v UNIVERSITY OF
Brain Network

MRC | bynamics unit 20).4:(0):30

Hippocampal reactivation stabilizes recently
formed cell assembly patterns

Gido van de Ven

8 May 2017, Cardiff



Memory-consolidation

/ Consolidation \

Encoding Retrieval



Memory-consolidation:
cell assembly / reactivation hypothesis

/ Consolidation \

Encoding Retrieval
Formation of new Assembly
cell assemblies reinstatement

\ Assembly /

reactivation



Memory-consolidation:
cell assembly / reactivation hypothesis

/ Consolidation \

&
Encoding Re Retneval \
...................................................... '
| |
Formation of new N Assembly
cell assemblies ¢ remstatement o

ﬁ

reactivation

l

iu et al., 2012



Memory-consolidation:
cell assembly / reactivation hypothesis

/ Consolidation \

L 4
Encoding Re Retr|eval \
'"""""""""""'""""'""HF'.'N"; ......... ". .................... :
. > |
Formation of new o . . Assembly )
. ‘ .
cell assemblies ’ . . *, reinstatement .

~n

’ 5
' ‘ - = - -
. 1 / (e.g., Reijmers et al., 2007; Liu et al., 2012)
]
|
. ’
. Assembly ’

\reactivation P
v
&~ ~ - _ &

(e.g., Wilson and McNaughton, 1994)



Memory-consolidation:
cell assembly / reactivation hypothesis
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2 challenges: -2 ldentification & tracking of “memory-representing” cell assemblies

— Selective disruption of reactivation
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ldentification of “cell assemblies”
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Assembly pattern expression strength

ldentification of “cell assemblies”
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|dentification of “cell assemblies” - summary

Based on short-time scale interactions (25 ms) in tetrode recordings of
hippocampal principal neurons, an unsupervised statistical framework
based on PCA and ICA detects and tracks cell assembly patterns that:

* are spatially selective;
* are environment-specific;
* bind together co-active neurons; and

* bind together neurons with overlapping spatial tuning.

- challenge 1: Identification & tracking of “memory-representing” cell assemblies
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An assembly pattern’s reactivation
predicts it subsequent reinstatement
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An assembly pattern’s reactivation
predicts it subsequent reinstatement
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Selective disruption of reactivation?
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Selective disruption of reactivation: optogenetic SWR silencing
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Selective disruption of reactivation: optogenetic SWR silencing
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Selective disruption of reactivation: optogenetic SWR silencing
\ . f

Wide-band LFP \A"}' \ i \ : W
Filtered LFP W W\\‘
(125-250 Hz) » 4 +

S 17

=

c

E 1 -

3 1 .

= . .EI'

© . "o

'C—l - " ) .- am

é - N a " " J".. :'

£ 431 B 11
250 ms

Optogenetic silencing of CamKII-positive cells using ArchT

Flex-ArchT-GFP
optic fiber
5 tetrodes

optic fiber
5 tetrodes

CamKII-Cre mouse




Selective disruption of reactivation: optogenetic SWR silencing
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Experimental protocol - (causation)
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SWR-silencing impairs assembly
pattern reinstatement
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Assembly pattern expression strength

Only stability of gradually strengthened
patterns requires offline reactivation
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Only stability of gradually strengthened
patterns requires offline reactivation
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One-sentence summary

The stability of “Hebbian-like” cell assembly patterns, which are gradually
strengthened during their initial expression, depends on their offline reactivation.
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Assembly pattern reactivation
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Reinstatement strength

Effect of SWR-silencing: control analyses
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