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Abstract:

development of epilepsy, which is associated with various factors such as neuronal death, inflammatory response, and

The chronic low-pressure hypoxic environment in high-altitude areas is closely associated with the

gene expression. In order to quickly diagnose epilepsy in high-altitude areas, the research on epilepsy-related biomarkers

has attracted more and more attention. This article reviews the research on biomarkers for epilepsy in high-altitude areas,

in order to provide new ideas for the early diagnosis of epilepsy in high-altitude areas and opportunities for exploring

potential intervention measures.

Key words: Epilepsy; High altitude;

SR 2 22 P i R S0 B e 8 o v B R 2B Ak
SRR T EBUNIGIRSE AR, IR Z RIS &
PR kRS MEAMARGEH WEHRZ —,
TATIR A EE Bos |, 2 BRI B F B 7 000 77,
AE A B Y O A E T T . 24RO
iR CL R TIE B o5 2Bk B0k R A A ERIE T 581 L 5]k ok
AR R R X A R B AR A B T T 1 T R
LANR G IR UEZS 3 h e hIE L 2 /ﬁﬂawﬁﬁﬁk
Y BAEL , DT 2 3 300 & AE 1Y 5 P ﬁﬁ%ﬁ
K 3 2% %?m@&mtﬁnﬁﬁkﬁmﬂ
bm%ﬁﬁﬁﬁwmﬂhwﬁﬁ@F%MW%m
o T, DX 7400 A P o B e % i P, T AN g
&ﬁﬁiﬂ%ﬁﬁ%%%%%ﬁﬁJﬂﬁ%ﬁﬁﬁﬂ
IR RIA] TS 8 A R FIBE TR 4 v, IR, 3
%Eﬁﬁ%i%ﬁuwﬁm@&mzﬁfﬁﬁmm
%%ﬁ%ﬁ%%kik@&ﬁFﬁ@fﬂm@ﬁ
PRI 5 1] o AR SO v U R b XU 5 &
Ii%ﬁﬁ@ﬂ%ﬁ%ﬁﬁ%i%ﬁ@%%ﬁ%
ek,

| BERMREBRSHETRTHEHXNED
FREY

o T b X PR R AR R B N R R VRS SR
k{%ﬁ@¢hﬁ%%%&ﬂ$ﬁ&ﬁ%@%ﬁ
P2 T T LA S 36 T 1 g o7 Bl 25 1 . AT fof o
m&hﬁ&$w m%%@m%%%m%ﬂ%mo

5454 8 1 B(S100B) ZKFHEhn . MOLBHEE & #4
PRI KA BB 300 e i, 5 | A P R e AV DA B A v
IV T 5t 1L 4R (TIA) J 2 A R0 22 A I BL
il v, % LR S A R AR A I O T & AR AR AR

Biomarkers ;

Inflammatory response;  Gene expression

DAL, 309 1) FT 56 2 2 BRI B VRS E 000 A b i , B
VAR 355 PR A i A3 3 T COX-2 S B0 & T it
P FURIR A& AR DRI NSE T S100B 1 1E N & 14k
i DI A A bR B

1.1 MR PR EEAREE 760 0 451
15 B9 W 5 v, 28 o0 Sk A B A B8 (neuron-
specific enolase, NSE ) EWRTER A Yhr By, T
il 2VER 22 R GEBR G B 5 . NSE 7K 78500
FAEIE B SR 2ot A 5, HLAS 0 A& AR G i
B) A9 26 DL K AR i TN AT T RE 61 3 R R A O
TEAN 22 R GE P05 T, NSE & 45 #4815 i 4
PRI ANE L, T ZAFFE T R4 N 53 &R G Fp
L I EM AT R I R A Tz
M R G0 Z B G B AECR , #h g oT 2 KR AR AT
T i, 00 - Fiki A 3 o Jd 2 A2 B, S BUNSE K i
PR 2 % R LT RN R R A NSE 2K P 5
I RAEJG 24~48 h NIk B 5 04, TR S50 ndRrsk
A 1] IF FEY . Hanin 287 8198 & 31 NSE 7K F- 5 %
FL P B3 522 E A 56, BRIV E P 1 i NSE KT
fa , HLA 8 3% NSE K83 17 ng/ml A9 # 5
71% ,iE B NSE K F- ()38 &5 S0 A E A . A
WSRO B B AR BT HR A AR L, 00 R
(4 I NSE 7K 58 =, 5000 5 5 i 24 P i8
ARG, T 25 M6 FB 3 I3 NSE K3 8 . X se st

75 B #5:2024-09-25; 11T H#:2024-11-21
EEW R : H AR5 H (2022-2)-761)
YEE B (IR A B, T 75T 810016)
BB 1ESE HET5 W), E-mail : 1628018509@qq. com



PSR AGE 2024 4F 12 A 41 F 12

H 5 Hanin BT 5% —30, IF H X5 NSE K FETHE 5
TR K AEA &, NSE vV R 2 Wi 9 A Wb B
1.2 SI00F545 5 HEH B S1008545 5 H 1 B
(S100B)J&—FhH H ) Ca> 455 EH , FEH AR
JR A M2k, 2 5 M S R BRI AR AR
AT RNA & 4 Z M s s o BB I 40 i
BN TE 2 AR R 2 R G | Bl AR 2R AT
PEB T R I RN PERRAE . ST100B 8%) 1z 4k
PEAR o X B 28 2R G040 1Y B L FE b, A B T W b
SRR . FEIEFEOLT , S+ AY S100B &
I A, 1 2 i 4 2 32 408, 8 2 T e I 4 g
HapE S B0 A B B A PR I, IR S100B M AZ 46
) 1 2 0 R s B ARG B e a0 10 5 | A i, 35 R i
AW S100B K T . WF g B P )
P (MTLE ) 535 A9 135 S100B 7K F 5 25 7 T il B
SRR . ZWFIE b & IR, S100B 2K [ 1k B 55 900 110
R SR G, HL I T A A RE A9 MTLE 3% 1K)
ML S100B 7K - 55 F Jo g B i AL AE () MTLE £ .
Bronisz 25 “F5T & B, 55 BT BR AL AH LL , SR 5T
ZH 1ML T S100B 7K F 57 55, S100B F 7K SEAEIH & 7F Jn
BRI 10~30 min PN, HoK S5 5500 2 7 45 5% A
ZAMPACT A . Fedls 1 — T ZE AL AT A e R
H IME S100B KV 25 B 4t 17 3285, B S100B
SER A A 1 A b 2 R e B A B2 1) —
AEZE R, I E U 6 AR 2 W s PG B A
2 BiERMXERNSKERMEXHEDIR
o VAR b DX M g AR 2 5 B M e AR
W, I T B NADPH AL (NOX ) (15 55 A 2
Ak, B H 2R R TS V4L (ROS) 1 77 A RS, 138 hn
Al S R — S AL R A U GNOX) A 2635, AT 14 Jin
FRAX R 25 22 G0 O B AL B BRSNS A B A A 2
RIERI M BA R, m TR E T BI(HMGBL)
JE AR RN A 28 G 2 [ B AR AR AR
AT LAIFS S M I 40 B R A 2 ST RR A% b 5 A8 E
B W, Ho 5 HMGB1, R & L iy
HMGB1 A 85 Toll FE3Z & 4 (TLR4) &5 & , BT T i
B, SERIERFUE M Z-18(IL-18) .4l
Jia A 25 -6 (1L-6) F1 88 IR BE B F- - (TNF-o ) B B
FJEN SR RAET N o PRI, 15 T 34 1 X 02 i dle 4R
AT BB 2 30 A 1 e K SR 7 SRR R 28 R KO-, A2
TEAE 9 A I RN 247 P b 2 358 ot 1) TR TR 1 i o 22
LA T AU K1 2 S
2.1 HAMAE-18 HAIENF-18(IL-18)
2 FH R 5T 24 LR R 1) — S ARRE A T, & T L1
Fo 1L-18 ) FEAZ IS TL-1R 1, 3 18 25 Bl 2% ol st
& 15 B TL- 1R 1/TLR4 15 53 % (19 384005 , v] LA g
5 IR 20T NS MR A AR TL-1B/1L-
TR il 3 3 1 220 2 % 1 9% 7% fk NMIDA 37 {& 1) NR2B
3, 15 NMDA 32 (KA 5 (1985 2 7 (Ca™ ) i Al

+ 1099 -

2290, LA 22 ICHY Ca® 100 1 30E — F AL A &
5 LA ARy — AL A (NO) . NO il A Ak
7 RN A 22 453495 DT 2 32 e 28 9 IE - 1 5k i 2870 %
it S EUBE A AER S G IRITSR W o & A
S FEL-1B 7K T, B0 55 0 08 0 A
TL- 10 #e B IH I i -0 e %F BR 20, TL-18 R J3 A 184
S0 KA 1) S IR A 6 o RIS, 78 9500 & AR I,
IL-1R1 76 £ IE B A o Fnpp 22 e b g Rkt i 2 |
Tho SR, S5 A WFIEAE 22 N A AR S R LR
O VR A TL- 18 VR B2 IR AR 3 84k, R IO RE
BRI B9 A b . R K 2 RO A A A
1L-1B 7K 72500 A& AR A E] LT H i F 45 2R A —
AT RE . 7EIRYT I 1L-18 M Haz ik
BN PR 25 AR A . 45 TL-1R1 @ bR
/70N BRI FH TL-1 8 AN 23 34 i A& A B 5 Jlke o 1L-
VR F5 B0 500 76 1 1 Mk v P00 & 4 A & Tl 4%
RS AR, 0 X 5300 J5 PR AN B R 00 LA v T
TT_§ i23]o

2.2 @IEEREEABL EITBEREEABL
(HMGB1) J&—Fp {7 FAMAZ P el & A, i =4
S5 R4 L 4935 WA DNA 45 4 45 49 38 (box A il
box B) Fll—A~ Cui g P BB o box BAE M2 4 H A,
" I#E TLRIRS . T box A J&—FpPr R S v &1 A7, 7]
PLSe G oA HMGB1 902 R 62 . HMGB1 AJ
DAL 32 8l 389k a0 18 7 2 DA 28 70 R e o 4 e e il )
YRAL . FEANHESL , JE 2 BB EE HMGB1 #3553 4
FIE B B4 HMGBL, — B4k HMGB1 5 TLR4
G50 BRI RARE RN, HMGBI1 i i) Ji #h 28
JEHAY TL-1R/TLR {5 538 %2, 38 i< PRkt 1A 98 %
T U A fk NMDA 2Z {4 () NR2B W7 JE it il iR £k, 7%
PR R AE R & rh R ¥R R . BFoE R IHAE TS 3h
PR S HMGB 7] f8 -5 Wi 453 43 )5 3 19
SR B 5, HAE M b A 7K S AT RE A Bh TR 51 iR 461
15 J5 A I A VR RS 1 S8 5 . e H0IR AE Je R
ik v B iR AL HMGB1 Al R 2 S 8URR L 8 &
A, SR 17T A it B A A S 25 1) R 4 8 TR 1) L
H A RN B 464 HMGB1. Chen 2528 B 5%
FEOH I R IR HMGB 1 7K S B 8 75, ) B
A ANES FELA 5 B AR 32 5 83Ul i 12 52 240
JIE DR B S i 2 . X A S IE B HMGB 1 B 4 00
A RETEAUN (1) R 12T AT RO PEAL | S AN
By 07 T &5 L EAE .

3 BIERBXEBERSERREBXNEDIR

o TR A 1 IX G5 S A 358 2 M st A% A8 S A R
IR H AR RE Y FERE >, 7E U X 4]
B LA AR AR 1 5 3L R ek 1 AR Ak
A ) S s ) S 20 R R 2% M A% 356 A DG
IRl . EEARE, SV R HE A OB
A58 Y A S AR 2 5 M A S i 2y AR L TR 2 58
S RI0B- AU GES AN =W 51 B3 A HIES 3 R NA B /e e 20



+ 1100 -

TR RE T ATP A= R 1, 55 175 IR0 2 /R . R
i i% RNA 4245 13 /N RNA (miRNA) Fl K 85 AF 4 65
RNA (IncRNA) , £ 5% Ry 28 Wit A4 1 A v i) o 22 8
o miRNA A5 8 B i 4ORL AR L R 2 ik, S 3L
LRI RTIREZ M, ATP = A= 08 /b, S Ak 1 8 /K - 1
Jine BEAR, IncRNA B9 IE B8 1o 5 4% 4 A A4 2ok A
SE R HAE FH ok 52 ma £k R AR 3l ) 2% R AR ) R
HOR B R AL A 8 A i 4% A ML TR Z)
MG RLRTIRE , 7R T B A1 = 1 3k b DX &
Ve R AEVE T, I R 58 2 b 1A T e sl 2
A B DA PR IE AT T IR AL TV AE (iR A2

3.1 f/NRNA {0/ RNA (miRNA) H /Ny
PEPEAE S RNA 43F 2R, 3¢ 4640738 5 X —A4~
8 2> mRNA, i 355 5 mRNA 28728 5 ik 20 H f5%
Fedr il L Nk . miRNA 7E V8 50 28 70 P i 2L [
FEIR Ty R A CEEE Y 7RO T, miRNA T
iff 2 Ay A B ) RV & B S5 88 o AR G
B, 3 B miRNA 1] BE 23 5% Wi # 25 T 4 2%
At YA 2 A, miRNA ] LUFE 4
FH ST, AR mRNA #1335, miRNA i 0[5
IE mRINA B T BRI ke F2 il 22 2 11 0 A9 2R3k 7K
S TR A2 R R TR SR B TR Y R R AR T 8
R P A5 R S B R IR S R BHRTE A
300 Z2 3 3¢ T miRNA FIEUR 1Y AF 53, 76 52 g A5 28U AN
N ZEHEA (epimiRBase) W1 & B T 100 2 Ff AN [7] 1Y
miRNA # 2 28 , Hodr, 4 10~20 4> miRNA &R H #5
SRV, I HLAT TEHE 2 WO & E A R . B Rl
I PR BF 9€ H 86 % 7 miR-27a. miR-502 . miR-130b .
miR-9 . miR-625 . miR-660 ,miR-138 ,miR-21 ,miR-30a
A miR-1307 45 1Y 2% I 5 3000 & VB A 565 R
7 miR-27a-3p YL ER AT 38 3 94 15 MAP2K4 33K, Sk
il 5 R A DG () S RE S RN Sy s 2 on R T i
miR-132 47 Bl T3 5 A He R 3 14 5 30 1 1% 00 &1
miR-132 3 1 P8 15 %85 o 1) BDNF/TrkB i 785k &
FEHGRRAE o MU B 10 i 2 2R L R AR
HmiRNA ZR 80 S0, 378 miRNA A LLAE A 300
SR (R b )

3.2 KHEE4 M RNA K 5% F 4 5 RNA
(IncRNA ) & K B # ek 200 M Z AT R A RNA , HiA 5%
WMAZSES5E A TGS, IncRNA B 284k v 3 o
RNA 7 5 AR, 2 Ak ik, HAa 080
IncRNA #f 215, H e TR 2R 1k Canad BE 338 Lk
Z o 5AR ) 5 2R NP DIA . IncRNA fE
g5 | 4 B A RS H AR S, S AR Z T
FVER 5T B9 AR BLAE T, fR R AS [R5 5 i 2 A4 B
(s B AL A1, IneRNA MEG3 WU 7] L3 35 PI3K/
AKT/mTOR 15 53 [ 9k 2 18500 K B 25+ 48 06 04
- — TG 43T, Pilocarpine 1 Kainate 15
RI Y IncRNA 26355 %) 1R/ BREAT o, DA 98 9
iR 14 &AL L 7E Pilocarpine B 2 BT 384 45
# 1) IncRNA , 78 Kainate $5 751 if & 81T 279 A~ 55 1)

J Apoplexy and Nervous Diseases, December 2024, Vol 41,No. 12

IncRNA™ . 33X 2852 18 F) IncRNA 25 5 i 4 1F L
ifill o LA, Inc RNA i AT 8 o 22 HIL ] I 3 500 F)
AR, N A5 R 28088 I | B 3 T A 5 Sk T 2

Yo Horb IncRNA BC1 1 BC200 I 15 5 s i 5 1t

A BUE W, POA N TE(S 5% T A5 fh ] S R

FEEEAER], B = BC1 2B A o0 X6 dx 1, JF 2

BEFRIR A E & Srinivas % RIFSE R B, 1A R AR

S SCHE W) (antago NAT) AT LLAS S59500 /) BB 760 21

R T AR T SCNTA B L3, 55060 2 A LI 2 Py

MZE U 24 P 25 AR, B2 T/ BRURRS 4 1R

AR o BT L IncRNA AT BES= 675500 A T 25 1)

LiLy=u

4 B =2
TEAZEIR T, RS T e T A M DU 85 7 4 A

Pobr Wy A5 5 1 22 S0 0 03 A 5 Y 2 F1 NSE il

S100B . 5 R i f i AH IE Y A 7~ IL-1B A1 HMGBL, )

Be 55 KL R FIAAHCH 43T miRNA Fl IneRNA . 761

PRI A I TR A VR 75 5 S AR I I S /s

JIE 5 240 - S B 28 T AT AR i SN AR AR IR

R A o AR R T ol 4 A0 S L DT 3 X

MR GEAE PRI KA o TE R WL AL A 4 I 35 1Y

miRNA Hl ITncRNA HOULEE 31 g T 4 IX ol S PR 5 2%

Bt AL A8 S e pL 2 o 2 b TR U AR I

NSE . S100B.IL-18 . HMGB1 /K F- 34 fin , ifin 7 #¢ A rf

miRNA Fl IncRNA 3 HH 4

UL, #0320 = 2O 20 B s Il PR 2 2

I FL PG AY o il PR o A S M ) 2 b i

THE T R DO B2 W 0T ASCBUS PEA

A — S84 Yy b S WD TR U 1912 W R T ROCR K

J T 8 7 R R A R (A AG: U i (]

AR S S5 07 AT A AE SR R, B — AR AR W ufE L 4 T

TN WG o e A B S A 22 A AR MR AR, BT RE

Bl T30 (9 002 Wy IR IG 7 ROR S EAS 5 K A

i

P MRER: AN EFARAEEA S

3

Mg RARAE AR : 47 I8 A & 0 AR B i
L BEEF MG TR 5SS LRI RE
A%
[5%30k]

[1] Falco-Walter J. Epilepsy-definition, classification, pathophysiology,
and epidemiology[J ]. Semin Neurol, 2020, 40(6): 617-623.

[2] Trinka E, Rainer LJ, Granbichler CA, et al. Mortality, and life
expectancy in epilepsy and status epilepticus-current trends and
future aspecls[ﬂ. Front Epidemiol, 2023, 3: 1081757.

[3]Xu Y, Fan Q. Relationship between chronic hypoxia and seizure
susceptibility[ J]. CNS Neurosci Ther, 2022, 28(11): 1689-1705.

[4] Srinath R, Ahmad F, Asturkar V, et al. New-onsel seizure at high
altitude among healthy males[J]. Seizure, 2022, 97: 82-87.

[5] Pellinen J, French J, Knupp KG. Diagnostic delay in epilepsy: the
scope of the problem [J]. Curr Neurol Neurosci Rep, 2021,
21(12): 71.

[6] Kobylarek D, Iwanowski P, Lewandowska Z, et al. Advances in
the potential biomarkers of epilepsy [J]. Front Neurol, 2019,



PSR AGE 2024 4F 12 A 41 F 12

10: 685.

[7] Hanin A, Demeret S, Denis JA, et al. Serum neuron-specific enolase :
a new tool for seizure risk monitoring after status epilepticus [ J]. Eur J
Neurol , 2022, 29(3) : 883-889.

(8] /e, 4= K, )" )1 NSE HMGBI  H2S Jft £ 62 ) 76 7 E #4
PEARUR AR50 B Ais W (E () . b R AR IR 5 R B

[9] Giovannini G, Meletti S. Fluid biomarkers of neuro-glial injury in
human status epilepticus: a systematic review [J]. Int J Mol Sci,
2023, 24(15): 12519.

[10] Hanin A, Denis JA, Frazzini V, et al. Neuron Specific Enolase,
S100-beta protein and progranulin as diagnostic biomarkers of
status epilepticus[ J]. J Neurol, 2022, 269(7): 3752-3760.

[11] Michetti F, Clementi ME, Di Liddo R, et al. The SI00B protein:
a multifaceted pathogenic factor more than a biomarker [J]. Int]
Mol Sci, 2023, 24(11): 9605.

[12] Langeh U, Singh S. Targeting SI00B protein as a surrogate
biomarker and its role in various neurological disorders[J]. Curr
Neuropharmacol, 2021, 19(2): 265-277.

[13] Tikhonova MA, Shvaikovskaya AA, Zhanaeva SY, et al.
Concordance between the in vivo content of neurospecific proteins
(BDNF, NSE, VILIP-1, S100B) in the hippocampus and blood in
patients with epilepsy[]]. Int J Mol Sci, 2023, 25(1): 502.

[14] Bronisz E, Cudna A, Wierzbicka A, et al. Blood-brain barrier-
associated proteins are elevated in serum of epilepsy patients [J].
Cells, 2023, 12(3): 368.

[15] Liang KG, Mu RZ, Liu Y, et al. Increased serum S100B levels in
patients with epilepsy: a systematic review and meta-analysis study
[J]. Front Neurosci, 2019, 13: 456.

[16] Madireddy S, Madireddy S. Therapeutic strategies to ameliorate
neuronal damage in epilepsy by regulating oxidative stress,
mitochondrial dysfunction, and neuroinflammation[J]. Brain Sci,
2023, 13(5): 784.

[17] Paudel YN, Othman I, Shaikh MF. Anti-high mobility group box-
1 monoclonal antibody attenuates seizure-induced cognitive decline
by suppressing neuroinflammation in an adult zebrafish model [J].
Front Pharmacol, 2021, 11: 613009.

[18] Chauhan G, Roy K, Kumar G, et al. Distinct influence of COX-1
and COX-2 on neuroinflammatory response and associated cognitive
deficits during high altitude hypoxia [J]. Neuropharmacology,
2019, 146: 138-148.

[19] Zhang S, Chen F, Zhai F, et al. Role of HMGB1/TLR4 and IL-1B/
IL-1R1 signaling pathways in epilepsy [J]. Front Neurol, 2022,
13: 904225.

[20] Kostic D, Carlson R, Henke D, et al. Evaluation of IL-1B levels
in epilepsy and traumatic brain injury in dogs[J]. BMC Neurosci,
2019, 20(1): 29.

[21] Wang W, Ma L, Liu M, et al. Unraveling the links between
circulating  bioactive factors and epilepsy: a bidirectional
Mendelian randomization study [J]. Medicine, 2024, 103 (22) :
€38256.

[22] Soltani Khaboushan A, Yazdanpanah N, Rezaei N. Neuroinflammation
and proinflammatory cytokines in epileptogenesis [ J]. Mol Neurobiol ,
2022, 59(3): 1724-1743.

[23] Arcan A, Kizilkihig EK, Giindiiz A, et al. Rasmussen’s syndrome
treated with anakinra[ J]. J Neurol, 2024, 271(2): 723-726.

[24] Paudel YN, Semple BD, Jones NC, et al. High mobility group
box 1 (HMGBI1) as a novel frontier in epileptogenesis: from
pathogenesis to therapeutic approaches[J]. J Neurochem, 2019,
151(5): 542-557.

[25] Li W, WuJ, Zeng Y, et al. Neuroinflammation in epileptogenesis :
from pathophysiology to therapeutic strategies [J]. Front Immunol,
2023, 14: 1269241.

[26] Soytiirk H, Onal C, Kili¢ U, et al. The effect of the HMGB1/

< 1101 -

RAGE/TLR4/NF-«B signalling pathway in patients with idiopathic
epilepsy and its relationship with toxoplasmosis [J]. ] Cell Mol
Med, 2024, 28(14): e18542.

[27] Mao D, Zheng Y, Xu F, et al. HMGBI in nervous system
diseases: a common biomarker and potential therapeutic target|[ ] ].
Front Neurol, 2022, 13: 1029891.

[28] Chen Y, Chen X, Liang Y. Meta-analysis of HMGB1 levels in the
cerebrospinal fluid and serum of patients with epilepsy[J]. Neurol
Sci, 2023, 44(7): 2329-2337.

[29] Pamenter ME, Hall JE, Tanabe Y, et al. Cross-species insights into
genomic adaptations to hypoxial J]. Front Genet, 2020, 11: 743.

[30] Boison D, Rho JM. Epigenetics and epilepsy prevention: The
therapeutic potential of adenosine and metabolic therapies [J].
Neuropharmacology, 2020, 167: 107741.

[31] Catanesi M, D’ Angelo M, Tupone MG, et al. MicroRNAs
dysregulation and mitochondrial dysfunction in neurodegenerative
diseases[J]. IntJ Mol Sci, 2020, 21(17): 5986.

[32] Xia W, Zeng C, Zheng Z, et al. Development and validation of a
novel mitochondrion and ferroptosis-related long non-coding RNA
prognostic signature in hepatocellular carcinoma [J]. Front Cell
Dev Biol, 2022, 10: 844759.

[33] Diener C, Keller A, Meese E. Emerging concepts of miRNA
therapeutics: from cells to clinic[J]. Trends Genet, 2022, 38(6) :
613-626.

[34] Li X, Quan P, Si Y, et al. The microRNA-211-5p/P2RX7/ERK/
GPX4 axis regulates epilepsy-associated neuronal ferroptosis and
oxidative stress| J|. J Neuroinflammation, 2024, 21(1): 13.

[35] Israni DK, Patel ML, Dodiya RK. Exploring the versatility of
miRNA-128: a comprehensive review on its role as a biomarker
and therapeutic target in clinical pathways [J]. Mol Biol Rep,
2024, 51(1): 860.

[36] Kumar P. miRNA dysregulation in traumatic brain injury and
epilepsy: a systematic review to identify putative biomarkers for post-
traumatic epilepsy[ﬂ. Metab Brain Dis, 2023, 38(3): 749-765.

[37] Wang Q, Shi X, Li PP, et al. MicroRNA profilings identify
plasma biomarkers and targets associated with pediatric epilepsy
patients[]]. Pediatr Res, 2024, 95(4): 996-1008.

[38] Nomair AM, Mekky JF, El-Hamshary SA, et al. Circulating miR-
146a-5p and miR-132-3p as potential diagnostic biomarkers in
epilepsy[J]. Epilepsy Res, 2023, 191: 107089.

[39] Ang CE, Trevino AE, Chang HY. Diverse IncRNA mechanisms in
brain development and disease [J]. Curr Opin Genet Dev, 2020,
65: 42-46.

[40] Gao N, Li Y, LiJ, et al. Long non-coding RNAs: the regulatory
mechanisms, research strategies, and future directions in cancers [l
Front Oncol, 2020, 10: 598817.

[41] Zhang H, Tao J, Zhang S, et al. LncRNA MEG3 reduces
hippocampal neuron apoptosis via the PI3K/AKT/mTOR pathway
in a rat model of temporal lobe epilepsy [J]. Neuropsychiatr Dis
Treat, 2020, 16: 2519-2528.

[42] Lee DY, Moon J, Lee ST, et al. Dysregulation of long non-coding
RNAs in mouse models of localization-related epilepsy [J].
Biochem Biophys Res Commun, 2015, 462(4): 433-440.

[43] Bhattacharyya N, Pandey V, Bhattacharyya M, et al. Regulatory role
of long non coding RNAs (IncRNAs) in neurological disorders: from
novel biomarkers to promising therapeutic strategies [J]. Asian J
Pharm Sci, 2021, 16(5): 533-550.

[44] Srinivas T, Mathias C, Oliveira-Mateos C, et al. Roles of IncRNAs
in brain development and pathogenesis: emerging therapeutic

Opponunities[ﬂ. Mol Ther, 2023, 31(6): 1550-1561.

5 1EAR S« Ay B A, BT O . o YA At DX A b i A A 9
[J]. RS Rk 7k ,2024,41(12) : 1098-1101.



