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Today’s Outline

1) The physiology of sleep

2) The diversity of memory evolution
a) Stabilization and enhancement
b) Selection, gist, rules and insight

3) The future …

The Physiology and 
Chemistry of the Brain 
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Sleep and
Memory Evolution 

Stabilization & Enhancement
(two examples)

Sleep Enhances 
Procedural Learning

•  Vipul Patel
•  Beth Schirmer
•  Dana Whidbee
•  LaTanya James
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Improvement Correlates with 
Late Night REM Sleep
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Improvement Correlates with 
Early SWS x Late REM

r2 = 0.79 
p < 0.0001
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Sleep Consolidates 
Motor Learning

•  Matthew Walker
•  Tiffany Brakefield
•  Alexandra Morgan
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Motor Sequence Learning
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Sleep and
Memory Evolution 

Salience, Gist, Rules, Insight
(three examples)

Sleep Selects Emotional 
Memory

•  Jessica Payne
•  Elizabeth Kensinger
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Sleep Consolidates Episodic 
Declarative Memory

•  Jessica Payne
•  Ruth Propper
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Weather Prediction Task

•  Ina Djonlagic
•  Andy Rosenfeld
•  Murray Barsky

Sleep Enhances Rules
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Probabilistic Learning

80% 60% 40% 20%

Djonlagic et al., Learn Mem 16, 751 (2009)

Sleep Enhances Performance
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Learning Correlates with REM Sleep
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The Future
(three directions)

Sleep-Dependent Learning 
is Impaired in Schizophrenia

(Study funded by Sepracor & Co.)

•  Dara Manoach
•  Erin Wamsley
•  Ann Shinn
•  Donald Goff

Motor Skill Learning in 
Chronic Schizophrenia

Manoach et al. Biol Psychiatry 56, 951 (2004)

9

11

13

15

17

19

21

2 4 6 8 10 12 2 4 6 8 10 12

Trials

#
 S

e
qu

e
n

ce
s 

/ 
3

0
 s

e
c 

(c
o

n
tr

o
ls

)

4

6

8

10

12

14

16

#
 S

e
qu

e
n

ce
s / 3

0
 se

c (S
Z

)



Stage 2 NREM Spindles in 
SZ and Controls
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Impact of Eszopiclone
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Improvement and Stage 2 NREM
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Improvement and Spindles
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Reduced Spindle Activity as an 
Endophenotype of Schizophrenia

•  Dara Manoach
•  Erin Wamsley
•  Ann Shinn
•  Donald Goff

Early Course, Neuroleptic Naïve

Spindle Measures

Patients n=26 Controls 
n=25

p
SZ n=15 Other n=11

Spindle 
Density/min

1.41 ± .47 1.64 ± .32 .049*
1.22 ± .48 1.67 ± .30 .01*

Low sigma
12 – 13.5 Hz

0.10 ± 0.07 0.13 ± 0.07 .16
0.07 ±

0.05
0.15 ± 0.07 .006*

Characteristics of Individual Spindles

Amplitude   
(µV) 

16.1 ± 4.1 18.0 ± 4.6 .11
14.4 ± 4.4 17.7 ± 3.1 .07

Manoach et al. Front Hum Neurosci 8, 762 (2014)



Spindle Measures

Relatives n=19 Controls n=12 p

High Risk 1st Degree Relatives

Spindle 
Density/min

1.52±.29 1.72±.33 0.09

Low Sigma 
(V2/Hz)

.13±.09 .29±.24 .01*

Characteristics of Individual Spindles

Amplitude (µV) 18.2 ±4.7 24.4±6.8 .005*

Manoach et al. Front Hum Neurosci 8, 762 (2014)

Sleep & Schizophrenia: From Genes to Diagnosis

Genes

Protein 
Brain 

structure/
function  Cognition 

Symptom 
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Symptoms

SZ

• Predates the onset of schizophrenia
• Persists throughout the course of the illness
• Contributes to its cognitive dysfunction

and

• Is not a general feature of psychosis
• Is not an antipsychotic side effect
• And may be treatable!

Reduced Sleep Spindle Activity:     
An Endophenotype of Schizophrenia

Dream Content Predicts
Sleep-Dependent Consolidation

NREM Napping

•  Erin Wamsley
•  Matt Tucker

NYTime.com April 22, 2010

± NREM 
Nap

12 pm 2 4 6 pm

Train Test

WAKE
(n=16)

SLEEP
(n=16)

-100

Im
pr

ov
em

en
t 
(s

ec
)

150

100

50

0

-50

p=.01

Wamsley et al. Curr Biol 20, 850 (2010)

± NREM 
Nap

12 pm 2 4 6 pm

Train Test

WAKE SLEEP

REPORTS

p=0.0003

WAKE
(n=16)

SLEEP
(n=16)

-100

Im
pr

ov
em

en
t 
(s

ec
)

150

100

50

0

-50

p=.01

n.s.

Not maze related
Maze related

0

100

200

300

400

Im
pr

ov
em

en
t 
(s

ec
)

Wamsley et al. Curr Biol 20, 850 (2010)



n.s.

SLEEPWAKE

Not maze related
Maze related

0

100

200

300

400

Im
pr

ov
em

en
t 
(s

ec
)

Quiet wakefulness
“I was thinking about the game that I used
to play in high school, “Counter-Strike”,
because of the same layout . . . and also I
was just planning, and trying to remember
the maze and trying to figure out the route”

“ . . . thinking [about] what we have to do
in the second maze test . . . wondered if it
was going to be, like, the same . . .”

Dream reports
“I was thinking about the maze and kinda
having people as check points, I guess, and
then that led me to think about when I went
on this trip few years ago and we went to
see these bat caves, and they're kind of like,
maze-like”

“Looking for something” in a maze

“Just hearing the music” from the task

Quiet wakefulness (useful?)

Dream reports (useless?)
p=0.0003

Wamsley et al. Curr Biol 20, 850 (2010)

• Sleep plays a critical role in the evolution of
memories, stabilizing and strengthening
them. It also identifies, analyzes, and
maintains our most important memories.

• But this processing is applied selectively,

• Disruption of these processes may contribute
to both neurologic and psychiatric disorders
such as SZ.

SummarySummary

More importantly, these systems carry out
what may well be the most sophisticated
function that the human brain performs –
the building of a model of ourselves and
our world that provides clues to the
course of our future and creates the
meaning within our life.


