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Stress-induced effects on the development of orbitofrontal-amygdala circuit.
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The present study explores the effect of stress on the
orbitofrontal-basolateral amygdala circuit in mice. First we optogenetically isolated the OFC-BLA
excitatory synaptic response in mice and examined effects of stress. We found that the repeated
tail-shock stress or adolescent social isolation stress induced changes in postsynaptic properties
in the OFC-BLA synapse in mice. Next, we optogenetically manipulated the OFC-BLA synaptic
transmission in behaving mice, and found that the OFC-BLA circuit modulated depression-like behavior

and social behavior. Our finding suggest that stress disrupts information processing in the OFC-BLA
circuit, and it contributes to emotional change in stress-related psychiatric disorders.

AMPA



PTSD

[1. 2]

[3.4]
[5]
OFC: Orbitofrontal cortex OFC
OFC [61
OFC
[7,8] -
o] OFC-
OFC BLA
(€D) OFC-BLA
OFC
OFC-BLA OFC
AAV (AAV-CaMKIIa-ChR2 (H134R)-EYFP) 4
470 nm OFC BLA

1
Optical stim /_/\
o

(470 nm

Rec J

(A)AAVA > 2 7 a3 ¥ A MEE AEIOFC)IZH 1T AChR2-EYFPEIR L |
B EDRIEBAKZIC S 1T 3 5EHRENL (TER)

(B) BEXABHICL Y BIERIN/-EERDOFCBIAY T 7 RAER (X7 —IL:
50ms, 100pA)

(@3]
3 Repeated tail-shock stressltl
[11] 3-8 9
(€)) / OFC-BLA
OFC AAV (AAV-CaMKIIa-ChR2 (H134R)-
EYFP AAV-CaMKIIa-eNpHR 3.0-EYFP) BLA LED

Teleopto,



470 nm 590 nm
OFC-BLA /

CaMKIlla-hM4D(Gi)-mCherry)

OFC AAV
BLA
Clozapine N-oxide CNO

(AAV-

OFC-BLA
(€D)] OFC-BLA
OFC-BLA
Repeated tail-shock stress
OFC c-
Fos 41
2018 6th Congress of ASCNP 2019 OFC BLA
AMPA/ NMDA
AMPA Ca?* AMPA
2
A B
Ctrl Stress o 1B xx Ctrl Stress 25, —*
+40mV 210 +igmx A !’jé 2 4
4 + A
- +20mv \ # 45 |
- < / —?? ®
L 5 omv - -
\ 5 -20 mv [ £
-70mv -40mv | | € 0.5 -
' 04 -60 mV Y J
Ctl  Stress -80mv ‘ 0- Ctd  Stress
X2, SMAOFC-BLAREKICH TR R b LRAGEMED >+ 7 RFMHEZL
(A) A b L R(Z & BAMPA/NMDATE T B2 D IEMN
(B) X F L RIZL ZAMPAR BAEDER-EEFENEL L AR EXREDEN
Caz* AMPA PKA
OFC-BLA
OFC-BLA
/
OFC-BLA OFC-
BLA
3
A
FEEAESER FEEXESER
WM MR R I-chr2 55 =BT (%) AN AR I-hMaDI %R |EEIRI (%)
ok i 1
w40 |
) \fm cuo&ls i
X 20 A
0
& & F 9
ZFLRFA—TTIR ¢ 5 ZFLZRYR A«‘fb &
3. %M8loFC-BLAKRRE DMRFBNIRIED' 5 DRITRI~NRIZFTHE
(A) HEBEFIC & % OFC-BLAREE D #MmE B L I &K V) EB A 0
(B) ILFHEEF I & % OFC-BLARREE D 1 RRmE IR (2 & V) EBHELL
OFC-BLA Caz* AMPA
Transl Psychiatry 2020
(@3] / OFC-BLA
OFC-BLA
OFC-BLA OFC

OFC



OFC
(6] OFC

OFC-BLA/ OFC-BLA

[11, 12]
OFC-BLA
OFC-BLA AMPA/NMDA
OFC-BLA AMPA/NMDA
OFC-BLA OFC-BLA
OFC-BLA/ OFC-BLA
OFC-BLA
OFC-BLA
OFC-
BLA
OFC-BLA
OFC-BLA
OFC-BLA
43 2020, 2018 94 2021
OFC-BLA/ OFC-BLA
1. Popoli, M., et al. The stressed synapse: the impact of stress and glucocorticoids on

10.

11.

12.

glutamate transmission. Nat Rev Neurosci, 2013. 13(1): p. 22-37.
Rothman, S. M. and Mattson, M. P., Activity-dependent, stress-responsive BDNF

signaling and the quest for optimal brain health and resilience throughout the lifespan.
Neuroscience, 2012. 3(293): p. 228-240

Williams, L. M., et al., Childhood trauma predicts antidepressant response in adults with
major depression:; data from the randomized international study to predict optimized

treatment for depression. Transl Psychiatry, 2016. 6(e799)

Ibrahim, J., et al., Childhood maltreatment and its link to borderline personality disorder
features in children: A systematic review approach. Clin Child Psychol Psychiatry, 2018.
23(1): p. 57-76

Franklin, T. B., et al., Neural mechanisms of stress resilience and vulnerability. Neuron,
2012. 75(5): p. 747-761

Rolls, E.T., et al., The orbitofrontal cortex: reward, emotion and depression. Brain
Commun, 2020. 2(2): fcaal96.

Versace, A. et al. Abnormal left and right amygdala-orbitofrontal cortical functional
connectivity to emotional faces: state versus trait vulnerability markers of depression in
bipolar disorder. Biol. Psychiatry, 2010. 67(5): p. 422-431

Hanson, J. L. et al., Lower structural integrity of the uncinate fasciculus is associated
with a history of child maltreatment and future psychological vulnerability to stress. Dev
Psychopathol, 2015. 27(402): p. 1611-1619

Arruda-Carvalho, M. et al., Optogenetic Examination of Prefrontal-Amygdala Synaptic
Development. J Neurosci, 2017. 37 (11): p. 2976-2985

Braga, M., et al., Stress impairs alA adrenoceptor-mediated noradrenergic facilitation of
GABAergic transmission in the basolateral amygdala. Neuropsychopharmacol , 2004. 29:
p. 45-58

Makinodan, M., et al., A critical period for social experience—dependent oligodendrocyte
maturation and myelination. Science, 2012. 337(6100): p. 1357-1360

Haj-Mirzaian, A., et al., Involvement of opioid system in behavioral despair induced by
social isolation stress in mice. Biomed Pharmacother, 2019. 109: p. 938-944



1 1 0 1

Kuniishi Hiroshi Yamada Daisuke Wada Keiji Yamada Mitsuhiko Sekiguchi Masayuki 10

Stress induces insertion of calcium-permeable AMPA receptors in the OFC-BLA synapse and 2020
modulates emotional behaviours in mice

Translational Psychiatry 154

DOl
10.1038/s41398-020-0837-3

11 2 2

OFC-BLA

94

2021

Adolescent social isolation disrupts synaptic transmission in medial orbitofrontal cortex-basolateral amygdala pathway and
social behavior in mice

43

2020

Hiroshi Kuniishi, Daisuke Yamada, Keiji Wada, Mitsuhiko Yamada, Masayuki Sekiguchi

Stress alters postsynaptic properties in the OFC-BLA pathway and modulates emotional behaviors in mice

FENS Forum 2020

2020




93

2020

93

2020

Hiroshi Kuniishi, Daisuke Yamada, Keiji Wada, Mitsuhiko Yamada, Masayuki Sekiguchi

Stress induced postsynaptic plasticity in the orbitofrontal-amygdala pathway in mice

6th Congress of AsCNP

2019

2019




2019

NEUR02019

2019

41

2018

28

48

2018







