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e PRI RNA FEZ Bk DNA R4

IR ARk X % RERT ZaT
(PSR e A Rb S SHARSEBE, SRR BFGOIT, ABEE (5 B T BT S S5005, 142 710049)

WE  SpRRanEseE i b.o, SUERE ABMANESS, ad H P IEEL R A DNA (mitochondrial DNA, mtDNA) %
i PO Sy, S M AISIR . RN R I, SRR AEERNA (microRNA, miRNA), BIZRRi A G
RNA (mitochondrial-located miRNA, mitomiR)., mitomiRs H14#% DNA (nuclear DNA, nDNA) F5E7=4: )5, #EA 40 M5
TR, JafEEiE AZRfR ., mitomiRs % mtDNA W7 28, BEn] A BIRKOT LYY miDNA ik, dnf DI
454 miDNA 75 5% . Y mitomiRs FiEFH I, & MLRARDIRERERT, HEsh TREESR L4, THURMS L, il
JH mitomiRs AYBLHIH sl 410 1 7KK & mitomiRs 76 4L BEA T I ERIBKT, BB LRIATIRE . M AH B R, R,
mitomiRs WHEHFGE A T AL R ARG . T mitomiRs B AL FARfA, A& 4 17 mtDNA i35 J5 2UR S8 mitomiRs
R alm b 0%, (B AAEAEMI N M 2 T, ARIF R TEAS I = A3k RGN EEE . mitomiRs /1) mtDNA
FIRVAFEANIA R T miRNAs 7E56 57 J5 FE T P B oie, W 8oR AR SR IR YT 3Rt T B ) i RS A
RS EES T mitomiRs J8#5 mtDNA £k AR, #4597 T mitomiRs-mtDNA AHEAE HIHFEHLE], FEF mitomiRs 13554k

KA T BE R AT AR DB RS R 7 SRS R AUR A DL A

XEE BRIAMRNA, LRIADNA, FMisfE
FESES Q26, Q52

Lok ZRE A CHEAN I 2%, W 1%
1B 1A AL B IR Ak P A2 ATP L) 4E +5 40 J i 1E & )
fig o BRILZ AN, LRRET 22 541ENES
e P EARN B T Y SR
o LR —Fp B g ey, BAMS T
i DNA (nuclear DNA, nDNA) AyZis7 DNA, EfI
2k ki & DNA (mitochondrial DNA, mtDNA) .
1981 4%, AndersonZs ' A7 T AZEmtDNA 2K 7
G E 2553, . mtDNA Hp R 3 i 5 i HE AR Oy B
B, WERE SRS EEONREE . JPAI TR, A
KmtDNAANGAHNE T, A 37NN, AiE2
A Y 15 28 K7 18 tRNA  (mitochondrial rRNA, mt-
RNA) 19 3 A . 22 4> 4 15 £& kL /K (RNA
(mitochondrial tRNA, mt-tRNA) FIHEEFFI 1326
T2 (R AL 1o 3 13 Ff i mtDNA 2 i ) 25 1
IS SRR AR, SR A AR 3
() /03 4y, Ho4x 2 i nDNA 4 b o0, R4S
mtDNA R SHEAL G, (HEIFEE S REEATE,
1M 2l of 5 4k R 5 sk I A (mitochondrial
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transcription factor A, TFAM) Z5&IEME G 7
A2 mtDNA [ L R i 5 2k DNA A 47 BT A
A, A3 o pl AR e oy Sk A, EREM T
IR T ERE IR S, Y HI SRR IR B 20 1Y)
23 0EN, REEWA T REERELRS), '
T AEE R W S, RN R A B 3a
(topoisomerase 3a) JVEH T 705 b Ak 37 19
mtDNA ', mtDNA F$5 DUECIEA [F 4 b A7 A 2
F2ER, XFEERITAFL SR A R R 7
Ko BN, 7E R TE oK 1Y 5P AR A A H mtDNA $
DUEE Y, RZAE IR R AT SR A il 41 41 b mtDNA
P& DUBURAIE ', mtDNA 1] DL 454 TFAM 'Y gk

w 1K [ RBE S 4 (82372899) , Bk VY 4 4 BF & &
(2021GXLH-Z-064, 2024SF-ZDCYL-03-24), BV A 2k Rl24 3k
BRAFFEIRI (2023-1C-QN-0215), P48l K d M RHIFT- 5 &
ARG T ZRWE (xpt012023018) ¥,
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RIS S [HF B2 (mitochondrial transcription factor
B2, TFB2M) "' i1 #% 5% . mtDNA ¥4 5 i Y
mRNA 2 Z i 52, 4 mt-tRNA $ U1 H B
28 KA mRNA (mitochondrial mRNA, mt-mRNA)
A mt-rRNA A BERCREAL, S8 sk & T, X —
RN “tRNA R B8 (tRNA punctuation
model) 7%, pbAh, WRSEEEL, LRGSR T
IRATRS A BRI R AR E ] Y ALy
A b, AZEmtDNA DBk R e iy L1558, HilE
=T B AR LR ], mtDNA J Be Al DA
AF|nDNA 1, sl nDNA L4 J5C 7, x4k
7~ mtDNA Fst AL P 58 AR Ge AN S A2 2 .
PTAESK, A LML FRTRA, nDNA B
WAL A o AT TR G, 145 DNA/RNA
it HE B AR ES RNA JH#545 . mtDNA
VERy—Fph Sy BRI 2H ,  [R)RESZ B3 A AL 1 I
7, X — kW ME A T 4R IR SR s 1R
(mitochondrial epigenetics, mitoepigenetics) HY Aff
FEAR 2. T mtDNA G = 418 Ay, B
FWIs AL T £ AR h/E DNA 1 AR 2 % RNA
P, 1 mtDNABEMiTT I, BRI, —Seiifs
FR AL AN 2 B A B E LR A oA, I
Z27E mtDNA (1) 22457 sk I 31 1 A R o8 FH
oAt > FEAE S RNA 8457 1, i RNA
(microRNA, miRNA) i i 5 H #5JE [H mRNA 45
A, P EF e mRNA B, ATz R
FERFRIR P 2024 415 DR A 2Rl B 2 % T
T Victor Ambros Fll Gary Ruvkun, VLR TET
N BEUFT 28 2R P i YR % P miRNA K HAE 5% 53t I Sk A
PSP SCBEE 22 miRNAs A3 A7 76 4 il
B, TELRRrh WA A, IR i T2k
ki MK B9 miRNAs & X N £ K fK f RNA
(mitochondrial-located miRNA, mitomiR) "
mitomiRs %I mtDNA f) 8 # 4L 1 BE 55 nDNA 2581,
NHEARESM. BN, 454 miRNAs ) Argonaute 2
(AGO2) HHTELAAHA AT, I miRNAs J#1%
mtDNA Kk BEE 1 Heal, 78/ BUSILAH I C2C12
ML 46 miR-1 §# % T NADH i =i (NADH
dehydrogenase, ND1) I 41 ifg 4 & ¢ & 1k i
(cytochrome ¢ oxidase, CO1) HYFRIL, HZMZ AL
KATP Y74, S50 =, i, ©
A Z W5 78 T mitomiRs 7E 842 mtDNA ik
P EEEH, ARCETEH D45 mitomiRs 7 4%
mtDNA Rk R, AR 5T et is 2

ZRTT ]
1 miRNAs5mitomiRs

miRNA 2K 224 22 A1 R 1 AR S % RNA,
5 H AR mRNA /) 3% E B HEA T BT
XF, - DT A0 ) 3R 3 w5 LR % . miRNA 1Y
AR B 2%, T 4 AT i miRNA - (primary
miRNA, pri-miRNA) % 87 Y] 4= A% Hif /& miRNA
(miRNA precursor, pre-miRNA), Pl t—255
VIS B XU miRNA ' 7EXU5E miRNATE U , il
WA —REEWIR R IF S SR, 5 — AR
fifto SR, /KU miRNAs [ 45 U BE Y LA TG
P, BRI AHASE miRNAs K HAHFE SRR, B
NI, 2338 i i 5 5L AR A . 1)
', miR-708-5p id i i il DNA T X e 7% fifg 3A
(DNA methyltransferase 3 alpha, DNMT3A) KT
4 DNA 1 H AR K-, A 2 e 400 o XL 705 % 4
1 (cadherin 1, CDHI1) ik, JH[E/N4H it
g . MLZ R, FERUTBUN s iR AR
miR-708-3p T i T UL K5 B0 15 A+ 1 (silent
information regulator 1, SIRT1) J&#l & b
Yy Wl R 8 T W BOTE 2 Ry T R T la
(peroxisome  proliferator activated receptor 7y
coactivator-la, PGC-la) 2= ZWEALFLNG , HE1
N FEEKSAENDTEAMECER
(dynamin-related protein 1, Drpl) FIZki{AZLAR 5
11 (mitochondrial fission protein 1, Fisl) /L,
AT 00 i) b A oy B0k AR, 1T A 5K SIRTT 5§
PGC-1a M G2 SRR s 257 L AR S Al = it
APOL, RIER T [R] — R R B9 miRNAs, )
IR A 2 R .

mitomiRs § & {7 T 2 KL /K i miRNAs, 7] (H
nDNA 5 A2 UG i AZERIAR, /D385 sl B AR IR
T mtDNA (1555878, HA 4 mtDNA 35 hE
73 7%, nDNA i #Y mitomiRs 5 HAE it 72 5
[ 3C miRNAs AMLH — 3, (H7E LTI T 524
Je, Ak AR LR SRR 2 T
W miRNAs il 154 E i 55 (nuclear localization
signal, NLS) #K#fif¥ Importin 8 (IPO8) 4S4%iz
AHZ Y, miRNAs PEAZRART 208 AGO2
Dbk Z W& T RZFRBEI
(polyribonucleotide nucleotidyltransferase 1,
PNPT1) " SR F RIS, SR, xFeisid
BARFHLEIE A FREAMSE . & T mtDNA K



2025; 52 (D

EBEH, &F: LAEHMRNAEZEHADNARIZ

<1651

() mitomiRs, H #7 S IuEdEA5 8 A R 7. A #F
5% F LT mitomiRs 1Y F 73 A 5UF 4 X, A
A mtDNA 1] fiE £, & pre-miRNAs Fl i miRNAs J¥
H| B8 B BRI . S Ah, ZokLiR
Hr = miRNAs /il i 5 (19 Dicer i *, X iR
mitomiRs 2 I T mtDNA 75 2 i 2R (1 X 5[] 35
Ib, RUEEALRIER mtDNA 1] fE4i % miRNAs,
(B HBARAL S5 2 — 20 SR I

A2 & B mitomiRs 25 4% mtDNA,  HAE
R ZHEE (£ 1), mitomiRs A 18 i Z FpHLHI
2 mtDNA %35, Hnl 5 mt-mRNA %54, LIfEiEoy
0w B, A S mt-mRNA Y B f# . [6) B
mitomiRs I8 HE4S A mt-rRNA 11 il B A 2 2 5 7
A, mitomiRs HAT B 42455 mtDNA YREST,
il mtDNA B9FE 5%, 520 RNA Y42 A, mitomiRs )
TR HE AEAFEAY AN A A 25
Sl i, N BURE SRR BURFIE M A
mitomiRs 3¢ ik 5L A Fr A 6] . 7 Gene Expression

Omnibus (GEO) s i] LI 2R ] —LL mitomiRs &
IRACERI A . B, Zheng 55 ' R TR R AUE
At B2 mitomiRs A F AL, IS T EHE
)8 0T T A0 A B 3. 7. 14 dJE SRR RLIK
i A A 2 7 mitomiRs 4E4E (GSE134946), 4
Ja SRR T SR R o AR A SR R
mitomiRs & & 4MATEF, NS WA Fr X
Ao 12S IRNAAE R AR BER Y AL s o, &
wEE HRE, FEH R mitomiRs 178k A o 1) %
KRB, 128 rRNA R AT AE NS . 5 L
¢ mitomiRs 78 2 LA RN Bt S5 40 A 7K S 1Y) 22 57
BF, AT BE £ 5S rRNA FEFAE NS, Bk 58
rRNA VE AR L N 53, TEZ R AR At
O A e T R 2 R R
mitomiRs 5, 7] DA% 4 & A B9 mitomiRs #5421 )
(mitomiRs mimics) 5¥ mitomiRs #I ] 7] (mitomiRs
inhibitors) i3 FE ka4 H AR mitomiRs, ML
UEHTEPEDRE o

Table 1 mitomiRs regulating mtDNA expression

*1 HEmtDNARIE A mitomiRs
YER 5 miRNAs mtDNA L3 [ P/t i EE BTN

i ik miR-762 ND2 IR [47]
miR-151a-5p CYTB SEAIE [48]
miR-378a ATP6 2500 PRI [49]
miR-214 NDA4L, ND6 P B B [50]
miR-181¢ col o R [39]
let-7a ND4 AU 2 R [51]
miR-4485-3p 16S rRNA it A= [52]
miR-542-3p 128 rRNA W45 [53]
miR-574 ND5 - [54]
feikRIk miR-1 NDI, COI WA 2318 [28]
miR-5787 o3 7 2tk [55]

miR-21 CYTB R [56-57]

miR-92a-2-5p CYTB LR [56-57]

let-7b-5p CYTB o R [56-57]

Z P mitomiRs¥) HnDNAZTS . ND: NADHi &/ (NADH dehydrogenase ); CYTB: 4t ZB (cytochrome b); CO: Ziffi (4R CHA L
fifi (cytochrome c oxidase); ATP6: ATP&Tifi6 (ATP synthase 6); rRNA: BHARNA (ribosomal RNA).

2  mitomiRsTHEmMtDNA FRiZBIHSFHL &

H nDNA #% 53 A 5l 1Y) mitomiRs RE %18 1 45 &
mt-mRNA "' mt-rRNA ' mtDNA % & 5 {5
BRI (B, EALRIER mtDNA il 4% 5%k
Ji%, mitomiRs, Shinde 25 ' il %] 6 45 mtDNA %%
SR miRNAs, oA miR-mit3 Fl miR-mit4 7]

5 16S rRNA 454 . Bandiera 45 ' % ¥, mtDNA
£ miR-1974 . miR-1977 I miR-1978 J741], [fijixX
3 %< miRNAs ] 5 mt-mRNA 77 16 45 & 0 5 . %5
mtDNA %% 55 748 il miRNAs BLG A5 LIAfIN, BT
X4 miRNAs HUE B A 7E S 518 nDNA Kk 1)
FPEN7 38 A JE SR (A AR TR R A )
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Fig.1 The mechanism of mitomiRs regulating mtDNA expression
El1 mitomiRsFZEmtDNARIEHHLHI
mitomiRs: ZEHAmiRNAs; mtDNA: ZEFi/ADNA; mt-mRNA: ZZK fAmRNA; mt-rRNA: ZEKi{KrRNA; AGO2: Argonaute 2; FXRI:

fragile X mental retardation-related protein 1,

2.1 mitomiRs#PH/mtDNA %

mitomiRs A Y 7] 38 1) 28 L3R 15 495 mt-mRNA
BHPE, 0] UGS A mt-rRNA | ] mtDNA %% 5%,
TYEFER RIS . TR/ E O L A A
F B E N AR miR-762 .3 E, 1] miR-
762 R S AR TRYIE M . ek ATP = A AT R
PTEPESEZE (reactive oxygen species, ROS) 7K,
I/ Fh R A I O LA R T, LI AR
F miR-762 5 ND2 ) mRNA J¥ 5 17 78 45 & v 4,
AT, miR-762 M HIND2 Kk, SEE
GAR TG FI ATP 2B i3z 2], 38 570 LA A
M7 . Zhou S5 1 7R R 554 i A 19 v e R
T miR-151a-5p 3% [, %% 4% miR-151a-5p #1l
it ZE B (cytochrome b, CYTB) ik, T8k
LRI FATP 7 A4 52 2306 . Durr 5 1 72 84
B DR R B L SR A I 2 T miR-378a Y I
VWL J ATP &1 6 (ATP synthase 6, ATP6) 451
KSR T, & B miR-378a f il ATP6 fY %3k
4 ¥E db/db /) B G BR miR-378a Ji7 ATP6 ik 1,
ATP 45 BBt 1 3% PR 10 2% 5 T X BRZH . Jagannathan

8 U FEZORLAR RN E] T RNA S S UTERE G111
K AGO2 M ME X B i A S FE 1 1
(Fragile X mental retardation-related protein 1,
FXR1), AN miR-378 5iX PP 4 &5 5 T
T ATP6 ik, Ma%s B Xt B Fh 2 RE
KB miRNAs #4717 40871, &I miR-574 7KF- H 2L
TRE OSSR, PRI
78, miR-574 7 ND5 %35 5 8 b AR IR A7
ATP A= B TRV S i ROS 774

U mRNA 7£1E 5 mitomiRs Fl 7 5 51 e % (4 55,
FEIP A W] RESZ LR, X S — 4% mitomiR 7]
DL Z AR . Bai 55 O /NGB AE . B .
25 10 43 2H 21 v [ A miR-214 78 28 R A4 0 41 i
B s An, RIS, B ELR R
miR-214 7 [ AR 5. 4596 16 3 R 1k 5 0k s s 1
Fe AR RGNS T miR-214 K6 EIH, miR-
204 K5 E IR BN LR 2 A AR B 2 YDA O
miR-214 3 1 11 il NDAL 1 ND6 2 35 i S 2k b 4
DInekihs, @& aiierE BN a &4 B eI,
AR mDNA BB /N T nDNA, {H—2E miRNAs
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[FJRE ELAG 45 21> mtDNA J s L 255 1 BE

4 mitomiRs f1 ] mtDNA 26350, 2 v] fEAL,
£ T A mtDNA B 5%, 52 M H A W3 (1) Rk
Das %5 ™ B, miR-181c FEEMIEL K, 1%
2 miRNA H nDNA #% 5% J5 72 i i o v e, s
LRI H] CO1 BIPE . AERIE] COl FRikZ
FE S, % PBIBA & B miR-181c B FTF T COo2
() mRNA FIE 1 BKF, REHED miR-181c 101 il
CO13RikJ5, mtDNAH Tk CO1 Rkt T
Z i mt-mRNA, T miR-181c #i CO1 MiAMl
CO2, T CO2 KL LiH, dEMEAMHIVES,
Bifn T LRRTIRE . BbRT, AR AL, TE
O VA ZE 0 7 5 AR R CO1 Rk T . CO3
ik BiH, B CO3 Ml COL & i ROS i )™
At BT I, mtDNA St 13 N8 1 5T =2 [
Al BE S 72 B B IR 52, 24 mitomiRs J# 4% H:
AR R FRART, T RES R A WLk
P, SEESRWIL LI, 5] &LRART)
RE R IR AH DRI 1 K

mitomiRs X § K& R (9 P8 35 AN 5 )7 51) B RM G
XA G, i8] RE 2 B 4 AR 55 ) 52 0 . Sharma
A Y B R 2R 5 LR 4 L MCF-7 SRR i 8
Ja BB, let-TafEZpifRh IR T T 445, S
ND4 ik, 50 MCF-7 (2R A il . ATP A= A% |
FALBERRIL DI BB %5 o (HAE 55 Ah— T L B 98 40 e
MDA-MB-231 H1, ftlifi]% Bi let-7a %F ND4 il & #4F
FH5 MCF-7 #H ) P, X Fh 22 5 0T B 5 PR 2L
A AR FE AT 56, MCE-7 4R b AR B 4 s
O SR AR B R AL (R A5 1 5 T MDA-MB-231, 1
MDA-MB-231 2t i JU] 546 ] T A A il PRIt
X AR AR 4 1] BB S 3 et-7a 75 W3 R 20 it r 1) 45
ERfEE S . X FEW, B2 M A miRNA,
TEANTR AR GPIRES T R n] BE & R4 R R
YEH, #7857 mitomiRs 8% 7 =009 2 B0 2
etk

mitomiRs [ T 454 mt-mRNA #p, 0] LLgEE
mt-rRNA ZAEJHHEVEH . Karim &5 2 78 fili < %)
LAY fifi o b B2 MM 2 30 T 16S rRNA 1 I 2% T I
DL S miR-4485-3p 1Y 2.3 L, 7E N AE/IN MU fifidea
A AS549 Hid 235 miR-4485-3p J7, 16S rRNA #
IR FIME], 6F 128 rRNA A 30, Rk
“J7 miR-4485-3p #4 16S rRNA 5 42 ki 1A 42 4 1A 1
I di%e, i T4piiATfE. Lok, 12S rRNA
[F)FE 27 21| miRNAs [ ##% ', Garros 5§ % 7184

REL & Jifi o R e W 4P D AR AP e 55 SR A h &
LT miR-542-3p 3% 18, i %3k miR-542-3p 5
2 3 N 256 LA A LHCN-M2 Z80R7 1K 128
rRNA 7K I8 DL SR AR B e A R, AE i
miR-542-3p F ik J5 M AT LIPK & 12S rRNA /K- Figk
BB L A7, 28 W] miR-542-3p ] A ot 4l 128
rRNA FRIR I LR ARAZHEAR R T, 1R NLA A2
ARER

TEFE S 20, mitomiRs 7] BL3E 45 mtDNA 7
ik, HPi it 5 mtDNA 25 4 )5 30 i mtDNA 7% 5% .
Fan 4§ U8 7EALY 7T 24 8 rh % B0 miR-2392 B 3% I
T, A8 A& 85 9 40 8 CAL27 & #f miR-2392 &
mtDNA 528545 5 ]S ND4. ND5. CYTB %54
%5, S BCABERR (L D) R T 8 RS %A 1
P, AR T AT P R 25, ORI
18 mitomiRs i 11 FLHEZ5 5 mtDNA Ji U 5% )2 T 417
HIFE R Tk
2.2 mitomiRs{E HmtDNAFKIE

miRNAs H 1993 L MLIK, KEBWFFEES
7E miRNAs 175 S I LB VTR I RE Lo BEFE T
IR, E AN A4 5 & BT miRNAs J# JiE
PRI AE (%) B miRNAs 7E40 A% b 51958
T45, BOGEEN 5. B8 mtDNA B R A
HA KR 450, (HE A 582 B mitomiRs 7] LA
fE #F mtDNA Rik, XTE—EBRE LY BT
miRNAs fiE 35 PR 38 1B L

TE20144F, Zhang %5 8 7£ C2C12 W41k i
A&, miR-1iE L ND1fICOl £ik,
T ATP =4, R E M, LRk fE L
AGO2EH, MATEAEGWIS2EMH, N miR-1)
YERPLHIZEE T 3R >, AGO2/E R RNA i F1L
PR AR OB B 4y, 7E miRNA 5 H 45
mRNA %5 & )5, AGO2 Wi B H & ¥R /E R .
GW182 Al #% AGO2 41 5%, M\ M2 i 2 A 3k 11T
BT T ERRAR A AE GW182, H I miR-1
5NDI, COI T mRNAZ; BN SFHHKET
&, 7E AGO2 W E H T 2 i T NDI Fil COI 1)
mRNA 5 rRNA (A EA/ER ., 18 T ND1 #1 CO1
ik ¥, Chen 5§ ™ ZEHLIAA MY CAL27 4 &
2B, miR-5787 T, 5ldE CO3 ML M,
SETARESERR A, BN LR
5728 Jy W BEf , 51 2% 40 X Ak 9 245 9 7 A Tt
2k,

A [F] mitomiRs 7] YA AH [ mtDNA g hith FE 4] 1)
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%Kik, HETC A £ 4 mitomiRs ¢4k 1E 1] 54 CYTB
Feik 5T XA RESE IR A CYTB LR F A K, R
H:mRNA fiEf% 5 Z i miRNAs 454, Li %5 B 78
A &M R BUCE T &R 3 CYTB Rk TR, 7E
KB ILAE A HOe2 ik CYTB J5 ROS % F T,
IF RIS CYTBAEES A miR-21 8L T 3
P&, X AT RE S CYTB 235 F M S8k, itk
ik miR-21 J5 {2 #E T CYTB £ 35, M, Ml
miR-21 W R CYTB % ik, /8 miR-21 XFiZ &L H
FERIE LA PE HEVE R B0 FEXT B M e I R B
YEAT B # b B g #k miR-21 J, Hm R IR
WO NUEEA RS 5. T miR-21 7E 40 g i
A oA, PR B R 5 nDNA 3K 191
FH 10 SR T E— A 1) B miR-21 7E & kA4 B 1
I, Liu % 0 ff G A 1375 5 miR-21 $0 ) 3 3% &2
LR A BT CYTB A e o Ve, i it
412 miRNAs #F ALK IR/ PNPTI I, #E—4
AT miR-21 X} mtDNA A WIEEM . BR T miR-21
Fh, Li%E U7 ik kBT HAL P 4% mitomiRs X CYTB
[ e B A EEAE R . 78 db/db /NFLDE, CYTB
(R 1 TKF B3 FRE, 1 mRNA KK
P AR L, K & B miR-92a-2-5p Al let-7b-5p 7E
LR TR, LR R, XMW &
mitomiRs fi£ #F CYTB 3 ik >k I 35 4 % /& ROS 1)
JR R

3 EFmitomiRsHIERFIEIT R IE

LRRNE N AR AR AL, 5 2Rk
FYIM X . 24 mitomiRs 2 mtDNA £ ik 2 i i,
ARGk —RINEHR, WL KA ROS ETt.
LRRRBE RN NI . ATP AR s . AARBERR AL T
A, BRZMBIRI LA, BERSCITIRRCIE
P . BRSNS . LRSS, Bk, WaikE
mitomiRs 764 FIR S T (19 kKK, A ] GE
SR AR AR SR, X /R T mitomiRs ELA 1E Ak
TR R T RE
3.1 miRNAsHEXZ54)

A A miRNAs BA 4 F i/ . 541
B G A AR, O T 2R N
&2 Z 0 miRNA B F miRNA Sl F A T
Il PRIRIE B BE ', Daige %5 7' 15 fA PR 070 B
B AP 5 T miR-34a X A K A EIPERT, i
Jii Beg % 7V I J& T { F) miR-34a B4 MRX34 3

G T A M R A R IR R SE 8, FRRUEW] T
miR-34a BT IRIVER . Gomez %5 '™ 1E AT Alport
ZEA TR /N BUBERY PR 56 3E T miR-21 41 70 A9 £ 4
YEFH, Guo % ) 7E Alport 254 1iF 5 35 rh 46 ) 5]
miR-21 & I & B3k K -5 5 s 42 1) 7™
FERE RIE A G, X428 T miR-21 7% 50 1 ) 1
VEAVER . e, {3 miR-21 #1#5] lademirsen 214
J7 Alport £ £ i 19 2505 1 78 I IR 52 56 b 75 DL 56
WE 7Y, CARYT Alport ZE G AR T — T Ay R
3.2 mitomiRsFI{EAF BRI LI E FEZNAY

BRI NEE IS PSS W S U [ VR VES A % )i
LGy, Bl sEmmE . (IR i . Bik4EAd:
. CBERB . ERSE 7 RN R EHRE
TRRREFRRN LI, ARG
YEFFILE] 77, Besh, AF9E & I — L2 [R) i ]
DL 1] 3 5 £k A . Zhao 25 ) FE A MR B
& IIHTAE AL F) MitoTEMPO i 355 1 [ 2 ki 14 ROS 3£
Pk TFAM F2 ik, i MWK 2 4 b 1R 1) i & AR .
Wesolowski 25 %) fdi Fi SRT2104 4 7% SIRT1 3 ik 3%
Je i 25 e FBOR RULA bk i 41455, S22
B RT S WL 2E 45 . Aventaggiato %5 1 i ]
MC2791 i A T Lok i) SIRT3 J, KM%
YA AT Lhpsl/ DR ) T s st T, i n]
DALERS LA AR bR S i 363k

mitomiRs = %238 1 18 17 mtDNA 15 5 52 i £k
NN R T I S = R L A A 11 P O
mitomiRs A5 $0 4y sl 00 i) 770 > A1 2k 2R R AR ) fig
JEIR BIA BT ARG o BT mitomiRs (/)50 15 3R £
FLkifA, BRI SEmEIRIERS “GohiiiE
FRAIY” WAL, HILEAITIAH
mitomiRs A /F A B L RS FR R s 2. 7
3 B mitomiRs B, £ 4% mitomiRs BFEH £
FESHIER FASRIIGUE, Jf HH AR TE AR e i
R iR —E RIRYTI T o AN . AE BRI P
/NERHT, S miR-762 7K 25 0 U U ZE LG
WETfE 7. e 2 RUBE R /N B P kB miR-378a J5
KM B R O B EIEAL T O NED R, R B0k
WAE DI REAS B T R T . RS AR miR-
214 /NP, H AR R AR . RN PR A A B RN
IMFVEE B B IEAIRR T . RAEFNZF Ak 3z 5]
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Abstract Mitochondria, functioning not only as the central hub of cellular energy metabolism but also as semi-
autonomous organelles, orchestrate cellular fate decisions through their endogenous mitochondrial DNA
(mtDNA), which encodes core components of the electron transport chain. Emerging research has identified
microRNAs localized within mitochondria, termed mitochondria-located microRNAs (mitomiRs). Recent studies
have revealed that mitomiRs are transcribed from nuclear DNA (nDNA), processed and matured in the cytoplasm,
and subsequently transported into mitochondria. mitomiRs regulate mtDNA through diverse mechanisms,
including modulation of mtDNA expression at the translational level and direct binding to mtDNA to influence
transcription. Aberrant expression of mitomiRs leads to mitochondrial dysfunction and contributes to the

pathogenesis of metabolic diseases. Restoring mitomiR expression to physiological levels using mitomiRs mimics
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or inhibitors has been shown to improve mitochondrial function and alleviate related diseases. Consequently, the
regulatory mechanisms of mitomiRs have become a major focus in mitochondrial research. Given that mitomiRs
are located in mitochondria, targeted delivery strategies designed for mtDNA can be adapted for the delivery of
mitomiRs mimics or inhibitors. However, numerous intracellular and extracellular barriers remain, highlighting
the need for more precise and efficient delivery systems in the future. The regulation of mtDNA expression
mediated by mitomiRs not only expands our understanding of miRNA functions in post-transcriptional gene
regulation but also provides promising molecular targets for the treatment of mitochondrial-related diseases. This
review systematically summarizes recent research progress on mitomiRs in regulating mtDNA expression and
discusses the underlying mechanisms of mitomiRs-mtDNA interactions. Additionally, it provides new
perspectives on precision therapeutic strategies, with a particular emphasis on mitomiRs-based regulation of
mitochondrial function in mitochondrial-related diseases.
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