestience including NeuroVentures, Oxford

BioScience Partners, and New Enterprise Associates.

NEW HAVEN, CT

Neurolnsights ranks the New Haven Region amongst neurotechnology regions to watch

wor |l dwi de. This ranking is driven primarily

fall within the top 20 regions for companies or for capital. Proximity to New York and Boston
helps to compensate for deficiencies in these areas.

New Haven ranks 5™ worldwide in neurotechnology infrastructure. Neurolnsights ranks New
Haven 7" for neurotechnology education; Yale University ranks 8" for psychology and 6" for
neurobiology. The region also is the 17" ranked region for neuroscience healthcare; Yale-New
Haven Hospital ranks 13" amongst psychiatry hospitals and 32" for Neurology and
Neurosurgery. Neuroscience research in the region is particularly strong. Yale University ranks

4™ worldwide for neuroscience publications and citations.

Neuroscience at Yale University draws on the knowledge and expertise of 99 faculty members,
representing 20 departments in both the Faculty of Arts and Science and the School of
Medicine, ranging from psychiatry to pharmacology, from cell biology to computer science.
Additionally, research in the Kavli Institute for Neuroscience at Yale University, endowed
through a commitment from the Kavli Foundation, focuses on the cerebral cortex. A
multidisciplinary research strategy, ranging from molecular genetics to behavior, is used at the

center to explore the development, cellular organization and function of this complex structure.

The extensive neurotechnology infrastructure of the New Haven region has not escaped the
attention of big pharma. Pfizer currently runs The Clinical Research Unit (CRU) in New Haven,
CT. The CRU is a state-of-the-art research facility with fifty inpatient beds. The Unit is a satellite
facility of the companyds Groton/ New London
comprehensive clinical care using cutting edge technology. In addition to the clinical facilities to
execute clinical studies, the CRU houses sophisticated laboratories integrating the latest
technology. These include a biomarker laboratory and a research pharmacy. The CRU is also

highly computerized using an electronic data capture and reporting system.
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CHICAGO, IL

Neurolnsights ranks the Greater Chicago Region among neurotechnology regions to watch
worldwide. The region features headquarters for several public neurotechnology companies,
including Acura Pharmaceuticals and Abbott Laboratories. Chicago is also a financial hub for
the Midwestern United States, ranking 9" for capital with 9 risk capital sources including notable
biomedical investors Baird Venture Partners, Deerfield Capital Management and Avaris

Ventures.

Several large hospitals and universities are located within the greater Chicago region.
Universities with a significant neurotechnology presence include Northwestern University, The
University of Chicago, Loyola University and The University of Illinois-Chicago. Neurolnsights
ranks the Chicago region 16" for neurotechnology healthcare; a ranking driven primarily by the
regi onds metralogynagdtnéurosurgery. Northwestern Memorial Hospital, Rush
University Medical Center, University of Chicago Medical Center and Ingalls Memorial Hospital
all rank within the top 50 in the US.

SHANGHAI, CHINA

Shanghai s newly established Brain Science Instit
dedication to become an important player in the global neurotech economy. According to the

Ministry of Education, Fudan University is the leading Chinese university in neuroscience with

over 20 research groups. In addition to Fudan University, Shanghai is home to several other

prominent universities that support scientific research, including: Shanghai Second Medical

University, Shanghai Jiao Tong University, Shanghai University of Traditional Chinese Medicine,

East China University of Science and Technology, East China Normal University, The Second

Military Medical University.

Of particular note is the Shanghai Institute of Brain Functional Genomics (SBG), China SBG
was established in January of 2002 at the East China Normal University in Shanghai. Brain
Functional Genomics presents a multidisciplinary field that studies the function of genes through
systematic analyses at molecular, physiological and behavioral levels in genetically modified
and unmodified animals. Current and planned research includes proteomics, neural coding,

neural plasticity, neurodegeneration, cognition, learning and memory.
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Additionally, the Chinese Academy of Sciences founded the Institute of Neuroscience (ION), a
multidisciplinary institution devoted to research in all areas of basic neuroscience, including
molecular, cellular and developmental neurobiology, systems and computational neuroscience,
as well as cognitive and behavioral neuroscience. The Institute currently has 25 laboratories in
various areas of molecular, cellular and system neurobiology and is recruiting new laboratory
heads at a rate of 2-3 per year, with a goal of reaching a steady-state of 30 laboratories by
2010.

Complement i ng Shanghai 6s research strength is
into treatments for diseases. Founded in 1932, The Shanghai Institute of Materia Medica
(SIMM) is the unique and comprehensive drug research and development institute of the
Chinese Academy of Sciences. It employs some 400 staff, including over 100 senior scientists,
in chemical and biological research. Its main mission is innovation in drug research via studies

on the structure-activity relationships of biologically active substances.

Shanghai biotechnology and pharmaceutical enterprises that have some specializations in
neuropharma include: Shanghai Pharmaceutical (Group) Corporation SPGC, Shanghai Fosun
Industrial, United Gene Holdings, Shanghai Sunway Biotech, Shanghai Jiao Da Onlly.
Supporting the emergence of new companies and research institute spinouts are the Shanghai

Science & Technology Investment Corporation and the Shanghai Venture Capital Corporation.

CLEVELAND, OH

Neurolnsights ranks Cleveland among the neurotechnology regions to watch worldwide.
Cleveland is proving to be a fertile ground for new neurodevice companies with a total of 11
neurotech companies, 8 of which are focused on devices. Cleveland Clinic is not only a pioneer
in the use of neurostimulation devices but has cultivated the necessary talent and capital to
create innovative start-ups which stay in the region including IntElect Medical, CSF
Therapeutics and NDI medical. Cleveland Clinic Innovations is the Cleveland Clinic's technology
commercialization arm with a mission to "benefit the sick through the broad and rapid
deployment of Cleveland Clinic technology." CClI facilitates innovation, creates spin-off
companies, licenses technology, secures resources and establishes strategic collaborations

with corporate partners. CCI has spun out over 24 companies to date.

42

a

ong



Along with all the previously described neurotech clusters there are a few others that deserve a
special mention, including; Taiwan; Seoul, South Korea; Singapore; Melborne, Australia and
Bangalore, India. Many East Asian countries have provided generous public funding for
nanoscience, biotechnology, or neurosciences. All over Asia, there are now initiatives to nurture
biomedical technology. Locations that were previously limited to particular technologies have
diversified (e.g. Bi oBangalore initiative).
the National Brain Research Centre (NBRC), establishedin1 999 t o net wor k
neuroscience centers.
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Conclusions and Policy Recommendations

The following is a condensed list of specific projects that regional governments can engage in
their quest to develop a strong neurotech industry. Neurolnsights can assist in more detailed

development planning and implementation.

Development projects that can be implemented in a short-term, exploratory manner:
1 Neurotechnology Thought Leadership Forums of leading academics, neurotech
executives, and public policy experts;
iventure fairso to bring together neurotech <co
Regional competitive assessment of neurotechnology activity to determine strengths
Collaboration development of basic neuroscience institutions with large consortia (e.g.
Human Brain Project, International Consortium for Brain Mapping, Allen Brain Atlas).

1 Government sponsored risk capital and incubators

Subsequent steps can create comparative advantage, strengthening the neurotech cluster.
Topics and projects of this second phase might include:

91 Public neurotechnology policies, R&D objectives and funding agencies
(ANeurotechnology I nitiativeo; Al nstClustart e f or
Development);

T The fABrain Resource Centero: a mgantd i modal | abo
education; cognitive tests and other psychodynamic profiles are used for the
optimization of memory and mental performance

1 A specialized neurotechnology contract research zone (CRO-zone) to attract highly

focused small companies with unique capabilities;

The most advanced phase generates products from co-incubated technologies. Extrapolating
from previous stages, the following items may characterize this phase:
1 Novel product mixes and unique combinations that take existing products or services
and re-design and add value based on converging technologies
1 Streamlined product co-development of different industrial sectors, partnerships of
unparalleled scope (e.g. education + healthcare + neurotech + tourism)
9 Tax breaks and underwritten facilities for long term research and development projects

and companies in targeted industries.
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Report Data- Breakdown by Individual Metrics

TOP REGIONS FOR NEUROTECH COMPANIES

Neurotechnology companies provide botht he backbone of a regionds bi ot
infrastructure and evidence of sufficient resources in a given area. Companies cannot exist

without adequate financial capital, technical knowledge, facilities and skilled labor. The

neurotechnology industry requires particularly heavy reliance on all of the above. Subsequent to

their initial formation, technology companies function to facilitate the formation of additional

companies in a feed forward loop by clustering the resources necessary for formation of new

companies. The recent emergence of virtual companies challenges the above assumptions. In

some cases, companies are run from a distance, with geographically distributed talent and

facilities, but eventually resources are pooled in the region with the most potential.

Listed below are the top regions for neurotechnology companies along with individual
breakdowns by financing (private and public) and the Neurolnsights6 t a x o n o my

(neuropharmaceutical, neurodevice, neurodiagnostic).

Region Rank Total _ Pharm_a Device_ Diagnos_tic

Companies | Companies | Companies | Companies
San Francisco 1 94 57 30 7
Boston 2 75 48 15 12
New York 3 60 46 10 4
San Diego 4 44 34 7 3
LA/Irvine 5 37 21 14 2
London 6 35 22 6 7
Philadelphia 7 31 27 3 1
Baltimore 8 27 22 4 1
Minneapolis 9 23 4 18 1
Raleigh/Durham 10 18 15 1 2
Tel Aviv 11 17 9 7 1
Seattle 11 17 12 4 1
Tokyo 13 12 11 0 1
Cleveland 14 11 1 8 2
Basel/Zurich 14 11 8 2 1
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