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2RI RNAs F#E 2RI DNA R4

EmE AR E OB RART KT
(P23 ErRb o SRR, SR DISCFT, B (5 0 TR WA SR, P54 710049)

WE AR ORI RE A, A A BDAN S, Gl AN IR LKA DNA  (mitochondrial DNA, mtDNA) i
TR DSy, S HAMAEIOR . TEF LRI, PR F/EM RNAs (microRNAs, miRNAs), HIZpi i
RNAs (mitochondrial-located miRNAs, mitomiRs), mitomiRs {14% DNA (nuclear DNA, nDNA) #5724 )5, #FA40M5R
INT ARG, e JRHHE 3 AZRA . mitomiRs %} mtDNA (¥ 7 =20, BEn] DA Bk ST miDNA ik, Wnf LI
455 mDNA JFT 5% . 24 mitomiRs Fih T F, &b AT RERans, Hish TSR &L . THURR I, it
{4 I mitomiRs FAEALL X 10 1 570 SR VK 52 mitomiRs 76 AR BEAAME T ERIA/K T, BEMSUGERZORRTIRE . AR, FIL,
mitomiRs IR I8 R T IR AYIF ST S o BT mitomiRs iE v T2ebidk, AT 5480 7] mtDNA 36 3% J5 R S B mitomiRs
B SRR A%, (BAMEE AN AME Z BT, AT R RS S AU 34 REJU N EE . mitomiRs /-2 mtDNA

FIRWFEAUIAE T miRNAs TEFE 55 56 K 81 rh BT DI RE

W ERAAH S EN BRI T AR B I 7 TR A

LR R G AEE T mitomiRs P2 mDNA B R, R0 T mitomiRs-mtDNA A FAEFHIHEEHLE], HEE T mitomiRs 4%

LR DT BE R TS AR B AR TG T SR SR AL A LA

X4 BRIAMRNAs, ZRki{ADNA, FWiit
FESES Q26, Q52

AR SERE AR OGS, B R
1 FI AR AL B TR AL 7= A5 ATP DL 4 455 40 B ) 1F 5 3
g o BRILZAN, LARKIERTT 22 5 NG S
Belp 2 SAARRIE D AP T ¢ R AR YT
P ZORARME S —FhE A FrEduMes, BAN T
% DNA (nuclear DNA, nDNA) HyJfis7 DNA, Bl
2 ki & DNA (mitochondrial DNA, mtDNA) .
19814F, Andersons ' N5 T AZE mtDNA 4 K7
B 2 25 5 . mtDNA H RS 5t i 1 5 AR o0 TR
B, WERE S RO REE . RO TR, A
K mtDNAANE AN T, HA37THER, w452
A 4 b9 28 ki /& rRNA  (mitochondrial rRNA, mt-
rRNA) By 36 W . 22 A 4 % 28 KL 1K (RNA
(mitochondrial tRNA, mt-tRNA) FHE 1 13 44
LR H A ELA ¢ X 13 70 i mtDNA Zafis i) 25 14
X5 G SARBIAL, (EAN R A AT A
(/38 4, oA Wk i nDNA i 5%, R A
mtDNA R SHEAS S, (HEIFAEE SRR,
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1M 23 3 5 4Rk IR 5 S I F A (mitochondrial
transcription factor A, TFAM) ZE&ERE SR,
AZE mtDNA PR 2 PR 5 2t DNA )52 il A A
M), A7 EEE AR EE A S S A A . EEE Y SR i
IR T EREE MR A, Y SRR B R ZH Y
23 0EN, REEWAEREERELRS), '
WA EE TR W S, RN R A B 3a
(topoisomerase 3a) Y AE T 43 15 S P> 2l 37 11
mtDNA ', mtDNA 145 DUECHEAS [ 4t i b A2 7 Sk
FES, XFEEPYT AR AR AN R RE T
Ko Blhn, 7 i e T K A PP AR At mtDNA $%
w B R HARPBE I 4 (82372899) , BEVE 4 &8 WF & R
(2021GXLH-Z-064, 2024SF-ZDCYL-03-24), BTG4 H KRRl 5L
REAFFE T4 (2023-JC-QN-0215), P42 3838 K2 T BT & &
ARG T I (xpt012023018) WEBL,
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DGR Y, R Z AR RE T K A i 41 21 rh mtDNA
P& LB ', mtDNA 7] DL 454 TFAM M ik
PAREE SR F B2 (mitochondrial transcription factor
B2, TFB2M) "' SR 7% 5% . mtDNA #% 5% 1 iy
mRNA J&Z 2 F, 4 mt-tRNA #% V5B s ,
2 ki /& mRNA (mitochondrial mRNA, mt-mRNA)
I mt-rRNA A BB R, S8 UL s Zm T, X —
PR “(RNA FR S BLR (tRNA punctuation
model) 7N, AN, BESE R, SRR SR
IRAI RS BERIAR N ZFFEPREEAER ™ fEistE s
K b, AZEmtDNA DB R G 7 L4558, HilE
I — TR A A58 6 B, mtDNA F Bt Al LU
AZ|nDNA H1, #iFfi nDNA &2 501, x4
7~ mtDNA Hst B AL 7T 68 L AR GeIhN s 2 2% .
AR, BEE RMBE IR, nDNA IR
WAL IR TR G, £14% DNA/RNA
M AR B Al 4B RNA 45 . mtDNA
VER—Fh Sy LRI, [RIAESZ B3 st A LR 178
o, X — kWA E T 4 OR IR RO
(mitochondrial epigenetics, mitoepigenetics) HY Bff
4 ', T miDNA k= HE AR, H
T AL AT T 2E4E TP 7F DNA B FE 4 5 RNA
P4 . 7 mDNA B M7, Rk, —Seifi
LAl A2 B AL Y i e 2ok iR o oA, IFE
Z27E mtDNA (1) 24N 50k I 21 1 LA R o FH
ettt 2 el RS RNA P51, 1% RNASs
(microRNAs, miRNAs) i35 HFrFE K mRNA 45
A, I B RN mRNA B, Tz 8
BLIRIFRIA 20 2024 4R DR A B2 Bl B 2 A2 T
T Victor Ambros 1 Gary Ruvkun, DIEZAATET
I BT 26 HL P i vk & B miRNA N H A 5 5 Je
P A SCEEVE T 27 miRNAs MY E 4 g
Fiirh, miRNAs fEZRR P oA, RIHoRE X 2
& 7 F 2R ki /K ) miRNAs & X N mitomiRs
(mitochondrial-located miRNAs) '7”' . mitomiRs X
mtDNA LSR5 nDNA KL, L EAFE 5
P #lan, 454 miRNAs [ Argonaute 2 (AGO2)
HEAELARAAE AT 704, 9 miRNAs 4% mtDNA
FRIKBLE T HEA, /D BUSILAIE C2C12 )Ly
£ miR-1 1845 1 ND1 F1 CO1 f3R3E, SZM Lk
KATP Y74, S50 2, Bir, &
A Z W55 78 T mitomiRs 7EJ#4% mtDNA ik
MHEZIEH], AL B T7EIH YN 845 mitomiRs 45
mtDNA FIA Wk, AR S (s 2

ZRH W],
1 miRNAs5mitomiRs

miRNA J& K 2 22 2 H R 1 AR 4 i RNA
TS HAR mRNA B3 v E e AT L 5 AR
FeXsF, - DA ) R A3 sl 3 LR A 2. miRNA
) A R 2%, i 22 AW IR miRNA (primary
miRNA, pri-miRNA) % 87 Y] 4= A% A /A& miRNA
(miRNA precursor, pre-miRNA), Pl it—L5
VIS IEXUEE miRNA * 7EXUEE miRNATE U , il
WHA RIS 5, O RBEE
fift o SRIM, 53 XUE miRNAs [/ 4% BEE ) HAT TE
P, BRI 2% HUEE miRNAs >k B AR B ETiA, (2
BATHY P S A [6) 8 25 3 i T 45 B R R AN [] - 431
W, miR-708-5p il i i DNMT3A 3K T % DNA [
LA K P, e e Mg M I as g e 1
(cadherin 1, CDH1) ik, #4il J9E /N 40 Jg i
Y ML ZTT, TR B SR AR
miR-708-3p T i T UL {5 B 08 15 A+ 1 (silent
information regulator 1, SIRT1) J&l L& b
Yy W R G FE ) WO 2 ARy 3RO T -la
(peroxisome proliferator activated receptor 7y
coactivator-la, PGC-la) 2 ZBEALFLNG, E=
B FLuETRM HEAMEED I
(dynamin-related protein 1, Drpl) FIZk{A A
11 (mitochondrial fission protein 1, Fisl) &/,
KT 0 1 2R A oy SR A, T i R A SIRT 5
PGC-1a W 2 B ZbiAR S A AL AR o 2 g
APOL, RIER T [R] — R R B9 miRNAs, )
T UERER AT T 2E 5

mitomiRs § & {7 T Z& KL K i miRNAs, 7] (H
nDNA % 5 A2 iU #E LRI, D8R435 B R R
T mtDNA (1555878, HA 4 mtDNA A hE
7122 i1 nDNA # B 1Y mitomiRs 5 HA: plid 72 5
3 miRNAs JSCHL G — 2, H 75 M5
J5 . AT A ZORAR LRSI 2 T
B miRNAs il 3 #2715 % (nuclear localization
signal, NLS) #K#fif¥ Importin 8 (IPO8) 4S:4%iz
A% P, miRNAs #EALRLR T 2K AGO2
L e Z W REET B EI
(polyribonucleotide nucleotidyltransferase 1,
PNPT1) ' SR F RIS, SR, xFeisid iR
BARG FHLHIE A FHRADITY . & T mtDNA IR
(% mitomiRs, HFTISCIUESEANRA R =7 A A
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FHEH, F: LAAHERNASTHIELRFDNARIL *3-

7% EEHETF mitomiRs I 720 7 5 P50 L X, A
“Jy mtDNA 7] fE £, 75 pre-miRNAs FlAL# miRNAs J
G B8 A AR SIS . 3 Ah, ZOkiik
H1 i = miRNAs Jill T.JJr 7 (1) Dicer fiff *, X 5K
mitomiRs > I T mtDNA 75 Z i 2R % X o5 7] 78
I, RECHLRER mDNA A 8409 miRNAs,
R BARL IS5 i — 20 S BB

H A2 & M mitomiRs 2 5442 mtDNA, HAE
M LR (F£1). MitomiRs 1] 18 12 Z Fh AL
P mtDNA ik . HAl 5 mt-mRNA 454, DEikng
0 B PE, A5 mt-mRNA B R . R B,
mitomiRs i FE45 & mt-rRNA il A2 A 2 2% ok A2
A, mitomiRs HA B 455 mtDNA (RE S, )
il mtDNA 55 5%, 520 RNA /4E . mitomiRs /)
TR A AL AR R T AEAE 25
SN g, N BRI SRR U IE Ry
mitomiRs 3¢ ik 5L A4 Fr A 6] . 7F Gene Expression
Omnibus (GEO) H 1] LIK: 2R 2| —LE mitomiRs &

IRKFEROEE . BN, Zheng ' SN TR R H
AT FE T mitomiRs R IRE O, RS T RE
(B FE T4 s oA 3. 7. 14 dJE FREREZR R,
i K 2 37 mitomiRs ZU4E 42 (GSE134946)
H G BB 5 SR R . AE AN TR SRR X
mitomiRs & #E M HTET, P2 5E R A 18 £t A i IX
Ao 12S IRNAAE R AR BEAR Y A s oy, &
RS HAaE, EH & mitomiRs 762k A i
RIKAPIE, 128 rRNABERTTAE N 2. S L
A% mitomiRs 7F 28Rz A FI 20 it 5 rh 23 A 7K F 1Y 22 57
B, U AT EE$E 5S rRNA FEIAE N 2, 2K 58
rRNA VE R L 53, FEZ R AT At
O A A e A R R 22 R R GA
mitomiRs J5 , 7 UL#% 4t & hl %) mitomiRs F5 {2l 4
(mitomiRs mimics) 5§ mitomiRs I 7] (mitomiRs
inhibitors) it KB H AR mitomiRs, MIMT%:
WEIL = TIEE o

F1 AEmtDNARIZ K mitomiRs
Table 1 mitomiRs regulating mtDNA expression

YER 5 miRNAs mtDNA #13E [K] P T SR
miR-762 ND2 R [47]
miR-151a-5p CYTB SREE [48]
miR-378a ATP6 RN PR [49]
miR-214 ND4L ND6 eV W [50]
EUGHESSY miR-181¢ col O EFRR [39]
let-7a ND4 AR E e [51]
miR-4485-3p 168 rRNA fili = [52]
miR-542-3p 128 rRNA =4 [53]
miR-574 ND5 g [54]
miR-1 NDI COI LA 7318 [28]
miR-5787 Co3 7 btk [55]
ks miR-21
miR-92a-2-5p CYTB IR [56-57]
let-7b-5p

F 1 iYmitomiRs#4 AnDNAZ#S, ND: NADHJB A (NADH dehydrogenase ); CYTB: #iiJfi{iZB (cytochrome b); CO: #Hfifi {12 CH

{1k (cytochrome c oxidase); ATP6: ATP&iti6 (ATP synthase 6); rRNA: #ZHARNA (ribosomal RNA),

2  mitomiRsTAEmMtDNA R XIS FHL &

F nDNA #% 53 A 3 1Y mitomiRs RE %18 1 45 &
mt-mRNA "' mt-rRNA ' mtDNA % & 55
HEERIE (K1), CA%ZREIER mtDNA A 7% 5%k
Ji%, mitomiRs, Shinde 2% ' il 1] 6 45 Hf mtDNA %%
SR miRNAs,  HiH miR-mit3 Fl miR-mit4 7] L)

5 16S rRNA 454 . Bandiera 45 ' % ¥, mtDNA
£ miR-1974 . miR-1977 I miR-1978 J741], [fijixX
= % miRNAs #] 5 mt-mRNA 7775 45 & 07 5. %7
mtDNA 5% 5 4 it miRNAs FLZ 15 LLwIN, RS F
X #HB S miRNAs HUR R AEAE S 5 A nDNA Kk
FEAN? WA e SR (AR TR R [l
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Fig.1 The mechanism of mitomiRs regulating mtDNA expression
E1  mitomiRsTEZmtDNARIZHIHLHI
mitomiRs: A AmiRNAs; mtDNA: ZEK /KDNA; mt-mRNA: 2R {/AmRNA; mt-rRNA: ZEKi{ArRNA; AGO2: Argonaute 2; FXRI:

Fragile X mental retardation - related protein 1,

2.1 mitomiRs#FmtDNA &KX

mitomiRs A~ 7] 38 1+ 28 MLk 45 )8 72 mt-mRNA
BIPE, B0 L% 4A mt-rRNA . $1#] mtDNA &% 5: T
PR RIA . TEBVE/E AR O WA iR,
BUE AR LRA R miR-762 B3 F A, 40 miR-
T2 REMSIR I A IRL MG . fEE ATP =L A1 T
PIEESEZE (reactive oxygen species, ROS) 7K,
Vel /D i AR/ A2 AR A O LA AR R T, AL R AR
F miR-762 5 ND2 () mRNA JF 51| 17 76 45 & 1 5,
THYE)E, miR-762 Wi IIHIND2 Fik, FHE
AR 1S PERT ATP A= i3z 2], a1 0 L0
7 7. Zhou S5 M 7E ™ R 55K A 9 ] v e R
7 miR-151a-5p i 3 [, %% 4% miR-151a-5p 74l
CYTB %k, FEMRITI A ATP ™= A 27 £ fi)
il o Durr & ) 75 ZBUBE IR 85 1O WLZH 2Lk
M E] T miR-378a i _E 18 LA & ATP6 & 17K Y T
P&, &I miR-378a fillfi| ATP6 i ZEik, *47E Db/Db
/B B miR-378a 7 ATP6 ik i, ATP &k,
i A 5 P 42 5 X B4 . Jagannathan 45 ¢V 7R 4R
BRI E] T RNA 5 S DB A R0 C R

AGO2 HI Fragile X mental retardation - related
protein 1 (FXR1), AN miR-378 5 X Wi fh & 1145
BJG FIH T ATP6 ik, Ma%s 59 Xp 2 BV T
rp 22 5 A miRNAs #6471 7041, &K miR-574
KRBT B BTSRRI I,
ML GE 4B 7R, miR-574 4] NDS5 Fik 384k fk
JEEHLAT . ATP A= Jl T LA S ik i ROS 774

4 mRNA 7£7E 5 mitomiRs Fl 75 41 B % (1 5
FEIP A W] RESZ MR, X EEMCE — 4% mitomiR 7]
PLAPEZ AL . Bai 55 50 fE /N E . B .
T 45 10 A 2 23 Fp FE 55 miR-214 75 280 4R 40 it
B srtn, RIS, B ELR AR
miR-214 (5 Wi o 256 16 — A8 PR B g 10 5
Bz AR PRI 2] T miR-214 /KSFA9 3, miR-
214 K -5 H AR B LT - 40 R B % DDA oG
miR-214 i i i ND4L FIND6 23k i 5 b 14
UInekens, @&aiierE BN &4 . RIkAT i,
H AR mDNA R /NF nDNA, {H—2E miRNAs
[ e A5 21 mtDNA Jwfi 3 R 235 1 fE

4 mitomiRs 7 mtDNA FE3kmF, 41 ] GEAL
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FHEH, F: LAAHERNASTHIELRFDNARIL -5-

£ T mDNA 56 5, 52 M A W 3k 1) Rk
Das %5 ) & miR-181c R B N AELR PR, %5
miRNA i nDNA ¥ 5% J5 7 4 M B b s, feJm i
ALK ARANE CO1 Bl . 7ERIE] CO1 FikZ F|
ik, Z A& miR-181c B F T T CO2 1)
mRNA F18 FH7KF, BN miR-181c #P i CO1
FiKJ5, mtDNA R TR CO1 RKIRF sk T HZH
mt-mRNA, H F miR-181c # #] CO1 1 A #i il
CO2, FE CO2%Eik L, HEMEGIKIVES,
PG T LR INRE ), LRy, WARAN, 1
O VA ZE L0 ) 2B AR 7 CO1 23k T . CO3
Feik BIH, B CO3 il CO1 i il ROS i 1 7~
At BT I, mtDNA 4t 13 4N 1 i =22 ]
Al AES 2 BIM B R R A2, 24 mitomiRs 745 H
TSR RIS, T RES R A I
P, REE SR IG5 EL R AT
RE R A I AR AR DRI 1 K2

mitomiRs X #8 3 [K] {8 98 #5857 91 Bo#p
XPAT K, i8] RE A7 21 4 J AR 355 ) %2 i . Sharma
25 5 B R A S LB 4N MCF-7 2ok R 10 38
J& &M let-Ta FELRLAR T I8 T I 4 5 290 ] ND4
ik, W MCF-7 ERLR A, . ATP AR . 4]
TEBER LTI RESE . (H7E 53 Sh—Fh L e 40 iig MDA -
MB-231 11, fthfi]& 3 let-7a X ND4 (3845 4E FH 5
MCF-7 Mz BV, 322 5 0] BE -5 w0 il 2L A 3 4 it
AR R X, MCF-7 4 s b AR e iy, 3
Xt 48 Ak B R 1k i 4 PE B T MDA-MB-231, fij
MDA-MB-231 2 Jifd D) 5 ] T WHBE AR AR . PRI,
SRR I 47 1T SR8 Let-Ta 76 P Fh 40 i P A 4
YERAEZES . XKV, B2 AR ) miRNA,
FEANTR AR HAREPIR S T R n] BB & R R R R
YERT, 75 7 mitomiRs 845 J5 28 A9 22 FEVE F1 42
Feb

mitomiRs [ T 454 mt-mRNA 4, i8] LLgEE
mt-rRNA A JEEVER . Karim 45 52 78 fili = b i 11
RURL Rz 40 % BT 16S rRNA 119 2.3 T JH LA
Je miR-4485-3p 1 .35 L, AE A JE/NAH Al 9 41
Jitd A549 ik £k miR-4485-3p Ji, 16S rRNA % ik
B2 FIH, X 12S tRNATRA M, ik h
miR-4485-3p M # 16S rRNA 5 42 ki R B WK 5
MIA%E, Bifh TERARTIBE. 1A, 12S rRNA [F]
FE3Z F) miRNAs i ', Garros % % 742 PEFH
SEME I A B AE W 3P s AR A R 55 AR T R
T miR-542-3p 3% LM, 13335 miR-542-3p J5 4

A 26 B B L 40 LHON-M2 8 Rz & 128
rRNA 7K I8 DL R 2R AR B e (7 98, 7 410 i
miR-542-3p FikJ5 WA LI 12S rRNA 7KF-FlZk
BRI R (7, 22 W] miR-542-3p 7] A £k 41 k) 128
rRNA Feik i InZe b R = 1, 51 & LA ZE
E RTINS

TEHE 20, mitomiRs 1] B 21835 mtDNA £
ik, BPidE it 5 mtDNA 454 5 30 il mtDNA #% 5%
Fan % % YEALI7T 25 54 v & I miR-2392 B 3% I
Ft, #E N 8% 40 CAL27 & B miR-2392 5
mtDNA fJ32 8545 5 J5 M ND4. ND5. CYTB45HE
55, P ECE L BERR AL DI RE T VA FORE A L
P, AR T AT PR 25, O iR
18 mitomiRs il & B EZ5 S mtDNA Ji I 5 2 T 417
ISR Tk
2.2 mitomiRs{E #mtDNAF X

miRNAs F 1993 4F kI, KAt
#£ miRNAs 175 535N FA TR YT RE L. BEE ST
MR, E AN BN SEJE & BT miRNAs J#6 J
R 22k A I AE [, B miRNAs 7EZ0 Ji A b 5 1450
F45, BRSNS BIR mDNA B R A
HA 450, (HE A B8 % U mitomiRs 7]
& i mtDNA £ik, X7 —EBRE LY R T
miRNASs fiE 35 K Z 38 B

1E20144F, Zhang %5 ) 7£ C2C12 WLk it
T % Bl miR-1 3814 L NDI1 il CO1 ik, it
T ATP 7, BFSER BRI, BRI AGO2
EH, MAFHEGWIS2EMH, A miR-1 H/EHML
HI2EE T A P, AGO2VE N RNA B SITERE &
WS B B r, 7E miRNA 5 H A5 mRNA 454
&, AGO2 Bl H EHEIR#EE R ', GW182 Al 4
AGO2#%E, MIMIEHE LR FIRTIER 7 B T4k
BAK R GW182, HIE miR-1 5 ND1, CO1 /)
mRNA 255 AN SEOLRIE T, £ AGO2 fE
FFAE#E T ND1 A1 CO1 [ mRNA 5 rRNA ¥ AH 5.
YEFH, T ND1FICO1 iy ik !, Chen %5 15
FEBUER CAL27 4 R A3, miR-5787 T,
Sl CO3EARE FM, FHTRBEREN L
A, BRI N R AL R T AR R A, 51 &
YRR XTI T 2450 HE T 21

A [F] mitomiRs 7] Y5 AH [7] mtDNA Zfid FE K] 114
Fik, HETE A £ 4 mitomiRs #E 1] 845 CYTB
Pk e XA RE R R CYTB R P A, Rt
H:mRNA fEf% 5 2 ) miRNAs 454, Li% B 78
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A &P R B E T & 3 CYTB RIA TR, 7E
K ELC LA HOe2 Wik CYTB J5 ROS k2% E T,
I RIS CYTBAFAES A 1 miR-21 L T 3 |
P, HEMX A AESE CYTB 35 R S8k, fEid &
A miR-21 J5 2 8E T CYTB #3k, A miR-21
MRV CYTB ik, 8 miR-21 X 12 3 K 78 §H 1%
R EVER 5O, RN A & R R T R
Bk S ek miR-21 )5, Hufit R H B FIE O
WUAEJEAS 2028 M 50, i T miR-21 EA i b th A
O3AE, R HAT 845 nDNA 235 7 8,
T it —4 W miR-21 ZE LR R A, Liu 45
65 FH I 2 ML 33K miR-21 I ] 356 6 2 24k 1Ak 15t I
HXF CYTB ik iy 42 16, 38 o fil Bk 5% 12
miRNAs #F A £ KL AR 1) PNPT1 )5, #E— 40N T
miR-21 X} mtDNA HA EAER . Br T miR-21 4},
Li %5 7 38 e 80T HoAth 9 4% mitomiRs X} CYTB [R]££
HAVEEER . 78 db/db /NG IES, CYTB A
(AR KT 2 2 T I, i mRNA K9 R
PR AL, K & B miR-92a-2-5p Fl let-7b-5p 7E
5 AN R VB2 O S L S 2 0 AR NS e AT S
mitomiRs fi¢ #F CYTB 2 ik > ¥ 17 Z& i /& ROS 11
FEa T

3  E T mitomiRsHI&EFIEIT ok A&

LRRVE A XL, 5 2R &
YIS . 24 mitomiRs T E mtDNA &35 2 i)
ARGl R — RN, ALK& ROS 7.
LRI LA N[ ATP A il . LB T
TS, BRZRPIRN AL, RIS L IE
P . BEIEEE . LA ZESR S, ik, @aikE
mitomiRs 78 2L FLUR S T R IKKF, AT RENGE
o R MRANDCER , X R T mitomiRs HA 1 J
IR IS AT BE
3.1 miRNAstEXZ44)

A T A miRNAs BAT 43 F /N . 4507
B G bsE A AR A, O T AR AT
B2 25 miRNA B F miRNA J6IFEA T
Il PRIR BT Bt . Daige 55 7 76 A R /N B
BEAY P B 5 T miR-34a X AL K B dIE T, T
J& Beg 25 7V JTJi 1 i FH miR-34a 14814 MRX34 3£
TG 20 B SR P I RS2 8, FRRIER] T miR-
3da T IREAER . Gomez 55 ™ 7E AT Alport 2545
i 4 /N BB 36 3E T miR-21 051500 B9 A4 Ve
Guo %5 '™ 7¥ Alport £ A 0E F8 4 A Il 3 miR-21 T+

fen I R IR IR AT 5 B e 2 1 ™ o R B A L AH
X, XN T miR-21 FE IR P . 1t
J&i, f# F miR-21 #1171 lademirsen AR5 Alport £
BIE AR AR I IR 52 56 TR A5 LAHIE 7, RiRyT
Alport ZE A AEFEHE T —FlBr L+
3.2 mitomiRsFI{EAFB L RIEE =AY

R IRNCE S PSS W S R 1 HRVES o A % NI
ALY, BIanER I me . HIBE B, BE4EA:
. CWRE ., BERSE ™ RN RFHRR
TRRREFRRN A, ARG
YEFHAIBLA] 77 Bbah, WF9E & Bl—Le 254 Rk ]
LB i) 8 5 LeRi A . Zhao £5 700 AE AR B
% IHTAE L F) MitoTEMPO 3 15835 5 26 ki 14 ROS 3£
Pk 5 TFAM 2R3k, HET R &2 2R A4 1 e & A8 .
Wesolowski 25 ! fdi Fif SRT2104 4 7% SIRT1 3 ik 3
Je B i S BOR BRI bR i, 222
AT S LA 25 45 . Aventaggiato 25 ' fii
MC2791 31 & 1 FLRLR SIRT3 J5, K Ii%Z
NGNS G P A e |
DAZERF LA 40 B o0 A i R 3k o

MitomiRs 3 23 3 8 15 mtDNA Rk K 52 1 £k
NN R (I S =V ol L A A 11 P O ;|
mitomiRs Y52 L4 sl i 77 R A2 F R AR D g
SRR BT IR BB SR o BT mitomiRs Y 5 R £
TLRAR, BRI S RIERYS LRk
FERZWT MU RE A M, HL IR ATIN N
mitomiRs FJ /F A B B R8s FR R 2h ¥ . 7
3 B 4519 mitomiRs 7, 22 4% mitomiRs BIFEF E
FESYIBRY P AS R BAIE, - H R s A R 1
AU R tH—E ARSI o AN . ARSI
ANELHR, A miR-762 7KF- i 2 ek O LA FE LG
WEDyRE 7 7E RO /N B R ER miR-378a 5
KM B 5 O B ETEAL TU.OREDhRE, BRI E
P TR TIRE . TR PR EBR miR-214 /N
o, R R R SO0 PR AS AR BEL RN B P
S E AT . RAE ATk Z B, 5
fi FH miR-214 1 il 770 o B A7 o438 5 0E 453 40 1 4R
FH 50 ELA AT A 5 SR 20 9 200 1 1
25 ALB/c-nu /N ROF#E A7 40 T 915 & B, miR-
5787 1k F AW LU ZE IR MR 0 A . BR T LA
s 928 A, miR-151a-5p “¥ | miR-378a-
5p . miR-214 ' | miR-542-3p ' | miR-574 ">
GWARR AT RIS T 22580k, ARG IKIAL
WO TR IAYT S . FRATT A BAAE T A & B miR-



XXXX; XX (XXO)

FHEH, F: LAAHERNASTHIELRFDNARIL -7

106b-5p fiE#E CO1 ik, A2 F B A 8 & ML
H1iZ 4% miRNA R IAACF B E T, 7E50 8 T8
A AR A0 i 5% J4 miR-106b-5p 5 i & 4 Tt
TCE RSB I R (R, X'
7 T miR-106b-5p 7E M85 B A H A . ik
H A B AR KA mitomiRs #7525 W HE Al PREZ 5,
H 2T mitomiRs 7E %59 1 Y I 45 4 F R X 2l 4
RIWIE MBS HOR, e mitomiRs 1577 S I 24
EFE Al MitomiRs 75 AR KA HI Tl R ST sl A
BT TEZG Y, Hoad ik Oy A ER] i %48 7] mtDNA i
K EME T, DLSE AR miRNAs 9404 E [7]
iz, JRAEHE ) mtDNA 33 3% 32 21 41 il N AR R 1Y
W2 BRI, (A mtDNA AR, R AR E
PR Z P R 14 16 SR LR mtDNA &3k 0
REARR T AE A 20 M4 O s 5  ,  H ATHE 7] mtDNA i3
%R G EBAMAZRAR N IR S P, anefil
1 5T (1% 2 R AR 8 ) )5 41 (mitochondrial targeting
sequences, MTS) ™% JERZERIIA (RNA #5515
SF G R B TR TR 3 26 A RE TR R
MitomiRs 1] 22345 & i 01 2 BOR Bl Al A 26 b 14
SRR, it ELORRILTT, RS
7 mtDNA ik .

4 BEERE

SRLRAE R L Sh A ) DGR M2, A
R R AWL IR IR SO RS AR e i S R (N (B
., mtDNA [W3R5 5 Tae4EE% UIAOC . H miR-
181c # & BLIEHE CO1 Fik LISk ), mitomiRs H4E
FARL B ICAE B RV E HZ AR BITRABFY
M5Est, EMAEBEZ R &, M= B
SEIGTEPEUE P mitomiRs K JE T mtDNA, HAEHE
£l AR P HLAT A BES N T AL miRNAs 4%
MR, b, mtDNA KUY miRNAs J& 75 H 5% 1
£ mtDNA 5 nDNA 35 1 R 1 1 4 REifE— 25 B0 0E
HYK, mitomiRs AJ G EA ZH G20, AE
2> mtDNA Jafib B 131K, 0 AT RETE 41 M 5T
Ji ¥ nDNA A C LR, il dn, & 1 Ff 78 () miR-
762 ' miR-151a-5p ', miR-214 " ZE¥JEHR
18 7] 5 % nDNA [ R 35 03X —F¢ P ] e 2 3L
mitomiRs 7EJGY7 W FH I 1 SRRSO, ), S HOR
J7 ARG B SE IR PR . 3 4h, 7EFIH miRNAs i
FFPRIAITIT, miRNAs 1% 3% 52 21 41 i 9 48t
FOFRH 2, X% T mitomiRs, 1% SR I FF 27
fRaX — P fe, T 5 A R R R, X

mitomiRs AH5C 25 W) I A 4t T B A 2R . [
e, TN L ) ZORE AR ) mitomiRs AL s
il AR RS . X — RIS AL BES IR
JrBPRRYE, i AT REREARAR R R VR Iy Sk (4 Rl
YR, AT A Z AR AR S TR TR AL 1T AL
FARN 5 o Bl X mitomiRs L 8 AP 22 [R]85 5
MR ADITE, A BT A Hh B AT X AR AR D RE R A
A RARYT TBe, B s M B U 20

priz 28
2 %

[1]  Friedman J R, Nunnari J. Mitochondrial form and function.
Nature, 2014,505(7483): 335-343

[2]  BaughmanJ M, PerocchiF, Girgis H S, et al. Integrative genomics
identifies MCU as an essential component of the mitochondrial
calcium uniporter. Nature, 2011, 476(7360): 341-345

[3] Zhou R, Yazdi A S, Menu P, ef al. A role for mitochondria in
NLRP3 inflammasome activation. Nature, 2011, 469(7329):
221-225

[4]  Flores-Romero H, Dadsena S, Garcia-Saez A J. Mitochondrial
pores at the crossroad between cell death and inflammatory
signaling. Mol Cell, 2023, 83(6): 843-856

[5]  Anderson S, Bankier A T, Barrell B G, et al. Sequence and
organization of the human mitochondrial genome. Nature, 1981,
290(5806): 457-465

[6]  Gustafsson C M, Falkenberg M, Larsson N G. Maintenance and
expression of mammalian mitochondrial DNA. Annu Rev
Biochem, 2016, 85: 133-160

[77  Ngo H B, Kaiser J T, Chan D C. The mitochondrial transcription
and packaging factor Tfam imposes a U-turn on mitochondrial
DNA. Nat Struct Mol Biol, 2011, 18(11): 1290-1296

[8] Filograna R, Mennuni M, Alsina D, ef al. Mitochondrial DNA
copy number in human disease: the more the better? FEBS Lett,
2021,595(8): 976-1002

[9]  Chen X, Prosser R, Simonetti S, ef al. Rearranged mitochondrial
genomes are present in human oocytes. Am J Hum Genet, 1995, 57
(2):239-247

[10] D'Erchia A M, Atlante A, Gadaleta G, et al. Tissue-specific
mtDNA abundance from exome data and its correlation with
mitochondrial transcription, mass and respiratory activity.
Mitochondrion, 2015,20: 13-21

[11] ShiY, Dierckx A, Wanrooij P H, et a/. Mammalian transcription
factor A is a core component of the mitochondrial transcription
machinery. Proc Natl Acad Sci USA, 2012,109(41): 16510-16515

[12] Sologub M, Litonin D, Anikin M, et al. TFB2 is a transient
component of the catalytic site of the human mitochondrial RNA
polymerase. Cell, 2009, 139(5): 934-944

[13] Ojala D, Montoya J, Attardi G. tRNA punctuation model of RNA
processing in human mitochondria. Nature, 1981, 290(5806):
470-474



EMUFESEYYIRHR

Prog. Biochem. Biophys.

XXXX; XX (XXO

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Cammarota M, Paratcha G, Bevilaqua L R M, et al. Cyclic AMP-
responsive element binding protein in brain mitochondria. J
Neurochem, 1999, 72(6): 2272-2277

Lee J, Kim C H, Simon D K, et al. Mitochondrial cyclic AMP
response element-binding protein (CREB) mediates mitochondrial
gene expression and neuronal survival. J Biol Chem, 2005, 280
(49):40398-40401

RyuH, Lee J, Impey S, et al. Antioxidants modulate mitochondrial
PKA and increase CREB binding to D-loop DNA of the
mitochondrial genome in neurons. Proc Natl Acad Sci USA, 2005,
102(39):13915-13920

De Rasmo D, Signorile A, Roca E, et al. cAMP response element-
binding protein (CREB) is imported into mitochondria and
promotes protein synthesis. FEBS J,2009,276(16): 4325-4333
Wegrzyn J, Potla R, Chwae Y J, et al. Function of mitochondrial
Stat3 in cellular respiration. Science, 2009, 323(5915): 793-797
Wei W, Schon K R, Elgar G, et al. Nuclear-embedded
mitochondrial DNA sequences in 66, 083 human genomes. Nature,
2022,611(7934): 105-114

Manev H, Dzitoyeva S. Progress in mitochondrial epigenetics.
Biomol Concepts, 2013,4(4): 381-389

Donato L, Morda D, Scimone C, et al. From powerhouse to
regulator: The role of mitoepigenetics in mitochondrion-related
cellular functions and human diseases. Free Radic Biol Med, 2024,
218:105-119

Chen K, Lu P, Beeraka N M, ef al. Mitochondrial mutations and
mitoepigenetics: Focus on regulation of oxidative stress-induced
responses in breast cancers. Semin Cancer Biol, 2022, 83: 556-569
Cao K, Lv W, Wang X, et al. Hypermethylation of hepatic
mitochondrial ND6 provokes systemic insulin resistance. Adv Sci,
2021,8(11):2004507

Hayes J, Peruzzi P P, Lawler S. microRNAs in cancer: biomarkers,
functions and therapy. Trends Mol Med, 2014, 20(8): 460-469

Lee R C, Feinbaum R L, Ambros V. The C. elegans heterochronic
gene Lin-4 encodes small RNAs with antisense complementarity
toLin-14. Cell, 1993,75(5): 843-854

Wightman B, Ha I, Ruvkun G. Posttranscriptional regulation of the
heterochronic gene Lin-14 by Lin-4 mediates temporal pattern
formationin C. elegans. Cell, 1993, 75(5): 855-862

Duarte F V, Palmeira C M, Rolo A P. The emerging role of
MitomiRs in the pathophysiology of human disease. Adv Exp Med
Biol, 2015, 888:123-154

Zhang X, Zuo X, Yang B, ef al. microRNA directly enhances
mitochondrial translation during muscle differentiation. Cell,
2014,158(3): 607-619

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

Liu T, Wu X, Chen T, et al. Downregulation of DNMT3A by miR-
708-5p inhibits lung cancer stem cell-like phenotypes through
repressing Wnt/B-catenin signaling. Clin Cancer Res, 2018, 24(7):
1748-1760

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[43]

[46]

[47]

(48]

X1 . miR-708-3p #1 [] P& T4 SIRT1 2 3k 76 A 22 1k P B0 1
FHWFFE[D]. 2 SR R 24, 2020

Zhao Q. Role of miR-708-3p in Targeted Regulation of SIRT1
Expression in Fluoride Neurotoxicity[D]. Wuhan: Huazhong
University of Science and Technology, 2020

Cao K, Feng Z, Gao F, et al. Mitoepigenetics: an intriguing
regulatory layer in aging and metabolic-related diseases. Free
Radic Biol Med, 2021, 177:337-346

Rencelj A, Gvozdenovic N, Cemazar M. MitomiRs: their roles in
mitochondria and importance in cancer cell metabolism. Radiol
Oncol,2021,55(4): 379-392

Wei Y, Li L, Wang D, et al. Importin 8 regulates the transport of
mature microRNAs into the cell nucleus. J Biol Chem, 2014, 289
(15):10270-10275

Macgregor-Das AM, Das S. AmicroRNA's journey to the center of
the mitochondria. Am J Physiol Heart Circ Physiol, 2018, 315(2):
H206-H215

Shepherd D L, Hathaway Q A, Pinti M V, et al. Exploring the
mitochondrial microRNA import pathway through Polynucleotide
Phosphorylase (PNPase). ] Mol Cell Cardiol, 2017, 110: 15-25

Ro S, Ma HY, Park C, et al. The mitochondrial genome encodes
abundant small noncoding RNAs. Cell Res, 2013, 23(6): 759-774
Bienertova-Vasku J, Sana J, Slaby O. The role of microRNAs in
mitochondria in cancer. Cancer Lett, 2013, 336(1): 1-7

Das S, Ferlito M, Kent O A, ef al. Nuclear miRNA regulates the
mitochondrial genome in the heart. Circ Res, 2012, 110(12): 1596-
1603

Sripada L, Tomar D, Singh R. Mitochondria: one of the
destinations of miRNAs. Mitochondrion, 2012, 12(6): 593-599
Bian Z, Li L M, Tang R, et al. ldentification of mouse liver
mitochondria-associated miRNAs and their potential biological
functions. Cell Res,2010,20(9): 1076-1078

Kren B T, Wong P Y, Sarver A, et al. microRNAs identified in
highly purified liver-derived mitochondria may play a role in
apoptosis. RNA Biol, 2009, 6(1): 65-72

Zheng H, LiuJ, YuJ, et al. Expression profiling of mitochondria-
associated microRNAs during osteogenic differentiation of human
MSCs. Bone, 2021,151: 116058

Smirnov A, Comte C, Mager-Heckel A M, et al. Mitochondrial
enzyme rhodanese is essential for 5 S ribosomal RNA import into
human mitochondria. J Biol Chem, 2010, 285(40): 30792-30803
Smirnov A, Entelis N, Martin R P, et a/. Biological significance of
5S rRNA import into human mitochondria: role of ribosomal
protein MRP-L18. Genes Dev, 2011, 25(12): 1289-1305

Toden S, Zumwalt T J, Goel A. Non-coding RNAs and potential
therapeutic targeting in cancer. Biochim Biophys Acta Rev Cancer,
2021,1875(1): 188491

Yan K, An T, Zhai M, et al. Mitochondrial miR-762 regulates
apoptosis and myocardial infarction by impairing ND2. Cell Death
Dis, 2019,10(7): 500

Zhou R, Wang R, Qin'Y, et al. Mitochondria-related miR-151a-5p
reduces cellular ATP production by targeting CYTB in



XXXX: XX (XX) EMeE, %&: KHAMRNASEZEENIEDNARIE ‘9:
asthenozoospermia. SciRep,2015,5: 17743 [65] LiX, Wang X, Cheng Z, et al. AGO2 and its partners: a silencing

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

Durr A J, Hathaway Q A, Kunovac A, et al. Manipulation of the
miR-378a/mt-ATP6 regulatory axis rescues ATP synthase in the
diabetic heart and offers a novel role for IncRNA Kenqlotl. Am J
Physiol Cell Physiol, 2022,322(3): C482-C495

Bai M, Chen H, Ding D, et al. microRNA-214 promotes chronic
kidney disease oxidative
phosphorylation. Kidney Int, 2019, 95(6): 1389-1404

Sharma P, Sharma V, Ahluwalia T S, et al. Let-7a induces

by disrupting mitochondrial

metabolic reprogramming in breast cancer cells via targeting
mitochondrial encoded ND4. Cancer Cell Int, 2021,21(1): 629
Karim L, Lin C R, Kosmider B, et al. Mitochondrial ribosome
dysfunction in human alveolar type II cells in emphysema.
Biomedicines, 2022, 10(7): 1497

Garros R F, Paul R, Connolly M, ef al. microRNA-542 promotes
mitochondrial dysfunction and SMAD activity and is elevated in
intensive care unit-acquired weakness. Am J Respir Crit Care
Med,2017,196(11): 1422-1433

Ma J, Chen Q, Wang S, et al. Mitochondria-related miR-574
reduces sperm ATP by targeting NDJ5 in aging males. Aging:
Albany NY,2020,12(9): 8321-8338

Chen W, Wang P, Lu Y, et al. Decreased expression of
mitochondrial miR-5787 contributes to chemoresistance by
reprogramming glucose metabolism and inhibiting MT-CO,
translation. Theranostics, 2019, 9(20): 5739-5754

LiH, Zhang X, Wang F, et al. microRNA-21 lowers blood pressure
in spontaneous hypertensive rats by upregulating mitochondrial
translation. Circulation, 2016, 134(10): 734-751

Li H, Dai B, Fan J, ez al. The different roles of miRNA-92a-2-5p
and let-7b-5p in mitochondrial translation in db/db Mice. Mol Ther
Nucleic Acids, 2019, 17:424-435

Fan S, Tian T, Chen W, ef al. Mitochondrial miRNA determines
chemoresistance by reprogramming metabolism and regulating
mitochondrial transcription. Cancer Res, 2019, 79(6): 1069-1084
Shinde S, Bhadra U. A complex genome-microRNA interplay in
human mitochondria. BioMed Res Int, 2015,2015(1): 206382
Bandiera S, Riiberg S, Girard M, et al. Nuclear outsourcing of
RNA interference components to human mitochondria. PLoS One,
2011, 6(6): 20746

Jagannathan R, Thapa D, Nichols C E, et al. Translational
regulation of the mitochondrial genome following redistribution
of mitochondrial microRNA in the diabetic heart. Circ Cardiovasc
Genet, 2015, 8(6): 785-802

Wu C, Yan L, Depre C, et al. Cytochrome c oxidase III as a
mechanism for apoptosis in heart failure following myocardial
infarction. AmJ Physiol Cell Physiol, 2009, 297(4): C928-C934
Turner M J, Jiao AL, Slack F J. Autoregulation of Lin-4 microRNA
transcription by RNA activation (RNAa) in C. elegans. Cell Cycle,
2014,13(5): 772-781

Xiao M, LiJ, Li W, ef al. microRNAs activate gene transcription
epigenetically as an enhancer trigger. RNA Biol, 2017, 14(10):
1326-1334

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

complex, a chromatin modulator, and new features. Crit Rev
Biochem Mol Biol, 2020, 55(1): 33-53

Niaz S, Hussain M U. Role of GW182 protein in the cell. Int J
Biochem Cell Biol,2018,101:29-38

Ding L, Han M. G182 family proteins are crucial for microRNA-
mediated gene silencing. Trends Cell Biol,2007,17(8): 411-416
Surina S, Fontanella R A, Scisciola L, ef al. miR-21 in human
cardiomyopathies. Front Cardiovasc Med, 2021, 8: 767064

LiuJ, Li W, LiJ, et al. A novel pathway of functional microRNA
uptake and mitochondria delivery. Adv Sci, 2023, 10(24): 2300452
Daige C L, Wiggins J F, Priddy L, et al. Systemic delivery of a
miR34a mimic as a potential therapeutic for liver cancer. Mol
Cancer Ther, 2014, 13(10):2352-2360

Beg M S, Brenner A J, Sachdev J, et al. Phase I study of MRX34, a
liposomal miR-34a mimic, administered twice weekly in patients
with advanced solid tumors. Investig New Drugs, 2017, 35(2):
180-188

Gomez I G, MacKenna D A, Johnson B G, ef al. Anti-microRNA-
21 oligonucleotides prevent Alport nephropathy progression by
stimulating metabolic pathways. J Clin Invest, 2015, 125(1):
141-156

Guo J, Song W, Boulanger J, ef al. Dysregulated expression of
microRNA-21 and disease-related genes in human patients and in
a mouse model of alport syndrome. Hum Gene Ther, 2019, 30(7):
865-881

Gale D P, Gross O, Wang F, et al. A randomized controlled clinical
trial testing effects of lademirsen on kidney function decline in
adults with alport syndrome. Clin J Am Soc Nephrol, 2024, 19(8):
995-1004

Liu J, Ames B N. Reducing mitochondrial decay with
mitochondrial nutrients to delay and treat cognitive dysfunction,
Alzheimer's disease, and Parkinson's disease. Nutr Neurosci,
2005, 8(2): 67-89

Liu J, Shen W, Zhao B, et al. Targeting mitochondrial biogenesis
for preventing and treating insulin resistance in diabetes and
obesity: Hope from natural mitochondrial nutrients. Adv Drug
DelivRev, 2009, 61(14): 1343-1352

Liu J. The effects and mechanisms of mitochondrial nutrient o
-lipoic acid on improving age-associated mitochondrial and
cognitive dysfunction: an overview. Neurochem Res, 2008, 33(1):
194-203

Hu Y, Wang Y, Wang Y, et al. Sleep deprivation triggers
mitochondrial DNA release in microglia to induce neural
inflammation: preventative effect of hydroxytyrosol butyrate.
Antioxidants: Basel, 2024, 13(7): 833

Zhao M, Wang Y, Li L, et al. Mitochondrial ROS promote
mitochondrial dysfunction and inflammation in ischemic acute
kidney injury by disrupting TFAM-mediated mtDNA
maintenance. Theranostics, 2021, 11(4): 1845-1863

Wesolowski L T, Simons J L, Semanchik P L, et al. The impact of

SRT2104 on skeletal muscle mitochondrial function, redox



<10-

EMUFESEYYIRHR

Prog. Biochem. Biophys.

XXXX; XX (XXO

(81]

[82]

[83]

[84]

[85]

[86]

[87]

biology, and loss of muscle mass in hindlimb unloaded rats. Int J
Mol Sci, 2023,24(13): 11135

Aventaggiato M, Barreca F, Vitiello L, et al. Role of SIRT3 in
microgravity response: a new player in muscle tissue recovery.
Cells, 2023,12(5): 691

Faria R, Boisguérin P, Sousa A, e al. Delivery systems for
mitochondrial gene therapy: a review. Pharmaceutics, 2023, 15
(2):572

Wang Y, Yang J S, Zhao M, et al. Mitochondrial endogenous
substance transport-inspired nanomaterials for mitochondria-
targeted gene delivery. Adv Drug Deliv Rev, 2024,211: 115355
Flierl A, Jackson C, Cottrell B, et al. Targeted delivery of DNA to
the mitochondrial compartment via import sequence-conjugated
peptide nucleic acid. Mol Ther, 2003, 7(4): 550-557

Yu H, Koilkonda R D, Chou T H, er al. Gene delivery to
mitochondria by targeting modified adenoassociated virus
suppresses Leber's hereditary optic neuropathy in a mouse model.
Proc Natl Acad Sci USA,2012,109(20): E1238-E1247

Furukawa R, Yamada Y, Kawamura E, et al. Mitochondrial
delivery of antisense RNA by MITO-Porter results in
mitochondrial RNA knockdown, and has a functional impact on
mitochondria. Biomaterials, 2015,57:107-115

Lang W, Tan W, Zhou B, ef al. Mitochondria-targeted gene

[88]

[89]

[90]

[91]

[92]

[93]

silencing facilitated by mito-CPDs.
€202204021
D'Souza G G M, Rammohan R, Cheng S M, et al. DQAsome-

Chem, 2023, 29(26):

mediated delivery of plasmid DNA toward mitochondria in living
cells.J Control Release, 2003, 92(1/2): 189-197

Peng HY, Chang C W, Wu P H, ef al. Oral cancer-derived miR-762
suppresses T-cell infiltration and activation by horizontal
inhibition of CXCR3 expression. IntJ Mol Sci, 2025,26(3): 1077
Yu Y, Zhang M, Zhou W, et al. miR-151a-5p predicts severity of
diabetic retinopathy and protects from retinal cell injury by
inactivating MAPK signaling via DKK3. Exp Eye Res, 2025, 251:
110212

Penglong T, Saensuwanna A, Jantapaso H, et al. miR-214
aggravates oxidative stress in thalassemic erythroid cells by
targeting ATF4. PLoS One, 2024, 19(4): €0300958

Zabalza A, Pappolla A, Comabella M, et al. MiRNA-based
therapeutic potential in multiple sclerosis. Front Immunol, 2024,
15:1441733

Alkhazaali-Ali Z, Sahab-Negah S, Boroumand A R, et al.
microRNA (miRNA) as a biomarker for diagnosis, prognosis, and
therapeutics molecules in neurodegenerative disease. Biomed

Pharmacother,2024,177: 116899



XXXX; XX (XX) EMLE, . SR ARNASTEEZ K ADNA &K% *11-

MitomiRs in The Regulation of mtDNA Expression”

WANG Peng-Xiao, CHEN Le-Rong, WANG Zhen, LONG Jian-Gang™*, PENG Yun-Hua™

(Center for Mitochondrial Biology and Medicine, The Key Laboratory of Biomedical Information Engineering of Ministry of Education,
School of Life Science and Technology, Xi’ an Jiaotong University, Xi'an 710049, China)

Graphical abstract

Nucleus \ !
I g::» itomiR:
i mitomiRs
miRNAs
(nDNA-encoded) “vf“’) (nDNA-encoded)
€
PNPT1 )
Translation ‘ | mt-protein
mRNA - 4 R 7
Degradation protein .5 Transcription and Translation &/

B et

mitomiRs
(mtDNA-encoded) (mtDNA-encoded)

-’

Cytoplasm (: o~ Mitochondrion
> \

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 mitomiR mimics
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
mitomiR 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
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systematically summarizes recent research progress on mitomiRs in regulating mtDNA expression and discusses
the underlying mechanisms of mitomiR-mtDNA interactions. Additionally, it provides new perspectives on
precision therapeutic strategies, with a particular emphasis on mitomiR-based regulation of mitochondrial

function in mitochondrial-related diseases.
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