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Using Recurrent Neural Networks to Study Neural

Computations in Cortical Networks

MEARFSL : Andrea Benucci (RIKEN Brain Science Institute, Laboratory for
Neural Circuits and Behavior Team Leader)

The Neuroscience field has recently rekindled its interest for the use of artificial neural
networks to model neural responses. Boosting this trend have been important advances in
hardware technology, the refinement of machine-learning algorithms, and the availability of

large dataset. At the same time, there have been technological innovations for simultaneous

recordings from many neurons, leading as well to the creation of large neural databases. Powerful computational
tools are now needed to model such neural big-data and to formulate a unifying theoretical framework capable
to reveal the underlying computations. To this end, recurrent neural networks (RNN) are becoming increasingly
popular. Their structural and dynamical properties are directly inspired by the recurrent architecture of cortical
circuits, thus potentially providing an ideal platform to model large-scale recordings. However, besides impressive
data-fitting, it remains unclear what classes of dynamical problems RNN are best suited for that cannot be
addressed using simpler theoretical frameworks, making it doubtful whether RNN can boost our knowledge
on fundamental principles of neural computations. In our research we will examine how RNN can be used to
answer key questions on sensory processing and decision-making that traditional doctrines have not been able to
elucidate. To this end we are focusing on the study of response variability, across time and neurons, and on the
large spontaneous variability observed in “unstimulated” cortical networks. These forms of variability have been
traditionally considered a source noise to get-rid of via spatial and/or temporal averaging. Instead, we hypothesize
they reflect the evolution of the network along dynamical dimensions involved in fundamental aspects of the
computations. To validate our hypothesis, we are combining powerful experimental technologies (two-photon
imaging, optogenetics) with modeling methods based on RNNs. A

distinguishing element of our work is the use of tools to perturb the

neural dynamics at the single-cell spatial resolution. This technology

allows us to perform causal experimental validations of model

predictions, representing a major step forward for the elucidation

of neural principles, compared to standard correlative methods.

Overall, our research aims to demonstrate that RNNs are mature

and interpretable computational tools for much needed unification

theories of neural computation.
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Alan Fermin (Tamagawa University, Senior Researcher)

The age of 40 is a hallmark of the beginning of early
human adulthood. The Annual Meeting of the Japan
Neuroscience Society reached its adulthood with the
realization of the 40th event in 2017. The meeting delivered
highly exciting and groundbreaking research studies
presented by world-renowned scientists and rising stars.
Topics ranged from computational and Al approaches to
understand brain structure and function as well as the
molecular, cellular, and systems control of social behavior,
development and psychiatric disorders.

Neuroscience' s most well-known and highly used brain
atlas, the Brodmann atlas, contains 50 areas mapped on
the cerebral cortex of each hemispheres. Professor Van
Essen (Washington University) showed that although
recent algorithms have increased the accuracy of cortical
mapping, the number of cortical brain areas is highly
discrepant across studies, ranging from 150 to 300 areas.
Professor Van Essen coordinated the Human Connectome
Project and developed new algorithms to increase the
quality of brain-to-brain registration and identify regional
cortical topology by combining neuroimaging data from
various modalities including resting-state and task-
based functional MRI, diffusion tensor image to track
white matter fiber pathways, and structural (gray and
white matter). This effort climaxed with the publication
of a highly influential Nature paper (Glaser et al., 2016)
describing a new human brain atlas with 180 areas in each
hemisphere, among these, 97 areas were newly identified.
Additional cross-species analysis revealed brain areas,
especially in the prefrontal cortex, which were specific for
the human brain compared to macaques and chimpanzees.

Continuing the effort to understand brain organization
and function through computational approaches, Professor
Kenji Doya (OIST) presented his work on the integration
of massive data from both macroscopic (structural and
functional MRI) and mesoscopic (cell calcium imaging)
levels generated by the Japanese Brain/MINDS Project.
Professor Doya presented optimization methods to
automatically estimate fiber tracking connectivity,
and macroscopic connectivity using both diffusion and
function MRI. Further, Professor Doya showed how super
computers can be used to implement neuron firing models
and simulate the interaction among the cerebral cortex,
basal-ganglia and cerebellum.

At the Symposium on Artificial Intelligence and Brain
Science, organized by this kakenhi project, Professor
Karlheinz Meier (Heidelberg University and HBP)
presented his work on neuromorphic computing and how
to simulate neurobiological networks through massive
parallel artificial CMOS architectures, including synaptic
plasticity and neuromorphic network activity changes
before and after learning, and the implementation of
deterministic and stochastic supervised and unsupervised
learning methods. At the behavior level, Professor
Matt Botvinick (DeepMind) presented his work using a
recurrent neural network architecture based on deep
reinforcement learning which learns to represent the
structure of multiple contexts, and uses such implicit
model to speed up learning in new environments.
Professor Botvinick discussed the neural implementation
of such architecture based on the interaction between the
prefrontal cortex and dopaminergic system.
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Studies with both humans and animals revealed the
role of cortical and subcortical brain regions in the control
of social behavior. Two research studies demonstrated
the prominent role of the medial prefrontal cortex
(MPFC) in social decision-making. Professor Masaki
Isoda (NIPS) found neurons in the monkey dorsal MPFC
that preferentially code other’ s actions and errors,
while neurons in the ventral MEPC preferentially code
one' s own actions and errors, and that a monkey with
Autism-like disorder display disturbed coding of other’s
behaviors in the dorsal MPFC. Similarly, Professor Phillip
Tobler (University of Zurich) used fMRI to investigate
associative social learning in humans and found that
individual preferences for selfish or altruistic behavior
were associated with differential value representation
for self and other’s rewards in the ventral and dorsal
MPFC, respectively. Other studies found the involvement
of subcortical areas in social reward processing, social
memory and aggression. Professor Atsushi Noritake
(NIPS) found dopamine neurons in the monkey VTA that
increased firing rate both when receiving larger rewards
and when another monkey received smaller rewards.
Researcher Teruhiro Okuyama (MIT) found that ventral
hippocampus (vCAl) of mice encodes a memory of other
individuals. Professor Aki Takahashi (University of
Tsukuba) found that increased release of serotonin in the
dorsal raphe nuclei in response to escalated aggression
was associated with dorsal raphe interaction with the
VTA. Professor Scott Russo (Mount Sinai) revealed that
neurons in the lateral habenula of mice increase firing
rate when attacking intruders and also in the absence of
an intruder after context learning, and Professor Dayu Lin
(New York University) found a topographically distinct
group of neurons in the hypothalamus that that play a
role specifically in female aggression.

And finally, the 2017 Neuroscience meeting had
many sessions on the neural basis of developmental and
psychiatric disorders. Professor Akemi Tomoda (Fukui
University) showed how childhood sexual, verbal and
physical abuse lead to dramatic alterations in brain
structure including reduced volume in visual, temporal
and medial prefrontal cortices. In contrast, Professor Jay
Giedd (UCSD) presented the results of a longitudinal study
tracking 12.000 children from age 9, and found age effects
on brain maturation and connectivity, especially during
adolescence when a number of psychiatric conditions
emerge. Professor Yutaka Sakai (Tamagawa University)
provided a computational approach to explain obsessive
compulsive disorder as a disorder of reward prediction
error, while Professor Takaki Maeda (Keio University)
showed that certain symptoms of schizophrenia, such as
reduced sense of agency, can be explained as a deficit in
the delay of updating forward decision models.

Together, these exciting findings presented at
Neuroscience 2017 pave the way for further studies
seeking to understand the basic mechanisms of brain
function and structure, and how experience and other
processes such as drug of abuse influence brain plasticity
and leads to psychiatric disorders. We look forward for
41st Annual Meeting to be held in Kobe in 2018.
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