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Innate fear is a new research field. It is largely unknown in primate. The human extreme of it would
be anxiety disorders like social phobia or panic attacks. Through studying innate fear, | hope I
can advance our knowledge of fear processing and understand the cause of anxiety disorders.

Innate fear is a type of negative emotion that even if one did not learn or
experience before, one is afraid of it. The neural mechanisms of innate fear in primate is still
largely unknown. With the help of Kakenhi startup grant, | have performed a series of proposed
experiments to uncover the neural mechanism of innate fear. I have designed a full-hemisphere
electrocorticography (ECoG) and successfully implanted it in two marmosets. | have also started to
record their brain-wide activity and pupil response simultaneously while they are viewing pictures
of their predators or other animals. 1 have completed recording from 1 marmoset. We have also
validated the possibility of remotely recording blood pressure and heart rate while the marmosets
performing the task. Finally, I have tested several AAV vectors for inhibiting the brain areas with
precise time control in rodents. Overall, the experiments are progressing smoothly and I will be
able to understand the neural bases of innate fear.
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Fear is a known negative emotion which acts as a signal of danger or threat, and to
trigger adaptive action to overcome the current situation. Fear can be largely separated
into two types:

). Conditioned fear: Animals learn through experiencing physical or psychological
trauma, like pain or stress, and feel fear of certain situation. Most of neural
pathways related to fear comes from this type.

2). Innate fear: Animals feel fear to particular sets of stimuli that they have
never experienced before. This type of fear is critical for survival in animals,
because it can help them to escape from their predators right after their birth.
However, for human this can cause anxiety disorders or specific phobia like fear
of height or blood. The neural mechanism of innate fear in primate is still illusive.

In the current study, | showed the pictures of predators or neutral animals to a small

new world monkey, the marmoset, while recording their brain-wide activities using full

hemisphere electrocorticography (ECoG) to reveal the neural circuit of visual innate

fear in primate.
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In primate, the knowledge of innate fear is minimal. One of the main difficulties is
that primates adapt rapidly to most of the innate fear related stimulus if there is no
physical consequence, like pain, associated with it. However, evidence suggests that
the common marmosets do not adapt with repetitive exposure to pictures of their
predators. This is in reminiscent of some of the human anxiety disorder. Through
studying the neuronal mechanism of innate fear, | can advance our knowledge of fear
processing. | can also acquire some hints of how phobia, one of the most common mental
illness in the world, may occur. Furthermore, I am expecting to find novel functional
brain pathways related to more general visual object processing.

Fig. 2 At least three possible
neural circuits proposed to be
involved in innate fear (left
figure). To disentangle which
is the major pathway, a newly
designed recording electrode
array is needed. This array
needs to cover all the dorsal
surface of the brain from the
: most posterior to the anterior
» ECoG electrodes with high electrode density.

. Record the gaze location and the pupillary response of the marmoset while it
is viewing pictures of predator or other neutral animals: Marmosets spent more time
watching pictures of predator than other animals in my previous research (Fig. 1).
To characterize if this behavior is related to fear or not, 1 am planning to use
pupillary response to access the emotional condition of marmosets.

2). Design and implant a brain-wide, full-hemisphere ECoG to record the brain
activity while the marmoset is watching the pictures: The brain areas involving in
innate fear processing is massive (Fig. 2). | will need to record the whole brain,
starting from the primary visual cortex all the way to the prefrontal cortex, to
analyze the potential neural pathway.

(3). Use optogenetics to manipulate the innate fear related brain areas to establish
a causal relationship: After identifying the major circuit and brain areas by
comparing the differential brain activation pattern of the marmoset watching



different pictures, | will optically stimulate those brain areas to establish the
causal relationship between brain activities and innate fear.

. I have successfully adapted Innate Neutral Conditioned Pupil size change normalized
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that the marmosets showed »
smaller pupil diameter while Fig. 3 Marmosets showed differential pupillary responses of
watching the pictures of innate fear, neutral, or conditioned fear related pictures.
predators (innate fear related) than neutral animals. In addition, they showed
opposite pupillary response to the anti-bite glove, which is not innate fear related,
but conditioned fear related. This behavioral response further supports that the
innate and the conditioned fear may not share completely the same neural pathway.
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(3). The optogenetic modulation for the marmosets was first tested on rats (Fig.

6). 1 first constructed two virus vectors, AAV-Thyl-stTA and AAV-TRE-ChrimsonR-
mCherry. The former one is for amplifying the latter opsin carrying vector. Both
vectors were wrapped by recombinant AAV, AAV2.1, for better expression in primate
brain. The results showed
promising and clear reporter Total: 3.84 mm
protein expression spanning
3.84 mm in the rat cortex.
When the analysis finished,
I can pin down the brain

area and perform the next rjq g gptogenetic tests on rat cortex showed promising wide
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