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[Abstract] Depression is a common clinical mental disease and has posed a serious threat to human health. Recent studies

have found that immune-effecting microglia is closely related to the occurrence of depression. Microglia induces depression

through a variety of inflammatory and non-inflammatory mechanisms. It is of great significance to study the role of microglia in

the occurrence of depression, which can help to explore new targets of depression treatment and novel antidepressants.

[Key words] depression; microglia; inflammation; neuronal plasticity; tryptophan metabolic pathway

ULAFR, AR BN A SN TG i, e i 5
P PR . S A A U R o
L AR 2 2 R AR A = B R R
I PN SN AE A ARAE 0 A9 73T HL R AF 5T 77 1 2 4
PRE R, EAMARAE A B3 B0 I AT A TS
R BORMZ UL R, JOE vl BEAEAVARAE AY
KL R R A A 2O AR N A
R R R 22 2R G e L A S A, R RELR
JEUAR AR B — T B AR /NS4 IO IS RT
PUS A R AfE RN T, SLEMEICZETERIL . &
BRIOTFERI, /N SR BR A e AR LA
i SAABAE B 2 A A BRI R TRABITFE /N
JI8 55 240 A AU A g o A e AP P B LR, R
TR IARIE VG TR L AR BT AR 25 A
HEE X

1 MR Rt
ANE AR B T A A A R G, A

[imHEA] 2018-01-03 [#ZHE] 2018-05-11

[Acad J Sec Mil Med Univ, 2018, 39(7): 780-783]

ARG NT—Fh eI 1EH 00T /MR
YA AL T BRSO B 20 M AP IR B i AR Ak
G5, IS 5 AR A EEN; @B
A PIRIAZ e | 5-F8 (e S5 A% G 42368 ot A I
FEHALMEMEE A1 (major histocompatibility
complex, MHC ) G4 FMREY T, 7E)5
L1157 01| R B 3 o 2R A i SR V= R AN et K
PG, RS 1 43 BUIR B A6 B A AR
FA AT OK B R, I B 00 it IR~ R0 LAt R M o 1 1Y
RAY) . BOGE0/INEBTAAELS> M1 AT M2 PR
ARAS . B M /NS 5T 200 7 A 412 48 4 i B
T A 2 Bk S 5 4 28 I 45 D RE B s 114 & A 4
PESAE 5 TARALAT M2 ZINBE 5 4 i D0 53-8 4T R A Jia
UK S S5IRE RNz s 2 WY, Bl
PLRA AR AN ZK (interleukin, IL) -4,
IL-13, IL-10 fi¥ kA=K HF B (transforming
growth factor B, TGF-B) 4§, X4\l B FRAE
THIR I U 2 CA TG

[EETE] EZRHRE2AH4(81571169). Supported by National Natural Science Foundation of China (81571169).

[MEERMN ZEH3E, Wi-1/E. B-mail: ljm_laura@163.com

{5 1E# (Corresponding author). Tel: 021-81871135, E-mail: cljiang@vip.163.com



ST B, S NEBTARETE IR K AR

e 781 -

2 INERBRE SAMERAE AU BX 3

P25 5 3R G0 1 F- A AT R 0 AR O v 3 A
PR SRR . AR R T8 MRS AT R
( chronic unpredicted stress, CUS) 5 JiJ5 A9/
55X REZEUA Eb B R A AEBRE TR, EL R B KT
T, W B NS ST A A e e, — 2
NI AN S PSR R RIEASN e bR g iy o
ik nas e g IVAT: GAN DR R A B WA N |
FRECER I, FEAT RS T, /N AN LR S
(G 55 S AEL S IOE R F 3 (signal transducer
and activator of transcription 3, STAT3 ) @Bk
(STAT3""; LysM-Cre"'™ ) /NE B W] 2 )
PUMARREAT A, [EIE, STAT3™™; LysM-Cre™'”
/IN B P8 T A B B T I A4 A R DL T
( macrophage colony-stimulating factor, M-CSF )
S, CAAIS RS fr) A SO A P P 2 SR A
( brain-derived neurotrophic factor, BDNF ) #fizfk
ARG, R AEAIAR A 1T OG0 ] R
Frrb A T e gL, e IR EIRAS /R B
A O WS e T b v € ) L/ [ I 7 IR N
fif | 25 AR, /N T AN B RT i8S AISAE A9 &
Kt ARG

3 NRBREE BN ERE & 7 R B E AL

3.1 XuEAaxauhl  EAEIRIRMISEERM, 124N
VOB By 98 BP0 R %) 5 A AN G S5 A4 Y 3 Bl 5
SEFIRI™ . TERMG L SR N IS PR
T, /N A M A7 B A B A
B /N AT B B TG AR e A A PR 3
BN A PIAIE (1) FEZEALH]
311 NFRFT A ARG /NS I A i 1 2 MO
(M1 Al ) FIERACEGE (M2 Hfk ) ARASH AT fE
S 5HABIE R KR o ML M1 ZINBE B4 i {2 1
BRAERI R, TIHRALRY M2 /1N 5 4 i AT e s 40
ABHE )R

Wachholz U HH T4 £ o (interferon o,
IFN-o0) GBS HNARIE /I BB R A9 /I Joa 2
WOAEINAREE T AVET, B RVEST IFN-a A HUHEE
BALB/c /N 2 il /N B BB S R AR o0
fERFWY)E MHC-11 . CD86 il CD54 ik %
B, RS B/ M B AL T M1 fRIRES .
1M Han 55178 o 48 0 0N BB R RIS K 30,
EiXFRRAIAHEL , R/ B M BRARRA /DN S 44
Rbr WL i R A 1T 4 LR 2 (NADPH oxidase

2, NOX2) RikHA 25, it M2 H e
KArE YL 22k CX3CR1 Al CD200R #ik
FES, Jf B PETIARZ N DK EIA YT A BE N

I A AL P R ARG B S SZ 4K v (peroxisome
proliferator-activated receptor y, PPARy ) J&1# 174
iE /B AR MR AL % 2. PPARY shiml it
& HIER AT LA ek 18 R AN N BRI AR AR TR
FEAH S N/ NI BT A RS i U S22k, BRI
/NEEFTANAEL M1 AR AEAREY) IL-1B IL-6. JMREIR
SR (tumor necrosis factor, TNF ) -a AL,
s M2 B AbARGEY) IL-4. 1L-10, TNF-B 1%
KU R R B R ) 2 R S R
FEHAMHRI A ( selective serotonin reuptake inhibitor,
SSRI) ZE25¥ R PuTT Al S-PUREKE~=, @4l M1
AT /N BT AR ) M2 AR AT S R 58,
SRR,
3.1.2 RMEME RUENMEEHRBREAR S
Yy, TERRIEARAR 2 FHE ( pathogen-associated
molecular pattern, PAMP ) FlI5 7340 & 43 F155
( damage-associated molecular pattern, DAMP ) {7
FERTSE AL T A, W DAE— R AR 2 R
ZF, FRNEENERAR 1, PIERARE 1 BE)E 1S
A R AN T IL-18, IL-18 i1 IL-33 Jf-5 1 phz
RIE . /N BN 5 5] PAMP F1 DAMP
AR 5Z 1K ( pattern recognition receptor,
PRR) TMi7E RYE/IMARE h B EEAEH . /D
JBE o A M 5 AT e B RIS RESZ AR P2XT7, TEMEE
DA RIS P2X7, AT I /N R 4 i
H1f) NLRP3 (NACHT, LRR and PYD domains-
containing protein 3 ) RH/IME, A FIAREE
17 R BEE N LIRS NLRP3 RAYE/IMAFI IR
AW 1 AR RN, SSRI JEIIARAE i —4k
BT, HARGRZG W aeva 71 ) LU 22 4 i) /) i
Franfart NLRP3 #PE/IMATE , LLABESS 1K
AR 1 TEACAT TL-1B (500, JFA ] 2 1 3k
5 NLRP3 454, SPGTT Al fEild sk —
FI#AE NLRP3 {55 g% fi] NLRP3 J 4/ MATE
b, SRAFAS R R O & AR R T2
313 wMEF  IL-1B 2/ N4 M1 )
RS T b 2 AR RN . = a2k
WO SR 1/ INEROR i v BB AR sy, FEZS T
5N S5 A M TG A RD PR A SR AR G . 4l
SR SR T s, AR 2 RPN AT R AR
PEA BT, Horh /N BT A 1 2 SRR e
R AR AR A A N T TL-1B Rk,



° 782 -

BOFEERFFM S 20184E7 H, 39 %

TR /N 5T 40 B TG A2 AR BEL FAK 18 8 2 A Bt
FARVE™Y, AT LA 1k IO 380 1) /N S 4 i pi A
AT B Lk 0 3R T 0 B A ) ik o 7 R G
AU ORFFR A T BE M A N B A0 1k
MXERAZ AR SR 4 , TTIRD TL-1B Bl & FE T
e,

SEVERIELN T 1 (colony-stimulating factor 1,
CSF-1) A% W40 S R 00 i A K W,
X BELRZ A L0 B B L A3 Ak BT TR R B AR
P B /NR AR EE T CUS, BRIl &k R fe b
FREZE TG — /NI S 4 e A PRt B2 5t ( prefrontal
cortex, PFC) H/EMH, 53R A&M CUS nJfe ik
PFC "' CSF-1 ) mRNA #Fik K HZkEL, HY
/NERBAAR ™ AR 2. X RIS S TT
CSF-1 (717 & /N B 4 A 1 ) PEC
LG, PRIV TR A PR
3.2 ERBARMERE IERIRIBE MM AR
PR AT LA R 2 Fh B A 1S A = - VSRR A
RIREMRR ( kynurenic acid, KYNA ) , Bl &—
B N-FHIE-D- KA &R ( N-methyl-D-aspartic acid,
NMDA ) Z&Esh#, 15 & W& NMDA Z{k
M H 2R 2 A AL . KAEEIGIRBFSEIER], NMDA
2 A B ) S T B AR A A B AR A%
SO TR R PR R ik AR AR T S AR AE 2 DA
Ko A= KYNA 7820 B g i v A 5l 1
3-FRFER PR AR VA S AT M WK AE ) 22 T Ui
WP WA/ M A =AY e — TS
R, HEEEIAREE B A R T Fe i A
DK H /N o 240 R () WS AR IR K SR, B A E A )
MEE CAL X, ZEMEEES CA2/3 KIKFREAE™. X
SEZEILRAT /NI B AN M ] R I B A R IhA AR
Z 5HARIE I K
3.3 AYZTT MM R 2 R PARAE 1)
BN /NI 20 MR A 28 ] B At o v X 5 fike
SEMAINRE R AR | M kAR I A8 R EA E
BEVEFH o /N8 IO 440 L P T 2 A RN I AR R T
P S A A R G EHLRI DY KR & cus Ja/h
JEE o A R S, R /KR B S R B P R A
P4 v B A [ CAZ A RN RS . 25 7 IOR BROK
1757 =Y AN e ) DR R e I i A S
MIFRIR, GEfif 1 NS A9 K SRS [C IS R B
BSER AIICY . BB SR DR T A 2T R 2 fi
TEYE RN O] SAYE DL K rP AR R 22 R G AR TC RIS .
RIS T RO E ] o y SRR BRI C57 /N
AL BUS 10, 30 A1 90 d, /NEFEBLH A & A4

ABFEAT R, VIV BT 24 B i i 29/, BDNF 7K
TRE, WA SR Il R 28 R A Y e A AUk 2E b
SIS FI = doublecortin 7K SRR, K, v
SRR E g, g T RE RS T e 5 2k
ARG fil AT SEAR OCAT S0 A 06, IR /N
B S A AR A ek 2

4 INEFMRE

ZINJIGE T3 240 o N A A i o o ) R 2
PR, AL IR A= 3 5 O AT S5 il Y
HEA T AEAERAE BT B AR AL b, /N B
MEATRES S 2l e, RMZIE . phEE R S
LT BT PR T F R /B B2 B AT AE
HORAEVE R 2 A L A ITURILAR S P T S it
Fe B BN T E ORI AW . 1 il NI 20 A
ARAE A i R AR A RERE , X924 R A ARAE TR
ARG R R AT H B X T HATHT AR
YRR RIS, 5T/ NS A M F) 2k — 2B
AT REXSSIAIAE SR A S S IR 7 S BERT A4 UL A

(Z % X #f]

[1] WHO (WORLD HEALTH ORGANIZATION). Investing
in mental health. Department of mental health and
substance dependence[EB/OL]. [2018-01-10]. http://
www.who.int/healthinfo/global-burden-disease/GBD-
report-2004update-full pdf.

[2] JEON S W, KIM Y K. Inflammation-induced depression:
its pathophysiology and therapeutic implications[J]. J
Neuroimmunol, 2017, 313: 92-98.

[3] HESTAD K A, ENGEDAL K, WHIST J E, FARUP P
G. The relationships among tryptophan, kynurenine,
indoleamine 2, 3-dioxygenase, depression, and
neuropsychological performance[J]. Front Psychol, 2017,
8: 1561.

[4] LIU Y, LI M, ZHANG Z, YE Y, ZHOU ]J. Role
of microglia-neuron interactions in diabetic
encephalopathy[J]. Ageing Res Rev, 2018, 42: 28-39.

[5] SINGHAL G, BAUNE B T. Microglia: an interface
between the loss of neuroplasticity and depression[J].
Front Cell Neurosci, 2017, 11: 270.

[6] SHIBATA M, SUZUKI N. Exploring the role of microglia
in cortical spreading depression in neurological disease[J].
J Cereb Blood Flow Metab, 2017, 37: 1182-1191.

[71] DWYER J B, ROSS D A. Modern microglia: novel
targets in psychiatric neuroscience[J/OL]. Biol Psychiatry,
2016, 80: e47-e49. doi: 10.1016/j.biopsych.2016.08.006.

[8] PLASTIRA I, BERNHART E, GOERITZER M,
DEVANEY T, REICHER H, HAMMER A, et al.
Lysophosphatidic acid via LPA-receptor 5/protein
kinase D-dependent pathways induces a motile



ST B, S NEBTARETE IR K AR

e 783

[10]

[11]

[12]

[13]

[14]

[15]

[17]

(19]

[20]

and pro-inflammatory microglial phenotype[J]. J
Neuroinflammation, 2017, 14: 253.

TANG Y, LE W. Differential roles of M1 and M2
microglia in neurodegenerative diseases[J]. Mol
Neurobiol, 2016, 53: 1181-1194.

KREISEL T, FRANK M G, LICHT T, RESHEF R,
BEN-MENACHEM-ZIDON O, BARATTA M V, et al.
Dynamic microglial alterations underlie stress-induced
depressive-like behavior and suppressed neurogenesis[J].
Mol Psychiatry, 2014, 19: 699-709.

KWON S H, HAN J K, CHOI M, KWON Y J, KIM S J,
YI E H, et al. Dysfunction of microglial STAT3 alleviates
depressive behavior via neuron-microglia interactions[J].
Neuropsychopharmacology, 2017, 42: 2072-2086.
TORRES-PLATAS S G, CRUCEANU C, CHEN G G,
TURECKI G, MECHAWAR N. Evidence for increased
microglial priming and macrophage recruitment in the
dorsal anterior cingulate white matter of depressed
suicides[J]. Brain Behav Immun, 2014, 42: 50-59.
McDIM D B, WEBER M D, NIRAULA A, SAWICKI C
M, LIU XY, JARRETT B L, et al. Microglial recruitment
of IL-1B producing monocytes to brain endothelium
causes stress-induced anxiety[J]. Mol Psychiatry, 2017
Apr 4. doi: 10.1038/mp.2017.64. [Epub ahead of print].
KIM Y K, NA K S. Role of glutamate receptors and
glial cells in the pathophysiology of treatment-resistant
depression[J]. Prog Neuropsychopharmacol Biol
Psychiatry, 2016, 70: 117-126.

FENN A M, GENSEL J C, HUANG Y, POPOVICH P
G, LIFSHITZ J, GODBOUT J P. Immune activation
promotes depression 1 month after diffuse brain injury:
a role for primed microglia[J]. Biol Psychiatry, 2014, 76:
575-584.

WACHHOLZ S, EBLINGER M, PLUMPER J, MANITZ
M P, JUCKEL G, FRIEBE A. Microglia activation
is associated with IFN-o induced depressive-like
behavior[J]. Brain Behav Immun, 2016, 55: 105-113.
HAN A, YEO H, PARK M J, KIM S H, CHOI
H J, HONG C W, et al. IL-4/10 prevents stress
vulnerability following imipramine discontinuation[J]. J
Neuroinflammation, 2015, 12: 197.

ZHAO Q, WU X, YAN S, XIE X, FAN Y, ZHANG J,
et al. The antidepressant-like effects of pioglitazone in
a chronic mild stress mouse model are associated with
PPARgamma-mediated alteration of microglial activation
phenotypes[J]. J Neuroinflammation, 2016, 13: 259.

SU F, YI H, XU L, ZHANG Z. Fluoxetine and
S-citalopram inhibit M1 activation and promote M2
activation of microglia in vitro[J]. Neuroscience, 2015,
294: 60-68.

CHAKRABORTY S, KAUSHIK D K, GUPTA M,
BASU A. Inflammasome signaling at the heart of central
nervous system pathology[J]. J Neurosci Res, 2010, 88:
1615-1631.

(21]

[22]

[24]

[25]

[26]

(28]

[29]

YUE N, HUANG H, ZHU X, HAN Q, WANG Y,
LI B, et al. Activation of P2X7 receptor and NLRP3
inflammasome assembly in hippocampal glial cells
mediates chronic stress-induced depressive-like
behaviors[J]. J Neuroinflammation, 2017, 14: 102.
DU R H, TAN J, SUN X Y, LU M, DING J H,
HU G. Fluoxetine inhibits NLRP3 inflammasome
activation: implication in depression[J]. Int J
Neuropsychopharmacol, 2016, 19. pii: pyw037.
ROSENBLAT J D, MCINTYRE R S. Efficacy and
tolerability of minocycline for depression: a systematic
review and meta-analysis of clinical trials[J]. J Affect
Disord, 2018, 227: 219-225.
JONES C V, RICARDO S D. Macrophages and CSF-
1: implications for development and beyond[J].
Organogenesis, 2013, 9: 249-260.
WOHLEB E S, TERWILLIGER R, DUMAN C
H, DUMAN R S. Stress-induced neuronal colony
stimulating factor 1 provokes microglia-mediated
neuronal remodeling and depressive-like behavior[J].
Biol Psychiatry, 2018, 83: 38-49.
PARK M, NEWMAN L E, GOLD P W,
LUCKENBAUGH D A, YUAN P, MACHADO-VIEIRA
R, et al. Change in cytokine levels is not associated with
rapid antidepressant response to ketamine in treatment-
resistant depression[J]. J Psychiatr Res, 2017, 84: 113-118.
LOO C K, GALVEZ V, O’KEEFE E, MITCHELL P
B, HADZI-PAVLOVIC D, LEYDEN J, et al. Placebo-
controlled pilot trial testing dose titration and intravenous,
intramuscular and subcutaneous routes for ketamine in
depression[J]. Acta Psychiatr Scand, 2016, 134: 48-56.
LIU X C, ERHARDT S, GOINY M, ENGBERG G,
MATHE A A. Decreased levels of kynurenic acid
in prefrontal cortex in a genetic animal model of
depression[J]. Acta Neuropsychiatr, 2017, 29: 54-58.
BUSSE M, BUSSE S, MYINT AM, GOS T,
DOBROWOLNY H, MULLER U J, et al. Decreased
quinolinic acid in the hippocampus of depressive patients:
evidence for local anti-inflammatory and neuroprotective
responses?[J]. Eur Arch Psychiatry Clin Neurosci, 2015,
265:321-329.
YIRMIYA R, RIMMERMAN N, RESHEF R. Depression
as a microglial disease[J]. Trends Neurosci, 2015, 38:
637-658.
LIU M, LI J, DAI P, ZHAO F, ZHENG G, JING J, et al.
Microglia activation regulates GluR1 phosphorylation
in chronic unpredictable stress-induced cognitive
dysfunction[J]. Stress, 2015, 18: 96-106.
SON'Y, YANG M, KIM J S, KIM J, KIM S H, KIM J C,
et al. Hippocampal dysfunction during the chronic phase
following a single exposure to cranial irradiation[J]. Exp
Neurol, 2014, 254: 134-144.

[AZ%EE] It %



