96 HAEYZHREHESZSE 344 35 (2023) /Japanese Journal of Biological Psychiatry Vol.34, No.3, 2023

Sl fESSIEE LT ) I ADEMRBITR

1. BEMASX ML AICK 2 HEHROMEREZ(EE ZOE

I

P& : S OREBEREME A L ZITEREER U 22 - REIE, 0 TERT B WS O e & 2 2 ik e
DOKBERGEZE L2 R T 5, BRI LF T4 FREGM - MNRIEZ T L - f&fleo s+ 7 g
BRI FFRIICAEC 5 2 & T, 2 b L ZBEMGREIRIC K O R S 2 fiEmig o b — 27 05
a4 FIVZANPEREL, APV RICEDIOMRITEHIZHS 2RI TE R, ZhoDWEEI& 4
F IV ZAFBERFOERMCILE->TEZLL, ZPL ZICRTAMHEEEL D) Ty ZDBKIZ &
5432300053, ARTIE, AL 22X 5RO REZL A S T &, f
BIREZAL A MARMIIE 1 v b Y — 2125 2 28 A T 5 720108 f & = R0uE Filiei # v -
¥ F T 2 OGN FEICOWTRITT 5. 5%, 2 ML ZREBREIRTOERIC KRR m
RRIOIERICAE U DB BEREE (LA S T A2 A, 2 ML ZIREDEIH L 5N A b L 2ICxT 5
fasatt e v o) v ZORMMIICEREE L3 EL 605,

BAREDZFIBHESRSEE 34 (3) : 96-101, 2023

Key words : stress, depression, inflammation, three-dimensional electron microscopy

EU®IC

HEERPERBEE L D25 2 b L 23S ORRETT
EEHE, SOWAEREED) 20 k%, 5
D R I A T R R0 S O R R v T
2K AR L, IR P DS chl{E$
I Ro) o1 S A NG SIS R M) T B
HOWERERET % TR 5 720 120F - il & o 721810
2 b L ZAETFILOMBMPHED 5T E 72, FroEd:
fEEPT 2 b v 203, (SR A TR 2 e b &
I 2 HERR 24 PE, &t S O & FOSER & B2
T B RME NN, W15 DR % &R BIERMIX
g ENEMT 2RI 4, P15 DO MERES
IZ& 0 S ORITEI IR X B IR YR E, £
Bz UM E <, A ML ABDEREEFNS 20
DEMERIFKETLEZEZ 6N TS Y, 1812
ML 2R U 720 - BRI R AR BERR 5 AR
M, HEELE RS VEDIR T 25 £ 5 OkkiTE) 24
Cd&&dlc, nivaniE Wi % Bk

Fhie v - 7 AWK ERT N AR, RN
SER AR D 3> 7 F LRI K O e o
TR ZEAFE 2 S BIE 2 S M SN TE 72, AR
TiE, 2 ML ZIZK DAL 5 iSO IZEZE LD
LREETICOWTINE TOMAEZRFITL, %
DBLZIZONTIRNRB,

1. I ORBEET>EEOX ML XETIVIC
BT 3REKEEEILE ZDESR

) OWEBFITF T B MEEEIE LT H 2 48,
RTSERT R LW IO W TR REIK T 235380 5 h 7=
ETBWENL NPT, Z OO kAR
DWW TUIARREIRD 23588 & 7z & ¢ 585 L ZLh
BholzeTWENHD, —HTIEAENS® >
I DOWBF I BB G <, iR I & ORI BEATE -
KIWEEERE X Y b7 — 7 OEBIEIZL D 4 DD
A 84 FIhhrnbl e, BLXOZFDONA A 44
7oy RN ASAR SRR XU S & BB st % 7

Chronic social stress-induced functional and morphological alterations of neurons and their significance

1) fF KRR BRI SRR B2 05 B (T 650-0017 SRt L al=ifi v Yo X AR 7-5-1  filF%EM B 4 B%) Hirotaka Nagai : Kobe
University Graduate School of Medicine Division of Pharmacology. 4th floor, Research Building B, 7-5-1 Kusunoki-cho, Chuo-ku,
Kobe-shi, Hyogo-ken, 650-0017, Japan

[7kF #5: E-mail : hirotaka.nagai@port.kobe-u.ac.jp]



AASEMFRIBEEEZ S 34 % 32 (2023) /Japanese Journal of Biological Psychiatry Vol.34, No.3, 2023 97

MTExBZLrnEnsY, wEENI RS2
ERET A2 N5, ZOMRIIZS OREEDOY T
275 A ZIZE U TR DO MEREREEZE R AN T 7 B A
BEMEARIEL TB D, 5HOBRALDBETH 5,15 >
HED 2 b L ZANOBEFEI 25k 2 I hEIR % 3G M X
A NSVER 2 A b L AR FERY e
NaDEREZAL &< . NAIRTSERT B RS Iz By
THiSIaRHR RO e i 240 % ™ ) W
BRI FZ I I W TIBHRZSE O L REM B4 48
MW UM oT, AL ZIRIAH 2 I hER o
BRIRBE L A YT A Lo RB I NG, EEE, &
AP T4 & B ) O £ rd Al EE T & FH
W, A ML ZBEFIZED 2 2OFTERTEE &8
MIBRERAR, Bk, HEMIREESE, W2 5 & 5 ik
Iy b= O EEHNETHZE, TLTAML X
BRI BT BE Ay b T — 2 DIEEISZ — VAR
ML I E PR A Z AR & s Y, R
WZ &2, Z b L ZMEEsME & S DORRTEDZR I B
T ARG ENE, EH558 Edory U —2ICH
KT BEDD, ZTOWEEAF I 2 ADINE — U
b, ANV ZWEHYE & B 2w B3 A
R B & ARG 2 & IR S\ L {5 5 8 ~ 20Hz
D7 4 = FEMEBEM L, 5 DMITEIRN &
B3 % kb B A AL AL A & A & B B 25
WAEL(mb b T AP E R— 2R, FivHR R &
MALAE A S kiR EH 5 T 2R EBH L 72, T
o OMAEE, ZMAMNEREOEHRS 4+ 32 2
M ML ZWEEER S OMITENCHE TH S Z & %
AU, EBIONGTER I 3617 B HEREZ LA R % » b
T — 2 BRICHE IR E RITT Z L ERET S, A
L 23 i SE T R AR A R E T & & 5 DOhk
TEIAA T, ARG PEL A 5 D RkiTE) % 1
M52 & 2L ZMBRZIZ P 2 I
ZI RO ENTHE A /7 LT DRkiTE &L U
528, Z b ZDMAAERED Racl FEHUL T &4
U CBHRZEGE 2254 ¥ 38R L 5 DRRTEI 24 L %
ZEV WXl D, A E AT R Ak,
HEMIBE 250 129 2 B IER T A2 2 S DFRAT
B AT 5. WEICWTE, RIS 5
HE A RS AR D WG PEALIZ K 0 5 DRRITEI 2 & M
L, &k s ofr@aiiflichs ?, Zhs
ORI, A b L ZBERER G 5 NIC 2N b 45
SRS R Z N EN A b L 2T LT L B IS
YaFH, T o OBOEHREE A2 b L Z eyt
EIOMTEI S Z AR Y, LaL, AL X
12 K 2 Mg EIR R 220 72 pi T REZE AL R0 H— D ik
1230 B AR EIZE (LAY, RO REIEE) % o b

T — 21252 ABICONWTIZ X 5 AWFAE B
TH5,

2. fREMIROBEBSEHETCERL
= RTEEEN

R REEAL R E) % v b — 21252 55
BEWO T E2012FY F T 2DOBINEET
HB, VFFARFERELI VA 7T A — PILEHD X
DHLOTNSNVEEYITH D, ZOMUNeREEZE L%
W OIS T A 5 Z L IZINHETH 5 LA,
THHIRE 35 D = RIC L IRTERERE & W RE & § 5 KoL
TIAMER RS BB RIE A2 % T 72, ZROTEIIZIE
VT T Ay 7T 2 A AEEBTHMERST -7
S EbEeehe 39 Jma) 511N 3 N A <A
EHE MG S X I aMESGFET S Y,
ZZTRYIVTLT Oy s T A AERE T
12 &0 R O A REZE AL & B8R 7= & 483
%, AT ERENOERIZ B O TEIIRIZHEDAA
7Y LK OB & U &5 0 /3T
D, ThEHNTEIRERZRSZ N, v, ¥ FT 2%
VAKINCFER L, 20434 XEfEEIClET 5 F
FinsffEsr XT3, de Vivo 5 13 WA~ 7 2
DOEBRER T2 3513 T 6,920 D > F 7 2 % KRy
ICFHREAC L, BEIRIC K - CT¥ F 7 2REE D 18 % Hi
INGBZEERLEZY, FHES S 2 Ml DI
Wi~ 7 202 3o\ TR & IR 4 b U, WEHRIC
&0 339%DYF T A A XWABKZ B L, §
Lbbh, BEIRICK S Y F 7 2SO/ R EETL
MOREMICWTRELEZEERWAELET,
—J5C, R~ 212361 B RBEIR (15 B
LAY T ZAREOM N 2084 VBB %
B, ZOHOY H3) —HEIRIZ & > T IEREZL
FEE LR o7z, Thbb, FoEHAREIRISEHIRZE
AOERENEH MR EETH D, RIFHE O WiIR
3 ZOWHEEIRL ZENRBINSEY, 72, =K
JCEHITH 5 W 5 MillE & M/ NEE % RIS AT
b2 ERnBEETHD, Y F T 2FHBOT7 2 b o
P A b AEVIKERR TS Z T, WRICKD 72 b
OHA PRV ST AR EREARTDH I L ERE
N7z Thbb, ZRIUEHIZES YT 7 2 M
fEbrid, BREBZERNICHN U CTZLT 2 sl o e
AR ) 7 M EAE & BB RN 5 729 DR )]
IR HAR T 5, MG O 2 Kx 5 AW
WH LW 2B 28R B 25, BUE, ATLHIBE
W72 ER RN FEAREIERE2ZE T 2O
D, 2=y MO EEEBIZ, A ML 2EE



98 HAEYZHREHESZSE 344 35 (2023) /Japanese Journal of Biological Psychiatry Vol.34, No.3, 2023

L EMEEIREEETFILADICHA R -1 5 9

3. ZPLRICKBHIEERRERER(LEALS
DFREFF EREDES

2 b L AU K B AivERT R B ARG o T R ) 2
13D DWREEE T I 1 B R VERT R O ks 2 & KL
YEnEL, ZONTHEIFO»ED ShTnb,
5 DY O RITTERT S Tld REDD1 O RBTHE S
&% mTOR ¥ 7" F L DWEHHARE S, A bL A
IZBEFE L 72~ o Z ORIEATR B2 5 T8 REDD1
DORBNTCHET S Z &, Z L TREDDI KHHIZ &
DAPLALDYZ Y ZANLHET B ENRE N
200 E e IDOWBEHICE W TERENR T
GATAl OFRBBTCHE L ¥ F 7 2 BHE(E T O R B
METTAZEERENEY, ThoDMREE,
RN O 531> 27 F VZEAL S el O FERER 22
Miadl> 2 E2REd 5, 2O LK TE LT, B
BanF a4 FRMARIEDZ 51RE EhTn
5, ANV AKRILEYTHABEEILFIA FOR
{3513 REDD1 O 3 BUHE°, NMDA 52 & Rk
17 10) 75 il BB A0 B B AR i o IR S 2 4 2 U
200, i IORREERT I AZX L ZETFIL
BN KRGO RIEERT, I DWEEL
IL-1 ¥ IL-6, TNFqo, PGE, 7 & My o Sheth+ A
P4 VRRIEMIRE A T4 =2 =TT L Y,
JEZ T a4 FUPIERIC T DIERDERS 5 7,
PET A A =Y V22 kD, 5 DOWEH TN RAE
V=7 —DTSPO DJLEETRT Y, Z b L 2Tk
D NBIRTERTRE S 2 a2 ) 73 AR GE 25k
TLR2/4 %4 L CHMEAb L, RIERES T TH 3
IL-10 X° TNFo O 3Bl % Ji§ % *, TLR2/4 O 4
M v o7 bR, HEFTEEIZE T S [L-10 R
TNFo O AIFAEAIZ &L D, MfTao R ERZE
fE2 9 OMATEIAIRICE 5 2 L6, A ML RIS
& 5 TLR2/4 % 4T U723 7 a2 ) 7 3G A phkk
s BRERSESE A L B Z epnahz ™, &
7z, PEMEZ b v 23 HARRL O S N RO Cldnb
DOFBUKT %91 U TR B 2 ihe < &, 1iiho
IL-6 2N L 5 DkkiTEI #4EC %, — TR
b U ZEYIEE A X Hdacl O R BIIHNIZ X O Cldnb
ORBEMERL, MERBEMOBHGE 2 i< Y, 5
#Fo®, HVERTEE, MR, TSI, Rk,
WS A& 7 AR IS E 2 7 4 T — & — T & FE
T5Z LT, AL AEPERIAROMIAALRE I 25
12-lipoxygenase (12-LOX) fXG#¥'E O FKBLTCHE %
Rz LY 12-LOX fRatid 2 + v 2 5 5

18 %ICITEA/RL, PGE, KX TALN D X b
L ABEBO LR I3 R 2EEARL 72, 12-LOX
R#@t D 5 5 12-HEPE (3 4 # 7 3 gl sk ot
RIEWREA T4+ 2 -2 —-Th 3%, 12-LOX 1ith %
3 5 Alox12 AUl A4S O il PN EE Al Ha e 22 09 1 76
By5ZEh»5, 12-LOX G2 EM:2 b L 21
KOMBIZAET BHIEN) 7)) Y7 &2 WHT 5 2
ETAML ALY Y TV A ETUES B Al g2V RIE
SNz, ZThoOmAE, FEIaLFaA4 FRAN
JERE A HITSERT R EARED 751> 7 P VEL & 9T
LU T O RERDEIEA < 2 &, ZLTA
SGUYERIEDMNIZ KT THBEOEEEHT, X612
VIR BE P D MERS & BEFE DB PRI EHEE T H %
ZLERET S,

4. ANLAMEIHEL UL AOEHGFEE%
S$AETERFHAZOHILT

Z ML AMEEEE 2 P L AL YY) T ZOfRE
EEAMTHEIFIEIRZICELS DTN, v
Z A MV AETFIERGZ b L ZEgstEo ks
MEPNEAIZ I 5 72D 13, Krishnan 5 &M L2
2 b L 2N U 7R RV T A s A & KT
PEMEARIZ o0, BRPUEEAR O 5 2 IeastE ik &
BRLUCEETRAZHNRKRENZ L EZRL, E561C
N B 252 > & WAL Z BeS 3 2ty 7 )
LF ¥ ANORBIEEHA S EEH2IHTSZ &
MAMLVALVYY)VZ Y ZAIZHEBTHS Z L #FRHEL
EHEICRARTE Y, ZOMRIEA ML ZITHT
LV IYAN, AL ARIBORMTIE AL,
FEMRIC 25 0 - RBEL E S BN A T e 2 Th %
ZEERBLZ, LAL, BXRO~YY ZHEMICE
WTCA ML ZL YY) TV ZOEIRZENE U 5871
WIRARBH T H %, Larrieu 513, [A—%r — POt
ST ILF—I12BWT, BEMEKRDIZS H 7
BEBIZBEINZBEOL V) Ty 28K L, HEH
KOLOY) Ty ARENZ L ERLEY, £, &£
%10 H2 6 20 HmicB T 58170082 L 21k
HEIDE 20712 3 O B 5K Otx2 DO FEBUK T 247
U CRIREED 2 - L 2 st &2 0 L 7, BbiT v
Dy F AV MIMHEZ L ZIIHT ALY YTV R
ARET 57, 72, A b L ZEBPUEEEAIZZ L
ZWEEs e & i LT, & b L Z R T oM
BlZH1r % K783 ¥ D1 BB E O 15 5
PEREL Y, 2 P L 22k DFFE X RS (ML IL-6
MK 7, 2 b L 2T K B EiSER B RS o
Bk ERH LR s e, LT, B



AALEMFREHESZSEE 34 % 35 (2023) /Japanese Journal of Biological Psychiatry Vol.34, No.3, 2023 99

K7 D&ERA 2 b L 2§ % RAEVEIDE S el
NaDOREREMEE & 4 F I 7 2 &S ¢, Z ML A
Bt L) L 2DREEEK TS L EA LN
50

TED

ARECBWTIE, B2 ML 212 X 5 ka0
MERERE AL 2 5 BB Ic OV Tib R 7=, B2 b
L ZiE, APLZAKRILEY ELGERIERIGE T L
TN ORI, 27 ) 7 M, 148 A e 2 5
L, 2L 2B K0 R & B e
Iy NI = DWEEETAF IV AEEREED,
ML ZMEESEE L DY Y ZOfIRZEL, RERA
MR IZ I 1T DHRREARDEIZLBEDEEZ N
%, ZTD7=8, “WICEM L & et 2 B L,
Z b L ZREFEICHR T 5 BREER - O&EMIC X
D RIS (2R U A SRR G AL % 7R3 %
ZEMN, ZbLAFEHEHEEL V) Ty 20ffKED
fRPICEHER K 57249,

ks, ARHCRCEL 7255 5 OIS L T
CRPRAACRE 217 > T 5, B Z RIS E
TFEL 0,

X ®

1) Akiyama S, Nagai H, Oike S, et al (2022) Chronic
social defeat stress increases the amounts of 12-lip-
oxygenase lipid metabolites in the nucleus ac-
cumbens of stress-resilient mice. Sci Rep, 12 (1) :
11385.

2) Bagot RC, Parise EM, Pefia CJ, et al (2015) Ventral
hippocampal afferents to the nucleus accumbens
regulate susceptibility to depression. Nat Commun,
6 : 7062.

3) Baumann B, Danos P, Krell D, et al (1999) Reduced
volume of limbic system-affiliated basal ganglia in
mood disorders : preliminary data from a postmor-
tem study. ] Neuropsychiatry Clin Neurosci, 11 (1) :
71-78.

4) Bellesi M, de Vivo L, Chini M, et al (2017) Sleep
loss promotes astrocytic phagocytosis and microglial
activation in mouse cerebral cortex. J Neurosci, 37
(21) : 5263-5273.

5) Bessa JM, Morais M, Marques F, etal (2013) Stress
-induced anhedonia is associated with hypertrophy
of medium spiny neurons of the nucleus accumbens.
Transl Psychiatry, 3 (6) : e266.

6) de Vivo L, Bellesi M, Marshall W, et al (2017) Ultra-
structural evidence for synaptic scaling across the
wake/sleep cycle. Science, 355 (6324) : 507-510.

7) de Vivo L, Nagai H, De Wispelaere N, et al (2019)
Evidence for sleep-dependent synaptic renormaliza-
tion in mouse pups. Sleep, 42 (11) : zsz184.

8) Drysdale AT, Grosenick L, Downar J, et al (2017)
Resting-state connectivity biomarkers define neuro-
physiological subtypes of depression. Nat Med, 23
(1) : 28-38.

9) Dudek KA, Dion-Albert L, Lebel M, et al (2020)
Molecular adaptations of the blood-brain barrier pro-
mote stress resilience vs. depression. Proc Natl Acad
SciUSA, 117 (6) : 3326-3336.

10) Eggerstorfer B, Kim JH, Cumming P, et al (2022)
Meta-analysis of molecular imaging of translocator
protein in major depression. Front Mol Neurosci,
15 : 981442.

11) Golden SA, Christoffel DJ, Heshmati M, et al (2013)
Epigenetic regulation of RAC1 induces synaptic re-
modeling in stress disorders and depression. Nat
Med, 19 (3) : 337-344.

12) Golden SA, Covington HE 3rd, Berton O, et al (2011)
A standardized protocol for repeated social defeat
stress in mice. Nat Protoc, 6 (8) : 1183-1191.

13) Grieve SM, Korgaonkar MS, Koslow SH, et al (2013)
Widespread reductions in gray matter volume in de-
pression. Neuroimage Clin, 3 : 332-339.

14) Haberl MG, Churas C, Tindall L, et al (2018)
CDeep3M-Plug-and-Play cloud-based deep learn-
ing for image segmentation. Nat Methods, 15 (9) :
677-680.

15) Hamilton JP, Siemer M and Gotlib IH (2008) Amyg-
dala volume in major depressive disorder : a meta—
analysis of magnetic resonance imaging studies. Mol
Psychiatry, 13 (11) : 993-1000.

16) Higashida S, Nagai H, Nakayama K, et al (2018) Re-
peated social defeat stress impairs attentional set
shifting irrespective of social avoidance and increas-
es female preference associated with heightened
anxiety. Sci Rep, 8 (1) : 10454.

17) Hodes GE, Pfau ML, Leboeuf M, et al (2014) Indi-
vidual differences in the peripheral immune system
promote resilience versus susceptibility to social
stress. Proc Natl Acad Sci U S A, 111 (45) : 16136~
16141.

18) Holmes SE, Scheinost D, Finnema SJ, et al (2019)



100

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

HAEYZHREHESZSE 344 35 (2023) /Japanese Journal of Biological Psychiatry Vol.34, No.3, 2023

Lower synaptic density is associated with depression
severity and network alterations. Nat Commun, 10
(1) :1529.

Hultman R, Ulrich K, Sachs BD, et al (2018) Brain-
wide electrical spatiotemporal dynamics encode de-
pression vulnerability. Cell, 173 (1) : 166-180. e14.
Jernigan CS, Goswami DB, Austin MC, et al (2011)
The mTOR signaling pathway in the prefrontal cor-
tex is compromised in major depressive disorder.
Prog Neuropsychopharmacol Biol Psychiatry, 35
(7) : 1774-1779.

Kang HJ, Voleti B, Hajszan T, et al (2012) De-
creased expression of synapse-related genes and
loss of synapses in major depressive disorder. Nat
Med, 18 (9) : 1413-1417.

Koolschijn PC, van Haren NE, Lensvelt-Mulders GJ,
et al (2009) Brain volume abnormalities in major
depressive disorder : a meta-analysis of magnetic
resonance imaging studies. Hum Brain Mapp, 30
(11) : 3719-3735.

Kopschina Feltes P, Doorduin J, Klein HC, et al (2017)
Anti-inflammatory treatment for major depressive
disorder : implications for patients with an elevated
immune profile and non-responders to standard anti-
depressant therapy. J Psychopharmacol, 31 (9) :
1149-1165.

Krishnan V, Han MH, Graham DL, et al (2007) Mo-
lecular adaptations underlying susceptibility and re-
sistance to social defeat in brain reward regions. Cell,
131 (2) : 391-404.

Larrieu T, Cherix A, Duque A, et al (2017) Hierar-
chical status predicts behavioral vulnerability and
nucleus accumbens metabolic profile following
chronic social defeat stress. Curr Biol, 27 (14) :
2202-2210. e4.

Lee E, Hong J, Park YG, et al (2015) Left brain cor-
tical activity modulates stress effects on social behav-
ior. Sci Rep, 5 : 13342.

Lehmann ML and Herkenham M (2011) Environ-
mental enrichment confers stress resiliency to social
defeat through an infralimbic cortex-dependent neu-
roanatomical pathway. J Neurosci, 31 (16) : 6159-
6173.

Malykhin NV, Carter R, Seres P, et al (2010) Struc-
tural changes in the hippocampus in major depres-
sive disorder : contributions of disease and treat-
ment. J Psychiatry Neurosci, 35 (5) : 337-343.

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

Martin KP and Wellman CL (2011) NMDA receptor
blockade alters stress-induced dendritic remodeling
in medial prefrontal cortex. Cereb Cortex, 21 (10) :
2366-2373.

Menard C, Pfau ML, Hodes GE, et al (2017) Social
stress induces neurovascular pathology promoting
depression. Nat Neurosci, 20 (12) : 1752-1760.
Muir J, Lorsch ZS, Ramakrishnan C, et al (2018) In
vivo fiber photometry reveals signature of future
stress susceptibility in nucleus accumbens. Neuro-
psychopharmacology, 43 (2) : 255-263.

Nagai H, de Vivo L, Marshall W, et al (2021) Effects
of Severe Sleep Disruption on the Synaptic Ultra-
structure of Young Mice. eNeuro, 8 (4) : ENEURO.
0071-21.2021.

Nagai M, Nagai H, Numa C, et al (2020) Stress—in-
duced sleep-like inactivity modulates stress suscepti-
bility in mice. Sci Rep, 10 (1) : 19800.

Nie X, Kitaoka S, Tanaka K, et al (2018) The innate
immune receptors TLR2/4 mediate repeated social
defeat stress—induced social avoidance through pre-
frontal microglial activation. Neuron, 99 (3) : 464~
479. 7.

Numa C, Nagai H, Taniguchi M, et al (2019) Social
defeat stress—specific increase in c-Fos expression in
the extended amygdala in mice : Involvement of do-
pamine D1 receptor in the medial prefrontal cortex.
SciRep, 9 (1) : 16670.

Ota KT, Liu RJ, Voleti B, et al (2014) REDD1 is es-
sential for stress-induced synaptic loss and depres-
sive behavior. Nat Med, 20 (5) : 531-535.

Pefia CJ, Kronman HG, Walker DM, et al (2017)
Early life stress confers lifelong stress susceptibility
in mice via ventral tegmental area OTX2. Science,
356 (6343) : 1185-1188.

Schiepers OJ, Wichers MC and Maes M (2005) Cy-
tokines and major depression. Prog Neuropsycho-
pharmacol Biol Psychiatry, 29 (2) : 201-217.
Schubert PJ, Dorkenwald S, Januszewski M, et al
(2022) SyConn?2 : dense synaptic connectivity infer-
ence for volume electron microscopy. Nat Methods,
19 (11) : 1367-1370.

Shinohara R, Taniguchi M, Ehrlich AT, et al (2018)
Dopamine D1 receptor subtype mediates acute stress
-induced dendritic growth in excitatory neurons of
the medial prefrontal cortex and contributes to sup-

pression of stress susceptibility in mice. Mol Psychia-



AASEMFRIBEEEZ S 34 % 32 (2023) /Japanese Journal of Biological Psychiatry Vol.34, No.3, 2023 101

try, 23 (8) : 1717-1730. structure. Biol Cell, 108 (11) : 307-323.

41) Tahmasian M, Knight DC, Manoliu A, et al (2013) 43) Videbech P and Ravnkilde B (2004) Hippocampal
Aberrant intrinsic connectivity of hippocampus and volume and depression : a meta-analysis of MRI
amygdala overlap in the fronto-insular and dorsome- studies. Am J Psychiatry, 161 (11) : 1957-1966.
dial-prefrontal cortex in major depressive disorder. 44) Vyas A, Mitra R, Shankaranarayana Rao BS, et al
Front Hum Neurosci, 7 : 639. (2002) Chronic stress induces contrasting patterns

42) Titze B and Genoud C (2016) Volume scanning of dendritic remodeling in hippocampal and amygda-
electron microscopy for imaging biological ultra- loid neurons. ] Neurosci, 22 (15) : 6810-6818.

Il ABSTRACT

Chronic social stress-induced functional and morphological alterations of neurons and their significance

Hirotaka Nagai

Kobe University Graduate School of Medicine Division of Pharmacology

Patients with depression and rodents exposed to chronic stress exhibit functional and structural changes in diverse brain
regions, including atrophy of the prefrontal cortex and hippocampus. Glucocorticoids, systemic inflammation and brain
inflammation have been shown to cause region-specific changes in molecular signaling in neurons and alter the activity
dynamics of neural networks composed of stress-related brain regions, resulting in depressive-like behaviors. These
neural activity dynamics are also altered by the accumulation of environmental factors, which contribute to the formation of
vulnerability and resilience to stress. In this paper, I discuss the mechanisms of stress-induced changes in neuronal
function and morphology, and introduce an ultrastructural analysis of synapses using three-dimensional electron
microscopy which is useful for elucidating the effects of neuronal morphological changes on neural circuit networks. In the
future, it will be important to focus on the functional and structural changes in each specific neural circuit due to the
accumulation of stress and environmental factors to elucidate the mechanisms of stress pathology and vulnerability and
resilience to stress.
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