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Brain Health

Promoting global collaboration for brain health 
research
Liping Liu and colleagues discuss the challenges of global collaboration for brain health research 
and promising future opportunities for improvement of brain health worldwide

Brain science is still in a discov-
ery phase because of our limited 
knowledge of basic nervous 
system structure and function. 
We need a broader perspec-

tive of delivering meaningful outcomes to 
patients with neurological disorders and 
greater understanding of the mechanisms 
that underlie development of neural cir-
cuitry, how neurons encode and retrieve 
information, and how information interacts 
from one neuron to another. Knowledge of 
how brain activity gives rise to complex 
behaviours and how it adapts to external 
and internal changes is limited. Superficial 
understanding of the various senses, emo-
tions, and cognitive functions—thinking, 
choice, and even consciousness—prom-
ise innovative solutions in areas such as 
health, education, and 21st century eco-
nomics.1 With the increasing burden of 
major brain diseases across the world, we 
need to find the most effective means to 
comprehensively apply modern biotech-
nology and to solve problems in clinical 
medicine.

Neuroscience is entering a new era of 
collaboration, in which successful new 
technologies, generated by large scientific 
projects across the world, will have a 
dramatic impact not only on medical 
science but on economics and society as 
well. In 2013, the US government launched 
the Brain Research Through Advancing 

Innovative Neurotechnologies (BRAIN) 
initiative and put forward a national 
brain science project. This initiative 
complemented the Human Brain Project in 
the European Union and was shortly joined 
by the Brain/MINDS programme in Japan 
and several other national initiatives from 
Korea, China, Canada, Australia, and the 
International Brain Research Organization. 
Coordinating these successful international 
programmes and encouraging broad 
distribution of new technologies and 
open accessibility of the data generated 
will increase their value, while promoting 
creativity and expertise from every source. 
Multidisciplinary science that leverages 
translational research is critical to the 
success of these endeavours, along with 
the establishment of distribution systems 
and sharing mechanisms of technology on 
human data. In support of these goals the 
International Brain Initiative was formed 
to coordinate global BRAIN projects.2. This 
may facilitate comparability of the data 
and reduce economic and social disease 
burden. The complexity of the human 
brain is reflected in how its molecules, 
cells, circuits, and systems enable humans 
to perceive, recognise, and communicate 
with each other, as well as to understand 
how our brain confers our individual 
identity and enables us to contemplate our 
place in the natural world.3 The ambitious 
goal of understanding the brain is being 
approached in various projects. Paramount 
to this process of tackling all the objectives 
is the commitment to collaboration 
between government and non-government 
organisations and integration of basic and 
clinical translational brain research.4

Clinical promise
Global brain initiatives to map, monitor, 
and modulate brain activity will lead to a 
host of clinical applications. Our colleagues 
from the stroke and neurocritical care com-
munity look forward to technologies that 
can improve ability to diagnose and suc-
cessfully intervene to prevent and treat 
severe brain injury as well as enhance the 
brain’s capability for rewiring for improved 

function. The Neurocritical Care Society, 
a multidisciplinary non-profit organisa-
tion with thousands of members around 
the world, is poised to take advantage of 
the new neurotechnologies..The society 
undertakes research through the Neuro-
critical Care Research Network.5 The fresh 
impetus for such research initiatives is the 
desire of clinical scientists to enhance our 
understanding of complex disease states 
to improve patient outcomes and maintain 
brain health. The main goal of the society 
was to foster collaborative multidiscipli-
nary clinical research and to advance criti-
cal care research methods such as using 
specific integrated chips for monitoring 
patients with traumatic brain injury. By 
monitoring the electrocorticography and 
neurochemical signals of the injured 
human brain tissue, it might be possible to 
detect spreading depolarisations, which are 
associated with poor outcomes in patients 
with traumatic brain injury. The “behind 
the ear” wireless microplatform device also 
enables monitoring of mobile patients with 
traumatic brain injury for secondary brain 
injury impact.6 Recent multidisciplinary 
collaborative clinical research indicates 
that a better outcome for patients in the 
completely locked-in state (severe disabil-
ity) or with severe stroke may be feasible 
using brain-computer interface training to 
improve motor rehabilitation.7

Need for standardisation
Further challenges are raised by the varying 
directions of brain research projects around 
the world. They have different funding 
mechanisms, project management struc-
tures, and approaches to ethical issues. It 
is imposible to achieve an understanding 
of the mysteries of the brain in one project 
alone—integrated collective intellectual 
and technological support are needed from 
different resources. Enhanced standardisa-
tion of those elements that enable scientists 
to compare data and contribute to building 
a common knowledge base of the brain is 
urgently needed. 

What should be standardised to construct 
a framework that will bring together 

Key Messages

•   Limited research resources and knowl-
edge of nervous system structure and 
function make it difficult to achieve a 
better outcome for those with neuro-
logical disorders

•   A new collaborative era of neurosci-
ence encourges broad distribution of 
novel technologies and opens accessi-
bility of the data generated worldwide

•   Further priorities and strategies to 
promote global collaboration on key 
brain health and initiatives are war-
ranted to increase the opportunities
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the results of large scale brain research 
initiatives from different countries? 
Examples might include agreement on 
common core acquisition methods and 
sharing plans for human brain imaging 
and data, or common standards for meta 
data and analysis tools for single cell typing 
studies. Also included could be approaches 
to disseminate new neurotechnologies 
and training programmes to optimise 
their application to brain projects. Human 
genetics has already benefited from 
global team science. An excellent model 
is ENIGMA (Enhancing Neuroimaging 
Genetics through Meta-Analysis), a 
worldwide network of researchers who 
pool brain imaging and genetic data from 
over 200 institutions aiming to investigate 
various aspects of the brain.8

Alzheimer’s disease is one disease 
where such networks could advance 
understanding. Amyloid deposition, 
intracellular tau aggregates, vascular 
compromise, and immune/inflammatory 
alteration are strongly implicated in the 
pathogenesis of neurodegeneration in 
Alzheimer’s disease. Sleep disturbance, 
changes in the brain’s glymphatic flow, 
and even effects of microbiota on brain 
functioning provide other contributory 
factors. Yet despite this new knowledge, 
effective therapies have been elusive. 
Tools from the global brain initiatives that 
enable investigators to interrogate the 
complex circuits affected in Alzheimer’s 
disease should enable the science to move 
from associative molecular-structural 
relationships to treatments that intervene 
to preserve circuit function.

Common worldwide data may provide 
insight into additional therapeutic targets, 
which mainly focus on transforming 
basic research achievements into clinical 
prevention and treatment. Further research 
into degenerative medicine, vascular 
biology, public health sciences, and clinical 
trial implementation and organisation is 
also important.9

As with earlier projects in genomics, 
astronomy, and physics, the enthusiasm of 
brain initiatives around the world call for 
strengthening international collaboration. 
The aim is to reduce the current and future 
brain related disease burden through 
multidisciplinary research and capacity 
building, promoting the development of 
effective prevention and intervention for 
neurological disorders. Box 1 summarises 
the challenges and opportunities regarding 
brain research, especially for global 
collaboration.

Models of collaboration
What models for international collabo-
ration might neuroscientists emulate to 
achieve productive research worldwide? 
Consultation on all potential elements 
would requires involvement of a wide range 
of stakeholders from academia, industry, 
and government.

To tackle this challenging task, we 
suggest identifying the core areas of 
research priorities, expanding scientific 
opportunities,  and disseminating 
discoveries for the benefit of humanity. 
The most notable example of such 
collaboration in our area of medicine is the 
BRAIN initiative, a partnership between the 
National Institutes of Health, the National 
Science Foundation, the Defence Advanced 
Research Projects Agency, private 
foundations, and researchers.10 We have 
a limited understanding of brain function 
and the workings of neural networks. The 
development and application of innovative 
technologies that explore brain circuits 
over the spatial scales that range from 
moleculular interactions at the synapse 
to electron microscopic level connections, 
and then to mesoscale imaging of structural 
and functional neuroimaging will result in 
a dynamic picture of brain function.

As an example, gait deficits contribute 
significantly to functional disability after 
stroke. Recent technological advances 
in stroke gait rehabilitation have made 
it possible for robotic devices to provide 
safe, intensive training through accurate 
repetitive motion.11 There is evidence 
that electrical stimulation of the brain, 
as a means to further engage post-stroke 
neuroplasticity and enhance functional 
recovery, may promote recovery and 
improvement in symptoms. Various 
neuromodulation techniques are under 
investigation for stroke patients, including 
transcranial direct current stimulation, 

repetitive transcranial magnetic stimula
tion, motor cortex stimulation, and deep 
brain stimulation. Existing results show 
improvement in patients’ paresis in certain 
circumstances,12 and improved outcomes 
(such as the International Tourette 
Syndrome Deep Brain Stimulation Public 
Database and Registry).13

The most difficult disorders to under
stand are those without a known 
pathological signature. Recent evidence 
suggests that pure circuit diseases such 
as mood disorders may be better characte
rised by a combination of dimensions 
(emotions, cognitions, social) and a 
novel diagnostic system that cuts across 
traditional diagnostic classifications. By 
implementing psychological tasks and 
various neurovisualisation techniques, 
the experimental medicine approach 
has been used to determine specific 
predictors  of  neurocognit ive and 
emotional abnormalities and to assess 
the effects of new treatments in these 
processes.14 New tools that could identify 
circuit disturbances that underly these 
abnormalities could serve as targets to 
enhance therapeutic development.

Worldwide data and methods portals 
with common data standards for sharing 
and data pooling could drive international 
collaboration. Such projects face huge 
challenges because of the unique 
complexity of data from an organ with 
billions of neurons and trillions of synaptic 
connections. It is therefore essential that 
we begin with ambitious but manageable 
goals—for example, integrating mouse 
serial electron microscopy connectomic 
data with light microscopy mesoscale 
connectomics, single cell census studies 
to provide scientists with reagents 
for genomic access to particular cell 
types so they can precisely monitor 
or modulate brain circuits. Computer 

Box 1: Challenges and opportunities of future global collaboration on brain research

Emerging challenges call for global collaboration for brain health research
•	Limited resources and knowledge about the mechanisms of brain function and dysfunction
•	Few integrated projects provide insights into the priority and benefit of human brain research 
worldwide

•	International collaborative projects required to treat devasating neurological and mental 
health disorders that are major social and economic burdens on society

Opportunities of global collaboration on brain research
•	Organising the multidisciplinary high level basic or clinical research worldwide to take 
advantage of core research direction from every resource 

•	Distributing novel technologies and sharing the generated data worldwide
•	The International Brain Research Organization and the International Brain Inititiave could 
provide support for relevant issues across the world, such as policy and ethics
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technology for informatics platforms are 
critical to support modelling and theory 
development. The Human Brain Project’s 
platforms give scientists a single point 
of access to neuroscientific method, 
multiomic clinical data, and analysis 
tools from around the world.15 Thanks to 
the international collaborative projects, 
the field of functional neuroimaging has 
advanced substantially, showing the value 
of big data science.16 On the clinical side 
we have seen the value of harmonisation 
of variables among relevant studies to 
promote greater comparability across 
collaborating research projects.17

Machine learning and artificial inte
lligence techniques based on big data 
are increasingly being used in both 
understanding and diagnosis of neuro
logical disorders and offer a new model 
for personalised management. Machine 
learning techniques could be used to 
delineate the categories and predict the 
patients’ outcomes with various conditions. 
For example, artificial intelligence has been 
successfully used on pattern recognition 
of electroencephalogram or neuroimaging 
abnormalities for diagnostic purposes in 
patients with epilepsy.18

However, these efforts are only the 
beginning. A synergistic international 
effort could provide greater global impact 
and better use of precious research 
funding, including government, industry, 
non-governmental organisations, and 
individual contributions. It requires 
rewarding the groups or team for the 
collective effort rather than a few lead 
investigators. In the international brain 
project, expertise is unlikely to lie in a 
single country. The removal of national 
barriers for funding team science seems 
a desirable goal but is difficult politically 
and even more difficult when it entails 
intellectual property claims. The Human 
Brain Project exemplified team science 
funding within the European Union; the US 
BRAIN initiative makes funding available to 
any researcher from any country, as long as 
the proposed project is deemed worthy by 
the study sections that review it.

Importantly, new tools to map, monitor, 
and modulate brain circuits in humans hold 
great promise not only for the treatment of 
neurological disorders but also the ethical 
challenge to understand how these tools 
should be used. The answers may depend 
on cultural beliefs, but the processes for 
establishing ethical guidelines should be 
global and transparent. Many countries 

have incorporated ethical issues into the 
design of their brain programmes.19

In conclusion, the collective success 
of bridging these projects into a global 
collaboration that aims to understand 
the scientific basis of brain structure and 
function could have a key role in this era 
of academic development. In addition, it 
would be of benefit for science as a whole, 
open up a new strategic direction and 
promotion for brain disease prevention, 
create new industries, and ultimately 
achieve a better life for individuals and the 
population.
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