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Digital reconstruction of a circuit of neurons from the temporal lobe of a human brain.

SCIENTISTS AIMED 10
RECREATE THE BRAIN
INACOMPUTER.
HOW DIDIT GO?

The €600-million Human Brain Project wraps up
inSeptember after adecade. Nature examines its
achievements and its troubled past. By Miryam Naddaf
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Brain Project —one of the biggest research
endeavours ever funded by the European
Union —iscomingtoanend.Itsaudacious
goalwastounderstand the humanbrainby
modellingitinacomputer.

During its run, scientists under the
umbrella of the Human Brain Project (HBP)
have published thousands of papers and
made significant strides in neuroscience,
such as creating detailed 3D maps of at least
200 brainregions!, developing brainimplants
to treat blindness? and using supercomput-
ers to model functions such as memory and
consciousness and to advance treatments for
various brain conditions®.

“When the project started, hardly anyone
believedinthe potential of bigdataand the pos-
sibility of using it, or supercomputers, to simu-
late the complicated functioning of the brain,”
says Thomas Skordas, deputy director-general
ofthe European Commission in Brussels.

Almostsinceitbegan, however, the HBP has

ttook 10 years, around 500 scientists and
some €600 million, and now the Human
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drawn criticism. The project did notachieveits
goal of simulating the whole human brain—an
aimthatmany scientists regarded as far-fetched
in the first place. It changed direction several
times, and its scientific output became “frag-
mented and mosaic-like”, says HBP member
Yves Frégnac, a cognitive scientist and direc-
tor of research at the French national research
agency CNRS in Paris. For him, the project has
fallen short of providing a comprehensive or
originalunderstanding of the brain. “Idon’t see
the brain; I see bits of the brain,” says Frégnac.

HBP directors hope tobring this understand-
ingastep closer withavirtual platform — called
EBRAINS — that was created as part of the pro-
ject. EBRAINS is a suite of tools and imaging
data that scientists around the world can use
to run simulations and digital experiments.
“Today, we have all the tools in hand to build a
real digital brain twin,” says Viktor Jirsa, aneu-
roscientist at Aix-Marseille University in France
and an HBP board member.

But the funding for this offshootis stilluncer-
tain. And atatime when huge, expensive brain
projectsareinhigh gear elsewhere, scientistsin
Europearefrustrated that their versionis wind-
ing down. “We were probably one of the first
onestoinitiate thiswave ofinterestinthebrain,”
saysJorge Mejias, acomputational neuroscien-
tistat the University of Amsterdam, whojoined
the HBP in 2019. Now, he says, “everybody’s
rushing, we don’t have time to just take anap”.

Chequered past

The HBP was controversial from the start. When
itlaunched in 2013, one of its key aims was to
develop the tools and infrastructure required
to better understand the function and organ-
ization of the brain and its diseases, alongside
smaller projects in basic and clinical neuro-
science. It was one of two long-term research
programmes awarded funds that year that were
intended toboostindustryin Europe; the other
wasaprojecttostudy the potential of graphene.

The HBP was promised €1billion (US$1.1bil-
lion) in funds. In the end, it received €607 mil-
lion, including €406 million from the EU,
released over four phases and trickled out to
labs that competed for grants at each phase.

Butinthefirstyear,the HBPranintotrouble.
Founder and former director, neuroscientist
Henry Markram at the Swiss Federal Institute
of Technologyin Lausanne (EPFL), said that the
HBPwouldbeable toreconstruct and simulate
thehumanbrainatacellularlevel withina dec-
ade.Markram’s assertions sparked widespread
scepticism from neuroscientists. “When sci-
ence charts a new course, controversy natu-
rally follows,” says Markram.

The lofty goal might have helped the HBP
to get off the ground, says Timothy O’Leary,
a computational neuroscientist at the Univer-
sity of Cambridge, UK, who is not part of the
HBP. “It’s not clear that the HBP would have
got funded without some kind of ridiculously

ambitious goal attached toit.”

Over time, Markram'’s leadership became
increasingly unpopular. In 2014, he and the
other twomembers of the executive committee
changed the focus of the project, cuttingout a
swathe of research on cognitive neuroscience
that resulted in a network of 18 laboratories
leaving the project. Markram says that there
was dispute over funding for the various arms.
In response, more than 150 scientists signed a
protest letter, urging the European Commis-
sion to reconsider the HBP’s purpose in time
for the second round of funding. The letter
said thatthe HBP was poorly managed and had
partly run off its scientific course. “It became
evident that some in the neuroscience com-
munity were not ready to be united under a
single vision,” Markram says.

The EUformed acommittee of independent
specialiststolook at how the project was being
run and to revise its scientific objectives. The
committee recommended that the HBP should
re-evaluateand moressharply articulateits scien-
tific goals, as well as re-integrate cognitive and
systems neurosciencesintoits core programme.
In February 2015, the HBP’s board of directors
voted to disband the three-person executive
committee and replace it witha larger board.

It’snot clear that the
HBP would have got
funded without some
kind of ridiculously
ambitious goal.”

The tumult made some scientists wary of the
project. “This scepticism kept dragging alittle
bit,” says Mejias.

Meanwhile, large brain projects launched
orkickedinto highgear elsewhere. The United
States and Japan both launched brain projects
around the same time as the HBP — the former
will continue until2026 and the latter is hoping
torun for atotal of 15 years. China’s brain pro-
jectstarted in 2021, and Australia’s and South
Korea’s projects have both entered their sev-
enthyear.

The HBP’s drama did not end with the
removal of the executive committee. Between
2016 and 2020, there were several changes to
the upper echelons of the project’s manage-
ment. Meanwhile, the science began to pick
up speed. In 2016, as aresult of the project’s
development phase, the HBP launched six spe-
cialized operating platforms, covering areas
such as brain simulations, high-performance
analytics and computing, and neurorobotics.

Theideawas to integrate the six strands as
timewenton, butinthebeginning, “they were

rather independent”, says Katrin Amunts, a
neuroscientist at Research Centre]Jilichin Ger-
many and scientific research director of the
HBP. “Having such abig project like HBP means
thatthereisalearningprocess, noteverything
works from the very beginning,” she says.

Greatest hits

Management aside, the HBP has stacked up
someimportantand useful science. By creating
and combining 3D maps of around 200 cere-
bral-cortex and deeper brain structures, HBP
scientists made the Human Brain Atlas, whichis
accessible through EBRAINS. The atlas depicts
the multilevel organization of the brain, from
its cellular and molecular architecture to its
functional modules and connectivity.

“The Human Brain Atlas is a little bit like
Google Maps, but for the brain,” said Amunts
duringapress briefing at the HBP Summit 2023
inMarch.

The atlas used post-mortem brain data to
generate standardized maps, accounting for
natural variability between people. Using the
atlas, HBP scientists have identified six previ-
ously unknownbrainregionsinthe prefrontal
cortex that contribute to memory, language,
attention and music processing®. It also links
its maps to gene-expression data in the Allen
Human Brain Atlas, a database developed by
the AllenInstitute for Brain Science in Seattle,
Washington, that characterizes neurons across
thebrain. Using the paired atlases, researchers
revealed how changesingene expressionasso-
ciated with depression were linked to struc-
turaland functional changesinaregion ofthe
frontal cortex’.

HBPresearchers have also developed unique
algorithms that can build a full-scale scaffold
model of brain regions from microscopy
images. Using this tool, researchers have pro-
duced a detailed map of the CAlregionin the
hippocampus, an area that is important for
memory. The map contains around 5 million
neurons and 40 billion synapses®.

The HBP has translated some findings into
clinical applications, using personalized mod-
els of the brain — or ‘digital twins’ — to improve
treatments for epilepsy® and Parkinson’s
disease’. Digital twins are mathematical rep-
resentations of aperson’sbrainthat merge scans
from anindividual witha model, explains Jirsa.

Jirsa and his colleagues launched a clini-
cal trial called EPINOV in June 2019, to test
whether digital models built using brain-scan
datacanhelp toidentify the origin of seizures
and improve the success rate of surgery for
epilepsy. This is “something | would not have
beenableto dooutside of EBRAINS,” saysJirsa.

The EPINOV trial has recruited 356 people
across11Frenchhospitals. Jirsahopes to make
the imaging data from the trial available to
other researchers through EBRAINS.

Theoriginal project planfor the HBPincluded
the development of computing systems
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A slice of a human brain showing the architecture of fibres connecting different regions.

modelled on the brain. HBP scientists have
contributed to neural networks that can simu-
latelarge brain-like systems, either to testideas
about howbrains work or to control other hard-
ware, such as robots or smartphones®.

Not the whole picture

The project’s organizers and critics cite a
common thread running through the HBP:
fragmentation. This is a long-standing issue
in neuroscience research. “I see very astute
applications, but you don’t see multiscale inte-
gration, and you don’t see the big problems
being tackled,” says Frégnac.

Inits last three years, the HBP has tried to
overcome the fragmentation of its interdisci-
plinary sub-projects by knitting together their
technologies into EBRAINS. Initiatives across
the HBP’s six platforms started to develop com-
patible tools and shared data standards, and
some groups were re-organized to centre on
particular scientific challenges rather than dis-
ciplines. “But thereisalot of work to be done,”
saysJirsa. “Neurorobotics[still] has zerolink to
the more clinically driven group.”

For some researchers, the fragmented sci-
entific outcomes of the HBP stem from a lack
of focus. “A project that lasts over ten years,
I would expect it to produce a conceptual
breakthrough,” says Fred Wolf, a theoretical
neurophysicist at the University of Gottingen,
Germany, who left the HBP after signing the
open letter. But that wasn’t the case for the
HBP, he says.

David Hansel, a neuroscientist at the
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Integrative Neuroscience and Cognition Center
inParis, whowasn’t partof the project, saysthe
HBP’s lack of prioritization and limited collab-
oration meant that it failed to capitalize on its
size and to really unite the neuroscience com-
munity behindacommongoal. “Itdid nothavea
listoftopand reasonable questions toaddress.
Basically, the‘goal’ was to understand the brain.”

JohnNgai, director of the US National Insti-
tutes of Health’s Brain Research Through

Weneedreallyto
evaluate if this type of
flagship initiative has
beengood or not.”

Advancing Innovative Neurotechnologies
(BRAIN) Initiative in Bethesda, Maryland,
which focuses on developing tools to cata-
logue, monitor and measure the brain, thinks
thatanemphasison datagatheringrather than
hypothesis-driven science is defensible. “Big
scienceis not always about moonshots, espe-
cially when the steps toward major goals are
uncertain.”

Thelegacy

At the end of September, the HBP will cease
togive out funds. Although some endeavours
that emerged from the project have already

secured grants to continue their work, the
futureis uncertain for many researchers who
have worked partly or fully with the HBP.

But Amunts and others hope that the HBP’s
work and the EBRAINS platform will be afoun-
dation for European neuroscience for years
to come. “Research on the brain requires an
understanding of the multilevel and multiscale
of'the brain,” says Amunts.

In January 2018, the HBP was awarded
€50 million, including €25 million from the
EU, to develop interactive supercomputing
tools and data-storage services for EBRAINS.

Researchersare already using the platform
tosee how the brain might respond to stimula-
tion, for example, and to develop brain-mim-
ickingrobots. Ngaisays that the HBP’s pivot to
EBRAINS has produced a valuable tool. Similar
platforms exist elsewhere, but they lack the
scale and services provided by EBRAINS.

InMarch, the European Commission turned
down an application for €38 million to keep
EBRAINS running, but reopened the same
funding callinJune after negotiating with the
HBP, giving the team another opportunity to
apply. Ifunsuccessful, the platform will rely on
acombination of private funding and financial
support fromindividual EU countries.

Meanwhile, the European Commissionis pre-
paringto take stock. The project’s final review
will beginin November and is expected to be
published in January 2024. “If we don’t want
to live the equivalent of the Al winter in global
neuroscience, we need to make it respectable.
Weneedreally to evaluateif this type of flagship
initiative has been good or not,” says Frégnac.

The end of the HBP is not the end of neu-
roscience in Europe, however, says Pawet
Swieboda, chief executive of EBRAINS and
director-general of the HBP.

The European Commission and member
states are planning the next phase of Europe’s
brain-health research, which will focus on
using personalized brain models to advance
drug discovery and improve treatments for
brain disorders.

Butresearchers say that future projects will
need to avoid the struggles that plagued the
HBP. “We don’t want to do another HBP as it
wasinthebeginning,” says O’Leary. “We need
tosupportsmallscale, focused science as well
asambitious integrated projects.”

Ultimately, the mega-project did create com-
munities of scientists focused on some com-
mongoals, hesays. “That’sanenduringlegacy.”

Miryam Naddaf is a reporter for Nature based
in London.

Amunts, K. et al. Science 369, 988-992 (2020).

Chen, X. et al. Science 370, 1191-1196 (2020).

Wang, H. E. et al. Sci. Transl. Med. 15, eabp8982 (2023).

. Ruland, S. et al. Cortex 153, 235-256 (2022).

. Bludau, S. et al. Am. J. Psychiatry 173, 291-298 (2016).

. Gandolfi, D. et al. Nature Comput. Sci. 3, 264-276 (2023).
Meier, J. M. et al. Exp. Neurol. 354, 114111 (2022).

. Yin, B. et al. Nature Mach. Intell. 5, 518-527 (2023).

ON OO NN 2

MARKUS AXER AND KATRIN AMUNTS, INM-1, FORSCHUNGSZENTRUM JULICH



Correction

This News feature gave the wrong credits for
the images. The digital reconstruction of a
neuronal circuit should have been credited
to Nicolas Antille and the polarized-light
image of the brain to Markus Axer and Katrin
Amunts, INM-1, Forschungszentrum Jilich.
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