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Re-thinking roles of hippocampus in systems consolidation
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Previous studies have suggested that the hippocampus-dependent memory becomes
hippocampus-independent with time through systems consolidation. In this study, we investigated roles of
hippocampus in regulation of remote contextual fear memory by comparing previous findings. We found that
long, but not short time recall of remote memory activates gene expression in the hippocampus and induces
hippocampus-dependent reconsolidation and that remote memory retrieval becomes hippocampus-dependent
after the long time recall. We also suggest that the long time recall enables to discriminate differences
of context even when memory is remote. These findings suggest that remote fear memory returns to a
hippocampus dependent state after long time recall through reactivation of hippocampus.



100
Consolidation theory

cdlular
consolidation

systems consolidation
1

2000

Nat. Neurosci, 2002; J.
Neurosci. 2004, 2008, 2009, 2011

10

10

2004 10

Suzuki et al. J. Neurosci. 2004

Contextual generalization




Neurosci. 31, 8786 -802.2011

Context A
Context B 3 10
Contextual generalization
3 10
Context A
Context B
3 10 Context A
Context A
Context B 4
3
4 8 Context A Context B
90 context
c-fos Arc Zif268 10
Context A
Context A B
10
c-fos
10
24
CA CA3 c-fos
10 3
c-fos
10
c-fos
c-fos
3 10 8
10

invivo

10

10




)

@)

©)

(4)

®)

(6)

)

©)

©)

14
Inaba, H., Kai D., Kida, S. N-glycosylation
in the hippocampus is required for the
consolidation and  reconsolidation  of
contextual fear memory Neurobiology of
Learning and Memory, in press,

in press
Morishita, Y., Miura, D., Kida, S. PI3K
Regulates BMALL/CLOCK-mediated
Circadian Transcription from the Dbp
Promoter, Biosci. Biotechnol. Biochem.,
80 : 1131-1140. 2016 doi:
10.1080/09168451.2015.1136885.
Inaba, H., Tsukagoshi, A., Kida, S. PARP-1
activity is required for the reconsolidation
and extinction of contextua fear memory
Mol. Brain 863, 2015 doi:
10.1186/s13041-015-0153-7.
Kida, S, Sawa, A., Ikeda, K. Elucidating
mechanisms for mental disorders. from
specific molecules to pathology. Current
Molecular Medicine. 15:191-2. 2015

doi: 10.2174/1566524015666150330142548
Kida, S. & Kato, T. Microendophenotypes
of psychiatric disorders -Phenotypes of
psychiatric disorders at the level of
molecular dynamics, synapses, neurons, and
neural  circuits. Current  Molecular
Medicine. 15:111-118, 2015,

doi: 10.2174/1566524015666150303002128
Sawa, A, Kida, S, lkeda, K.
Microphenotypes of mental disorders: a
systematic approach to study disease
mechanisms. Current Molecular Medicine.
15:109-110, 2015

doi: 10.2174/1566524015666150303001535

PTSD
- 13 ,
37-47. 2015,
Nonaka, M., Kim, R., Fukushima, H.,
Sasaki, K., Suzuki, K., Okamura, M., Ishii,

(10)

11

(12)

(13)

(14)

@

@)

3)

“)

)

(6)

)

Y., Kawashima, T., Kamijo, S,
Takemoto-Kimura, S., Okuno, H., Kida, S.,
Bito, H. Region-Specific Activation of
CRTC1-CREB Signaling Mediates
Long-Term Fear Memory. Neuron. 84,
92-106. 2014

doi: 10.1016/j.neuron.2014.08.049.
Fukushima, H., Zhang, Y., Archbol, G,
Ishikawa, R., Nader, K. Kida, S
Enhancement of fear memory by retrieval
through reconsolidation. elLife, 3, 02736,
2014 doi: 10.7554/eLife.02736.
Kida, S. & Serita, T. Functiona roles of
CREB as a positive regulator in the
formation and enhancement of memory.
Brain Research Bulletin. 105, 17-24. 2014,

doi: 10.1016/j.brainresbull.2014.04.011.
Ishikawa, R., Kim, R., Namba, T., Kohsaka,
S., Uchino, S. & Kida, S. Time-dependent
enhancement of hippocampus-dependent
memory after treatment with memantine:
implications for enhanced hippocampal
adult neurogenesis.  Hippocampus. 24,
784-93. 2014, ,

doi: 10.1002/hipo.22270.

34, pp117-125, 2014,
MEM

8 pp83-90, 2014,

29
CREB
” 2016
2016 3 27-30
2016 2016 3 27-30
2016 “
BMALI1 CAl
72016 3
27-30

Rie ISHIKAWA, Hotaka FUKUSHIMA,
Satoshi KIDA, " Erasure of recent and
remote hippocampus-dependent fear
memory by enhancing memory forgetting
through increase in adult hippocampal
neurogenesis with Memantine" The 38th
Annual Meeting of the Molecular Biology
Society of Japan, 2015 12 14

, 2015
113

2015 10
-9
S. KIDA “Active Transition of Memory



Phases from Fear to Safety, Symposium on
Memory and Mind, Tohoku Forum for
Creativity Thematic Program” 2015 9
28-29

(8) S. KIDA “Erasure of recent and remote
hippocampus-dependent fear memory by
enhancing memory forgetting through
increase in adult hippocampal
neurogenesis”. (The 7™ meeting of
MCCS-Asia Sep 19-20, 2015, Wuzhen,
China)

(9) S. KIDA Erasure of Recent and Remote
Fear Memory by Enhancing Forgetting

Symposium “Synaptic Plasticity in

Healthy and Disease” 2015 Annual
Meeting of the Korean Society for Brain
and Neural Sciences (KSBNS), Korea,
Daegu on Sep 11~12, 2015.

(10) Regulation of memory retrieval
by forebrain circadian clock

27 9 11
(11
38
7 28 () 31 ()29
(12) 3
Reconsolidation update
” 38 2015
7 28-31
(13) -
38 [
N- O-
” 2015 7 28-31
(14) . (13
2 38

2015 7 28-31

(15) S. KIDA Erasure of recent and remote fear
memory by enhancing adult hippocampal
neurogenesis 10th International Conference
for Neurons and Brain Disease, Xian, China
June 22-24, 2015

(16) S. KIDA FErasure of recent and remote fear
memory by enhancing forgetting through
increase in adult hippocampal neurogenesis

Symposium “New insights into classical

memory issues”. 9th Annual Canadian
Neuroscience Meeting - May 24 -27, 2015,
Vancouver

(17)
“Reconsolidation-update

” 59
2015 3 26-29

(18) Shojiro AMANO,_Satoshi KIDA, "Roles of
Histone modifications in the hippocampus
in formation of contextual fear memory",
The 37th Annual Meeting of the Molecular
Biology Society of Japan 2014 11
25-27

(19) Rie ISHIKAWA , Paul W. FRANKLAND,
Satoshi KIDA " Erasure of recent and
remote hippocampus-dependent fear
memory by enhancing memory forgetting
through increase in adult hippocampal
neurogenesis" Neuroscience 2014, 2014
11 15-19 , Washington D.C.

(20) Hiroyoshi INABA, Akinori TSUKAGOSHI,
Satoshi KIDA, "Poly ADP-ribosylation is
required for reconsolidation and extinction
of contextual fear memory",Neuroscience

2014 2014 11 15-19 , Washington,
D.C.
ey . "NMDA
" BART I WS H
8 26 11 A8-9H,
22 __ PTSD
36 57
26 9 30
(23)
neuroscience 2014 ( 26 9 11-13
)
(24) B
” 37
2014 9 11-13
(25) Paul W. Frankland
37 2014 9
11-13
(26) "
ADP ”
37 2014 9
11-13
(27) "
” 37
2014 9 11-13
(28) S
0 " 37
“ 2014 9 11-13

(29) S. KIDA “Regulation of memory
retrieval by forebrain circadian clock”
9th International Conference for

Neurons and Brain Disease, 26
7 14-16
o 1
PTSD



M

2014-225209
26 11

KIDA, Satoshi

80301547

5



