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Research progress of signal pathways of microglia activation in sleep disorders
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Abstract: Sleep is an extremely important physiological state to maintain human life. Sleep disorders can not only cause anxiety and
depression, but also induce multi-system diseases that seriously affect brain function and physical health. The neuroinflammation is a
key pathological process after sleep disorders, which can induce a series of nervous system diseases. In recent years, the role of
microglia activation in neuroinflammation has been paid more and more attention and become a research hotspot in this field. The
imbalance of the central microenvironment after sleep disorders leads to changes in the activation and polarization of microglia, which
triggers neuroinflammatory response. The activation and polarization of microglia in the sleep disorders are regulated by multiple
signaling pathways and complex molecular mechanisms. This paper summarizes five signaling pathways of microglia activation in
central inflammation induced by sleep disorders, including P2X7 receptor (P2X7R), p38MAPK, Toll-like receptor 4 (TLR4)/NF-kB,
JAK/STAT, and a7 nicotinic acetylcholine receptor (0.7-nAChR) pathways, in order to provide reference for further research and clinical

treatment targets selection of sleep disorders.
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Fig. 1. Microglial activation signal pathways in sleep disorders. Sleep disorders induce the imbalance of the central microenviron-
ment, and release a range of chemokines, cytokines and so on, which activate the P2X7R, TLR4/NF-kB, JAK/STAT, p38MAPK signal
pathways, and inhibit the 07-nAChR signal pathway in microglia. The activation of P2X7R is associated with the release of K™ from
the cell, which causes NLRP3 inflammasome assembly. Activated inflammasome cleaves pro-caspase-1 into caspase-1, which causes
maturation of IL-1p and IL-18. Activated cytokines receptor induces the cellular responses of a three-step MAPK pathway (MAPKKK,
MAPKK, MAPK) that lead to p38MAPK activation. Activated TLR4 associates with MyD88 to induce the autophosphorylation of
IRAK, which activates a major pro-inflammatory pathway, IKK/IxkB/NF-kB signaling pathways, thus the pro-inflammatory genes
transcribe. Activated JAK induces the phosphorylation of STATs, and STATs induce the expression of pro-inflammatory mediators.
The down-regulation of a7-nAChR reduces activation of downstream PI3K/AKT/GSK-3p, which occurs with increases of pro-inflammatory
factors and decreases of anti-inflammatory factors. MAPK: mitogen-activated protein kinase; MyD88: myeloid differentiation
primary response 88; IRAK: interleukin-1 receptor-associated kinase; JAK: janus kinase; STAT: signal transducer and activator of
transcription; GSK-3f: glycogen synthase kinase-33; TLR4: Toll-like receptor 4; LPS: lipopolysaccharide; UV: ultraviolet; MD-2:
myeloid differentiation protein-2.



EHARAE . BEIRFEES 5 /NI B S HAR 515 S T g RO 7e et e

B, B I /) O A L VS A A 5 ) B AR R 1 LA
TBIT R . BT T TR /N T 20 BT A e
HP A7 E 3 — S 1 TR A 3 A5 P 10 R 0l 9 10 9 A
e, IR R R BRI h P2RY 12 3842 UL i 5 P
1 Sirtl/PGC-1a i 45 U1 2%, ey B AR i 5 414 H
RIAFAE MR IR 2 A, ] A REAR B 55 5 3 2 5 SR A
RIEBE K. H AT HEAR RS 5 /N 5T 40 B s 8 1%
(R T FE AR EAR B — (5 S @R R R, (B 5@
B () R AFAE R AR, DAL BRI 22 B AT HL
1) o AT A ) B, R S F A AT AL 15 S
B 2 A A8 HAE R IATAR IC . BEAh /DN o 40 i 75 453
IR EE AL T 3h AR, MIUM2 B HRIARAE T A
A F2 B A8, AN TR IR &R 5 L MI/M2 B4,
{1 B R i A 155 0, T LA MLL/MI2 7R /) Jg J5f 4 i 1) 2
RUFEAL ML) DA S 5 3 b A G o] 250 E i e ik
DR bt F5 S P 5 ] 40 1 /0N o 400 B 3R B A ox AN =
M TEAR RFIPLIR Z (R E 1, @ v /N R R
1B P9 8 RE 2 8 S B X B R B 53 i o 22 98 1) 1
B, NGRS IE S 50 N T BRI RGPk
T PR LT S

S50

1 Atrooz F, Salim S. Sleep deprivation, oxidative stress and
inflammation. Adv Protein Chem Struct Biol 2020; 119:
309-336.

2 Garbarino S, Lanteri P, Bragazzi NL, Magnavita N, Scoditti
E. Role of sleep deprivation in immune-related disease risk
and outcomes. Commun Biol 2021; 4(1): 1304.

3 Deurveilher S, Golovin T, Hall S, Semba K. Microglia
dynamics in sleep/wake states and in response to sleep loss.
Neurochem Int 2021; 143: 104944,

4 Kwon HS, Koh SH. Neuroinflammation in neurodegenera-
tive disorders: the roles of microglia and astrocytes. Transl
Neurodegener 2020; 9(1): 42.

5 Guo S, Wang H, Yin Y. Microglia polarization from M1 to
M2 in neurodegenerative diseases. Front Aging Neurosci
2022; 14: 815347.

6 LiuH, Huang X, Li Y, Xi K, Han Y, Mao H, Ren K, Wang W,
Wu Z. TNF signaling pathway-mediated microglial activa-
tion in the PFC underlies acute paradoxical sleep depriva-
tion-induced anxiety-like behaviors in mice. Brain Behav
Immun 2022; 100: 254-266.

7 Wei T, Li M, Bai AL, Liu Y, Zhao ZY, Cai DJ. The role of
microglia in thalamic reticular nucleus in acupuncture
regulating cognitive deficits in insomnia rats. J Acupunct
Tuina Sci 2020; 18(6): 403—410.

11

12

13

15

17

18

19

573

Ahmed A, Misrani A, Tabassum S, Yang L, Long C. Mino-
cycline inhibits sleep deprivation-induced aberrant microglial
activation and Keap1-Nrf2 expression in mouse hippocampus.
Brain Res Bull 2021; 174: 41-52.

Chen YH, Lin RR, Tao QQ. The role of P2X7R in neuroin-
flammation and implications in Alzheimer’s disease. Life Sci
2021;271: 119187.

XiaM, Li Z, Li S, Liang S, Li X, Chen B, Zhang M, Dong C,
Verkhratsky A, Guan D, Li B. Sleep deprivation selectively
down-regulates astrocytic 5-HT,; receptors and triggers
depressive-like behaviors via stimulating P2X, receptors in
mice. Neurosci Bull 2020; 36(11): 1259-1270.

Wang W, Hu D, Feng Y, Wu C, Song Y, Liu W, Li A, Wang Y,
Chen K, Tian M, Xiao F, Zhang Q, Chen W, Pan P, Wan P,
Liu Y, Lan H, Wu K, Wu J. Paxillin mediates ATP-induced
activation of P2X7 receptor and NLRP3 inflammasome.
BMC Biol 2020; 18(1): 182.

Krueger JM, Taishi P, De A, Davis CJ, Winters BD, Clinton J,
Szentirmai E, Zielinski MR. ATP and the purine type 2 X7
receptor affect sleep. J Appl Physiol (1985) 2010; 109(5):
1318-1327.

Wei T (F34%). Study on the mechanism of acupuncture on
P2X7R of TRN microglia for attention deficit of insomnia
rats [D]. Chengdu University of Traditional Chinese Medicine
(AR BE 245K 2F), 2020 (in Chinese).

Nakazato R, Takarada T, Yamamoto T, Hotta S, Hinoi E,
Yoneda Y. Selective upregulation of Perl mRNA expression
by ATP through activation of P2X7 purinergic receptors
expressed in microglial cells. J Pharmacol Sci 2011; 116(4):
350-361.

Metzger MW, Walser SM, Dedic N, Aprile-Garcia F, Jakub-
cakova V, Adamczyk M, Webb KJ, Uhr M, Refojo D,
Schmidt MV, Friess E, Steiger A, Kimura M, Chen A, Hols-
boer F, Arzt E, Wurst W, Deussing JM. Heterozygosity for
the mood disorder-associated variant GIn460Arg alters P2X7
receptor function and sleep quality. J Neurosci 2017; 37(48):
11688-11700.

Wang X (£#7), Ren J, Li J, Liu HC, Hu ZH. Mechanism of
P2X7 receptor on cognitive dysfunction in rats with obstructive
sleep apnea hypopnea syndrome. Mil Med J South Chin (£
R E B E %44 E) 2022; 36(3): 163—167 (in Chinese).
Martinez-Limon A, Joaquin M, Caballero M, Posas F, de
Nadal E. The p38 pathway: from biology to cancer therapy.
Int J Mol Sci 2020; 21(6): 1913.

Okamoto OK, Janjoppi L, Bonone FM, Pansani AP, Da Silva
AV, Scorza FLA, Cavalheiro EA. Whole transcriptome analysis
of the hippocampus: toward a molecular portrait of epilepto-
genesis. BMC Genomics 2010; 11(1): 230.

Fan K, Yang J, Gong WY, Pan YC, Zheng P, Yue XF. NLRP3



574

20

21

22

23

24

25

26

27

28

29

30

LR AR Acta Physiologica Sinica, August 25, 2023, 75(4): 569-574

inflammasome activation mediates sleep deprivation-induced
pyroptosis in mice. Peer] 2021; 9: e11609.

Cui L, Xue R, Zhang X, Chen S, Wan Y, Wu W. Sleep depri-
vation inhibits proliferation of adult hippocampal neural
progenitor cells by a mechanism involving IL-17 and p38
MAPK. Brain Res 2019; 1714: 81-87.

Nguyen J, Gibbons CM, Dykstra-Aiello C, Ellingsen R, Koh
KMS, Taishi P, Krueger JM. Interleukin-1 receptor accessory
proteins are required for normal homeostatic responses to
sleep deprivation. J Appl Physiol (1985) 2019; 127(3): 770—
780.

Ximerakis M, Lipnick SL, Innes BT, Simmons SK, Adiconis
X, Dionne D, Mayweather BA, Nguyen L, Niziolek Z, Ozek
C, Butty VL, Isserlin R, Buchanan SM, Levine SS, Regev A,
Bader GD, Levin JZ, Rubin LL. Single-cell transcriptomic
profiling of the aging mouse brain. Nat Neurosci 2019;
22(10): 1696-1708.

Fitzgerald KA, Kagan JC. Toll-like receptors and the control
of immunity. Cell 2020; 180(6): 1044-1066.

Li R, Zhou Y, Zhang S, Li J, Zheng Y, Fan X. The natural
(poly)phenols as modulators of microglia polarization via
TLR4/NF-kappaB pathway exert anti-inflammatory activity
in ischemic stroke. Eur J Pharmacol 2022; 914: 174660.

Qiu C, Wang M, Yu W, Rong Z, Zheng HS, Sun T, Liu SB,
Zhao MG, Wu YM. Activation of the hippocampal LXRbeta
improves sleep-deprived cognitive impairment by inhibiting
neuroinflammation. Mol Neurobiol 2021; 58(10): 5272—
5288.

Dai Y, Liu S, Chen J, Liu L, Zhou C, Zuo Y. Microglial
responses and pain behaviors are exacerbated by chronic
sleep deprivation in rats with chronic pain via neuroinflam-
matory pathways. Neuroscience 2022; 503: 83-94.

XuYP, Tao YN, Wu YP, Zhang J, Jiao W, Wang YH, Chen T.
Sleep deprivation aggravates brain injury after experimental
subarachnoid hemorrhage via TLR4-MyD88 pathway. Aging
(Albany NY) 2021; 13(2): 3101-3111.

Jain M, Singh MK, Shyam H, Mishra A, Kumar S, Kumar A,
Kushwaha J. Role of JAK/STAT in the neuroinflammation
and its association with neurological disorders. Ann Neurosci
2021; 28(3-4): 191-200.

Li L, Liu R, He J, Li J, Guo J, Chen Y, Ji K. Naringin regu-
lates microglia BV-2 activation and inflammation via the
JAK/STAT3 pathway. Evid Based Complement Alternat
Med 2022; 2022: 3492058.

Gomes GM, Moreira AHK, Monico-Neto M, Yujra VQ, Prado
CM, Quintana HT, de Oliveira F, Ribeiro DA. Sleep deprivation
interferes with JAK/STAT signaling pathway and myogenesis
in the masseter muscle of rats. Med Princ Pract 2021; 30(3):

31

32

33

34

35

36

37

38

39

40

41

253-261.

Stanhope BA, Jaggard JB, Gratton M, Brown EB, Keene
AC. Sleep regulates glial plasticity and expression of the
engulfment receptor draper following neural injury. Curr
Biol 2020; 30(6): 1092-1101.e3.

Zhang CP (FFE%), Xiong ZF, Sun YN. Effect of Panax
acorus on JAK-STAT pathway in hippocampus of sleep-
deprived rats. Lishizhen Med Mater Med Res (F 2 [ 5= [F
%) 2018; 29(7): 1577-1579 (in Chinese).

Xin P, Xu X, Deng C, Liu S, Wang Y, Zhou X, Ma H, Wei D,
Sun S. The role of JAK/STAT signaling pathway and its
inhibitors in diseases. Int Immunopharmacol 2020; 80:
106210.

Wu YJ, Wang L, Ji CF, Gu SF, Yin Q, Zuo J. The role of
alpha7nAChR-mediated cholinergic anti-inflammatory pathway
in immune cells. Inflammation 2021; 44(3): 821-834.

Zhang Q, Lu Y, Bian H, Guo L, Zhu H. Activation of the
alpha7 nicotinic receptor promotes lipopolysaccharide-
induced conversion of M1 microglia to M2. Am J Transl Res
2017;9(3): 971-985.

Lewis AS, van Schalkwyk GI, Lopez MO, Volkmar FR,
Picciotto MR, Sukhodolsky DG. An exploratory trial of
transdermal nicotine for aggression and irritability in adults
with autism spectrum disorder. J Autism Dev Disord 2018;
48(8): 2748-2757.

Oginsky MF, Cui N, Zhong W, Johnson CM, Jiang C. Alter-
ations in the cholinergic system of brain stem neurons in a
mouse model of Rett syndrome. Am J Physiol Cell Physiol
2014; 307(6): C508—C520.

Xue R, Wan Y, Sun X, Zhang X, Gao W, Wu W. Nicotinic
mitigation of neuroinflammation and oxidative stress after
chronic sleep deprivation. Front Immunol 2019; 10: 2546.
Shen H, Meng Y, Liu D, Qin Z, Huang H, Pan L, Wang W,
Kang J. alpha7 Nicotinic acetylcholine receptor agonist
PNU-282987 ameliorates cognitive impairment induced by
chronic intermittent hypoxia. Nat Sci Sleep 2021; 13: 579—
590.

Walker DG, Tang TM, Mendsaikhan A, Tooyama I, Serrano
GE, Sue LI, Beach TG, Lue LF. Patterns of expression of
purinergic receptor P2RY 12, a putative marker for non-acti-
vated microglia, in aged and Alzheimer’s disease brains. Int
J Mol Sci 2020; 21(2): 678.

Zhao Y, Zhang J, Zheng Y, Zhang Y, Zhang XJ, Wang H, Du
Y, Guan J, Wang X, Fu J. NAD' improves congnitive
function and reduces neuroinflammation by ameliorating
mitochondrial damage and decreasing ROS production in
chronic cerebral hypoperfusion models through Sirtl/PGC-a
pathway. J Neuroinflammation 2021; 18(1): 207.



