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Abstract Recent studies have demonstrated that miRNAs (microRNAs) play a pivotal role in the
pathogenesis of epilepsy by regulating ferroptosis, particularly in core processes such as modulating the
system Xc/GSH/GPX4 antioxidant axis, iron homeostasis, and lipid peroxidation. Research has shown that
in epilepsy-related animal models, upregulated expression of miR-34a-5p targets SIRT1/GPX4 signaling
axis to mediate the Wnt/B-catenin pathway, promoting lipid peroxidation and ferroptosis, thereby exacer-
bating neuronal damage. Conversely, downregulated expression of miR-211-5p targets P2RX7 to modulate
the GPX4/HO-1 axis via the MAPK/ERK pathway, thereby inhibiting ferroptosis and ameliorating epilep-
tic phenotypes. Additionally, miRNAs interact with various stress and transcription factor networks (e.g.,
Nrf2, p53, MAPK/ERK) to further regulate neuronal susceptibility to ferroptosis. Given that miRNAs are

not only critical regulators of neuronal apoptosis, excitatory/inhibitory balance, and synaptic plasticity but
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also deeply involved in the occurrence and progression of ferroptosis, this article focuses on differentially

expressed miRNAs validated through epilepsy animal models and in vitro neuronal cell experiments, ana-

lyzing their causal relationships with ferroptosis. The aims are to provide new insights into the pathophysi-

ological processes of epilepsy and to provide a theoretical basis for the future development of new targets

for epilepsy treatment.
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FERGR AR A 2208 118 JF ml i@ it SIRT 1/GPX 438 %
I AR UL A SR AE T . TEIRImUN AP 8 F AR A
t, HAOZE PIIZE CACLANFE R PC 1240 fifg h [F) R W 5%
F| miR-34a-5p/K-FFt 55 2 L BE AL SIRT 1 (sirtuin
DFIE FEIFAT, M miR-34a-5pa] K & SIRT14E [
()R IK JL I M H R R R AR T AR S, S Rr I d I
SIRT1/GPX4i@ Ml HERBE T .

F% miR-34a-5p#h, B R R4 Xe ) miRNA
IRBE ARG . LIAE UIE A% 14 i 457 4% (traumatic brain
injury, TBI)/)N il & HT2240 i 1 iE 5L, miR-128-3p [
T SLCTA G FAR R AL T 2 A b i P AIG
miR-128-3p/K-F. & SLCTA11/GSH/GPX 4% ik
2 TBIG ThRERERS » LUOSE BOLE [ JR % i R I 45
RIrpHE— B UK | F5 € miRNAA S IGFBP-2id ik
AT A% K 7 E24H 5¢ AT~ 2(nuclear factor erythroid
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Table 1 Summary of miRNA targeting ferroptosis pathways and their association with epilepsy-related phenotypes

B—AEE R wis@y RIEAEH AT L PR A EAEHIHLH
First author/year of miRNA Expres- Source/conditions of Target pathway =~ Main mechanism of action
publication sion trend  action
XIE et al 9, 2023 miR-124-3p  Dowregu-  Exosomes derived from  NCOA4 Reduction of ferritin autophagy and Fe**
lation M2 microglia release, elevation of GSH/GPX4 levels, and
alleviation of neuronal ferroptosis
DONG etal *, 2024 miR-219-5p  Dowregu-  Exosomes derived from  UBE2Z/NRF2 Relieve UBE2Z’s inhibition of NRF2, up-
lation bone marrow mesen- pathway regulation GPX4, SLC7A11, reducing oxida-
chymal stem cells tive stress and ferroptosis
XIAO et al ™, miR-212-5p  Dowregu-  Traumatic brain injury COX2 Directly inhibits COX2, reduces lipid peroxi-
2019 lation model dation and iron overload, alleviates ferropto-
sis, and improves cognitive function
WANG et al *, 2024  miR-30a-5p  Upregula-  Chronic cerebral hypo- ~ SIRT1/NRF2 Inhibition of the SIRT1/NRF2 pathway leads
tion perfusion model pathway to reduced GPX4, promoting ferroptosis in hip-
pocampal neurons and cognitive impairment
ZHU et al ¥, 2023 miR-27a Upregula-  cerebral ischemia- SLC7A11 Direct targeting of SLC7A11 leads to im-
tion reperfusion model paired GSH synthesis and downregulation of
GPX4, exacerbating ferroptosis and infarction
WANG et al ¥, 2022 miR-378a- Upregula-  Exosomes derived from  SLC7All After uptake by neurons, SLC7A11 is inhibit-
3p tion astrocytes (lead expo- ed, leading to decreased GSH levels, elevated

sure model)

lipid ROS, and induction of ferroptosis

2-related factor 2, Nrf2) %Kik H T ISLCTA115GPX4
Feak , M IN = 2k A fer SR B0 AL T TR 5%
miRNAEL T I IGFBP-23 1A 1 8 73 i F ER A0 T2 50
MR B, $278 “miRNA— Nrf2/SLC7A11/GPX4” 4l F
B IR o
H R AT miRNA” AR, 70 0T 738 it 1k
BT RE LB & R Y. ZHANGSS BULE S ifn 14
o A5 FR R AR R B, HaS AT BRI miR-27a7K 1 A
FNF SLCTA M, 21 $2 - SLCTALl. GSHY
GPX47K VI FERERIE T As EV/KF ;i A miR-
27a ] #53 HETH HoS AR 3 U8 . WANGEEPITE FH 28
¥ KB X Erastinids 5 10 HT2241 g HHiE B, R AT
FiESLC7A1l. GPX4AIFTHI A IR 1 f 5
T AL T 5 24 SLCTALLZEIE T I s R ) 4
PHEFZEARN K. RE CHR[S2] R B L miRNA,
B ] 55 SRR [49,5 1148 L EIAIE , $27R 2 Bl T Fin]
RE I R & “K 2 SLCTA11/GPX4”ix — 3L [F] &
Mo
2t I, %% Xc/GSH/GPX 4% )y miRNA /N N
THAH SRR AE T 3R 7 WIAAAX AL - miR-34a-5p. miR-
128-3p%5 1] Hil §5 91 481 By 42 H 528 v BRI T U
T miR-27a. miR-128-3p3R ik ok [a] $2 k & 1% fli 1]
AT ISR R . WANGEE BUIR s

1] “miRNA—SLC7A11/GSH/GPX4” 4l 7] fig J& h A Bk
BRBET: S 24007 (1) SRS, 3 5 80 v () S8 Ak S
YRS REMIEE . Ui = EEIN 2.
T2 i DX 2 T 1) R G LT 9, X miRNAR] ) 1
[F 5 HE P08 R M ARIRANSRHT ; 45 45 & ik & 52l
FEHETT0, SR R HEE R S B N s
KNENZR2.
3.2 EfAHE X miRNAXT 1 4 REEAIE - P gkfa
SIBRE AR

BRAE TN A PN I B Fer O FR B BE RS . Bk
P EE R =M L FE YUE - TFRCA SRR
FPN1(SLC40A )/ F 8k, LAK Ferritin(FTH1/FTL)
fiti {75 NCOA4S 3 8k B 1 E W 3 [R) I 48 i sk
M. MFPNI1ZRIA R LB I Ad A7/ B R R AT, B
H 2 KF TR Fenton B 5 g B 84K, FEAIG
BRIV RE , fEAE RG R RIUNHE LT 5 Z i
A B I R A DS -

FE MRkl 3 MR AE T " 7 TH , SANGOKOYA
S5 DU miR-485-3p FAT “BRIE N "HEME, W) EL B
454 FPNI 3'UTRIFAMHI L EHEE, FR&I2: M HEIFR
i 200 K R AR T BRI, R B R AR R S A AR
P /e B E AR FE R P T . YANGES PIVE i
PRI, miR-29a-Spr] N FTHIZRIA, H55
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Table 2 Effects of ferroptosis regulated by relevant miRNAs through the system Xc¢/GSH/GPX4 signaling pathway on epilepsy

miRNA ke 4LEHA YEH
Function Target protein Affect

miR-34a-5p " Promote fer- SIRT1, GPX4, By inhibiting miR-34a-5p to restore SIRT1 and GPX4, ferroptosis is alleviated and epilep-
roptosis ACSL4 tic symptoms are improved

miR-128-3p ¥ Promote fer- SLC7A11 Inhibiting miR-128-3p restores the activity of the SLC7A11/GSH/GPX4 axis, thereby al-
roptosis leviating neurological dysfunction following TBI (traumatic brain injury)

miR-27a 1> Inhibition of SLC7A11 Enhance the anti-apoptotic effect of the SLC7A11/GSH/GPX4 axis by upregulating miR-
ferroptosis 27a

miR-128-3p"""  Promote fer- SLC7A11 By restoring SLC7A11 and its associated antioxidant axis, ferroptosis is reduced, thereby
roptosis alleviating neural damage

miR-211 152 Inhibition of SLC7A11, GPX4 By upregulating miR-211 or its target proteins, the activity of the system Xc~ axis is en-
ferroptosis hanced, thereby inhibiting ferroptosis

BRograe Jy, AEE 2 N Al Bkt 3 T n 2k
FETIRAY  fE M T miR-29a-5p LA 547
e . RS EFE A ZHUS PR
miR-27a_ 1 i w] i i $E A SLCTA 1155 BT A1, 5l
R GSH/KF- B Fer & F5 IR i i S A0 1 5 1)
BRAETZ R, JFINE ixi4547) ; antagomiR-27a8{ Fer-
rostatin-1 T AT /D BRAE T JF B 45w . 4 e b
A 5T AT I miR-485-3p. miR-29a-5p%5 miRNAH#
Tk <k 2R ANHE S I SR R b, SIS BRI K
TR NE i 8k, BRI T, RN S
ST HIEAE R A RN AR A5 15

52 R, ¥4 miRNAX B:Fa s BoAT <R
PEAT . XIESE WIE ol ifn #5580 o 2 B0, miR-124-3p
AR NCOA4 R FF ik 2k | Wk, T
I8/ Fe2 BE IS Dk 2 i o Ak, (i 3k 20 M A7 0
T 401 miR-124-3pRIA W AH I o 754 fifi 42 1 15 284
o, DONGEE MM I8 15 i 7] 78 53 T 40 i 41 Wl 4 3
£ miR-219-5p & M4 G, 17 UBE2ZIF{it ik NRF2
FH TR SLCTALL. GPX4FE ik, £LBE Fe*' 5 JIg i
ROS/KF N B S & Jn Uy Re Pk 52 ; miR-219-5p 5
i <P A %, (H AR RO KB RIFEA F TR
ik & AR I BR AR T .

BAKKRE , miRNAS AN TFRC/FPN1/Ferritin/
NCOAA4H, Bk F A B B & B2 8k 00 T2 5
() B — X miRNA (U1 miR-485-3p. miR-29a-
5p~ miR-210-3p) 5 AJ g i i # i FPN 1 51l 55 Ferritin
2 HESN R 3 B — 25 miRNA (2 miR-124-3p.
miR-219-5p) A d it BR 1]k 85 (15 W Bl 5 NRF2-471
AP, (MR YA S I PR BB T A .

R HZ, HADER S ) SRR A R, &6
G345 SR i I — P A B Ath b 28 B A A TR ) 2
bl JE S NAEAS RN 252 . TR L B S X R Gt
tFASIIIFPN . Ferritin/NCOA4 M2 ¢ miRNA (] I} %%
A, GG A ATV T ES 16 T B S0 E X R A
SR, METEREME BB, HKXmiRNA
i3 TFRC-FPN1-Ferritin/NCOA4H 4 1 4% 2k FE 125
IR 152 L3R 3
3.3 EHRHE XmiRNAXT #4240 i $% 58 T- 9 A5 /R
i3 E A IEE

Jig oL R A R R AR T AL O R B 12—
ACSL4Yt 2 AN FE T B2 (polyunsaturated fatty
acid, PUFA)& 16 02 3F F ik N a6V i i
T LA I 2% &% #%2 I 3 (1ysophosphatidylcholine acyl-
transferase 3, LPCAT3)% 2 5 N 5e IR E Y, b5
= L A AL B (Lysyl oxidase, LOX) KRRk B 1
HROS/K-F+ i B 50 N HESN B i Ak, 36 B
GER BRI b AR BE TS . JTAZE B8R | ACSL43E
Tk 5 T A A PUFAZH Aok 1715 B it 44k, R
FE VLB BT R G 7, THAMA RS
B R P R SO . R SEHLHITE 2 B A b
ZH IR R BN PUFAE £ 5% E T
S [w) 4k 2 J ik A R BRSBTS, H ACSL4
B LOX (4 ALOX15/ALOX15B)Z% ik n] B fa yig /b fif
2 JuHET P,

EmiRNAJZTH, A 748 2 TR R miRNA
55 18 e S Ak /4R A B 52 PR B DR O . WANG
55 BSIZE Jh 28 Je 4 1 28 b R B miR-21 b 1 AT fig i3k
ACSLA My LOXF R il R ik, #E5)PUFAE 5 JF
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Table 3 Effects of ferroptosis regulated by TFRC/FPN1/ferritin/NCOA4 signaling pathway on epilepsy through related miRNAs

Disg #HEH

Function

miRNA .
Target protein

fEH
Affect

miR-485-3p 14 Promote ferroptosis

miR-29a-5p %) Promote ferroptosis

chain)
miR-210-3p ) Promote ferroptosis SLC7A1l1
miR-124-3p ¥ Inhibition of ferroptosis ~ NCOA4 (ferritin

autophagy)
miR-219-5p 4 Inhibition of ferroptosis ~ UBE2Z, NRF2

miR-485-3p, miR-29a-
5p, miR-210-3p ¥73+5]

Tron homeostasis/iron ac- TFRC, FPN1, fer-

cumulation regulation ritin/NCOA4
miR-124-3p, miR-219-
5p [43-44]

Iron homeostasis/iron ac-  Ferritin-NCOA4,

cumulation regulation NRF2

FPNI1 (SLC40A1)

FTHI1 (ferritin heavy

By inhibiting FPN1 translation, it increases intracellular Fe?* load,
thereby promoting iron overload and ferroptosis

Downregulation of FTH1 disrupts iron buffering, increases the flow
of Fe?* in the iron pool, and promotes ferroptosis

By upregulating miR-210-3p, it promotes the accumulation of Fe*’,
enhances oxidative stress, and induces ferroptosis

By inhibiting NCOA4-mediated ferritin autophagy, the release of
Fe?* is reduced, thereby enhancing the protective effect against fer-
roptosis

By enhancing NRF2 expression and upregulating downstream
SLC7A11 and GPX4, it reduces Fe*" accumulation and lowers the
risk of ferroptosis

By regulating FPN1 and ferritin autophagy, it promotes Fe** flow,
increases the risk of ferroptosis, and may exacerbate epilepsy and
neurological damage

Maintain iron homeostasis, inhibit ferroptosis, and exert neuroprotec-
tive effects by regulating ferritin autophagy or activating antioxidant
pathways

IRIAG B S8 5 2R AE T 5 T miR-21A] 43 13
R

5 ERREIE T AR A X B, 25355 T2
I PR UIE 48 > 37 40 ) A P 0 Sk il B A P 2 R
X . HUANGZ PR Nk 2. 5 id Ek 59t
AU RG ARSI T SRR, WS 5 EIN
MR T 5 KRR &R B, BE
BN 20 AR R Hh T Bk AE T ] P AR AR RN . F
LA L, ACSL4/LPCAT3/LOXH N miRNAA Nk
PETHRAE T HZEAN M —K miRNA(WI miR-21, 45
A AT SC TR miR-34a-5p I AH S L 4k %) vl gl ik
i ACSL4FI /8% LOX#E ) PUFA & £ 5 Jig i i %8
b, INE I T 52 eifs ; X ACSL4/LOX
SOEIE A VW& B Q1= 8 WKW i = e
miRNA, A % Mk B 5520 T2 ) B IF A e 4
M2% . H AT -miRNA-ACSL4/LPCAT3/LOX”
M E B UESE A A IR, 5 22 75 70 A [N A5 8 A
& R GRS B RUE, H T AL miRNAE (7] + T 4E
3 b1l A 55 el 2 K SO A 403 405 7 T R LSS . M
KNE WA,
34 EIRHEAXmIRNAME MR IETPRHS
RN LE R S

N7 8 55 e IR T Y 4 o 1 B0 N Bk AR S
BRIET.” B, S whe p4 Ju Bk A0 T A 11 HE B AX

4. B ESE T Nrf2/HO-1. HIF-1a. p53
PL I MAPK/ERK 253 % - Nrf2/HO-1% R BLUNFTA
by BREE S fir 5 B AL T HIF-10/E $A S i 2 M
By RN AT HO-1. FPNIZERE S Uik fass
pS3 M I B NG T ] SLCTAT1R A
H 55 2 48 Xc/GSH/GP X441 Ak I RS 1M 112 32 2k 48
T-; MAPK/ERKIU BEAGHE R 5 < TOK A g i
A RS TP G ), X R R RS H
MOTAER, 5 miRNARAZ B 45 7 A N 3 A ok
E T RBET 5y A0,

FEARS IR 2% oh ) Nrf2/HO-1 /& 1IE 38 5% 78 70
— 2%k . MRLERE SLIRE L —B0A N, Nif2 A
A FE HO-1. NQOI. GCLCEHiE A I ik
KPBEMKROS, 1 1] 5 Sk 08 /2R A7 AH S o T 4%,
T LE 22 A J2 T PR ) 2 Ak st 1k g o o 484 72 2
HRK PR 22 R G 5 A B o | 0% Nrf2/HO- 1
W SPIETIRE A E R A £ ), 52 FIER
HIF-1o/HO- 1l 1z 47 A1 4 51 N0 AH DS 7« G i
FLHEHH HIF-10/HO-1 7] G i ik 8 3 2R 5 A8 v
WS 5N R, SR sh IR A UEE R HIF-1o
AL B R 3 FPN G 55 31 5 Nrf2/HO- 18 #% 530 17 98
ADERFET 0465, it HIF-1ofE AR [FR B B AT A S8
PR B A B HE BB R RORE R5ORE, A
AT Sl 2D 0k G R SR 2% R LA AR B



P35 miRNA IR A S 2 4R Bk S8 T BT et e

1181

#4 HHEmIRNAEITACSLY/LPCATI/LOXE 518 BHE SR 3L T B A 220
Table 4 Effects of ferroptosis regulated by relevant miRNAs through the ACSL4/LPCAT3/LOX signaling pathway on epilepsy

fEH
Affect

miRNA g EH
Function Target protein

miR-128-3p ¥ Promote neuronal fer- SLC7A11
roptosis

miR-27a Inhibition of ferroptosis SLC7A11

Increased cortical iron load and reduced GPX4 levels lead to exacer-
bated behavioral impairment and ferroptosis

Improving neurological function after stroke and reducing markers of
lipid peroxidation and ferroptosis

SRR IE AT 2, p53/ R S8 Xe W A A
PAET A 30, SCEET 7T B 7R p5 30T i s
SLC7AIL, Y3/ Jht 2 B8 4 U BRI GSHK T, A
M HE B BE T UM RN pS3E L A 1 5K
A R, NIRRT K E AR gD
RNACKR 25 # T i 5078 L 5 28 11 8 42 00 R 16981, M
BIEE ML, p53 5 miRNA/IncRNAK HAE# A A
A H R AE T EA T . miRNARERT 1E 9 p53
RUERLNLAr -, AT AT pS3/ R 4 Xe /GPX4
iy, BRI SRR AT BRI N, TERP R U A,
INK/p38-MAPK i 5 ATM/p53 i 1l [ DNA$#
15 5 e A N ERFE T HAT e gk — B4R
“RLBOMEG -pS3TR S E M A T HE T R R A
PN =9GN

E MAPK/ERKHH O M 4% 77 T, BF 703 3k 1A
2 o6 B s AR K P 5 IR E S PUFAT X 8k AE
T-H UK, ERK. INK. p38% MAPK 5 jif n] #
A 2 NS I I A A U0 5 kR,
MAPK 5 AMPK Z [&] 3 JE f& 5. [F [7) 4%, AMPK
FE #5555 N Al it FoxO3. Nrf2/HO-1% 3 i
PRI IE T IROR, IR A R R AT RE
SERRIET I omES U7, B M E , REAH G S
(1 JAK-STAT. NF-xB. MAPK)5EkFET: 2 [A] 77
FEAREAR AR A RORERR I BOR RSB TS, Tk AE
TR 4545 AH 28 73 7 #5220 (damage-associated
molecular patterns, DAMPs) X A S i SR ¥ 48 A
SR G SR (18 P JORE 1 5, IR P IR R B
P15 A 00 R A 28 o e B AR A B

MRS, MBS B W% miRNAA A
TR A SR TR T E R E AR & D
Nrf2/HO-1. HIF-10 M “Hriatb ek " % 42
A g B R 5 e I 2 = P B 7T, T LA pS3/ R &
Xe 5 MAPKZ % A AR R B W 24 55 AT 52 750K g i
A FEHER TR TS . I EHR AT £ ok R .

I — P R A S AR T B R W
Il -miRNA- NI/ 55 X 4% BB T I R G PERT 5T
IR ]S TAEA RN LR A AE . RFERY B 5 il
X AT B — S S i R e, RS SRk a
TFJE 2 B G IR, DOVPAE miRNATEH0#) 2kAE T
5 R T A 2% 3 5 T ) B SEANME

4 BEERE

AR AR Z WL R B, miRNA W] @ i )
SLC7A11. GPX4. ACSLAZEHTT N, HE RS
Xc /GSH/GPX4HiE B 4. BAa 5 M it A
WEE Y0 72, I 5078 1 28 48 R R Bk FE T (1
5y BN, I ] B8 S 50N AH OC [ #R & T ih S
FEREfE . PlmiR-34a-5p. miR-142-5p. miR-211-
SpAF MR BIIG R ATAF 7427, #84> miRNAT-Fil
WS S ERIE T A WU R AE s e fif R 2
I 1] Gk 5 HH HT 6 = 5 PR AR S 2 T ) B
WEEE , 75— 2 B e DA S 45 B T ML 36 iE
AT TS o AH B RE AR TR 2 5 AR R T B0 A/
SR ) 2538, AR ST LA “miRN A 45 40 28 40 Jifg 2k 4E
A EL, PR ILE T Nrf2. MAPK/ERK,
P53 NP S 2 e, DU B I A B0
“ B LI R BE TS IRAT N R A T R 4
o

H #0475 A7 75 = J7 130 . A IR R
HaIW 5 AR B3 2 1 Bk 2> “miRNAZR
/TR T4 S - RAE S R 7 1 B R R
B ORRIEOWR IR . R B 5 X S
JR P R FE T miRNA- N 4 B8 T 2 JA]
(1 DR SR 45 4 I Bh A T AT Bk = R G b . 5 4
WF 50 N A S HE 3E I R FF A miRN A R 5 R A%
X, 75 N PR o g T P 1 DR SR 56 E (B A
BRIE TS & S 50 45 7 =3 A 19 0 28 ); [T S 4
miRNA 5 Nrf2/HO-1. p53. MAPK/ERK %% 54
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