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Research Progress on the Regulation of Microglia Function by Biological Clock

LI Xiangyu, XU Hui*
(Key Laboratory of Neural Regeneration, Nantong University, Nantong 226007, China)

Abstract The biological clock is an internal system that autonomously generates rhythms with a cycle of
approximately 24 h, regulating and coordinating various physiological activities, behavioral patterns, and metabolic
processes. This system aligns the organism with the diurnal and nocturnal variations in the environment, thereby main-
taining internal homeostasis and enhancing the organism’s ability to adapt to external conditions. In the immune sys-
tem of animals, the biological clock precisely regulates the quantity, activity, and function of immune cells, influencing
their diurnal variations in inflammatory responses, modulating the temporal expression of immune-modulatory mol-
ecules, and impacting the formation, maintenance, and timing strategies for the treatment of immune-related diseases.
Microglia, as key immune cells, play a critical role in innate immune responses through surveillance and regulation,
and their activity and function are finely controlled by the biological clock mechanism. This article provides a review
of recent advances in research on the regulation of microglial function by the biological clock.
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WAL AR RLAR A B SRR G AT B i 45 e
PEAN B HR 32 2 A= b i 7 00T A= e 5 L D AN
e S PR A S B A L v B IR IE AN S
P2 N O A R, S R AT T A [ B (8] £ g
BLEE ). XAEBCTI BTN, 1S RIE RS
BEMEAE — R AP AR R B LA L S BE R %, A7
SEORE X AN [F R 95 S A AR 58 PR By U410 /NI ot 4
W82 5 G AR | IERRA IR . B
T RAR T RESF IR, R AEF X el 42 2R G2 A
PERAAS BOCEZ U, PRNFRR /NI BT A R AE S g
A2 A PR R AL, 43 B T s g R G
ISP TE0) R 22 ) L R 4 B, DRiR T A e VR
ARG B HEFT AR I7 8L s AN [RIAE SR
Wb, AR SO/ B 240 A G B S L R 52 A A B R 4
FRIBIF TEHE R A — 2RIk

1 S48 aY4E Rk A0 F L
L1 SYIE9HE R

W L3 00 1R 2R B R 4 2 T el A X b Ol
JERSZ A KIS Bh A B bR A7 A5 TR T [ i A
B WX BE R [F R 2 A B3 ERG AT L
T 20 B A R A0 SR I e, AR AN A AR R
T S OB 558 1 ) B AR A U781, Ah S5 5t A
T HIELJEC P P R B R D AR 222 715 41 B (intrinsically
photosensitive retinal ganglion cells, ipRGCs)#i A J5'”,
T AR ST F i B (retinohypothalamic tract, RHT)
FEOUAE S H A B RK 80 RI R RS X B (su-
prachiasmatic nucleus, SCN)FJ4% 0o [X 35k 2% M1 1
W HE SN B SANARE D . PR RSO E T
ke FLE Ay IR LT AE B, g 2 (i
W BB MRS 5 (A2 [ Bz AR 418
P&, A AP AT JE A% 36k 1) Atk oG X AN A J e g ok
iR BTSSR B A B ONE S
OB, AEXH A A ) 25 Bl 245 5 (A0 SORE R 1 A 42
T 50 ) DA R AR IR A U 2428 Ak SR IR A R 4G
(sympathetic nervous system, SNS)it B #z 37 it #h £
ML, FRd R TS EREE R R 2
AR I OG22 R K L&
PR30 57 IR 366, AR Db B 0% TR AR P % P ARl i
PR, AR, S DhRe FHRERR A I . X Fh

Z PRV N 3 AR T DO 0% 456 758 7L 5 0 1 AR e 2R
GLRES A R 5 AN FOIRER R 2, AT 44 A B ANAT
Mt (AN,
1.2 =iz TR F AL

AWl R 1Y T O T 2 A
D] 7 g 5 FR) 2 s B9 9% S B BT B o 5 — A S At ] i
A& HAZ Co i) B BE K] Bmall (brain and muscle arnt-like
protein 1)# Clock(circadian locomotor output cycles
kaput)58{ 5% £ [F]JE 4 NPAS2(neuronal PAS domain
containing protein-2)ZH B 1), ‘A 1RIA G4 G E
G5B #) 3L A (clock controlled genes, CCGs)
JB BT B AR O B-box 25 A, AT DK BT BN b
P B R Rk, Horp A7 a2 K7 Period(Perl
Per2. Per3)#Cryptochrome(Cryl. Cry2)%&ikJ5E, W
HEAR RWERE S, 500240 % T ]
Clock Bmal %% 5% , [RIW 40 Per Al Cry H & 1132
&. ZJa, Per-Cry & WIHIZ 2 E R E37K AR AT
fEBRIHIE R, HEI VS Clock R Bmall (%% 565
TV L1247/ NI B RUAIR 33 R 7 S A R 5290,

55 AN S s R B H S0 KT ROR (retinoic
acid receptor-related orphan receptor) 1% g1 il K
REV-ERB(nuclear receptor subfamily 1 group D member
1, Nr1d1/28 REV-ERBa/B)2H . Wi i i ik A\ 4
f a4 M 45 & Bmal IR Clock ) 81 _F i 4% 7
%1 RORE, MIMAEHE sl BmallF1 Clockffi#ik B!
(B,

A R T IR B R 3 2 i A P e ) e
() SRS ER AN 73T, b 45 8 T PAR (protease
activated receptors) % J% [t Dbp(D site of albumin pro-
moter binding protein). Tef(thyrotroph embryonic fac-
tor) flIHIf(hepatic leukemia factor), ‘&A1 175 15 A= ¥4k
AR R A I B2, 5341, bHLH(basic helix-
loop-helix)#% 3% X T Dec1/2(differentiated embryo-
chondrocyte expressed gene 1/2), T 1J =4 B IR & 5 A1
A FROEIA TR, SUM AR R R R S R B AR R,
Nfil3(nuclear factor interleukin-3-regulated protein)
RN — D EEWERE T, Z 5% R RN
BERCTEEDPY, BeAbh, M Bk gm i 5 K 4 Avp(arginine
vasopressin)fl Vip(vasoactive intestinal peptide)t 7
WA AR AR B R T R SRR, AR
AR AT 1l B8 T e B PR R L 4 5 1Y) 2 1
T I 55 A o I i 32 AT A ELAE SR 5 AR A, A
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Fig.1 Molecular regulation and system synchronization mechanism of biological clock (modified according to reference [39])
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B T BE R S5 /BRI IR BR AL, AW B R Gt
(A 52 3 B BRI S AR R KR T, 9 e AL
Yl A& (PRXox/PRXred) ) RS, BLA NADPHA
NADHEAIEIR, 575 7] A E #5209 Bmal11/Clock
FEW) S DNARISE A RE T, T A4 Bh R
(E1).

2 £S5 B 4m A

/NS IR £ I SRR T R G B B I P 2 B8, JFE I
TEI 2 BRI AEAE PRI R GE L, A2 5 B
A ST AT R 10%~15%23) /N5 J5 40 B Eh /0N 1 5

T R A P AR 22 R T AN R R TR B KB R
T B e IR SRR AT, X
DIV i A8 E AT RE A X i IS 45 47 B 44T, /)
JIR2 5 240 6 e I ke 00 RS2 0] o 22 2R 8 o ) S A
Dlo BEAN, EATIERENS B B ULIR R AR R 23
B R AL,

/N B ST AN AR A B AR AR T AR T AR B RS
A MOEM), T MEINET . JEfprp Ll
fIfaas . ARTMAEMZ R 24077 . gL e A
T BRI, /N B A R N RS &
AT A JE RN . 2 B (MR AL )N R
Jo AR B RE TR K R 1 4n F1 4H E AY 3K -6 (interleukin 6,
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IL-6)« IR IRFER T -a (tumour necrosis factor alpha,
TNF-00) ML 27 A BRI 51 R0 HoAh S Ze A, %
AT 5 25 5T (W1 NF-kBEF )R B A& A2 1 G (4
HE AL CBAEES), T B B A& 2 A4
RO [RII, MIAS/INI BT 40 i % 3k 2 Mg ik K1
f{)524A , 1 CCL2(C-C motif chemokine ligand 2)#/1
CX3CL1(C-X3-C motif chemokine ligand 1)[1]52/4
AL R 7t — Sl i 4 & 2 AR S AT RS 1 41
WP T, LT 52 R A, F5-5 R
20 o AN EIR S AR TR AR, SRBI A4 i ik
HITEERIG 2, [F] I 38 5 HL A WA 1 S 2 8B Th e B
EMIBIAE, F3— o 24 (M2 A ) /I8 1 J52 41 i 3
WL A T U 3R -10(IL-10) A A KA
¥ B(transforming growth factor beta, TGF-B)%&, k55
PR RAE DAAERF RSP,

LR ORI D5 i3 BN RA Y /i i I D = o G
AN [ 3 R AR R AN [ [ Zh Be A BR S . A
TEER A TR NI A 2= 5 A K B B
525 e 2R N J5 A B AE 405 I O, RS
TMEM163(transmembrane protein 163) LN X} 1 £2
0 B FH R G iR R A AL R N IR 5T 4 e e
1318 VEGFR-1(vascular endothelial growth fac-
tor receptor-1), 7 EAIE JF T 47 N R 2 /N
J2 5 41 e % 78 HSPH 1 [heat shock protein family H
(Hsp110) member 1]. DNAJB1[Dnal heat shock
protein family (Hsp40) member B1]. NLRP1(NLR
family pyrin domain containing 1), fEFAMN . Afb
LSO 48 SO AR R R AR R OB
/NI TR 41 i 38 1 R 3 IF T6(interferon alpha inducible
protein 6)%F - HL WA N FE PR, ARG B GY, IHT
%.9% < N ; SERPINE1(serpin family E member 1)7%!
AN AE MR T A RIT RS . AR T A LB E
P55 995 4 /N Jisz Jo 4 B 3 3k 2% 38 APOE (apolipoprotein
E) i & A Jg Wi B (lipoprotein lipase, LPL) 15 fIg
AR, W ST AN NS R0 BEAE B 5T (o B-TE
By REER )T, JCH 5 R R IR B A5 ek 2 R
AT PRI HH OB,
21 NREARERER T
211 PREmEHEEEAERTRE  BIAK
B, AESGIEH, /N BRB ot B5 VR S OV )N J Jog 4
T R NER LR, 73 3R Bb . NRBT A
FE AR DT FEIPREE L ORAE S e 22 0 M 5% fil

MR, MRS RG WA AME R ThRE . /e
SRS, /DN 5T 4 D) S 3 v B 4 SCIR, SRR
SEA AN I3 SR AN (B 2)0 IXZRWT, /N 5T 4 i
FER 8] P RESEVEER, BEMS A ROMIE FR i AR 4+
ARG SR AR BT 40, ORI R BT R AT, LA
S VEZS RSN R N S PN N o3 INe e S Y= A1 0
BOEAS . XM AL AT RE SR T /NI 5T 40 i £E A
[ Fsf 1) 3 o) B 5 85 KR o P e 5 6%, ik A, A
/I BRI 5 R BR Rev-erbazs T BUINIR T AN BB TR A 1
BT 2R S /NI B A B ) SO S 1
2,12 RR@BERERABRTE AR
BT, /0N Bt ORI B i 3 A R 0 o 4 i
E RIS 3 s TG R T, /N RS BT s A /D
JR 5 20 L ) B AE — R iR B AR A Y. FEXS
P J5E /N J2 J5 4 L P89 A 2 R T IR R P R S, e
B /I8R5 A0 P AE 6 BT 1 kS A G S 2 G, i AE
SR AR B0 o IXFRWT, BTN B BT 4 L AE O
L300 ) A28 B v, X 2 AR I b P T 9 e Iz B i
B, DT 8 i o 4 T SR 0 973 00 s 2 T4 AR K B T
% ¥ (lipopolysaccharide, LPS)i#5 5 4 Jif (AR Y v |
FLORVEST LPS 2 51 A i1 /NI 5 40 B 5 2 1) 0 S
JS2, AR A3 WA 98 PRl F anIL- 1B IL-6FITNF-a, A
MRS & s sh MR AlEE Mt T, BB
55 LPSZH FR i 5 /I8 I J5T 40 B A 3 I H B 2 1) 80 S
L, T 2 5 7] SCRP A TR AN YE RN A RGEAGS,
DL AE 7 O I R it R DR 785 R A 2 71 AR 1 AR g A 10506
(E2).

213 PBRF M BEEN B BRTE PR
5T 2 0 P A A R S A 453475 2 23 50 JR AR A, A
TR GIE e BE A GBI . /N5 20 0 R A A
WA R I HH B B R BT . AE /N BRUIR 2 Jog 17
AT Fe i e /N IR o 200 L P A W 1 £ ' R ) (2 25
[T = I il AN i i oA R ST NIE R ST TR
BN, HRmPREY CD11b[ X FK ITGAM(integrin sub-
unit alpha M)]. CD45[ X F#XLCA(leukocyte common an-
tigen)]#l1 CD68(cluster of differentiation 68)F1)# ik 7K
W ETF. BEAL, FEG IR NI 5T 4H B A0 BE 22 1)
SR 1, 405 AL 1 TR PSD-95(postsynaptic density
protein-95). 57 5l B AH S 73 2 AR AR
BRI, Horp, #MA S 1 C3(complement 3,
C3). FLAGEKZE Bz A K K7 8(milk fat globule-epidermal
growth factor 8, MFG-E8) UL A 3 )i 4 J& & [ i (matrix
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Fig.2 The circadian rhythm of microglial immune response (modified according to reference [66])
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M Ibal . TNFa. IL-1B. IL-6F1IL-1RIfFEiL
[ A A ' B I 380 0 16570 i e i /I e I HR R
Iba IFN TNF-oAE R ] () ZRIE AP Sk, 4HZR
T F i -s(cathepsin S, Ctss)se—Fh /N B2 5 40 B 4 7
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Clocksy, Bmall ‘58 OLFML3FiA /K& Nk, 1t
b, OLFML3 [ 323 5 /N B 48 fa bR i Z)(WnCX3CR1
AMTMEMI19) 2 IEAHK, XKW Clockil i ¥ 75
OLFML3 ¥ IATE /N 2 [ 4 M (1) 48 552 1 it e ke G
YE o LRSS BRI A B b, &4k K- OLFML3
W G B A /) i 4 M 52 A 2 e g X s, I 3 Y
5T M2 AU/ AT M IR TR ALE RS e T, TR
BT 596 - 2 B F) | FRE R, B TR R A
P SN o [R5 4 5t 283K OLFML3, ik
— R AE MR MO S R R B2 AR . TR, Clock Al
Bmal R ¥ OLFML3 {133k | i3k G2 i) 14 /)N
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F T Rt — 25 U 55 NF-x B 4 0 , 4 1 ik
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222 B mIeEEL O e R B %
/N R AT IR AS o BFSCER I, 1M T e
Kk Rev-ERBaJi , /N5t 40 B Ho 2 I S BB AR 22 S VM
R, PR TR KOIRES , #2878 Rev-ERBoAE 11 /MK
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WECR A, 1E Bmal g/ N B R rF /N3 5 41 i
A ARl I 3 0 IL- T0BE PRIk, (i adh H x4 i
(AW A 28 B, TGS Bt SR A 980,
Bmal I % 1¥1 BV-2/IN B 53 240 B 2 20 HH 12 ¢ 240 Fig R -7
HF 37w Gl N I 7 =T = R S L P R S
EAKE, T BT Uk 98 0 e 82 1 58 /N JE I 4
BB A BLEALRE 7 9, X SERIF 7T 2% B AZ o B o I
Kl Rev-ERBal Bmal 1A 500 /1N 12 Jo7 40 i (%) /B 4415
A, R AR RS A ThRe

Nox 2 75 ¥ 45 /I8 it 53 48 Jf I 42 28 IR 3 o Rk 5
THZEEH. FREW, MR E E4EY
BhmT A% NADPHAA ML EE W& 2(NADPH oxidase
2, Nox2) [ i RE ), 7RI, M LPSIES
BV 2/ i ot 4 i 3 A0 9 2 98 R TUIT, Ro0 Bk el ik [T
Per2 M1 Bmall )z 22 2 B30, R RRET
BTN RGBT AT MR, IL-415 SN IR
JR AR NPT R R AN, Per2Fl Bmall 415 3 1 SR 1%
R B8 ] Nox 2 m] DU /N Ji2 Jo 24 it 24 45 410 98 R
A, IWIEREFED B I ThRE TR, I PR AGTE HE A
(reactive oxygen species, ROS)A % iF 4 i A - 1)
RIEKTF. R, Nox27E 45 /N i 5 40 i (1 12 %
WEFRE TEEMEH, XX FIHTHEERLS
HE R, KR IR Nox2 Wl AE IR TT M4

I

EAR, TE/INB TR 41 M AR 98 IR H, Nox 2B iU
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%o XK Bmall AR W] GEIE IS I ITROSAE A&,
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/NI J5 4 L i B 22 PR SR A R A o AL, W BR REV-
ERBaif T 850 /INB 5 48 i SR fieh B A AWk e 0 (1) 4
BT 2K, KB REV-ERBaifA ™5 /I8N 5 41 1 92 fike
T WEAE F B 0 E TR o /NI S5 4 i HH R S
PERE Bmall, 7N 50 240 P PR A W 7% 2 Sl 35 B i, JF
HS R SRR = g g n . L, KIHdZ
I ORFFRE JJ RSN RIEVEAR B35 . 4, Bmall i)
o O A1 308 55 T iR T D AN R DT 4 L PR R e D 16
X2 BLGETR A% o ] o 25 DR 30 5 9 75 /0 J Joit 4 L
WA 2 p 2 RGBT RE , AT 520 i 42 ]
PRI HIRE ST o

224 DS mieey R N4 AR T
T2, CLFEREIE MR BT, SEALBERR AL B, BT BN
FAERRACUH Y, B3 m N S E A R
S fich L BA AN G g% [N . BT R, /N RS J5T AH L AE A
7 P B R A P A I ARG BN IR 22 o A R S,
/IR J5 A A T IR A, FOE IR R A
SEAGAH T DR (1) IRk 3 N, B il LA
BRI AR 7 SR W LR BH, Bmall (1) 5 S 35 B
I BV-2/)N 5t 4 B i A B8 77, 2 0 2] 2 b A
RE SR R, Gns %) B % 12 85 11 5(glucose transporter
5, GLUTS)MfiE & I iR 7 (lipoprotein lipase, LPL)
() RIEAKE R %, [EN, Bmall )ik g b8 55 7/~
sz J5R 441 B HER A 98 0 s B AR AL 1R A3 (P g 7, i ik
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BV-2/NE T4 il Rev-erbodf) i M 2340 /N i 5 4



2152

J AR, T B BAE AR 5 % A% 8 (carnitine palmi-
toyltransferasel, CPT1). C.¥¥ ¥ 2(hexokinase2,
HK2)F1 74 i {5 i &0 B 088 1 (pyruvate dehydroge-
nase kinase 1, PDK1)[JRIEKFRE T, AR
Hig RKIKMEAGRE ) T, S EATP™ 4 B3
b T T B AR AT RE g5 O 2 — B I 5T
R, WibR Rev-erbo3: 35N 1 J57 40 i H I 5 A
W, W HE A L] (sphingomyelin synthase 2,
sgms2)F g 3z 5 3 ] (apoe) ik TR, #E1 51 &
R AR B8 o [RTEF, /)N I J53 248 L ) 8 0 B 7 A 3 i,
P27~ Rev-erbod i 1 715 i T AU A 52 Wil /) Ji2 5t 24
MR AE D RE 2. X LA 5T A5 AR T % /NI
J A H A ST SRR, SRS A 28 SORE R AH O
PRI IR TT SR 7R A K

2.3 £ RAR KRER R AT

TEAR R BRI, AZOi 82K Bmall 2 5
B P8 F2 40 FN 98 E 40 B Ty B (1) B 1R Y A R 4 1408,
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