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The nervous system is a complicated network functionally connected by electric discharges, which

could lead to oscillating waves in local field potential (LFP) recordings such as

electroencephalography (EEG). Epileptic seizures are brain disorders characterized by distinctive

temporospatial patterns of LFP or EEG waves, and exploration of epileptogenesis may provide

imperative mechanistic insight into the genesis and consequences of oscillating neural codes. With a

basolateral amygdala (BLA) kindling model, we found that the dominant or “natural” frequency of

oscillations is in the delta range (1–5 Hz) in BLA in both normal and seizure conditions. Interestingly,

multi- and single-unit discharges are clustered into “bursts”, more abundant at higher stages of

seizures but remain phase-locked to delta oscillations, with the changes in synchrony preceding and

outlasting that in discharging units and behaviors. In the cellular level, the rhythmic discharges are

collaborating performances of a set of pyramidal and inhibitory neurons (PN and IN), and the

rhythmogenic currents are provided by glutamatergic rather than intrinsic cellular pacemaking

conductances (e.g. the h currents). In other words, the glutamatergic output of PNs starts a network-

based “relay burst mode” of discharges especially in INs, which in turn precondition PNs into a state

prone to subsequent burst discharges. PNs and INs could be grouped by synchronized discharges,

respectively, and then have alternating activities as well as discernible LFP oscillations if the masses

are large enough. Under such circumstances, the burst and interburst intervals will set the basic

wavelength for the oscillations in the PN-IN networks, which may entrain one another to make

different temporospatial patterns of resonating activities in the system. Seizures thus are erroneous

continuums to normal oscillating activities in a network with a built-in synchronizing and resonating

nature for information relay.

Neuronal discharges and network oscillations in 
ictogenesis
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Sleep of sufficient duration, continuity, and intensity is necessary to promote
high levels of cognitive performance during the wake period and prevent
physiological changes that may predispose individuals to many adverse health
outcomes. Sleep insufficiency is prevalent in our society due to the high
demand for work, school, and many environmental factors, thus significantly
contributing to many health conditions that we are facing. However, the full
impact of sleep disruption on our health is certain to be much broader than
recognized so far. Interestingly, the biological need for sleep varies dramatically
among humans. We have identified a group of humans who require fewer hours
of sleep each night and remain healthy for life, and we call them familial natural
short sleepers. We have been using human genetics approach to identify
genes/mutations that give them this unusual sleep behavior. Mouse models
recapitulating human condition, coupled with in vitro molecular and
neurocircuitry studies, offer new insight into the underlying mechanisms.
Because of the fundamental role that sleep plays in our health, the pathways
regulating sleep are intertwined with those regulating other functions. Thus, our
method also offers opportunities to investigate how sleep can impact other
conditions, including mood, pain, and other disease pathology. Some of these
genes/mutations and the mechanistic insight learned from our studies will be
presented.

Piecing together the SLEEP puzzle: from genes to 
circuitries
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Inflammatory bowel disease (IBD) is a relapsing-remitting disorder
characterized by chronic inflammation of the gastrointestinal (GI) tract. Anxiety
symptoms are commonly observed in IBD patients, but the mechanistic link
between IBD and anxiety still remains elusive. In this study, we sought to
characterize gut-to-brain signaling and brain circuitry responsible for the
pathological expression of anxiety-like behaviors in male dextran sulfate
sodium (DSS)-induced experimental colitis mice. We found that DSS-treated
mice displayed increased anxiety-like behaviors, which were prevented by the
GI vagal afferent ablation. The locus coeruleus (LC) is a relay center connecting
the nucleus tractus solitarius to the basolateral amygdala (BLA) in controlling
anxiety-like behaviors. Chemogenetic silencing of noradrenergic LC projections
to the BLA reduced anxiety-like behaviors in DSS-treated mice. This work
expands our understanding of the neural mechanisms by which IBD leads to
comorbid anxiety and emphasizes a critical role of gastric vagal afferent
signaling in gut-to-brain regulation of emotional states.

Gastric vagal afferent signaling to the basolateral amygdala
mediates anxiety-like behaviors in mice with experimental colitis
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We will review the recent scientific production in immune-psychiatry
from our laboratory and collaborating research groups, spanning from
clinical trials to in vitro research. We will discuss what it means to be
an “inflamed depressed patients” and what are the best biomarkers to
use in order to make clinically relevant decisions.

Inflammation in depression: The new frontier of personalised
psychiatry
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With the progresses in molecular probe, imaging, sequencing and other
technologies, unprecedented amounts of neural data are being produced. Data-
driven approaches utilizing statistical machine learning are expected to deliver
novel discoveries about how brains are organized and working. However, a
data-driven approach alone may not be sufficient for understanding a complex
system like the brain; even if we have a complete circuit diagram of a computer
chip, understanding its functioning requires the knowledge of arithmetic units,
instruction codes, error correction, temperature compensation, and so forth.
Theory-driven approaches important in providing possible candidates of
computing architectures and the approaches from both directions eventually
need to converge for a coherent understanding.

This talk highlights the approaches in both directions in brain science initiatives
around the world, including Japan’s Brain/MINDS Project, as well as those
from my own lab. Topics include utilizing connectome data for brain network
modeling, analyzing animal behavior data for understanding the algorithms of
decision making, and analyzing two-photon imaging data to address the circuit
mechanisms of mental simulation.
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Data-Driven and Theory-Driven Approaches in Neuroscience


