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The potential of the BRAIN Initiative
for understanding and treating brain
disorders

OPTOGENETICS
Developed by Karl Deisseroth and Ed Boyden with an NIH
Pioneer Award
 Francis Crick called for a technology by which all neurons
of just one type could be controlled, “leaving the others
more or less unaltered”
 Deisseroth developed a way to turn the activity of specific
sets of brain cells on and off with pulses of light
 Cell specific expression of fast light-sensitive channels from
algae or microorganisms and fiberoptic-coupled diodes
 Method of the Year in 2006
 2010 Breakthrough of the Decade

OPTOGENETICS DISSEMINATION
Factors contributing to its success
 Extraordinary tool to dissect neural circuits
 ARRA funding to adapt technology to non-genetic animal
models
 Optogenetics Resource Center at Stanford with protocols,
suppliers and courses
 NIH supplements to grantees to allow adoption of the
technology
 320 active optogenetics grants
 Continuing development

OPTOGENETICS FINDINGS
 Abnormal activity in thalamus leads to seizures after stroke
 Defining how deep brain stimulation and the direct and
indirect pathways affect basal ganglia in Parkinson’s
 Identification of a neural circuit for fear memory
 Activation of hippocampal engram activates fear memory
recall
 Cholinergic accumbens neurons influence cocaine
conditioning
 Altered visual saccades in primates with activation of
cortical arcuate sulcus neurons

Potential clinical applications of BRAIN
Initiative: Deep Brain Stimulation
 DBS of significant benefit for Parkinson’s
patients in the mid-course of the disease
 Stimulating electrodes in STN or Gpi
 Better understanding of circuits and new
electrodes could allow more sophisticated
circuit modulation
 OCD, intractable depression, dystonia,
essential tremor and other circuit
disorders treated with DBS using different
electrode placements

Potential clinical applications of
BRAIN Initiative: Epilepsy
 1/3 of epilepsy patients are not
controlled by medication and/or surgery
 Both can have significant side effects
 Detection and interruption of seizure
activity could have significant benefit for
patients
 Progress in creating flexible grids that
can stimulate and record
 BRAIN could provide additional tools,
technologies and data analysis
algorithms

Potential clinical applications of BRAIN
Initiative: Stroke
 Even with improved prevention and treatment of stroke, highly
effective recovery strategies are needed to help stroke victims
regain function.
 Potential to enhance our understanding of how strokes result
in loss of function and provide insight into promising
restorative strategies
 The nervous system can reorganize its structure, function and
connections in response to internal and external stimuli
– described at many levels, from molecular to cellular to systems to
behavior
– can occur during development, in response to the environment, in
support of learning, in response to disease, or in relation to
therapy.

Courtesy, www.braingate2.org, Nature 2012

NIH Blueprint for Neuroscience Research
 Sixteen Institutes, Centers and Offices
 Participating ICs contribute 0.6% of their
neuroscience budget to a common fund
 Annual budget of 36M is < 1% of NIH
investment in neuroscience research
 Funds allow exploration of new strategies to
accelerate progress in the neurosciences

NIF: Neuroinformatics Framework
• The largest searchable collation of
neuroscience data on the web
• The largest catalog of biomedical
resources (data, tools, materials,
services) available
• The largest ontology for
neuroscience
• NIF search portal: simultaneous
search over data, NIF catalog and
biomedical literature
• Neurolex Wiki: a community wiki
serving neuroscience concepts
• A reservoir of cross-disciplinary
biomedical data expertise

“This unique data depository serves as a
model for other Web sites to provide research
data. “ - Choice Reviews Online

Human Connectome Project
09/15/2010 – 08/31/2015 (approx $40M Blueprint)
Two Research Teams: MGH – UCLA & Washington U-U Minnesota
Both are advancing technology for brain imaging and mapping neural circuits

MGH - UCLA



Optimize Connectom for the collection of in vivo structural connectivity
data from healthy adult humans.
Disseminate new acquisition for tractography and connectomics

Wash U – U Minn






Study twins and their non-twin siblings in a cohort size of 1,200 subjects
(~300 families).
Characterize adult human brain circuitry, including its variability and its
relation to behavior and genetics.
Freely available data; user-friendly informatics platform and workbench
Resource for discovery science and baseline for brain disorders
First 68 connectomes available
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Connectome Workbench:
Overlay myelin maps (Glasser & Van Essen, 2011)
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Heavy

Blueprint Neurotherapuetics Project:
Combining Strengths of NIH and Industry
NIH investigator-initiated ideas
• Novel drug targets
• Strong disease assays and models

Industry expertise
• Advisors with extensive pharma experience
• Industry-standard contract services

“Virtual Pharma” Model
NIH Provides Drug Discovery Infrastructure, Expertise, and Funds
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Dry AMD (Petrukhin)
Alzheimer’s (Wagner)
Depression (Lark)
Alzheimer’s (Gurney)
Familial Dysautonomia (Slaugenhaupt)
Parkinson’s (Surmeier)
Narcolepsy (Humphries)
Smoking Cessation (Kenny)
Fragile X (Robichaud)
Wet AMD (Li)

4 projects discontinued (not listed)
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