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Advances in the study of epigenetic regulatory mechanisms of astrocytes
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[ Abstract]  Astrocytes ( AS) are the most abundant glial cells in the central nervous system and are involved in
many physiological and pathological processes in the nervous system. Alterations in their phenotype are particularly
important for the health of the CNS. Epigenetic mechanisms, including DNA methylation, histone modification, non-coding
RNA regulation, and chromatin remodeling, are closely linked to alterations in AS proliferation, differentiation,
inflammation, and other phenotypic features, but how these mechanisms function needs to be explored and summarized. By
reviewing the recent advances in the role of epigenetic mechanisms in AS under various physiological and pathological
states, we aim to provide new ideas for the understanding and treatment of related diseases.
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Figure 1 Role of DNA methylation and histone modifications in AS (some of the material in this image is from Figdraw)
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Figure 2 Role of miRNA and in IncRNA in AS (some of the material in this image is from Figdraw)

miRNA CNS AS
S TNF-a
miRNA AS
, TNF-a  IL-1B
TLR . .
NF-«B , AS
miR-146a , s
CNS , AS L2820
miRNA AS .
ND . miR-132
IRAK4 , IL-18 IL-6 ,
AS ¥ miR-873  IL-17
AS A20/NF-kB
¥ miR-21 Als A2s,
miR-124-3p NF-«kB , AS
ol ,miR-335-3p AS
HMGCS1  HMGCR
[41] .
,miRNA AS
. miR-184 Bel211 ( AS
) 8 , AS
;miR-1183 2B 5¢
mRNA 3’ UTR , AS 2] miRNA
AS , AS ,miR-124
SB203580 ,ruxolitinib  forskolin
RAS , RAS (sl
3.2 IncRNA AS
IncRNA .

) IncRNA AS , .
IncRNA AS , , IncRNA-UCA1
JAK/STAT ,
AS [45) , .
IncRNA NKILA NF-kB , AS
[46] .
IncRNA AS , IncRNA
SNHG14 SNHG14/miR-223-3p/NLRP3
AS A IncRNA
MALAT1 miR-145 , AQP4
, AS
%) IncRNA MEG3 p65/p50
, NF-kB IL-6 TNF-a ,
LPS AS 9l
,IncRNA AS
. IncRNA SNHG14 OGD/R
AS , , TNF-
o IL-10 , AS [soJ | ,
IncRNA AS .
AS R
4
ATP
DNA , ,
DNA
s H3K9me3
, AS
[52] .

N



130 2024 5 34 5

Chin J Comp Med, May 2024,Vol. 34 No. 5

, AS CNS
[53]
’ AS b
o
AS o
miRNA  IncRNA  AS
, AS
, AS , AS ,
o AS DNA o RNA AS
AS ,
AS , AS . RNA
] ’ DNA b b AS
’ AS b b o
AS o , AS
; ; ( 1o AS
o b
AS AS .
9 AS N Y AY N s ND
DNA o °
1
Table 1 Mechanisms of epigenetic regulation of astrocytes
Ep 1genelic Functioning molecules Functionality Functioning mechanisms
mechanisms
R i AS AS DNA (3]
methyltransferase DNMTI Inhibition of AS proliferation Methylated hemimethylated DNA in AS
DNA AS AS 5-hmC NFI
DNA TET ! Promoting neural stem cell STAT3 S
methylation DNA TET1 . 2. Enhanced recruitment of NFI and STAT3 in the
differentiation to AS . . .
5-hmC-enriched region of AS-specific genes
DNA
. 19
demethyltransferase . A_S . GFAP o
: TET 2 Promotes  differentiation  of neural  Reduced methylation levels in the GFAP
TET2 precursors to AS promoter region
| AS STAT3 2]
Protein arginine Promoting differentiation of neural stem  Methylates the arginine residue of STAT3
PRMTI N
methyltransferases cells and neural precursor cells to AS
reste AS 0LIG2 (2]
Lysine methyl 2 Promoting neural stem cell  Inhibition of the expression of the transcription
ysine methy differentiation to AS factor OLIG2
Histone transferase Ezh2
modifications
2
HDAC1 AS [29]
Histone deacetylase ~ HDAC2 Suppression  of  the  inflammatory I . duc infl ati !
(HDAC) HDACA response 1o AS ow  expression  reduces inflammation by
activating nuclear factor erythroid 2
AS NF-xB , (32]
1 Leads to AS programmed necrosis Inhibition of the NF-kB pathway, thereby
Ubiquitin protein RIP1 controlling cell death




2024 5 34 5

Chin J Comp Med, May 2024,Vol. 34 No. 5 131

Epigenetic
mechanisms

Functioning molecules

Functionality

Functioning mechanisms

miR-324-5p AS
miR-137

Regulation of glutamatergic transmission

VGIuT2 ,
[36]

Acts on glutamate transporter proteins such as

miR-223 in AS pathology VGIuT2 and affects neuronal excitability and
synaptic plasticity
AS [38]
. . o IRAK4,  IL-1B 116"
miR-132 ;{gducmg the inflammatory response to Targets IRAK4, inhibits I1-18 and 11-6
RNA
miRNA iR1943 AS NF-xB [40]
p Promoting AS activation Promoting AS activation
miR-184 miR-184 Bel211 8mer
miR-184 miR-184 inhibited the differentiation of . .
RNA AS miR-184 targets the strong conservation of
the enhancer Bel2l1 guard 8mer binding site
Non-coding
RNA LiR1183 miR-1183 miR-1183 Eif2b5 mRNA 3’ UTR!!
regulation miR-1183 promoted AS differentiation miR-1183 targets the mRNA 3’ UTR of Eif2b5
UCAI AS JAK/STAT [45]
Inhibition of AS activation Inhibition of JAK/STAT signaling pathway
o [46)
NKILA _AS - Nl =
Inhibition of AS proliferation Blocking activation of the NF-kB pathway
MALATI AS miR-145, AQP4 48]
RNA Causes AS damage Targeting miR-145 to increase AQP4 expression
IncRNA
AS p65/p50 , NF-kB
[49]
MEG3 Involved in  the production  of H_‘_é INF-a
inflammatory cytokines by AS Binds to nuclear p65/p50, promotes NF-«kB
: binding to nuclear IL-6 and TNF-a promoters
N AS TNF- IL-10""
SNHG14 Inhibition of AS proliferation and repair ~ Reduces TNF-a, IL-10
nuclei RNA sequencing investigation of the Purkinje cell and glial
changes in the cerebellum of transgenic Spinocerebellar ataxia
(1 type 1 mice [J]. Front Cell Neurosci, 2022, 16 998408.
' [ 7] LIDDELOW S A, GUTTENPLAN K A, CLARKE L E, et al.
[J]. , 2023, 43(4): 665
663 Neurotoxic reactive astrocytes are induced by activated microglia

LI L Y, QIN P. Advances of researches on astrocytes in
inflammatory diseases of central nervous system [ J]. Basic Clin
Med, 2023, 43(4) : 665-668.
LIDDELOW S, BARRES B. SnapShot: astrocytes in health and
disease [J]. Cell, 2015, 162(5) : 1170-1170.
NEAL M, RICHARDSON J R. Epigenetic regulation of astrocyte
function in neuroinflammation and neurodegeneration [ J ].
Biochim Biophys Acta Mol Basis Dis, 2018, 1864 (2). 432
—443.
SOFRONIEW M V, VINTERS H V. Astrocytes: biology and
pathology [ J]. Acta Neuropathol, 2010, 119(1) . 7-35.

. . [J].

, 2020, 16(1) . 1-10.

LIU J, WANG W Y. Physiological and pathological functions of
astrocytes [ J]. J Neurol Neurorehabilit, 2020, 16(1) . 1-10.
BORGENHEIMER E, HAMEL K, SHEELER C, et al. Single

[8]

[9]

[10]

[11]

[J]. Nature, 2017, 541(7638) : 481-487.
, , , Al
[J7]. , 2021, 29(5):

578-584.
LIQ, LI L L, LI S, et al. Changes in spinal Al astrocyte
polarization during peripheral inflammatory pain [ J]. Acta Lab
Anim Sci Sin, 2021, 29(5) : 578-584.
LI Y. Modern epigenetics methods in biological research [ J].
Methods, 2021, 187. 104-113.
PAVLOU M A S, GRANDBARBE L, BUCKLEY N J, et al.
Transcriptional and epigenetic mechanisms underlying astrocyte
identity [ J]. Prog Neurobiol, 2019, 174 36-52.

. thEPO

DNA [J].
, 2016, 38(6): 570-573.
YANG J, JIA J X, PANG Y Q. Protective function of rhEPO
and the effects of thEPO on DNMT in astrocytes of rats cultured

) )



132 2024 5 34 5 Chin J Comp Med, May 2024,Vol. 34,No. 5
by oxygen-glucose deprivation [ J]. J Youjiang Med Univ Natl, [25] YANG J, TANG Y, LIU H, et al. Suppression of histone
2016, 38(6) : 570-573. deacetylation promotes the differentiation of human pluripotent
[12] SIVALINGAM K, SAMIKKANNU T. Neuroprotective effect of stem cells towards neural progenitor cells [ J]. BMC Biol, 2014,
piracetam against cocaine-induced neuro epigenetic modification 12 95.
of DNA methylation in astrocytes [ J]. Brain Sci, 2020, 10(9) . [26] KANSKI R, SNEEBOER M A, VAN BODEGRAVEN E J, et
611. al. Histone acetylation in astrocytes suppresses GFAP and
[13] WANG B, LUO Q, LI'Y, et al. Structural insights into target stimulates a reorganization of the intermediate filament network
DNA recognition by R2R3-MYB transcription factors [ J]. [J]. J Cell Sci, 2014, 127(Pt 20) ; 4368-4380.
Nucleic Acids Res, 2020, 48(1) : 460-471. [27] SUH H' S, CHOI S, KHATTAR P, et al. Histone deacetylase
[14] s inhibitors suppress the expression of inflammatory and innate
[Jl. , 2011, 19(5) . 441-445. immune response genes in human microglia and astrocytes [J]. J
YAO Z G, QIN C. Epigenetic regulation in learning and Neuroimmune Pharmacol, 2010, 5(4) . 521-532.
memory; a review [ J]. Acta Lab Anim Sci Sin, 2011, 19(5) . [28] WU X, CHEN P S, DALLAS S, et al. Histone deacetylase
441-445. inhibitors up-regulate astrocyte GDNF and BDNF gene
[15] NGUYEN N H, MORLAND C, GONZALEZ S V, et al. transcription and protect dopaminergic neurons [ J]. Int J
Propionate increases neuronal histone acetylation, but is Neuropsychopharmacol, 2008, 11(8) . 1123-1134.
metabolized oxidatively by glia. Relevance for propionic acidemia [29] s s , . PFOS
[J]. T Neurochem, 2007, 101(3) : 806-814. [J]. , 2019, 14(2): 98
[16] JOSHI K, LIU S, BRESLIN S J P, et al. Mechanisms that -105.
regulate the activities of TET proteins [ J]. Cell Mol Life Sci, WANG R N, NIU X Y, WANG R J, et al. Role of epigenetic
2022, 79(7) : 363. modification in the PFOS neurotoxicity—a study in the rat
[17] SUNJ, YANG J, MIAO X, et al. Proteins in DNA methylation primary astrocytes [ J]. Asian J Ecotoxicol, 2019, 14(2). 98
and their role in neural stem cell proliferation and differentiation -105.
[J]. Cell Regen, 2021, 10(1): 7. [30] [D].
[18] CAOF, HATA R, ZHU P, et al. Conditional deletion of Stat3 , 2017.
promotes neurogenesis and inhibits astrogliogenesis in neural stem WANG T H. The Analgesic Effect of progesterone on neuropathic
cells [J]. Biochem Biophys Res Commun, 2010, 394(3) ; 843 pain and its possible mechanisms in rats [ D]. Zhengzhou;
—-847. Zhengzhou University, 2017.
[19] s . SIRT1 TET2 [31] R R
[J]. , 2022, 31 [1]. , 2022, 40(6): 711
(1):21-28. -715.
SHAN D, SHI Q Y. SIRTI promotes astrocytes differentiation in YANG Y, LIU F N, TANG D E. Advances in epigenetics and
the hypothalamus of small-for-gestational age infants by regulating ubiquitination modification in colorectal cancer [ J]. J
TET2 [J]. Prog Obstet Gynecol, 2022, 31(1) . 21-28. Guangdong Med Univ, 2022, 40(6) : 711-715.
[20] HUSMANN D, GOZANI O. Histone lysine methyltransferases in [32] RIP1
biology and disease [J]. Nat Struct Mol Biol, 2019, 26(10) . [D].
880-889. , 2022.
[21] s s ZHAO H D. Effects of electroacupuncture modulation of RIP1
[J]. , 2022, 42(12) : 1330-1334. Ubiquitination on the inhibition of astrocytic necroptosis after
KUANG X H, LAI Z H, LIU W Y. Regulation of histone spinal cord injury in mice [ D]. Chongqging: Chongqing Medical
modifications in osteoblasts [ J]. J Gannan Med Univ, 2022, 42 University, 2022.
(12): 1330-1334. [33] FOLLERT P, CREMER H, BECLIN C. MicroRNAs in brain
[22] HONDA M, NAKASHIMA K, KATADA S. PRMTI regulates development and function: a matter of flexibility and stability
astrocytic differentiation of embryonic neural stem/precursor cells [J]. Front Mol Neurosci, 2014, 7. 5.
[J]. J Neurochem, 2017, 42(6) : 901-907. [34] s s .. MicroRNA
[23] HWANG W W, SALINAS R D, SIU J J, et al. Distinct and [J]. , 2023, 45
separable roles for EZH2 in neurogenic astroglia [ J]. eLife, (6): 962-973.
2014, 3. e02439. HUANG L W, ZHANG Z Y, WANG J M, et al. Factors and
[24] ZHAO H, LI G, WANG R, et al. MiR-424 prevents astrogliosis signaling pathways related to microRNA regulation of tumor
after cerebral ischemia/reperfusion in elderly mice by enhancing formation [ J]. Chin J Cell Biol, 2023, 45(6) : 962-973.
repressive H3K27me3 via NFIA/DNMT]1 signaling [ J]. FEBS [35] FIORE R, KHUDAYBERDIEV S, SABA R, et al. MicroRNA

J, 2019, 286(24) : 4926-4936.

function in the nervous system [ J]. Prog Mol Biol Transl Sci,



2024 5 34 5

Chin J Comp Med, May 2024, Vol. 34 No. 5

133

[37]

[38]

[39]

[41]

[42]

[43]

[44]

[45]

2011, 102: 47-100.
RAMIREZ A E, GIL-JARAMILLO N, TAPIAS M A, et al.
MicroRNA: a linking between astrocyte dysfunction, mild
cognitive impairment, and neurodegenerative diseases [ J]. Life,
2022, 12(9) : 1439.
HOOGLAND I C, HOUBOLT C, VAN WESTERLOO D J, et al.
Systemic inflammation and microglial activation: systematic
review of animal experiments [ J]. J Neuroinflammation, 2015,
12 114.
KONG H, YIN F, HE F, et al. The effect of miR-132, miR-
146a, and miR-155 on MRP8/TLR4-induced astrocyte-related
inflammation [ J]. J Mol Neurosci, 2015, 57(1): 28-37.
CHEN Z, LI Z, JIANG C, et al. MiR-92b-3p promotes neurite
growth and functional recovery via the PTEN/AKT pathway in
acute spinal cord injury [J]. J Cell Physiol, 2019, 234(12) .
23043-23052.

[J]. , 2022, 26(11) . 143
-148.
LIUTC, HE Y Q, SHI' Y Q, et al. Role and mechanism of
astrocytes in spinal cord injury [ J]. J Clin Med Pract, 2022, 26
(11). 143-148.
RAIHAN O, BRISHTI A, MOLLA M R, et al. The age-
dependent elevation of miR-335-3p leads to reduced cholesterol
and impaired memory in brain [J]. Neuroscience, 2018, 390.
160-173.
LETZEN B S, LIU C, THAKOR N V, et al. MicroRNA
expression profiling of oligodendrocyte differentiation from human
embryonic stem cells [ J]. PLoS One, 2010, 5(5) : e10480.

. MiR-124
[D]. : , 2021.

ZHENG Y Y. MiR-124 and small molecules synergistically
regulate the conversion of neuronal cells from rat reactive
astrocytes [ D]. Changchun: Jilin University, 2021.
LYU Y, BAI L, QIN C.
neurodevelopment and Parkinson’ s disease [ J]. Animal Model

Exp Med, 2019, 2(4) . 239-251.
WANG H, YAO G, LI L, et al. LncRNA-UCAI inhibits the

Long noncoding RNAs in

astrocyte activation in the temporal lobe epilepsy via regulating

the JAK/STAT signaling pathway [ J]. J Cell Biochem, 2020,

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

121(10) ; 4261-4270.

GAO W, NING Y, PENG Y, et al. LncRNA NKILA relieves
astrocyte inflammation and neuronal oxidative stress after cerebral
ischemia/reperfusion by inhibiting the NF-«kB pathway [J]. Mol
Immunol, 2021, 139. 32-41.

DUAN R, WANG S Y, WEI B, et al
analogue AVE0991
neuroinflammation via IncRNA SNHG14/miR-223-3p/NLRP3

Angiotensin-( 1-7)
modulates astrocyte-mediated
pathway and offers neuroprotection in a transgenic mouse model of
Alzheimer’ s disease [ J]. J Inflamm Res, 2021, 14. 7007
-7019.

WANG H, ZHENG X, JIN J, et al. LncRNA MALATI silencing
protects against cerebral ischemia-reperfusion injury through miR-
145 to regulate AQP4 [J]. J Biomed Sci, 2020, 27(1) . 40.
ZHANG F, WANG Z, SUN B, et al. Propofol rescued astrocytes
from LPS-induced inflammatory response via blocking LncRNA-
MEG3/NF-kB axis [ J]. Curr Neurovasc Res, 2022, 19(1): 5
-18.

, , . LncRNA SNHG14 miR-372-3p
0GD/R .
(1. L2022, 44(13) : 1925-1929.

WANG D, CHENG G, LIAO Y. Effects of long non-coding
RNA-SNHG14 on the proliferation, apoptosis and inflammation of
oxygen glucose deprivation/reoxygenation-induced astrocytes in
rats by regulating miR-372-3p [ J]. Hebei Med J, 2022, 44
(13) . 1925-1929.
REYES A A, MARCUM R D, He Y. Structure and function of
chromatin  remodelers [ J ]. J Mol Biol, 2021, 433
(14) : 166929.
VILLARREAL A, VIDOS C, Monteverde Busso M, et al.
Pathological neuroinflammatory conversion of reactive astrocytes is
induced by microglia and involves chromatin remodeling [ J].
Front Pharmacol, 2021, 12. 689346.

, . (1] ,
2020, 32(3): 299-307.
JIANG X X, WANG C Y. Epigenetics and tissue engineering

[J]. Chin Bull Life Sci, 2020, 32(3) : 299-307.

( 12023-07-25



