2022 2022

The roles of distinct projection neurons in anterior cingulate cortex during
spatial navigation

The roles of distinct projection neurons in anterior cingulate cortex during
spatial navigation

Li, Yaolong

1,100,000

(ACC) (RSC)
ACC-dmSTR

ACC-RSC
ACC-RSC

These studies will help us to better understand how memory is formed and stored in the brain. It
will promote the medical treatment of amnesia disease like Alzheimer,and it can also promote the
development of artificial intelligence.

In our previous experiments, we found that the anterior cingulate cortex

(ACC) to retrosplenial cortex (RSC) neurons contain the place cells which preferentially fired
around the reward location, whereas ACC-dmSTR neurons contain the place cells which fired in
sequence in spatial map. In this year, we checked whether ACC-RSC place cells still firing when
there is no water reward. We found that these cells still firing when the reward was removed. Next,
we found that when the reward location shifted some of these cells fired in new reward location, and
new ACC-RSC place cells also formed in new reward location. These findings will help us to better
understand how spatial map is formed in the brain.
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1. WHERRAG SR OH 5
In mammal brain, memory is first stored in hippocampus, then important memory transfers

to multiple brain regions, especially cortex regions. This process is termed as systems
consolidation (Frankland et al., 2005). During the systems consolidation, various types of
memories (e.g., spatial memory, semantic memory) are transferred. It is hypothesized that
transferred memory is stored in multiple brain regions to form a network supporting memory
recalling, but how do these regions connect is still unclear. Brain regions are connected to

each other by projection neurons. To better understand how memory is stored in cortex

network, it is important to classify the cortex projection neurons by projection patterns and

identify what kind of memory is stored in different projection neurons. By using in vivo two-

photon calcium imaging, I recorded the activities of ACC-dmSTR and ACC-RSC projection

neurons while mouse was navigating in virtual linear maze. I found that ACC-dmSTR

projection neurons fired in sequence in whole maze, whereas ACC-RSC projection neurons
fired preferentially around reward location. Therefore, ACC-dmSTR and ACC-RSC

projection neurons encode different information during spatial learning.

2. WO HK
The purpose of this project is to figure out the roles of ACC-dmSTR and ACC-RSC

projection neurons in spatial learning and memory formation.

3. WIEOTIE
Calcium imaging
AAV2-retro-CaMKII-GCaMP6f were injected into RSC or

dmSTR in C57BL male mice. One month later, an imaging

window attached with prism (1.5mm x 1.5mm) were inserted
into the fissure and positioned 0.5 mm anterior to bregma. | Fig.1 Imaging window attached
Activities of CaMKII-positive neurons were recorded by two- | with prism is inserted into

photon microscope (Fig.1). opposite ACC.

Virtual reality (VR) system

To record cell activity during spatial navigation by the g Reality >
two-photon microscope, the head-fixed mouse was put on £ Water &
the styrene foam treadmill. A monitor in front of the 7 > ol |e
mouse showed the bidirectional virtual linear track task. In ik 8 §

this task, when mouse reached at the end of the track, the Treadmill

moving direction would rotate 180 degrees automatically
. . . Fig.2 a. Apparatus used in virtual reality
(Fig.2 a). Mouse can get water only when it passed specific
L . . . system. b. The wall pattern of linear
location in the forward direction (Fig.2 b).
track and reward position.




4. WrZERCR
In the previous studies, I found that ACC-RSC projection neurons fired preferentially

around reward location. To figure out whether these projection neurons firing around reward

are encoding reward location or just respond to the reward itself, [ removed water reward in
some trials during spatial learning and checked these ACC-RSC neurons firing rate in the

water reward omission trials. I found that these neurons still fired in the non-water reward

trials (Fig.3). It means that ACC-RSC neurons are encoding the reward location information.
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Fig.3 a. Schedule for reward omission experiment. b. Firing map of ACC-RSD neurons during reward omission

experiment (The same row is the same cell across 7min and 15min trials).

Next, in order to figure out whether ACC-RSC projection neurons firing around reward

keep firing around the reward location when the reward moved to a new location, [ moved

water reward to a new location. I find that ACC-RSC projection neurons firing around reward
gradually stop firing, and other ACC-RSC projection neurons started firing around new

reward location (Fig.4). It means that ACC-RSC encoding the distinct reward location with
different population.
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Fig.4 a. Schedule for reward moving experiment. b. Firing map of ACC-RSD neurons during reward moving experiment (The

same row is the same cell across different sessions).

These results were presented in the “The 99th Annual Meeting of The Physiological

Society of Japan” and “The 45th Annual Meeting of the Japan Neuroscience Society” .
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