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ABSTRACT
Spatio-temporal specific long noncoding RNAs (IncRNAs)
play important regulatory roles not only in the growth and

The clinical treatment status of IncRNAs as drug targets is
also reviewed.

development of the brain but also in the occurrence and
development of neurologic diseases. Generally, the occur-
rence of neurologic diseases is accompanied by neuroin-
flammation. Elucidation of the regulatory mechanisms of
IncRNAs on neuroinflammation is helpful for the clinical
treatment of neurologic diseases. This paper focuses on
recent findings on the regulatory effect of IncRNAs on neu-
roinflammatory diseases and selects 10 IncRNAs that have
been intensively studied to analyze their mechanism action.
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Introduction

Up to 98% of human transcribed genes do not encode pro-
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teins but are transcribed as ncRNAs. A noncoding RNA with
a length greater than 200 nucleotides is called a long noncod-
ing RNA (IncRNA) (Hiittenhofer et al., 2005). LncRNA is

ABBREVIATIONS: AIM2, absent in melanoma 2; BBB, blood-brain barrier; BDNF, brain-derived neurotrophic factor; CDK5, cyclin dependent
kinase 5; ceRNA, competing endogenous RNA; C/EBPf3, CCAAT/enhancer-binding protein B; CNR2, cannabinoid receptor 2; COX-2, cycloox-
ygenase-2; CPSF6, cleavage and polyadenylation specific factor 6; CREB, camp response-element binding protein; CRISPR/Cas9, clustered
regularly interspaced short palindrome repeats; CTGF, connective tissue growth factor; DANCR, differentiation antagonizing non-protein cod-
ing RNA; DDX43, DEAD-box helicase 43; DOT1L, disruptor of telomeric silencing 1-like protein; EED, embryonic ectoderm development;
EZH2, enhancer of zeste 2 polycomb repressive complex 2 subunit; FGF1, fibroblast growth factor 1; FOXQ1, forkhead box Q1; GAS5, growth
arrest specific 5; Gm4419, predicted gene 4419; H19, H19 imprinted maternally expressed transcript; hASC, human adipose-derived stem
cell; HES1, Hes family Bhlh transcription factor 1; HIF-1¢, hypoxia-inducible factor-1A; HMGB1, high mobility group box protein 1; HUVECs,
human umbilical vein endothelial cells; IL-6/1/17, interleukin-6/1B/17; JAG1, jagged canonical notch ligand 1; JAK/STAT, Janus kinase/signal
transducer and activator of transcription; KIF4, Kruppel like factor 4; IncRNA, long noncoding RNA; LPS/ATP, lipopolysaccharide/adenosine
triphosphate; M6A and M5C, N6-methyladenosine and 5-methylcytosine; MALAT1, metastasis-associated lung adenocarcinoma transcript 1;
MCAO, middle cerebral artery occlusion; MEF2C, myocyte enhancer factor 2C; MEGS3, maternally expressed 3; miRNA, micro RNA; MMP-7,
matrix metallopeptidase 7; mTOR, mechanistic target of rapamycin; NEAT1, nuclear paraspeckle assembly transcript 1; NEUROD4, neuronal
differentiation 4; NFATS5, nuclear factor of activated T cells 5; NF-xB, nuclear factor kappa light chain enhancer of activated B cells; NLRC4,
NLR family CARD domain containing 4 protein; NLRP3, NIr family pyrin domain containing 3; NRF2, nuclear factor erythroid 2-related factor 2;
OGD/R, oxygen-glucose deprivation/reperfusion; PISK/AKT, phosphatidylinositol-3-kinase/Ak strain transforming; PTBP3, polypyrimidine tract
binding protein 3; PIDD1, P53-induced death domain protein 1; PPAR, peroxisome proliferator-activated receptor; PRC2, polycomb repressive
complex 2; PTEN, phosphatase and tensin homolog; PTGS2, prostaglandin-endoperoxide synthase 2; RNAi, RNA interference; SK1, sphingo-
sine kinase 1; SNHG1/8/14/15, small nucleolar RNA host gene 1/8/14/15; SNP, single nucleotide polymorphism; SR, serine/arginine-rich family
splicing factor; SRSF1, serine and arginine rich splicing factor 1; TIMP2, TIMP metallopeptidase inhibitor 2; TNF-o, tumor necrosis factor al-
pha; TP53INP1, tumor protein P53 inducible nuclear protein 1; TUG1, taurine upregulated 1; UCAT1, urothelial cancer associated 1; UTR, un-
translated regions; VEGFA, vascular endothelial growth factor A; XIST, X inactive specific transcript; YAP1, yes-associated protein 1; ZEB2,
zinc finger E-box binding homeobox 2.
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distributed in many tissues and organs of the human body,
but the expression level of IncRNA in vivo is lower than that of
the coding genes. It is worth noting that IncRNAs are spa-
tially and temporally specific (Herriges et al., 2014). The
time specificity of IncRNA indicates that the expression of
IncRNA is different in different stages of growth and devel-
opment of the body or different stages of the occurrence and
development of diseases. The spatial specificity of IncRNA
indicates that the level of IncRNA is different in different
tissues, and highly expressed IncRNAs in tissues often play
important roles. Spatiotemporal-specific IncRNAs are bio-
markers integrating sensitivity and specificity, which can be
used as screening markers, diagnosis markers, and progno-
sis markers in diseases (Lei et al., 2018). On the one hand,
transcription factors, RNA-binding proteins, and micro
RNAs (miRNAs) target IncRNAs to regulate the expression
of target IncRNAs (Yang et al., 2019a; Li et al., 2020b). On
the other hand, by binding RNA, DNA, and protein, IncRNA
regulates related genes at multiple molecular levels, such as
epigenetic regulation, transcriptional regulation, and post-
transcriptional regulation. For example, IncRNA recruits
DNA methyltransferase to regulate the methylation modifi-
cation of target genes; IncRNA binds to transcription factors
to form a complex to regulate the transcription of target genes;
and IncRNA binds to 3'-UTR of miRNA to regulate downstream
mRNA (Zhou et al., 2015a; Jia et al., 2019; Ma et al., 2019).
Neurologic diseases are physiologic imbalances, which can
be perceived as abnormal levels of body components under the
joint action of the living environment and genetic code. Neuro-
systemic diseases, including ischemic stroke, neuropathic pain,
and neurodegenerative disorders, have complex pathologic pro-
cesses and persistent neurologic damage, making their diagnosis,
treatment, and prognosis difficult. In-depth studies have revealed
that not only is neuroinflammation a common pathologic pro-
cess of neurosystemic diseases but also that chronic persistent
neuroinflammation may cause secondary damage (Fabisiak
and Patel, 2022; Jiang et al., 2022; Zhang et al., 2022a). The
main processes of neuroinflammation include the actions of
microglia and astrocyte cells in the central immune system
and the behaviors of macrophages and white blood cells in the
peripheral immune system (Carson et al., 2006; Singh, 2022).
The development of neuroinflammation is related to immune
system cell phenotypes change, inflammatory factors release, in-
flammasome activation, and signal pathways activation, which
is accompanied by the destruction of the blood-brain barrier
and the penetration of cerebrospinal fluid (Takata et al., 2021).
As biomarkers and regulators, IncRNAs take part in neuro-
systemic diseases, due to the easy availability of blood and the
high sensitivity and specificity of IncRNAs. Blood IncRNAs
are ideal biomarkers for the diagnosis and prognosis of dis-
eases (Badowski et al., 2022). As regulatory factors, IncRNAs
regulate cell proliferation, differentiation, invasion, migration,
inflammation, and vascular formation and are considered as
potential drug targets (Li et al., 2016). It should be noted that
IncRNA plays a pro-inflammatory or an anti-inflammatory role
in inflammation, regulating the activation of glial cells, the re-
lease of inflammatory factors such as IL-6, cyclooxygenase-2
(COX-2), tumor necrosis factor alpha (TNF-x), and the activa-
tion of absent in melanoma 2 (AIM2), Nlr family pyrin domain
containing 3 (NLRP3) inflammasome, nuclear factor kappa
light chain enhancer of activated B cells (NF-xB), phosphatidy-
linositol-3-kinase/Ak strain transforming; (PISK/AKT), Janus

kinase/signal transducer and activator of transcription (JAK/
STAT) signal pathways (Cao et al., 2018; Han et al., 2018; Zhou
et al., 2018a; Liang et al., 2020). Different IncRNAs may play
similar roles in neuroinflammation associated with the same dis-
ease, and the same IncRNA may play different roles in neuroin-
flammation associated with different diseases. At present, some
articles have reviewed the role of IncRNA in neurosystemic dis-
eases (Chen et al., 2021; Ebrahimi and Golestani, 2022; Jiang
et al., 2022), but there is no article on the comparison of the role
of the same IncRNA in neuroinflammation in different diseases.
In this paper, 10 IncRNAs related to neuroinflammation and
their roles in different neurosystemic diseases are highlighted,
and the current application of IncRNAs that act as drug targets
in clinical treatment is reviewed (Fig. 1, Table 1).

MALAT1. Metastasis-associated lung adenocarcinoma tran-
script 1 (MALAT1) is located at chromosome 11q13.1. It is univer-
sally expressed in human tissues including bone marrow,
thyroid, and prostate. Transcription factor STAT3, Yes-asso-
ciated protein 1, and Kruppel like factor 4 promote the ex-
pression of MALAT1 through targeting promoter. RNA such
as miR-146b-5p, miR-9, and IncRNA differentiation antago-
nizing non-protein coding RNA could regulate the level of
MALATI1. Furthermore, disruptor of telomeric silencing
1-like protein also directly binds to MALAT1 (Leucci et al.,
2013; Duan et al., 2019; Sun et al., 2019; Peng et al., 2021;
Xiong et al., 2021; Jing et al., 2022; Yang et al., 2018b). More
significantly, the two main post-transcriptional modifications of
MALAT1 are N6-methyladenosine and 5-methylcytosine modifi-
cation (Squires et al., 2012; Liu et al., 2013). MALAT1 interacts
with RNA, DNA, and protein to realize its biologic function.
For example, MALAT1 is combined with miRNA, which
jointly regulates downstream mRNA. Binding to serine/argi-
nine-rich family splicing factors or RNA binding proteins to
show the ability of alternative splicing and transcriptional
regulation (El Bassit et al., 2017; Xie et al., 2017; Scherer
et al., 2020). MALAT1 plays an important regulatory role in
physiologic and pathologic processes. In a physiologic state,
MALAT1 plays a regulatory role in cell proliferation, dif-
ferentiation, migration, epithelial-mesenchymal transition,
autophagy, apoptosis, and so on (Cheng et al., 2019; Luo
et al., 2019; Bao et al., 2020; He et al., 2020; Pi et al., 2022;
Zang et al., 2022).

MALAT1 functions as a marker and regulator in disease states.
As a screening marker, single nucleotide polymorphisms analysis
of MALAT1 showed that MALAT1 was associated with cancer
and immune disease susceptibility (Chen et al., 2020; Mao et al.,
2021). MALAT1 as a diagnostic marker can be used to diagnose
atherosclerotic cardiovascular disease, lung cancer, and breast
cancer (Zhao et al., 2020b; Liu et al., 2021b). When combined
with other biomarkers for the diagnosis of disease, the sensitivity,
and specificity of diagnosis are improved; for example, MALAT1
interacts with miR-125b as a coronary heart disease biomarker,
MALAT1-H19/miR-19b-3p axis as a diabetic neuropathy bio-
marker (Lv et al., 2021a; Rajabinejad et al., 2022), and MALAT1
as a prognostic marker. Overexpression of MALAT1 was associ-
ated with a dismal prognosis, manifested in glioblastoma, lung
cancer, and other numerous malignancies (Li et al., 2018a).

MALAT1 acts as a detrimental factor or protective factor
in the occurrence and development of different diseases.
Therefore, strengthening the protective effect and decreasing
the dangerous effect of MALAT1 by regulating the level of
MALAT1 may reverse the disease process, making it a
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Fig. 1. Common neurosystemic diseases and IncRNAs associated with neuroinflammation. Some common neurosystemic diseases include ischemic

stroke, Alzheimer's disease, Parkinson's disease, traumatic brain injury, e
multiple sclerosis. Each disease has its own unique pathologic features, but

pilepsy, multiple sclerosis, spinal cord ischemia, neuropathic pain, and
neuroinflammation is the common pathologic process. Reducing the pro-

duction of neuroinflammation in a way that improves the brain environment, protects nerve cells, and alleviates the progression of the disease. Ac-
cumulated studies have confirmed that IncRNAs play pro-inflammatory or anti-inflammatory roles in the regulation of neuroinflammation.
Furthermore, IncRNAs including MALAT1, NEAT1, TUG1, SNHG family, H19, MEG3, XIST, GAS5, UCA1, and GM4419 have been found to allevi-

ate more than one neurosystemic disease by regulating neuroinflammation.

potential target for disease treatment (Abdulle et al., 2019;
Yang et al., 2020). In the study of MALAT1 in acute spinal
cord injury, MALAT1 has been found to be associated with
neuroinflammation. Subsequent researchers have shown that
MALAT1 also plays a role in the neuroinflammation that
accompanies neuropathic pain, multiple sclerosis, Alzheimer’s
disease, traumatic brain injury, Parkinson’s disease, and cere-
bral ischemic stroke. MALAT1 was up-regulated in a chronic
constriction injury rat model of neuropathic pain, and the pain
threshold assessment and expression of IL-6, IL-15, TNF-«,
and COX-2 showed that MALAT1 promoted the development
of neuropathic pain and neuroinflammation. The current study
found three different mechanisms to achieve this effect(Chen
et al., 2019b; Ma et al., 2020b; Wu et al., 2020b). Ma et al. con-
firmed that MALAT1 and miR-129-5p are highly expressed in
neuropathic pain, and together with the opposite expression of
HMGB1 [HMGBI1 protein is a kind of protein that usually
binds with cytokines TNF-«, IL-6, and IL-1p to trigger inflam-
matory response and plays an important role in the induction
of inflammation and autophagy (Mori et al., 2018)], the compet-
ing endogenous RNA (ceRNA) network formed by the three fac-
tors regulates the disease process (Ma et al., 2020b). Chen
et al. showed that MALAT1 played a pro-inflammatory role
by targeting the miR-206/ZEB2 signal axis (Chen et al.,
2019b). Wu et al. verified the role of MALAT1/miR-154-4p/
AQP9 axis in neuropathic inflammation (Wu et al., 2020b).
The pro-inflammatory effect of MALAT1 is also reflected in
Parkinson’s disease and acute spinal cord injury. Cai et al.
showed that MALAT1 down-regulation improved the exercise
ability of MPTP-treated C57BL/6 mice. The C57BL/6 mice
model treated with MPTP is a valuable model of Parkinson’s

disease. In LPS/ATP-pretreated BV2 microglia cells, the ability
of MALAT1 to trigger neuronal injury is due to the recruitment
of EZH2 to act on the promoter of NRF2 to achieve negative reg-
ulation of NRF2, thus activating NLRP3-mediated inflamma-
some and increasing reactive oxygen species level (Cai et al.,
2020b). Zhou et al. showed that MALAT1 down-regulation can
inhibit the progression of acute spinal cord injury, while miR-
199b inhibitor can induce its production, suggesting that MA-
LAT1 and miR-199b are negatively correlated, which regulates
the IKKS/NF-«kB signaling pathway (Zhou et al., 2018a). The
IKKp/NF-xB signal pathway is a classic pathway regulating in-
flammation that plays a pro-inflammatory role in multiple scle-
rosis, ischemic stroke, and epilepsy. This pathway also regulates
the apoptosis of neurons and the formation of glial scars in spi-
nal cord injury ( Zhou et al., 2016; Babkina et al., 2021).

The anti-inflammatory effect of MALAT1 is reflected in
multiple sclerosis, Alzheimer’s disease, ischemic stroke, and
traumatic brain injury. In a study related to Alzheimer’s dis-
ease, MALAT1 regulates the expression levels of PTGS2,
cyclin-dependent kinase 5 (CDK5), and FOXQ1 by regulating
miR-125b, which stimulates neurite outgrowth and inhibits
neuron apoptosis and neuroinflammation (Ma et al., 2019).
The regulation of miR-125b by MALAT1 shows that IncRNA
can down-regulate neurotoxic miRNA, making it play a neuro-
protective role. MiR-125b aggravates the process of Alzheimer’s
disease, which is reflected in down-regulating sphingosine
kinase 1 protein expression, making tau hyperphosphorylation,
and phosphorylation, neurons apoptosis, and inflammation (Jin
et al., 2018¢). The effect of MALAT1 antagonizing miR-125b on
promoting cell proliferation is also reflected in oral squamous
cell carcinoma and bladder cancer (Xie et al., 2017; Chang and



Zeng et al.

116

UOTJRW W B[JUTOINSU
pue ured oryjedoinsu

pejest| axe sjex (IS Jo

Jo quawdofessp 6ddV Aroyewrurepyut SOAISU JT)RIDS RJISIR[Iq
q0z0% ‘e 1 N\ oy Surjowoad /dG-pGT-grux -01g dn Y} :[opowr [eWIUyY ured oryyedoana N
UOT)RWWB[JUIOINSU
pue ured oryjedoineu pejesi| aae sjel (JS Jo
Jo juewdo[esep K10jewUIre[yuT SOAIOU JTPBIOS [RIS)R[Iq
96103 “Te 30 ueyp oy Sunowory GdHZ/90g-gta -0Id an oY} [[opolt [eWIUY ured oryyedornaN
UOT)R W B[JUIOINSU
pue ured oryjedornsu pajesI| aae syer (S Jjo
Jo juewdo[eep I9HOINH K1ojewure[yut SOAIOU JTPBIOS [RIS)R[Iq
q0%03% ‘T8 10 BN oy} Surjowroag /dG-6gT-grux -01g dn 9y} :[opow [BWIUY ured oryyedoina N
ad&youeyd VA DO
K10jewrureyur M pajoslur exe sorw
-jue premol 9/Td LSO ‘[opowt [ewiiue
UOTyeTjue.IeJIp T[89 ‘ST U
I pue aSeydoroeuwx pajeany axe sejfdoousids
6103 Jo ureyyed Aroyewrwreyur pue segeydoiorwt
“Te 70 TWNoSey oy} Surjoworg QUON -nuy umo( Arewrid :[opowt [[9) S1s01979s o[dTI NI
uoISnN[220
AI9)Ie TRIQEISD
9[ppruI JUaISURI}
0} pejoalqns axe
sjel (IS :[opow [ewIU®
‘uorsnyreder pue
ayjo1)s Surjetoroure gvdd uoTnIpU0d uorjeArrdep
pue £jLiSejur /1-09d/dHID 9s0on[3 pue uadLxo
IB[NISBAOIITUI JTLVIVIN Aroyewrureut (uryepAod ue ur paoeld aIe s[[ed
610G “Te 30 ueny ureiq urj9)0Ig /9adH/0 -nuy £q) dn DHANGY 1opour [[2) 93[01)S OTWAYDST
Lyranoe
J030WI020] qUII[pUTy 181
o1} Surkoaysep ds 9y jo paoo reurds
‘U BWWIR[JUTOINOU 0LL ® uo JySrey wo
pue uorjeAnIOR g2-AN /9311 Kroyewrureyut -G'g & woay doap JyStom Amfur
8QT0Z ‘T 10 noyyg erSototwu Surjowor g /966T-Tw -01J dn 30T ® :]opow [eWIUY pa0d Teurds apnoy
Tofe] I9)7RW
BINP O} MO[oq WL
G0 Jo ypdep e Juryoear
Am(fur ureaq (SOwW0s0X0 X97100 [ejoLredojuoy
913100 Suonpal SYNY Te[oe[onu peALIap a1} Je pajoeduut
‘uorjouny Joraryaq [[ews ot} pue K1ojyewrurefyut -DSVY £q) aIe surelq ,sjel Amfut
8103 “Te 10 [91ed 1030W SULIOA009Y] SYNYJOIOTW 9y, -nuy dn o[BW :[opoW [eWITUY ureiq d1jeWNEL],
QUIT) JUSWSAOUL
oy} uruelIoys 9pPLIOTYI0IPAY-J LN
‘uorponpoad seads IIM pajoalur aae 9dTwx
Ue3AX0 9AT)ORAL 9/ 14 LG ‘[epow [pwTUR
pue uoreAnoe ‘Sd'T yna
swosewrweyul A10jewIurefyul pejea] 1B S[[8d BgN osBaSIp
q020g “Te 10 ') Surjouwrorg SAUN-CHZHA -01gJ dn pue EAg [[epow [[o) suosursreq
YImo13Ino
9JLINaU urjenUsS er gy yjim pejosfur aae
UoTEW W R [JUIOINOU T1OX0A sjel (IS :[epow [euwIlue
pue sisojdode ‘SIADZSHILA K10jewIure[yut CION YHM pojee) aae oseasIp
6103 “T8 10 BIN uoInou SuryIqryuy /qGgT-gra -huy umoq ST[®2 g1Dd ‘[°pPoW T[8D S LoweyzZly TLLVIVIN
souaIajoy 9[oa [euonjoun,y ureaa)sumo(q a[oyg uorssaadxy °POIN aseasI( VNYouT

‘sje8ae) wearysumop Jurgemser Aq SYNYOU] Jo suorouny o130[01q pue S[@PoW (SIsoqo[ds o[diynw pue ‘ured
oryjedoanau ‘@rwraydst paod [eurds ‘stsorspds ordynu ‘Asdeqide ‘Ainfur urerq drjeWINRI) ‘OSBOSIP S UOSUINIRJ ‘OSBOSIP S IOUWIOUZ[Y ‘OY0J)S OTWOYISI) 9SBOSIP OTWIISASOINOU JUSISIJIP Ul (GIHFFIND
pue ‘IVON ‘GSVH ‘ISIX ‘€HHNW ‘6TH ‘ATwrej HHNS ‘TONL ‘TIVAN ‘TIVIVIN) SYNYPU[ 0T JO UOISSaIdX[saseasIp Poje[ol-UOHRWWRJUIOIMSU Ul SYNYIUT JO SUOIIRZLIaRILYD [BUONOUN |

T H'19V.L



117

LncRNAs Associated With Neuroinflammation

UOT)RW W B[JUTOINSU

uotsnjrodex
pue uoIPU0d
uorjearidep 9s0on[3 pue

pue uonjyezurejod TN a-AN A1oyewrwuejuT ue3dAxo ue ul peoe[d aIe
BGTOZ T8 10 Suep rerSordtw Surjowor g /dg-egpT-yru -01d dn ST[99 A{ :[opowW [[0) 9Y[0.1)S OTWAYIST
mm\mmwoz
M pajosfur are ot
9/1dLSGD ‘Tepow Tewiiue
UOT}RUIWRJUL 19 AroyewruueyuI ‘ST UYIIM pajeary aae
6103 “Te 30 onx Surjoworg -AN/dG-6-gru -o1d an S[[92 EA{ ‘[epPOU [[8D STS0IOT0s SIANNIN
dLdIN
UIIMm pajoalur aae 9oTux
9/TdLGD ‘[°poU [euwiue
SSAI)S OATJBPIXO pUB ‘+ddIN
UOT)eWWRJUI Pue NALd AIojeurure[yut 3IIM PIjear) are S[[90 aseoasIp
030g “Te 19 reyyz stsojdode Sunjoworq /dg-ggT-grur -0Iq an AGAS-HS ‘[oPoW [[8D suosursreq
oot (Id Jo AIqe dLdIN
UOTJRUIPIO0D I0J0UT 3Im pajosfur are oot
Suniqryur pue (90 Td/LSD ‘Tepowt Tewiue
ZAd Jo uorjewrwre[yuI Aroyewrwueul ‘ST UYIM pajeary aae 9seasIp
1203 “Te 10 Suay) Sunjowoig QUON -01g dn S[e2 2A{ :[epow [[oD s, uosunyIeJ 90.L
stsojdode uotsnjrodoex
182 pue uonjezrrejod pue uorIpuod
TIN [e1[S01oTIx uorjearidep 9s0on[3 pue
Sunqryur {A[Iqera Aroyewrwueyut ue8Ax0 ue ut peoeld aIe uoisnjredax
030g “Te 10 IN [[92 Sunowoig ELV.LSALIV -nuy an ST[®2 A{ [PPOW 12D OIWBYOST [BIG.I80)
JTofe] 19138 W
BIND O} MO[oq WII
G'0 Jo yadep e Suryorax
X97.100 TejaLredojuody
1adid (euajorexaq Y} Je pejordut
UOT)eWWRJUI Pue JTLVAN /o-9Xd KI1ojeuwrure[yut £q) aIe sureIq 901w Amfut
L103% “Te 1o Suoyy stsojdode Sunyiqryuy /ousjorexeyg -nuy dn 9/19.G) :[opoW [ewIuy ureaq orjewnedL],
uorsnyrodas pue
ST[e2 TerjSotorux UOT)IPU0 uoTjeALIdep
Jo sisojdode 9s0on[3 pur uadAxo
6103 pue UOIjRWIUIR[JUT Urue)ed-§ /AU Aroyewruueyul (TAA £q) ue ur paoe[d are S[[ed
‘noyy pue uey Sunowoig JTLVAN/TAA -0xd dn BI[S0I0TW :[opOW [[8)) 93019 OTWOYIS]
Kqiqera
[[92 Suniqryut J1-11
0303 ‘uoryeWIUIR[FUT 2ON AroyewrwueuI YIIM pajeal) oIe S[[od
‘Suex pue uep Sunjoworg /dG-6gT-grut -01d an VNIL-XID ‘[opow [[2D Asdorrdy
UOTIRW W R[JUIOINOU
pue ured oryjedoinsu pejesI| axe sjer S Jo
Jo yuewrdo[essp T9HOINH A1oyewrureyur SOAIOU JT)BIOS [BISIB[I]
8103 “Te 10 BIX oY) urjowrorg /I8e-ygru -01d dn 9y} :[opoW [BWIUY ured oryedorneN
+ddIN
uoTjeWWR[JUI PUR dieavya AI0jeUIUIre[yuL UM Pajear) are S[[90 aseasIp
20203 “Te 3 nI'T stsojdode Junjowolg /dG-gTg-gru -oid an HS-N-MS ‘[epoW [[9D suosursred
dLdIN
UM pajoalur aae o1
Ayiqeta 9/TdLGD ‘[opou [ewiue
190 Suryrqryur +ddIN
‘uorjeWWR[JUT PUR INIXV Aroyewrureyul UIIM poajear) aIe s[[ed aseasIp
PI20% “Te 30 nry stsojdode Sunoword /dg-grg-gru -0Iq an HS-N-YS :[9pow [[9) suosursreq TLVAN
20UdIdJOY 9[0a [euonyoUN g wreaxjsumoq a[oy uoissaxdxy [PPOIN aseasiq VNYou1

ponu1puod T ATAVL



Lmfur sOHNG

uotsnjredeax
pue uoIsn[o20
K19)IR [RII9D
a[ppIuI jusIsuRI)

0] pajoalqns axe
sjel (IS :[OPOW [BWIUE
‘uotsnyrader
pue uorIpPU0d
uorjeaLidep 8s0on3 pue
uedAxo ue ur peoerd

pue uorjewweuL g2-AN/TLIIS A10jewurefur axe s[[90 [BI[FoIoTWI
1g0g “Te 30 uel], [er[Soorm Sunqryuy /dg-Ggy-gra -nuy umo(g Axewrtad Topow (2D 93[01)S DIWAYDST
aInjns
uorssexdoxd H[1s 0-9 Suisn pajed|
ured onyyedoinsu pue pue paje[osI SI el (S
UOT)RWWR[JUIOINOU KI0jeUmIuIre[yut Jo aAJeu [eulds Jequuny
0203 “Te 19 ued Sunjoworg dg-ggy-gru -01d dn Y 9y} [[Ppow [ewruy ured oryredoinaN
aInjns [is
uotssax3oxd 0-9 Sursn pe3edI| pue
ured oryjedoinau pue Po3e.[OST ST JRI (IS 93
90303 UOT)eW W B[JUIOINSU KI1oyeurure[yut Jo aAIeu [eurds Jequuny
“Ie 70 Sueyy Surjoworg ¥IAD -01g dn YY1J oY) :[OPOW [eWIUY ured onyjedoina N
stsojdode suoaneu
or3reururedop TOH-dLdIN
Arewrtad Surjowroad YIIM pajoalur aae o1
‘uorjRWIUIRJUT 9/19.G) [epow [euwrue
pue uorjeanoe AI0jeUIUIe[JuL ‘Sd'T YIm pejeary are aseasIp
8T0Z “Te 70 08D rer8otdtw Surjowor g edqIN/L-gTwu -01g dn ST[e9 A g :[opowW [[0) S, uosunIeq
uorsnjrodas pue
uonIpuod uorjearrdep
9s0on[3 pue uadAxo
UOJRWWR[JUI pUR SZH Aroyewruueyul ue ur paoe[d are S[[ed A[turey
q1203 “T8 30 AT stsojdode Suniqrquy /SdD/BILE- YT -huy umoq SA/OHINDH TPPOW [[°D 930138 OTWSYOST OHNS
‘penuruod
st uotsnjroda
(edeyee] pue paAsowaI ST
IoLLIRq PI0d [eulds dured oy ‘seqnurur 1
-poo[q pue 3P 10J 9RI (IS 93 JO AI9jae
o13o[oaneu) adeurep URTIAR[IQNS 3JO[ oY)
uorjeUIWR[JUL 0] Te3SIp padweo-ssoLd uotsnjredex
pue uorjeanor J1-TI/g> AI0jeUmIUIre[yuL ST ©}I08 SUIpUadSap BTUIOYOST
610 “Te 30 Blp [er[Sosorw Surowory ~INAETL/TIEL -01d dn 9Y3} ‘[epows [ewiUy paoo [eurdg
panurjuod
st uotsnjreda
. pue paAsowalI ST
© (eSeee] durep oY) ‘senurwr
ko IoLLIRq PI0d [eurds 10J 7RI (IS 93 Jo A19jae
o -poo[q pue s309J9p ueIARB[OQNS YO 9Y)
S o13o[oaneu) adeurep J1-T11 0] [e1SIp pedwB[d-SS0Id uorsnjrodax
N uorjewwRJul /9-AN /HALIN AI0jeUwrwreyur ST B1I08 SUIpUadsap BIWOYOST
1203 “Te 30 eIp Sunjoworg /dG-T-q6g-gr -01d dn OY3} [epow [ewiuy pod Teurdg
© ERLICREI 31 | 9[04 [euonyoun g weaxsumo(q a0y uorssaxdxy PPOIN aseasiq VNYoug
-
-

panunuod T H'TdV.L



119

LncRNAs Associated With Neuroinflammation

uorjeuwrwreyur

dLV+SdT

pue uorjeanor eddIN AI0jeUmIUre[yut UM Pajear) are S[[a0 Amfut
120% “1e 10 Susy [erSotdrw Surjowo g /dg-e)-gru -01g dn BI[S0I0TW [opOW [[0)) urerq orjewneL],
uotsnjrodex
pug uoIsn[20
KI19)IR [BI(DI9D
9[ppIWI JUaISURI)
0} pajoalgns axe
sjel (IS :[epOoW [BWIUE
cuorsnyrader
pUE UOTIPU0D
UoT)RUIWRJUL uorjearrdep asoon3 pue
pue sisojdoald uedAx0 ue ur peoerd
S[[®2 AGAS-HS pue KIojeurure[yut are s[[9d AGAS-HS pue uotsnjredax
0g0g “Te 99 Suery HS-N-MS Sunowoig GINIV/S87-gru -01d dn HS-N-3S [epout [[°) BIWSPST TBIGAI80) SICHAN
uotsnjredax
puB uoIsN[o20
K19} [RIQDI9D
a[ppIuI jusIsuRI)
01 pajoalqns aae eo1wt
9/1dLSGD ‘[epowt Tewiiue
‘uorsnyrade
uorjewwR[Jul pue uorIpuod
pue uonjezrrejod uorjeaLidep 9s0on[3 pue
rerSororwa Aroyewrwueyut ue8Ax0 ue ut peoeld aIe
BLT0Z “Te 10 Suep TIN Sunjoworq TOVAH -01d an S[[92 Ad [9POW [[0D 90198 OTWISYIST
UOT)RUIWIB[JUL v
pue erjSoiorux IIm pajaslur st jer JS
pue se3£001)s®e JOo Aroyewruueul a3 Jo e[epSAure-erjut Asderide
8103 “T® 30 uey uoneAnoR SUNOWOLJ LVLS/AIVe -o1d an oY} ‘[opow WUy aqo[ [etoduray,
pejequIod ST 90TW
9/dIvVd Jo 9es [eInp
ST[e2 oY) :[epoW [BWIUB
GAd Jo uorewrurejyut YAO4NIN Aroyeurureqyur ‘ST Ui pajear) are
1g0g “Te 12 1) pue sisojdode dny /dg-gge-gru -01d dn S[[92 GA ‘[PPOW [[3) Amfur pioo [eurdg 6TH
Lyiqera
1[99 SunIquur ‘g1Dd uorsnjrodex
JO SSeI)s 9ATIBPIXO pu® UOTIPU0d
pue ‘stsojdode uorjeaLidep 9s0on3 pue
‘uoryewIUIR[FUT TINIESAL AroyewrwueuI ua8Ax0 ue ur peoeld are
1203 “Te 30 ueq Sunoworg /dg-GGy-gru -01d dn SI[®2 TOd ‘[°PoW [[3D 93[0.J3S OTWaYOST
uotsnjredex
pue uoisnoo0
K19} [RIQDI9D
9[ppIuI JUaISURI)
0} pajoalqns are 901w
9/1d LSO ‘Tepowr Tewitue
AIIqeta cuotsnyradex
[190 Suniquyur ‘gAq pue uonipuod
JO SSoIIS 9ATJRPIXO uorjearrdep 9s0on(3 pue
q1303 pue uorjBWIWR[UT ydOV A1oyewrwreyur ua8Axo ue ur paoeld are
“Ie 70 Sueyy Sunowoig /966T-JTux -0xd dn S[e2 2A{ :[epow [[9) 93019 OTWOYIS]
ERLICREY 31 | [0 [euonyouUNn weaxsumo(q a0y uorssaxdxy PPOIN aseasiq VNYoug

ponunuos T YIdv.L



Zeng et al.

120

SISOID9U

uorsnjrodax
pUe UOT}IPU0d
uorjeaLidep 9s0on3 pue
uedAx0 ue ur peoerd

pue yjeap [[e0 KIoyemuTueyul axe s[[eo rerpSororma
LT0Z “Te 19 Uap\ [e1[Soiotur Jurjoworg IHIN/eINT -o1g dp Arewrnd :[opowr [[9) 93{0I)S OTWSYDST 6IFFIND
uorjewrareyut VAHO
PpUEB SSOI)S SATJEPIXO -9 1M pajoslur ST jex
‘stsojdode suorneu Te)STA\ 1]} JO STpuUNq
o1dreurwredop Aroyewruueyul UTRI(a.I0J [eIpaut aseasIp
610% “TB 19 1e) Sunoworg IMV/IEld -01d an 8y} [[epow [ewWIuy suosursreq
OPLIO[Yo0IPAY
ourd.reoorid
I1m pejoslur axe
Aymiqera s[e0 gYNL Sjel (IS -[epowr [BUITUE
“X1D Suraoxdur 111
‘uoTyRWUIR[JUL FA-IN/DGAHIN Kroyewrwreyut )M PIjeaI) dxe S[[ed
q0%03 “Te % nx Sunyqryug /60g-gru -njuy umo(g SVNI-XLO ‘[opow [[2) Asdoyidy von
UOT)RUT[9AUISP Sgd Ul urxoj sIssnjreg
Suryeqreoexe pue GG-GEHOW
‘uoryezrrejod g AroyewruueyuI UIIM pajoalur aae o1l
L10Z “Te 70 ung Terdororw Jurniqrquy yA91/6049d -01d dn 9/1dLSD ‘[opow WUy SIS019]0s STy
penurjuod
st uotsnyradex
pue pesowal ST
durep o1 ‘yerx (IS oy
JuourIredurr Jo A1091€ prjored 3yo[
[euoTIOUN] pue AI1oyre UeIAR[IQNS
Suneaeisse 1Jo[ Y3 03 [BISIP uotsnjredex
P1303% ‘uoTjeWUIR[JUT pUR g-osedsed Kroyewrureyut Surdwred st yoIe o108 BTWDTIST
“Te 10 Sueyy stsojode Surjowrord paaeeld/,-JININ -01d dn ) [opow [RWIUy pa0o [eurdg
auoUd)0X
M pajoslur are sorux
9/1d LSO ‘Tepowt Tewiiue
‘8d1
UoT)RWUWIR[JUT ed9'IN KIoyeUTUR[yUT )M PIjeaI) axe S[[ed aseasIp
0803 “Te 92 nX [er[So1orw Surjowory /dg-ggg-gru -01d dn BI[S0IOIW :[oPOW [[9) suosunjreq GSVD
UOTJRW W E[JUI0INOU
pue ured oryjedoinsu pejesI| axe sjer S Jo
Jo yuswudo[essp KIoyemUTIreyUT SOATOU OTPRIOS [BISYE[Iq
8103 “T& 30 UBxX oy} Sunjoworq TdHZ/0ST-grax -01d dn 9Y3} [epowr [eWIUY ured oryyedoinaN
UOT)RWWB[JUI0INSU
pue ured oryjedoinsu pajesI| are sjer S Jo
Jo yuswudo[essp eLVIS/ KIoyemuureyut SOAIOU OTPRIOS [BISYE[Iq
q8T0g “T® 30 uIp o) Surjowrorq yrg-gru -01d dn oY} :[opou [ewWIuy ured oryyedoinaN
[0ze1jerous[Ajued
m pejoalur aae
UOTJR[NUINIOE syed (IS [epow [ewWIUL
ayeurein(s ‘ST Ymm poajyeary
21303 pue sisojdode SLVAN A1oyewruureyur a1e S[[e0 934001158
“Te 90 Sueyy [euoINaU FUTjowWoIJ /dg-06g-gru -o1d an GVNI-XLO ‘[oPo 19D Asderidy LSIX
§91400138®
Jo uorjeATIOR
Suniqryur ‘eSewrep
[euoInaU SurjeIAd[[R 9€°98y yjim pejosfur st
‘uouiredurt Aroyewrwreyul JeI1 (IS JO [PLIjuaA JySLI 9seasIp
610% “Te 19 1X aATyTUS00 Sutaoxduy IMV/IEld -nuy umo(q 8y} [[epow [ewruy S IOWIYZ[Y
20UdIdJOY 9[0a [euonyoUN g wreaxjsumoq a[oy uoissaxdxy [PPOIN aseasiq VNYou1

ponu1puod T ATAVL



Reference
Yu et al., 2017

Functional role
Promoting astrocyte
apoptosis

Downstream
miR-4661/TNF-

Pro-
inflammatory

Role

Expression
Up

Model
Cell model: primary
mouse astrocytes are
mechanically stretch-
injured using 94A Cell
Injury Controller

Disease
Traumatic brain
injury

LncRNA
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Hu, 2018). Ruan et al. found that small molecule Polydatin reg-
ulates transcription factor CCAAT/enhancer-binding protein B
binding to the promoter region of MALAT1 and promotes the
expression of MALAT1. Up-regulated MALAT1 inhibits inflam-
matory response and apoptosis by regulating camp response-
element binding protein/PGC-1¢/PPARy pathway, ameliorating
stroke (Ruan et al., 2019). A study has shown that hASC-
derived exosomes contain IncRNAs including MALAT1 as well
as proteins. Hasc-derived exosomes tend to migrate to liver,
and it is speculated that exosomes may act to reduce the pro-
duction of spleen immune cells or inhibit the inflammatory re-
sponse of immune cells, thereby reducing secondary brain
damage caused by peripheral immune cells through broken
blood-brain barrier (BBB) (Gupta and Pulliam, 2014). In addi-
tion, although hASC-derived exosomes rarely migrate into the
brain, they have direct neuroprotective effects on nerve cells
(El1 Bassit et al.,, 2017). HASC-derived exosomes containing
MALAT1 inhibit ephrin family gene expression after traumatic
brain injury, which can reduce the penetration of peripheral
immune cells into the brain by damaging BBB (Patel et al.,
2018). Changes in the phenotype of immune cells indicate
changes in the function of immune cells. Masoumi et al. found
in the multiple sclerosis cell model that the silencing of
MALAT1 promotes the differentiation of macrophage and
T cell to pro-inflammatory M1 phenotype and TH1/Th17
phenotype, respectively (Masoumi et al., 2019). These re-
sults suggest that MALAT1 can be a potential target in
multiple sclerosis disease to inhibit the pro-inflammatory
effects of macrophages and T cells.

NEAT1. Nuclear paraspeckle assembly transcript 1 (NEAT1)
is located at chromosome 11q13.1. NEAT1 is commonly ex-
pressed in ovary, prostate, and colon. Transcription factors Yin
Yang 1 and STATS3 target the NEAT1 promoter to regulate
NEAT1/miR-205-3p/MMP16 and NEAT1/miR-4688/TULP3, re-
spectively (Cai et al., 2020a; Li et al., 2020b). MiR-340-5p tar-
gets NEAT1 by regulating NEAT1I/HSFI/MMP11 (Gao et al.,
2022). THOC4 protein regulates NEAT1 by directly targeting
the promoter region or by binding to cleavage and polyadenyla-
tion specific factor 6, which can activate NEAT1 (Klec et al.,
2022). RNA-binding protein SRSF1 regulates the cell cycle of
glioma cells by regulating NEAT1 (Zhou et al., 2019). Under
physiologic conditions, NEAT1 is involved in regulating the dif-
ferentiation of human bone marrow—derived mesenchymal stem
cells and human embryonic stem cells. It also participates in the
activation of T helper 2 cells (Chen and Carmichael, 2009;
Zhang et al., 2019; Huang et al., 2021b).

As an oncogenic gene, NEAT1 is a prognostic marker of
cancer such as breast cancer, nasopharyngeal carcinoma, dif-
fuse large B cell lymphoma, and acute lymphoblastic leuke-
mia (Deng et al., 2018; Liu et al., 2019; Pouyanrad et al.,
2019; Quan et al., 2020).

As a regulator, it showed pro-inflammatory effects in
Parkinson's disease, neuropathic pain, and epilepsy and
anti-inflammatory effects in traumatic brain injury. Generally,
Parkinson's disease models can be divided into cellular models
and animal models. In cellular models, MPP+ is used to recapit-
ulate the disease. In addition, it is more common to use 6-hy-
droxydopamine and MPTP in animal models. In vivo and
in vitro models of Parkinson’s disease, the levels of inflammatory
cytokines IL-1f, IL-6, and TNF-o increased. However, NEAT1
knockdown reversed the ascending effect, suggesting a pro-
inflammatory effect of NEAT1. Mechanismally, NEAT1
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negatively regulated miR-212, which protected SK-N-SH cells
that were treated with MPP+. The downstream targets
AX1N1 and RAB3IP are combined to form two axes, namely
NEAT1/miR-212-3p/AX1N1 and NEAT1/miR-212-5p/RAB3IP
(Song et al., 2018; Liu et al., 2020c; Liu et al., 2021d). Previ-
ous studies have shown that AXIN1 and RAB3IP were re-
lated to cell growth and apoptosis (Guo et al., 2018; Zhou
et al., 2018b). However, under the regulation of NEAT1, they
could also regulate inflammation to affect disease progres-
sion. Xia et al. found that NEAT1 decreased paw withdrawal
threshold and paw withdrawal latency of rat model and pro-
moted pro-inflammatory cytokines of spinal cord tissues.
When NEAT1 was knocked down by shRNA, the level of
miR-381 was increased, while the level of HMGB1 was de-
creased. Moreover, miR-381 inhibitors can not only reverse
the anti-inflammatory effects by the NEAT1 knockdown but
can also reverse the improvement of mechanical allodynia
and thermal hyperalgesia by HMGB1 knockdown. In conclu-
sion, NEAT1, miR-381, and HMGB1 were involved in neuro-
pathic pain progression and microglial inflammation (Xia
et al., 2018). Wan and Yang found that the expression of
miR-129-5p and NEAT1 were opposite in CTX-TNA cells
treated with IL-15. CTX-TNA cells treated with IL-1f is a
common model of epilepsy that is used extensively for basic
research. Wan and Yang emphasized that the expression of
Notchl, JAG1, and HES1 was significantly altered under
NEAT1/miR-129-5p regulation. Activation of the Notch sig-
nal inhibited cell viability and promoted inflammatory cyto-
kines IL-6 and TNF-« (Wan and Yang, 2020). However, there
is a controversy about whether NEAT1 acts as a pro-inflam-
matory gene or an anti-inflammatory factor in ischemic
stroke. There are two major cellular models of ischemic
stroke: oxygen glucose deprivation of nerve cells
(SH-SY5Y cells and N2a cells) and oxygen glucose depriva-
tion of glial cells (BV2 cells and U87 cells). The up-regulation
of f-catenin and its downstream c-Myc and CyclinD1 indi-
cates the activation of the Wnt/f-catenin pathway, which is
regulated by NEAT1 that up-regulated by Ying Yang 1. More-
over, overexpression and knockdown of NEAT1 resulted in the
aggravation and remission of inflammation and apoptosis of mi-
croglial cells treated with oxygen-glucose deprivation/reperfusion.
However, Ni et al. showed that NEAT1 inhibited AKT/STAT3
signal to promote cell viability and inhibit microglial M1 polari-
zation and cell apoptosis in BV2 cells treated with oxygen-glu-
cose deprivation/reperfusion (Ni et al., 2020). There are two
phenotypes of glial cells: the M1 phenotype (pro-inflammatory
phenotype) and the M2 phenotype (anti-inflammatory pheno-
type). The two inconsistent studies on NEAT1 in ischemia/reper-
fusion may be due to the different cells used and the different
oxygen-glucose deprivation/reperfusion time: one was 2H, and
the other was 4H. It is well known that glial cells may have dif-
ferent stress responses under different stress conditions. Zhong
et al. showed that NEAT1 inhibits the expression of PIDD1, in-
hibiting the progression of traumatic brain injury. Specifically,
knockdown of NEAT1 enhanced the apoptosis of HT22 cells and
the release of cytokines IL-1$, TNF-o, and nitrate oxide. How-
ever, overexpression of NEAT1 improved the motor function,
learning ability, and spatial memory of traumatic brain injury
mice. PIDD1 is also known as p53-induced death domain protein
1, which as an effector participates in p53-induced cell death
(Berube et al., 2005). But the up-regulation of NEAT1 can be

promoted by Bexarotene, which is an RXR-« agonist. RXR-z has
been proved to bind to NEAT1 (Zhong et al., 2017).

TUGL1. Taurine up-regulated 1 (TUG1) is located at chro-
mosome 22q12.2. It is universally expressed in testis, endo-
metrium, and thyroid. Transcription factor early growth
response 1 targets the promoter of TUG1 to up-regulate the
level of TUG1, activating EZH2/TIMP2 to promote the pro-
gression of adenomyosis (Shi et al., 2019a). Interestingly, a
study has shown that miR-1299 and TUG1 can form a feed-
back loop with the participation of NOTCHS3. Specifically,
TUGT1 is the downstream target of NOTCH3. TUG1 can act
as ceRNA and negatively regulate miR-1299. And miR-1299
is a negative regulator of NOTCH3 (Pei et al., 2020b). In
osteosarcoma, the FOXM1/TUG1/miR-219a-5p/AKT pathway
forms a similar feedback loop (Li et al., 2018f). Another well-
known pathway—Notch signal—also can regulate TUG1 to
maintain stemness of glioma stem cells (Katsushima et al.,
2016). TUGI1 regulates angiogenesis and cell differentiation
through competitively binding to miRNA under physiologic
conditions. For example, TUG1/miR-505-3p/VEGFA axis pro-
motes angiogenesis of HUVECs (Liu et al., 2021c). TUGY/
miR-545-3p/cannabinoid receptor 2 axis, TUG1/miR-222-3p/
Smad2/7, and TUG1/Lin28A regulates differentiation of os-
teoblasts (He et al., 2018; Hao et al., 2020; Wu et al., 2020a).
In addition, the TUG1/miR-143/FGF'1 axis regulates endothe-
lial differentiation of adipose-derived stem cells (Xue et al.,
2019).

As a biomarker, TUG1 was associated with a poor progno-
sis of gastrointestinal, urologic, and hematologic cancers
(Huang et al., 2021a). Furthermore, TUG1 was related to
gemcitabine resistance in pancreatic ductal adenocarcinoma
and chemotherapy resistance in esophageal squamous cell
carcinoma (Jiang et al., 2016; Yang et al., 2018a).

As a regulator, TUG1 has been implicated in multiple scle-
rosis, ischemic stroke, and spinal cord ischemia reperfusion.
In these neurosystemic diseases, TUG1 promotes the devel-
opment of neuroinflammation by activating the NF-«xB signal
pathway. TUG1 was found to be highly expressed in glial
cells and nerve cells of the Parkinson’s disease model. Knock-
down of TUG1 in C57BL/6J mice treated with MPTP inhib-
ited the levels of TNF-o, IL-6, and IL-1f. On the other hand,
overexpression of TUG1 in MPP " -treated SH-SY5Y cells pro-
moted the development of inflammation. In addition, miR-
152-3p was the target of TUG1, which played a protective
role in neurons by reducing apoptosis and neuroinflamma-
tion. Mechanismally, miR-152-3p could target the tumor sup-
pressor PTEN to regulate SH-5Y5Y cell apoptosis. Therefore,
it was concluded that TUG1/miR-152-3p/PTEN played an im-
portant role in Parkinson’s disease neuroinflammation (Zhai
et al., 2020; Cheng et al., 2021). Yue et al. showed that TUG1
was the ceRNA of miR-9-5p and controlled its downstream
target P50. MiR-9-5p bound to the 3'UTR of P50 and nega-
tively regulated the activation of the NF-xB signaling path-
way, thereby inhibiting inflammation (Yue et al., 2019). In
BV; cells treated with oxygen-glucose deprivation/reperfusion,
TUG1 was up-regulated, while miR-145a-5p was down-regulated.
MiR-145a-5p, a downstream target of TUGI, regulated the ratios
of p-P65/P65 and p-IkBa/lkBa, inhibiting microglial M1 polariza-
tion and neuroinflammation. Therefore, overexpression of TUG1
or knockdown of miR-145a-5p would aggravate stroke-induced
neuroinflammation by activating the NFxB pathway (Wang
et al., 2019a). In the in vivo experiment of spinal cord



ischemia reperfusion (researchers clamp the descending
aorta of Sprague-Dawley rats for 14 minutes to simulate
spinal cord ischemia, then remove clamps to simulate reper-
fusion), researchers found inflammation damage (neurologic
defects and blood-spinal cord barrier leakage) was mediated
by NF«B/IL-18. Moreover, TUG1 can regulate this signal
pathway through miR-29b-1-5P/MTDH and TRIL/TLR4. It
is worth mentioning that TLR4-mediated activation of
NF«B pathway is the signal of microglia actively participat-
ing in inflammatory response (Li et al., 2014). Knockdown
of TUG1 by siRNA not only decreased the expression of
TLR4 but also inhibited the activation of NFxB pathway
mediated by TLR4. TRIL, which was also down-regulated
by TUG1-siRNA, also acted on TLR4 to regulate the inflam-
matory response. These mechanisms explained the phenom-
enon that down-regulation of TUG1 resulted in decreased
release of inflammatory factor IL-1$ and decreased number
of Iba-1-positive microglia, suggesting a pro-inflammatory
role of TUG1 in spinal cord ischemia reperfusion (Jia et al.,
2019; Jia et al., 2021).

SNHG family. The SNHG family consists of SNHG1 to
SNHG22, a total of 22 members. The roles of family members
in cancer have been reviewed, and it can be seen that each
member shows different expression patterns and different
regulatory mechanisms in cancer (Qin et al., 2020). Studies
in recent years have found that family members play regula-
tory roles in neurologic diseases. In the following, we focus on
the roles of SNHG1 and SNHG2 in neurosystemic diseases
associated with neuroinflammation.

Small nucleolar RNA host gene 1 (SNHG1) is located at
chromosome 11q12.3. It is greatly expressed in bone marrow,
ovary, and lymph node. Transcription factor SP1 binds to the
promoter region of SNHG1 to regulate transcriptional activ-
ity and epilepsy development (Zhao et al., 2020a). In a physi-
ologic state, SNHG1 regulates osteogenic differentiation of
human bone marrow stromal cell, fibroblastic cells from the
posterior longitudinal ligament, and periodontal ligament
stem cells (Li et al., 2020d; Wang et al., 2020a; Zhang et al.,
2021a).

SNHGI is associated with the poor prognosis of osteosar-
coma, serous epithelial ovarian cancer, liver cancer, and
other cancers (Wang et al., 2018a; Pei et al., 2020a; Zhang
et al., 2020a).

As a regulatory factor, SNHG1 plays pro-inflammatory or
anti-inflammatory roles in neuroinflammation caused by is-
chemic stroke, Parkinson's disease, and neuropathic pain. Lv
et al. found that the expression of SNHG1 in HCMEC/D3 cells
with oxygen-glucose deprivation condition was decreased com-
pared with that in control cells. The luciferase reporter assay
verified the targeting relationship between SNHG1 and miR-
376a, and miR-376a had pro-inflammatory and pro-apoptotic
effects. However, CBS/H2S can reverse the effects of miR-
376a by reducing the release of IL-6, IL-1f, and TNF-« inflam-
matory factors in the OGD cell model and the transformation
of microglia into M2 anti-inflammatory phenotype in the
MCAO animal model (Zhang et al., 2017; Lv et al., 2021b).
Meng et al. found that SNHG1 and NLRPS in C57BL/6 mice
(intraperitoneal injection of MPTP-HCI) and BV2 cells (injec-
tion of LPS) were up-regulated. Moreover, SNHG1 bounded
NLRP3 through competition with miR-7, which could promote
microglial activation and inflammation and promote primary
dopaminergic neurons apoptosis (Meng et al., 2021). CDKs are
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a family of Ser/Thr kinases. CDKs participate in physiologic
and pathologic responses by regulating cell cycle. Importantly,
CDKs can promote the expression of pro-inflammatory factors
in G1 phase (Schmitz and Kracht, 2016). Zhang et al. found that
SNHG1 bound to the CD4 promoter region and increased the
release of inflammatory factors I1.-6, TNF-¢, IL-1§, and SNHG1
knockdown could alleviate neuropathic pain progression, sug-
gesting that SNHG1 was a target for neuropathic pain clinical
treatment (Zhang et al., 2020b).

Similar to the regulation of SNHG1 in neuropathic pain,
SNHG4 overexpressed in model rats promoted neuroinflam-
mation and neuropathic pain progression as a sponge mole-
cule for miR-423-5P. Moreover, down-regulation of SNHG4
can reverse the increased expression of IL-6, IL-12, and
TNF-¢ and the enhancement of mechanical allodynia and
thermal hyperalgesia caused by depletion of miR-423-5p,
suggesting that knockdown of SNHG4 may be a potential
treatment of neuropathic pain and neuroinflammation (Pan
et al., 2020). In the environment of cerebral ischemia and
hypoxia, knockdown of AQP4 (the main water channel pro-
tein in the brain) reduced BBB damage and toxic edema to
alleviate brain damage (Wang et al., 2015). Under the same
conditions, TP53INP1 showed its pro-inflammatory and
pro-apoptotic effects (Li et al., 2018e). In studies on ischemic
stroke, both SNHG14 and SNHG15 formed miR-199b/AQP4
and miR-455-3p/TP53INP1 axis through the ceRNA net-
work to promote glial cells and neurons apoptosis, oxidative
stress, and inflammation. In oxygen-glucose deprivation-
induced BV2 and PC12 cells, the levels of inflammatory factors
(TNF-o and IL-1p), reactive oxygen species and malondialde-
hyde were up-regulated. In addition, knockdown of SNHG14
and SNHG15 could reverse the increased levels, suggesting
that SNHG14 and SNHG15 were involved in the regulation of
neuroinflammation and oxidative stress in ischemic stroke.
Moreover, deletion of miR-199b and miR-455-3p could weaken
the anti-inflammatory effects of SNHG14 and SNHG15 knock-
down. However, the overexpression of downstream targets of
miR-199b, and miR-455-3p attenuated the decreased expres-
sion of TNF-« and IL-1f (Fan et al., 2021; Zhang et al., 2021b).
Different from their pro-inflammatory effects, the down-
regulated expression of SNHGS8 in primary microglial cells
(treated with oxygen-glucose deprivation/reperfusion) was
manifested as anti-inflammatory. SNHGS8 could not only
reverse the up-regulation of IL-1f, IL-6, and TNF-« in
microglia caused by middle cerebral artery occlusion but
also inhibit the release of pro-inflammatory factors in
microglia caused by miR-425-5p. Mechanismally, SNHG8
was identified as the ceRNA of miR-425-5p, and the highly
expressed SIRT1 in the model could be inhibited by miR-
425-5p. SIRT1 regulates the oxidative respiration and
cellular survival of hypothalamic neurons and can also
deacetylation p65 to make NF«B inactivation. Therefore,
SNHGS8 regulated miR-425-5p/SIRT1 to inactivate down-
stream NFxB and inhibit microglial inflammation and
BBB damage (Kauppinen et al., 2013; Tian et al., 2021).

GAS5. SNHG2, known as growth arrest specific 5 (GAS5), is
located at chromosome 1g25.1. GAS5 is commonly expressed in
the ovary, thyroid, bone marrow, and other tissues. MiR-196a
negatively regulates GAS5 to inhibit esophageal squamous cell
carcinoma growth. In breast cancer MCF-7 and MDA-MB-
231 cells, miR-21 interacts with GAS5 ( Zhang et al., 2013;
Wang et al., 2018b). In a physiologic state, GAS5/miR-18a/
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connective tissue growth factor was involved in the adipogenic
differentiation of mesenchymal stem cells (Li et al., 2018c).
GAS5/miR-23a/ATG3 is involved in autophagy and cell viabil-
ity of 293T cells (Li et al., 2018b). GAS5/NODAL signal partic-
ipates in the self-renewal of human embryonic stem cells (Xu
et al., 2016). GAS5/miR-21/FGF1 is involved in the prolifera-
tion and apoptosis of growth plate chondrocytes (Liu et al.,
2018).

As a biomarker, GAS5 is related to the risk of gastric can-
cer, uterine cervical cancer, and prostate cancer and is also a
potential marker of sepsis inflammation (Lin et al., 2019;
Dong et al., 2020; Weng et al., 2020; Zhang et al., 2022b). Ad-
ditionally, GAS5 associated with miR-21 and miR-140 as po-
tential markers of allergic rhinitis (Song et al., 2021).

As far as current studies are concerned, GAS5 is up-regu-
lated in neurosystemic diseases and plays a pro-inflammatory
role in neuroinflammation. Xu et al. found that overexpression
of GAS5 could promote LPS-treated microglial inflammation,
while miR-223-3p had the opposite effect by inhibiting NLRP3
inflammasome. As a competitive RNA, GAS5 reduced the ex-
pression of miR-223-3p, leading to the activation of the NLRP3
inflammasome. Thus, GAS5/miR-223-3p/NLRP3 plays an im-
portant role in the occurrence and development of Parkinson’s
disease (Xu et al., 2020). Spinal cord ischemia in vivo study
found that the expression of GAS5 and MMP-7 was abnormally
high, and the expression of GAS5 was positively correlated
with the expression of MMP-7. Knockdown of both GAS5 and
MMP-7 could cause low expression of cleaved caspase-3 and IL-
15, which means that GAS5 and MMP-7 were related to apo-
ptosis and inflammation in spinal cord ischemia. Therefore,
knocking down GAS5 can alleviate apoptosis and inflammation
after spinal cord ischemia-reperfusion through the MMP-7/
cleaved caspase-3 axis (Zhang et al., 2021d). Sun et al. showed
that GAS5 inhibited the differentiation of microglia into protec-
tive M2 phenotype. However, loss of the M2 phenotype leads to
demyelination, exacerbating the course of demyelinating dis-
eases similar to multiple sclerosis. PRC2 is a polymer composed
of EZH1, EZH2, embryonic ectoderm development, and other
subunits (Laugesen et al., 2019). EZH2 subunit is the main cat-
alytic subunit of PRC2 complex, which can bind not only up-
stream GAS5 but also downstream IRF4 in multiple sclerosis.
IRF4 is an important transcription factor in M2 phenotypic dif-
ferentiation of microglia. Therefore, there exists PRC2/IRF4
axis in downstream of GAS5 to regulate M2 phenotype dif-
ferentiation. In addition, it is speculated that there may be
an IL-4/M-CSF-PISK-mTOR axis in upstream of GAS5 (Sun
et al., 2017).

H19. H19 imprinted maternally expressed transcript (H19)
is located at chromosome 11p15.5. It is more often expressed
in the placenta than in other tissues. LncRNA PTCSC3 regu-
lates H19 to inhibit triple-negative breast cancer cell prolifera-
tion (Wang et al., 2019b). Transcription regulator HIF-1o
upregulates H19 level, and knockdown of H19 improves the
progression of liver fibrosis (Wang et al., 2020b). DEAD-box
helicase 43 regulates H19 through demethylation and then in-
creases its expression, which is involved in chronic myeloid leu-
kemia (Lin et al., 2018). In the physiologic state, H19 regulates
the differentiation of stem cells. The regulation of differentia-
tion is not limited to osteogenic, neural-like, and adipocyte dif-
ferentiation of bone marrow mesenchymal stem cells (Huang
et al.,, 2016; Farzi-Molan et al., 2018; Ma et al., 2020a). Addi-
tionally, H19 regulates the odontogenic differentiation of

human dental pulp stem cells (Zeng et al., 2018; Zhong
et al., 2020).

The relationship between H19 SNPs and hepatoblastoma
susceptibility has also been demonstrated (Tan et al., 2021).
It has also become a diagnostic marker for gastric cancer and
a prognosis marker for esophageal squamous cell cancer,
papillary thyroid cancer, and glioblastoma (Jiao et al., 2019;
Li et al., 2019b; Schaalan et al., 2020; Liu et al., 2021e).

In existing studies, H19 was upregulated in neuroinflam-
mation and played a pro-inflammatory role. Rezaei et al.
found that H19 was associated with ischemic stroke suscepti-
bility and could be used as a diagnostic biomarker for ische-
mic stroke. The molecular mechanism of H19 in ischemic
stroke was revealed by Wang et al. Histone deacetylases
functioned as nerve injury in brain injury models. Its inhibi-
tors, sodium butyrate and vorinostat, could improve the dis-
ease outcome by inhibiting the activation of microglia. In
vitro, H19 targeted HDAC1 to inhibit the polarization of
microglial M2 phenotype and promote neuroinflammation
(Jaworska et al., 2017; Wang et al., 2017a ; Rezaei et al.,
2021). Gu et al. found that H19 expression was up-regulated
in the spinal cord injury model compared with control mice.
Up-regulation of H19 expression could promote apoptosis
and inflammation of BV2 cells. With interaction through the
complementary base pairing of miR-325-3p and H19, it was
found that miR-325-3p was the direct target gene of H19.
MiR-325-3p is a tumor suppressor, which had a neuroprotec-
tive effect under ischemic and hypoxic stress conditions. It
showed an inhibitory effect on inflammation in diabetic ne-
phropathy. NEUROD4 is a harmful factor in the process of spi-
nal cord injury (Yang et al., 2018c), and the targeted regulation
of mir-325-3p can inhibit its expression, reducing glial inflam-
mation and oxidative stress. Therefore, H19, miR-325-3p, and
NEUROD4 formed a ceRNA network to regulate the disease
process in spinal cord injury (Gu et al., 2021). Janus kinase/
signal transducer and activator of transcription is a known sig-
nal pathway, which is related to cell proliferation, inflamma-
tion, and other processes. In the status epilepticus model (a
status epilepticus model that could be constructed by microin-
jecting kainic acid into the amygdala of Sprague-Dawley rats
is a common model of temporal lobe epilepsy), H19 could acti-
vate this pathway, which promoted the activation of astrocytes
and microglia and the release of pro-inflammatory cytokines,
suggesting that H19 could be a potential target for the treat-
ment of epilepsy (Han et al., 2018).

Maternally expressed 3. Maternally expressed 3(MEG3)
is located at chromosome 14932.2. MEG3 is commonly ex-
pressed in the placenta, adrenal, and brain. DNA methyltrans-
ferase family can target the promoter of MEG3 to perform its
regulation, so ubiquitin like with PHD and ring finger domains
1, pRb, and miRNA can regulate MEG3 by regulating DNMTs
(Kruer et al., 2016; Zhuo et al., 2016; Cui et al., 2018). Interest-
ingly, miRNA can also directly bind to the 3'-untranslated
region of MEGS3 to regulate it (Zhou et al., 2015b). Under phys-
iologic conditions, it has regulatory effects on stem cell differ-
entiation, including promoting neural differentiation of human
embryonic stem cells and osteogenic differentiation of bone
marrow mesenchymal stem cells, inhibiting chondrogenic dif-
ferentiation of synovium-derived mesenchymal stem cells
(Mo et al., 2015; You et al., 2019; Li et al., 2021). In addition,
MEG3/miR-128/Girdin can protect vascular endothelial cells
from senescence (Lan et al., 2019), and MEG3 can regulate



the proliferation of human umbilical vein cells proliferation
through PTBP3/p53 (Shihabudeen Haider Ali et al., 2019).

As a biomarker, the SNP of MEG3 is associated with gas-
tric cancer and oral squamous cell carcinoma susceptibility
(Hou et al., 2019; Kong et al., 2020). MEGS3 is a diagnostic
marker for hunner type interstitial cystitis and chronic hepa-
titis B (Chen et al., 2019a; Liu et al., 2020a). In additiona,
MEGS3 functions as a diagnostic and prognostic marker in
pancreatic cancer, mammalian cancer, and other cancers (Li
et al., 2017; Ma et al., 2018).

MEGS3 plays a pro-inflammatory or anti-inflammatory role
in the occurrence and development of inflammation. In pulpi-
tis, chronic pulmonary disease, and atherosclerosis, MEG3
presents a pro-inflammatory effect (Yan et al., 2019; Song
et al., 2020; Liu et al., 2021a), whereas in ulcerative colitis,
ankylosing spondylitis, and rheumatoid arthritis, MEG3 has
an anti-inflammatory effect (Li et al., 2019a; Li et al., 2020c;
Wang et al., 2021b). Pro-inflammatory MEG3 activates in-
flammasome by negatively regulating miRNA, thus promot-
ing the occurrence and development of neuroinflammation.
The five inflammasome types are AIM2, NLRP1, NLRP3,
NLRC4, and IPAF inflammasome. AIM2 and NLRP3 were
involved in cerebral ischemia reperfusion and traumatic
brain injury-induced neuroinflammation under the regula-
tion of MEG3/miR-485 and MEG3/miR-7a-5p, respectively
(Liang et al., 2020; Meng et al., 2021). Yi et al. reported that
MEG3 was down-regulated in Alzheimer's disease animal
(Sprague-Dawley rats were injected Afas.35) and played a
protective role in disease progression. Overexpression of
MEGS3 reduced the expression of p-PI3K and p-Akt. The
inhibition of the PISK/AKT pathway inhibited activation
of astrocytes;inhibited the release of IL-1p, IL-6, and
TNF-o; inhibited oxidative stress injury; and improved
the cognitive impairment of Alzheimer’s disease rats. It
has been suggested that MEG3 may function as a thera-
peutic target for Alzheimer's disease (Yi et al., 2019).

XIST. X inactive specific transcript (XIST) is located at
chromosome Xq13.2. XIST is commonly expressed in the thy-
roid, ovary, and endometrium. Transcription factor Yin Yang
1 binds directly to the Xist 5’ region to activate XIST, and
miR-7 regulates the downstream miR-92b/Slug/ESA axis by
negatively regulating XIST (Makhlouf et al., 2014; Li et al.,
2020a). Notably, m(6)A RNA methylation of XIST is required
for XIST to perform its transcriptional inhibitory function
(Patil et al., 2016). Under physiologic conditions, Xist pro-
moted the osteogenic differentiation of human bone marrow-
derived mesenchymal stem cells through miR-9-5p/ALPL
(Zheng et al., 2020). XIST inhibits Th17 cell differentiation
through miR-377-3p/ETS1 (Yao et al., 2022).

XIST is a potential diagnostic marker of triple-negative
breast cancer, colorectal cancer, and acute myocardial infarc-
tion, and 53BP1 combined with XIST is a prognostic marker
of BRCA1-like breast cancer ( Schouten et al., 2016; Yu et al.,
2020a; Lan et al., 2021; Zheng et al., 2022).

XIST plays a pro-inflammatory role in epilepsy and neuro-
pathic pain by acting as a ceRNA of miRNA. Zhang et al. ob-
served the expression of XIST and NFAT5 in CTX-TNA2
astrocyte cell line treated by LPS was significantly increased,
while the expression of miR-29¢-3p was decreased. Inhibition
of miR-29¢-3p or up-regulation of NFAT5 could reverse the
inhibit astrocyte activation and inflammatory-induced neuro-
nal apoptosis by XIST (Zhang et al., 2021c¢). It is important to
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note that the inflammation regulation of NFAT5 depends on
the disease state; whether it plays a protective or damaging
role depends on different stages of epilepsy development
(Yang et al., 2018d, 2019b). XIST participated in the develop-
ment of neuropathic pain as ceRNA. It was reflected in de-
creased paw withdrawal threshold and latency and increased
level of pro-inflammatory cytokines. Therefore, XIST was con-
sidered as a potential therapeutic target for neuropathic pain
and neuroinflammation. It also functioned through XIST/miR-
150/ZEB1 and XIST/miR-544/STAT3 axis (Jin et al., 2018b;
Yan et al., 2018).

UCAL. Urothelial cancer associated 1 (UCA1), formerly reg-
istered as bladder cancer invasion-associated gene, is located
at chromosome 19p13.12. It is highly expressed in the gall
bladder, endometrium, and urinary bladder. As its name
means, UCAL is first found in abnormally high expression on
bladder cancer tissue. Meanwhile, UCA1 is related to the pro-
gression of bladder cancer (Wang et al., 2006). The regulation
of UCA1 can be realized by transcription factors CCAAT/
enhancer-binding protein «, HIF-1a, and SP1 binding to the
UCAL1 promoter. Moreover, it can be regulated by insulin-like
growth factor 2 messenger RNA binding protein. Even IncRNA
GAS8-AS1 and hsa-miR-1 can negatively regulate UCA1 ex-
pression (Wang et al., 2014, 2017b; Jin et al., 2018a; Zhou
et al., 2018c; Li et al., 2018d; Zha et al., 2020). UCA1 plays an
important regulatory role in physiologic and pathologic pro-
cesses. In a physiologic state, UCA1 regulates cell prolifera-
tion, differentiation, migration, and epithelial-mesenchymal
transition (Ishikawa et al., 2018; Liu et al., 2020b; Yu et al.,
2020c; Zhang et al., 2020c).

As a biomarker, it is mainly involved in screening, diagno-
sis, and prognosis and is related to cancer and inflammation.
In combination with H19, it is associated with the suscepti-
bility to 5-fluorouracil in rectal cancer (Yokoyama et al,
2019). Combined with PGM5-AS1, it becomes the diagnostic
marker of early-stage colorectal cancer (Wang et al., 2021a),
and it is related to the multiple pro-inflammatory cytokines
of sepsis patients and acute stroke patients (Ren et al., 2021;
Wang et al., 2022). Furthermore, combined with NEAT1, it
predicts poor prognosis in oral squamous cell carcinoma (Zhu
et al., 2021). As an oncogenic gene, it regulates the prolifera-
tion, apoptosis, epithelial-mesenchymal transition, invasion,
metastasis, and chemoresistance of gastric cancer cell lines,
colon cancer cells, breast cancer cells, and other cancer cells
(Cao et al., 2020; Yang et al., 2021; Wo et al., 2022).

The regulatory role of UCA1 in inflammation has been clari-
fied in recent years, and its expression and inflammatory ef-
fects have ambivalent effects on different diseases. Yu et al.
reported that UCA1 was underexpressed in an epilepsy model
in vitro and in vivo. Further studies revealed that UCAL, as a
ceRNA, promoted the expression of MEF2C by adsorbing
miR-203. Notably, MEF2C was able to not only inhibit IKK
expression and IkBa phosphorylation but also inhibit phos-
phorylation of p65 Ser 536 and p65 nuclear translocation. In
addition, the UCA1/miR-203/MEF2C/NF-xB pathway could
improve IL-1p-treated CTX-TNA2 cells apoptosis and inhibit
the expression of IL-6, TNF-z and COX-2 (Xu et al., 2015; Yu
et al., 2020b). In contrast, in the Parkinson’s disease model
with injection of 6-OHDA of Wistar rats, the overexpression of
UCA1 showed a pro-inflammatory effect. UCA1 promoted the
expression of p-PI3K and p-AKT as well as the phosphoryla-
tion of IKBx and ERK, which were downstream molecules of
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the PISBK/AKT pathway. Transfection of siRNA-UCAL up-
regulated the expression of nerve growth factor brain-
derived neurotrophic factor and decreased the levels of ma-
londialdehyde, TNF-«, IL-6, and IL-1p. It is suggested that
UCA1 may play an essential role in dopaminergic neurons
apoptosis, oxidative stress, and inflammation in Parkin-
son’s disease (Cai et al., 2019). A study has found that the
expression of UCA1 was related to the expressions of cyto-
kines including TNF-¢, IL-6, and IL-17 in sepsis. In an-
other study, UCA1/EZH2/HOXA1 was found to play a
regulatory role in sepsis-induced pneumonia (Wang et al.,
2022; Zhang et al., 2022c). The expression of UCA1 is posi-
tively correlated with the cell ratio of Th17, IL-17, and IL-6
in acute ischemic stroke patients. It is speculated that
UCAL1 is related to the inflammatory response in the patho-
logic process of acute ischemic stroke, and the related
mechanism needs to be further studied (Ren et al., 2021).

GM4419. Predicted gene 4419 (Gm4419) is located at chro-
mosome 12A1.3. The GM4419 expression of testis adult is
higher than other tissues. Currently, there are few studies on
GM4419.

Existing studies have shown that GM4419 was abnormally
overexpressed in diabetic nephropathy, ischemic stroke, and
traumatic brain injury and played a pro-inflammatory role in
the disease process. Gm4419 not only binded to IxBo to pro-
mote the phosphorylation of IxBa but also directly interacted
with p50, thereby promoting nuclear translocation of p65/
p50. Furthermore, the release of cytokine IL-6, TNF-«, and
IL-1p promoted the inflammation of oxygen-glucose depriva-
tion/reperfusion-treated microglial cells. Yi et al. showed that
the NFkB pathway activated by GM4419 could trigger the
activation of NLRP3 inflammasome and promote the process
of diabetic nephropathy (Wen et al., 2017; Yi et al., 2017). Yu
et al. found that Gm4419 directly inhibited miR-4661, leading

to up-regulation of TNF-¢ in trauma-induced astrocyte, which
was related to astrocyte apoptosis. These results suggested that
GM4419, miR-466]1, TNF-0, and astrocyte apoptosis were in-
volved in the process of traumatic brain injury (Yu et al., 2017).

Clinical Significance

The clinical significance of IncRNA is that it can be used as
a biomarker for diagnosis and prognosis of disease and as a
target for disease treatment. Individual IncRNA or complexes
formed in combination with other miRNA may be effective
biomarkers of disease.

With the in-depth study of the molecular mechanism of
IncRNA production in the context of disease, IncRNA-tar-
geted therapeutic are promising. At present, IncRNA-tar-
geted drug technologies involve small molecules and gene
therapies. The mode of small molecules is to structurally
bind IncRNA specifically, destroy the spatial structure of
target IncRNA, and regulate the level of endogenous
IncRNA. Studies have shown that NP-C86 small molecule
and Rod-like DPFs ligand can respectively act on IncRNA
GAS5 and IncRNA MALAT1 (Donlic et al., 2018; Shi et al.,
2019b). Gene therapies based on clustered regularly inter-
spaced short palindrome repeats technology, antisense RNA
technology, and RNAi technology have their own unique
modes. The former system relies on sequence recognition of
single guide RNA and sequence cleavage of Cas9 enzyme,
which can act on both nuclear and cytosolic IncRNAs. Anti-
sense RNA technology involves targeting IncRNAs to activate
RNase H, which degrades target IncRNAs. The antisense
oligonucleotide drugs Nusinersen, Eteplirsen, and Inotersen
have been applied in spinal muscular atrophy, Duchenne
muscular dystrophy, and familial amyloid polyneuropathy,
respectively. RNAi is about silencing genes by siRNA. The

Fig. 2. CeRNA networks in neuroinflammation.
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siRNA drugs Onpattro and Givlaari have been used in poly-
neuropathy and acute hepatic porphyrin. Compared with
gene therapies, small molecule drugs are cheaper and easier
to administer but less selective. In contrast, gene therapy
can be largely programmed and personalized medicine. Cur-
rently, researchers are also optimizing the combination of
drug technologies and drug delivery systems.

Conclusion and Perspective

Among the 10 IncRNAs introduced in this paper, ceRNA
network is the main regulatory mechanism of neuroinflamma-
tion, (Fig. 2) and NFxB pathway is the main inflammatory
pathway involved in neuroinflammation (Fig. 3). There is a
feedback mechanism between pathologic processes. On the
one hand, neuroinflammation may be triggered by molecules
in other pathologic processes, and, on the other hand, neuroin-
flammation may induce other pathologic processes. Accumula-
tional studies on IncRNAs have shown that IncRNAs exert
non-single effects on cell functions under physiologic and path-
ologic conditions. Therefore, targeting IncRNAs related to in-
flammation can not only alleviate cell damage caused by
neuroinflammation but also improve brain function of individ-
uals with disease. At the same time, we realize that a single
drug cannot deal with multiple pathologic processes in the dis-
ease process, so exosomes containing multiple components in
combination with existing drug development technologies may
be a good therapeutic option.
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