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Place cells: spatial memory code

Use place cells to study memory processing



Spatial memory code
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Rat hippocampal neurons (place cells)
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The memory codes for spatial trajectories:
firing sequences of multiple hippocampal neurons
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Trajectory dependence of hippocampal firing sequenses
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Replay of firing sequences during slow-wave sleep
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Spatial memory code
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Question
Tauopathies (including 
Alzheimer’s disease))
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The rTg4510 (Tau) mice

 Tau pathology: overexpression of a mutated 
human tau gene (P301L) in the forebrain leads to 
t t l d d titau tangles and neurodegeneration.

 Memory deficits: clear spatial memory problems at 
7-9 month old. 



Wild type

TauTau



The familiar maze



Hippocampal place cells during track running
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Unstable firing locations of hippocampal cells in Tau mice

Stability



Consistent firing sequences despite unstable firing locations in Tau mice

Cheng & Ji, eLife 2013





Number of sequences
per session
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Lap‐to‐lap 
location shift



Common firing sequences on the 
track and in an open box.

Track

Open box:



Random behavior during the expression of sequences 
in the open box





Number of sequences
per (open box) sessionper (open box) session



Unstable firing locations on a  novel maze



Common firing sequences on the novel maze and in a novel open box
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Summary: Tau mouse model 
The data:

Stable firing sequences on familiar/novel linear tracksStable firing sequences on familiar/novel linear tracks 
 Not anchored to specific places 
 Fail to “remap” in open boxes
 Occur in the open box even prior to the novel track Occur in the open box even prior to the novel track



Sequences in Tau mice lack spatial or temporal periodicity



Normal theta oscillations in Tau mice



Behavioral parameters of WT and Tau mice



Summary: Tau mouse model 
The data:

Stable firing sequences on familiar/novel linear tracksStable firing sequences on familiar/novel linear tracks 
 Not anchored to specific places 
 Fail to “remap” in open boxes
 Occur in the open box even prior to the novel track Occur in the open box even prior to the novel track

 No periodicity
 With normal theta oscillations
 Not explained by simple behavioral parameters

The interpretation: CA1 neurons
Mainly driven by internal input (as compared to external 

sensory input)



Not just internal: firing locations are not random
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Not just internal: sequence locations are not random



Not just internal: firing sequences distinguish trajectories in an 
experience‐dependent fashion

Familiar trackTemplate

Self
Count

Novel trackSame trajectory (ST) Novel trackSame trajectory (ST)

Other trajectory (OT)



Summary: Tau mouse model 

The interpretation: CA1 neuronsp
Mainly driven by internal input.
There is also an external component.



Memory formation Memory retrieval Memory intrusionMemory consolidation
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Summary: Tau mouse model 
Instead of responding to external space and encoding  

new memories CA1 neurons are dominated by oldnew memories, CA1 neurons are dominated by old 
memories. This could contribute to 
 Inability to form new episodic memories, and
 Intrusion of old memories in AD patients Intrusion of old memories in AD patients.
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Unstable firing locations of hippocampal cells in Tau mice










