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Memory: Formation, change and loss
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WHAT DoN'T WE KNOow?

How Are Memories
Stored and Retrieved

acked into the kilogram or so of neural
wetware between the ears is every-

thing we know: a compendium of use-
ful and trivial facts about the world, the his-
tory of our lives, plus every skill we've ever
learned, from riding a bike to persuading a
loved one to take out the trash. Memories
make each of us unique, and they give conti-
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same as remembering what, as far as the
brain is concerned.

Thanks to experiments on animals and
the advent of human brain imaging, scien-
tists now have a working knowledge of the
various kinds of memory as well as which
parts of the brain are involved in each. But
persistent gaps remain. Although the MTL
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Forgettinglas a form of adaptive engram cell plasticity
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The Gone Engrams
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Severe amnesia Moderate amnesia
Probability of engram cell reactivation
late-phase Chemotherapy
Alzheimer
disease Infantile amnesia State-dependent
memory
Transient global
Korsakoff syndrome amnesia
Severe TBI Ageing
Epilepsy MCl Trace decay

Viral encephalitis

Post-traumatic
stress disorder

Savant
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Highly superior
autobiographical
memory
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Reduced engram cell
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Ryan & Frankland, 2022, Nat. Rev. Neurosci.
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Adaptive Forgetting and Memory Editing

Blessed are the forgetful:
for they get the better even for their blunders.
---- Friedrich Nietzsche

Unsuccessful Successful
PTSD Regulating emotion
Depression Preserving self-image
Anxiety 4 e Facilitating forgiveness
Insomnia

rumination, excessive worries,

flashbacks, intrusive thoughts

Hu et al., 2017. Current Directions in Psy Sci



Adaptive Forgetting and Memory Editing

LETTER

Activating positive memory engrams suppresses
depression-like behaviour

Steve Ramirez!, Xu Liui, Christopher J. MacDonald!, Anthony Moffa', Joanne Zhou', Roger L. Redondo"” & Susumu Tone:gzlwal'2

doi:10.1038/nature14514
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Resilience after trauma:
The role of memory suppression

Alison Mary®, Jacques Dayan'?, Giovanni Leone?, Charlotte Postel’, Florence Fraisse', Carine Malle,
Thomas Vallée!, Carine Klein-Peschanski®, Fausto Viader', Vincent de la Sayette!, Denis Peschanski’,
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Memory Editing: Timepoints

Memory: The Restless Engram

Motivat_ed Encoding | Directed Retrieval Heamwmmn More
Forgetting Forgetting Suppression reactivations
Labile } \ /
Memory
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Targeted Memory Reactivation
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Consolidation
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Reconsolidation

Time

Phelps & Hoffman, 2019. Nature



Memory Editing: Wake

Memory: The Restless Engram

Motivat_ed Encoding | Directed Retrieval Heamivaﬁﬂn More
Forgetting Forgetting Suppression reactivations
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Hu et al., 2015; Hu et al., 2017; Xie et al., 2020:; Xie et al., 2022; Yao et al., 2021;



Motivated Forgetting

Optimistic Amnesia

How likely will you get cancer
when you reach 60?

YAO Ziqing
kT ‘ @

The actual probability is

®/ \@

Bad news! Good news!

Yao et al. 2021, Soc Cogn Affect Neurosci.
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Bad news! Good news!
How likely will you get cancer when you reach 60?
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5% VS. 15%

Optimistic Bias in Belief Updating

Yao et al. 2021, Soc Cogn Affect Neurosci.



Motivated Forgetting

Optimistic
Belief Updating
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People are more likely to update their
beliefs for desirable feedback

Yao et al. 2021, Soc Cogn Affect Neurosci.
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Motivated Forgetting

Shallower encoding depth of undesirable feedback
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Memory Editing: Wake

Memory: The Restless Engram
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Memory Editing: Encoding

r'TMS over right DLPFC
Impair voluntary forgetting
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Memory Editing: From Wake to Sleep

Memory: The Restless Engram
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Memory Editing: Sleep

Memory: The Restless Engram
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Memory Editing: Techniques

a Editing consolidation
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Memory Editing: Wake and Sleep

a Editing consolidation

Targeted memory 1 I 2
reactivation
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From Science Fiction to Lab

You can erase someone from your mind.
Getting them out of your heart is another story.
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Targeted Memory Reactivation

Targeted Memory Reactivation TMR

Employing sensory cues to guide covert
memory reactivation during sleep

Learning Sleep Remembering
A special sound can be If the same sound is presented Because memories were
linked with some new learning. during sleep, it can cause reactivated during sleep,
In this case, the sound of a bell associated memories to be memory storage in the brain
is linked to new information reactivated in the brain, becomes stronger, which helps
from a book. without causing awakening. with recalling information later.

Rasch et al., 2007, Science; Rudoy et al., 2009, Science,;
Hu et al., 2015, Science; Hu et al., 2020, Psychol Bull



Targeted Memory Reactivation

TMR promotes Spatial Learning

A Learning — 50 object locations

Test — 50 object locations
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Targeted Memory Reactivation




Targeted Memory Reactivation
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EEG Sleep Research

Rasch et al., 2007, Science; Rudoy et al., 2009, Science,;
Hu et al., 2015, Science; Hu et al., 2020, Psychol Bull



TMR improves Skill Learning

Antony et al., 2012, Nat Neurosci.

Pre-nap training == 90-minute nap == Post-nap test
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TMR Induces Fear Extinction
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TMR Induces Fear Extinction

pii: sp-00026-14 http://dx doi.org/10.5665/sleep.4502

SLOW WAVE SLEEP AND FEAR MEMORY EXTINCTION IN HUMANS

Effect of Conditioned Stimulus Exposure during Slow Wave Sleep on Fear
Memory Extinction in Humans

Jia He (Postgraduate Student)'?; Hong-Qiang Sun, MD, PhD'; Su-Xia Li, MD, PhD?, Wei-Hua Zhang, MD'; Jie Shi, MD, PhD?;
Si-Zhi Ai (Postgraduate Student)?; Yun Li, MD* Xiao-Jun Li, MD'; Xiang-Dong Tang, MD, PhD*; Lin Lu, MD, PhD'2*
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TMR induced Forgetting

Counter-Bias Training + TMR
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TMR: A Meta
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Promoting Memory Consolidation During Sleep: A Meta-Analysis of
Targeted Memory Reactivation

Xiaoging Hu
The University of Hong Kong and HKU-Shenzhen Institute of
Research and Innovation, Shenzhen, China

Man Hey Chiu
The University of Hong Kong

= Learning

Sleep
If the same sound is presented
during sleep, it can cause
associated memories to be
reactivated in the brain,
without causing awakening.

> .95

Remembering

Because memories were
reactivated during sleep,
memory storage in the brain
becomes stronger, which helps
with recalling information later.

A special sound can be
linked with some new leaming.
In this case, the sound of a bell

is linked to new information
from a book.

Hu et al., 2020, Psychol Bull
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TMR: A Meta

Cueing stages Learning tasks
d 5 b 5
4 4
3 3
= [SY
w -
@ @
T oy m . Ty
-2 _ .&
0 l,,, #: 0
N2 SWS REM Unspecified Wake Declalrative SII<iII Conditlioning Otl';ers
Cueing Stages Learning Types
Focal Analyses
b s
2 2 I
4 |
o B 3 I‘:"i
2 . 8 i
3 o B “*i‘.
T 0 D . i * 1 #‘I‘?‘\
\ T i
; A S
Spatial Associative Language False Skill Cognitive Bias Emotional Fearful
Learning Modifications Memories Memories

Learning Learning Acquisition Memories

Hu et al., 2020, Psychol Bull



TMR: from lab to real-world

Sleeping in
Opportunit
and Clinica
Targeted M

Ken A. Paller
Department of Psychology,

Feld & Diekelmann, 2020, Curr Dir Psychol Sci.

aps

ASSOCIATION FOR
PCYCHNINGICAT SCIFNCF

Table 1. Framework for Applied Research on Enhancing the Influence of Sleep on
Memory via Different Applications

Targeted
Sleep memory Brain
Population and application hygiene reactivation stimulation Hypnosis

Healthy subjects

Neuroenhancement ot ++ +
Clinical subjects

Rehabilitation ++ ++ +

Psychotherapy ++ ++ +

Aging/dementia +++ ++ +

Health behavior 0 + 0

Note: Rows show different application targets, and columns show different methods. Symbols
indicate potential effectiveness: very high (+++), high (++), medium (+), and low (0). These
ratings represent the authors’ personal perspectives, which are based on varying degrees of ow Sleep
evidence and should not be interpreted quantitatively. Rather, these ratings are intended as a e the
guide for the most promising areas for future applied research.

- Better

o
Ken A. Paller, Jessica D. Creery, and Eitan Schechtman

Department of Psychology and Cognitive Neuroscience Program, Northwestern University,
Evanston, Illinois 60208, USA; email: kap@northwestern.edu, jessica.d.creery@gmail.com,

Paller 2017, Curr Dir Psychol Sci. e e o
Paller et al., 2021, Annu Rev Psychol



TMR: from lab to real-world

Current Biology

Enhancing imagery rehearsal therapy for nightmares
with targeted memory reactivation

Visit 1 Home Visit 2 Home Visit 3 Home Visit 4
Pre- 2 weeks Intervention 2 weeks Post. 3 months s
intervention + Actigraphy * Sleep headband intervention follow-up
+ Dream diary + Dream diary
TMR group: sound in REM sleep
Clinical Clinical Clinical
evaluation Contral group: sound in REM sleep evaluation evaluation
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TMR: Mechanisms

A

Experienced Episodes

Cross-regional, hierarchical coupling between
Slow oscillations (<1.5 Hz, frontal cortex)
Spindles (12-16Hz, thalamus)
Ripples (>100 Hz, hippocampus)

Born & Wilhelm, 2012, Psychol. Res.



TMR: Mechanisms
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TMR: Mechanisms

How Targeted Memory Reactivation Promotes
the Selective Strengthening of Memories in Sleep

Penelope A. Lewis':* and Daniel Bendor?

Psychology Department, Cardiff University, Cardiff, UK

2Department of Experimental Psychology, University College London, London, UK
*Comespondence: LewisP8@cardiff.ac.uk
https://doi.org/10.1016/j.cub.2019.08.019

A Balanced up state TMR ~ Biased up-state (CTX)
4L Fesk Telk
W °Beo Aol A%

\\‘\» ..-.‘ ....A’]/

B 6. Down state/Tag
1. Biased up state (CTX) 4. Cortical replay removal (CTX)

CTX.‘ CTX.AA CTX.“
oo 40| ego AG>opge 0
.... Tag oB . ....‘

Ehc-

2. Context selectlon (HC) ™ 3. Hlppocampal replay

TY LY IR XA
escae” Hgkog%

Current Biclogy

Lewis & Bendor, 2019, Curr Biol.



TMR: Mechanisms

Item-specific Representations during Sleep Is
temporally orchestrated via
slow oscillations
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TMR and Memory Editing during Sleep
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Memory Editing

Memory: The Restless Engram

Motivated Encoding Directed Retrieval ‘Reactivation  More
™ Forgetting Forgetting Suppression Y reactivations
: A —
Labile 3B \ / i

Control

Memory wulnerability

Targeted Reactivation

@ Stable

Hu et al., 2015; Hu et al., 2017; Xie et al., 2020; Xie et al., 2022; Yao et al., 2021,
Hu et al., 2015; Hu et al., 2020; Zeng et al., 2021; Zeng, Lin et al., 2021; Xia et al., 2022
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Sleep: Mechanisms to Behavior to Health

Does the NIH director Genetic basis for COVID-19 Impacts of Indigenous Iand Recarding
have to be an MD? p.524 :

$15

Pattern detection
29 OCTOBER 2021 1!
J Spiking patterns !
science.org Ripples MJ\'
g Theta and REM sleep v i
AVAAAS Spindles el

Slow oscillations .l
Action

_ Optogenetic activation

— Optogenetic inhibition

— Electrical stimulation
Auditory stimulus n
Olfactory stimulus i
tDCS and tACS

Fig. 2. Closed-loop experiments allow for the modulation of ongoing brain patters in real time.
Recorded brain signals are processed in real time to detect sleep pattems. The detection of a given pattern
automatically triggers an action using invasive or noninvasive methods that affect the neural networks in real
time to test whether the manipulation boosts or impairs memory consclidation. The effect on memory is
assessed during a recall session after the modified sleep period. tDCS, transcranial direct current stimulation;
tACS, transcranial alternating current stimulation.

Sleep health in context

There are several dimensions to sleep health, such as regularity, satisfaction, alertness, timing. efficiency, and duration. Alene and in combination, these dimensions
interact with many aspects of our general health, including cardiovascular, metabolic, immune, mental, behavioral, and cognitive health. Interactions between sleep
and health are further shaped by individual- and social-level factors operating within larger societal factors. All occur in the context of the day-night cycle.
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WHY WE SLEEP 2021 Science
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The root of Man’s problems is memory
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