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Research advances in the regulatory effect of non—coding RNA on
mitochondrial function in atherosclerosis

Duan Quanyi’, Qin Hewei’

(1.College of Rehabilitation Medicine , Henan University of Chinese Medicine ;
2.Department of Rehabilitation Medicine , The Second Affiliated Hospital of Henan University of Chinese Medicine )

[ Abstract] Atherosclerosis(AS) is a chronic inflammatory disease, and its pathogenesis and progression are closely associated with mi-

tochondrial dysfunction. Dysregulated mitochondrial energy metabolism, oxidative stress imbalance, mitochondrial dynamics imbal-

ance, and autophagy defect can cause functional abnormalities in vascular endothelial cells, smooth muscle cells, and macrophages , ul-

timately promoting the development and progression of AS. Non—-coding RNAs are important regulatory molecules in the genome and

form complex regulatory networks through mechanisms such as post—transcriptional regulation , epigenetic modification, and competing

endogenous RNA, thereby exerting an important role in the regulation of mitochondrial function. This article systematically reviews the

mechanisms by which miRNAs, IncRNAs, and circRNAs regulate mitochondrial function and their involvement in the pathological pro-

cess of AS over the past five years, in order to provide new perspectives for targeted therapy for AS.
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4918 M A T PR G , e I A7 R i 2 7y R TR A,
O S AR S R A PN RE i BT TR AR A R | 1l
W LN E B 5 180 i A % 4T e 4L S0 A= | S 50 A4S pe s
5 9E R, B K B AS BEHS, PR —HE R, 1A
J2 40 2 (endothelial cells, EC) | Ifil 4 5 #% L 41§ (vascular
smooth muscle cells, VSMC ) 5 0 41 i (1) D) B 57 i 25 G Ak
YER o AR SORL IR T RE B 5 1 UE SEAE AS B AR R &
VEOCSAE R . RPN (R “fetE T 7, R JH 4
IR RS (RS 5 PR A TR A, LD BRS04 Rk i
T RELR MY IE A IR EOCE L YRR R R A
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[ Y i O % AL T N7 SR B0 ) 2 R A LA B 1 W , 51
A EC VSMC K 15 I 240 0 1 B A S N7 L 52 6 S AR 72
HZINH AS 1Y KA 5 R TR, TR ORI D) REAR 2S
JEAELE AS R BRGSO D RS AR IR T HE A

SN A RNA (non—coding RNA , ncRNA ) ——
A48 34/ RNA (microRNA, miRNA) L 1 8% 3E 4 % RNA (long
non—coding RNA, IncRNA) F1 ¥ IR RNA (circular RNA, cir-
cRNA)EE A H R 21 PO g i 28 11 BT (R A S R R 5 T g
R SR AL L BIAIE S TS A e S i A R s AR B A M
T 4 PE PN R RNA ( competing endogenous RNA ceRNA) % %
FRHLHIA 4 B R R IR, T2 2 5 AS IR B AR 5 0E 2
DO LA AR D RE T B R R AR IS R
ncRNA I BE A% B 35 a v 45 8 42 LoRn 1A e B A L A AR i
B 7177 e FWESETRE , YA 1M A8 RE AN B R D RE , FETTSZ A AS
fR BEIERE o 30FF neRNA ALK 5 AS = H BB RTE—
i, R ERAE AS AL AL R TR B T el A o AR,
RAE X =28 OB 58 i B K B 2 R R
AR SRR AL , SR 2 AN R 2y 2 RN AR Ak P ) 2 R
YR R 15 245 4 5 1 5 ML A DRI AR ] 2 E 30 , 2573 IncRNA Fl1
circRNA H) J) B8 BIF 58 5 4 B A AS 85 584 1k 17 4k W 5 LA K
ncRNA [ #8 [] 28 326 (0] R4S . PRLIRG L AR SCRE TR T 34 4L 4
Uife 5 AS iy OCHE , H 21 M2 B AT E & LAY miRNA | IncRNA
il cire RNA 842 2O 1A B 1A L ST 30 ) 2 R
A HARBILI B2 e AS AR, LA [ 1 55 B 2 i v 3
BRI 255, LA SRR AL St neRNA-ZRL (45l (1475 i1
SR 550 1] 3283 ()L, O AS (980 ) v o7 B I BT B SR Y
PR ARYE ST U

1 SAETNBE S BBk R EEREL

LR AR A0 B B QO S 15 S R R o AR g, L
AERR AR R A 1 AS o B HEAR A OB 3R o ok M m] LA
i3 E b #ERR 1K (oxidative phosphorylation, OXPHOS ) i 4% 4 A
Z iR 7 (adenosine triphosphate, ATP) , i VSMC .EC X |5
Wk 200 J 45 1 65 A B 4R A A0 BB S TR AS i IR E A
Hh LA RE A ) 2 L A S A R 2 AR DTAR G . AR IR
AT VSMC DU A A4 AE 5 OXPHOS 3 it fE . T
TE ASHERR T, VSMC 6 Al AR S8 T A% RS AIE A Fe 70,
AE A ACI N OXPHOS #6748 Sy WE I ffp s A o Sk AR RIS i
AR 22 LG P 4 (reactive oxygen species , ROS) A i3 i,
RRLPRTREDIR™ ., LA, WG 20 A 0% S VA T R e i 2R 30
i ATP & B2 B ROS AE FUHE i K S5 o 42 1) 2 43, 42 felf HAR
EF 1) AR R P 7L, O T 75 3 L W 0 1) 12 46 M1 R AR AL
TR LA S AE S, I AS S J,

LRI R A5 2 20 M S Ak N SRR A 1 R TN
HARET , kiR i 715 8 5% (electron transport chain, ETC)
LAY B L A H 2 A D B ROS, BE TS 515 5
¥ 3 ROS A T TE BRAEFFAE SN A -, i M LkiAA g

ZW L ETC L FAZ 8 Z B 2 S BROS B, — B i Hr b
RGN R, RIS R 2L AL R 3 B ROS A
AN B 245405 T B A% B AZ TR (deoxyribonucleic acid, DNA) £
I R 5 45 A ) R 03 1, 38 T 75 S b AR i 25 P e AL
(mitochondrial permeability transition pore, mPTP) ¥ i , 1 i
IR A MEAT AR5 EL PR T, AR ASHR LR v, 4
KA AL NG S 2 AL 4 O E T . — 5T, ROS &
I —F LA (nitric oxide, NO) YA A, LIREH A>T 5
RAEIN T3R5 5 5 —Jr i, ROS 4 % % B I 25 H (low-
density lipoprotein , LDL) %8 fb A& ¥ A= Ji S8 A0 LR 2 B2 I 25 11
(oxidized low—density lipoprotein , ox—LDL) , 5 # 4& AS IR AL 1)
AR T EIRZ E AL RS AU T AS YK

2 7 AR T i 35 ] (mitochondrial quality control, MQC) S
M AS g PREFE Y OCHE R 3R o Lok AR & B2 3 25 A 4 i
i, BRI T R SRS EFPE A M R RE IR . ALk
W A] LA [ 1 (mitophagy ) 458571 175 R 32 0 5T A 10 2887
PR SRR Bl )27 0% i 2R (A 5 25 1T (mitochondrial fu-
sion protein, MFN1/2) FIfR 4 4 1 1 (optic nerve atro-
phy protein, OPAT) /S i5Hl & , A ITTAE ik N 28 ) 28 e 5 T g
B Ak ;3 S A2 1 1 (dynamin—related protein, Drp1) JlIj i
LV S R R PR T ORI IR R . AN, LR 1 W ot
PINK1-Parkin R85 14 S AR AR 308 e A8 415 o 42 7 B
RET 3 17 L2 BRI AL RE = LR A 2 LA
K ROS/KF- 2l ™ SR, ZokifA 5 Wil b 23l 2
LSRR TE T K I B, 2 10T 0 HEAR . 3X 2 R Ll Xy
23 0 0L A PN R A BT LA BT K e A
IS0 A= BRI RE , TN AS BESR 9 TE il 5 it e . SR,
AR ZRAET MQC H— IR 50 ML bk sl )y 2
5 A WE AR AS i BE B B Aner a8 3 R AR L = AR SE
— WG R A TR, A, MQC DG R 4 43 1 1E
A 5] 10 A8 B A0 D =2 1] Y 20 R S e o A5 R BB . PRI, 4
FRERLIR Bl 03 2 5 W 00 2l 257 i 2 Of B 1L 45 Dh B RS S
ARG B

2 ncRNA XA ATIRERMIAER EE ASFH
1EH

AR, neRNA 7E AS I 7 1 FH 2R BF 9 4405
ok M2 B I s T O [ 28 B A9 neRNA, 40 miRNA |
IncRNA Fil cireRNA S [5] ¥4 i, 1 AN e b iRk sh R fa 25 1) &2
ZLM% ., T85> neRNA 16 AS X 4ok iR oh AE i TR ALH] , T
K1,

2.1 miRNA £ AS #E42 WP 2+ & 450K 2 4k 09 A 35 4E )
miRNA 2 —Fl N B /N T RNA K 20y 18~25
MR . B 3 E a5 U RNA (messenger RNA,
mRNA) [ 3" = Bl IR X AN 58 4 H AN A, F B mRNA [ fif ok
FHIEPI A, DA T S5 S 6) 66 PR 2 3k ()RS A R 400, 5% & R
miRNA P 3 1o 1848 35 R 3k >f o1 A0 M 389 o4k R T B
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1 ncRNAZEAS Frif iR &Rk Th Ak

RIS SR Y BB, JTAFoR , ORI I T SR,
miRNA TEJEE LA LS FI DI RE )y T A B AT 75 AS
HERE A, 33X — AR T EHO T AP, — 2 miRNA F A
0 2R KA DG ER 11 (4 OXPHOS W4 43 skl & H 1 & A
Wit 52 1A ), DN S Jim K S 8 4 ORE R B 3 1 5 TR Ry
miRNA T E 45 1 AL A BT 81§ Lo (A B TR 20 G 4 1)
mRNA . 3 10 3% PR, miRNA SRS 2195 LRI g AL
GR35 DA R S A o R VR L A RE A
N DIRE , BEMTENE AS Y E R o

LR 200 74 i A R 2 AR AS S 2k R TR A% O FA

o MAERC A BT RV, miRNA AL 5 38 15 LR R A 4
£ R ITRR AL (fatty acid oxidation, FAO) & OXPHOS 45 5¢
AR R, 25 AS R BIERE . A PSR B, miR-125b-
13 p it o 400 ) L R 22 I~ M € 3R 30 Pl 5 B 1 B R
(ubiquinol-cytochrome ¢ reductase binding protein gene,
UQCRB) , % i £ i & OXPHOS Uit 7, 5 S EC %, i
ECEEZIE AS KRB N 22—, A IS B, A fLit
JEUREUEAE miR-34a~5p 16 AS REL R IA KT , A 17 ]
— A AL B B L 4> T Al (carbon monoxide—releasing molecule

A1,CORM-A1) T ¥4 miR-34a-5p 7K , 00 770 2R 15 0 35
K 1(silent information regulator 1,SIRT1 ) 1 E AL W AR v
BH W) BTG 2 AR y 2300 BT 1o (peroxisome proliferator—
activated receptor gamma coactivator 1-alpha, PGC-1a) 55
i, BN AR BT 1 (nuclear respiratory factor 1,NRF1) (2%
AR S S - A (mitochondrial transcription factor A, TFAM)
S5O SR T A, S THERL A B, T HE LR A
AW S ATP AR, 2R SR AR SRS A, NI & AR HT AS 1
PEHIFT. BEXT miRNA UK A5 3% A PR AR, Fang F455UF] TR B2
AR FARIZIL T miR—10a % BEHR A M1 A 0 200 6 F R S
B pE] o miR—10a 38 i L3 2R AR A4 1) 45 B A Y SIRTL A
FAO/OXPHOS A1 5G S Acox1 . Ogdh i # LAY i 99 45
R A I i 40 L DAV 56 M AR i 4 56 M2 U A A A, AT D 2
ASHEE .
15 AS B 52 i BEIR G b 2R AR D BERR 52 5 | K 46 AL
DGR SN R B R 3R o 2 Y ROS 23 B i 2 4
DNA S0 ST 18 e, b 205 S 200 1 W AR T S R T A 2 Ao
FEFPPESE T, ™ T A I 100 A B A M 0 AR S L DT 3 ALS
JERS IEAR R A BT IR SE miRNA BE 0838 1 8 45 2R b i 4R
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1B IR BT AS. 4N, miR-27b HA &3 (4 N iz {47
fEFT , miR-27b 3= 58 a3 138 NO ZKSF 0 61 2 b K 2 fifg 3
(caspase—3, Caspase—3) i fk & 17 Bel-2 AH5¢ X & 1 (Bel-
2-associated X protein, Bax)/B 2 I B9 2 35 H (B—cell lym-
phoma 2, Bel-2) FUAH, Y 2042 R R 7 B PR AE 7 o (tumor
necrosis factor—a, TNF-a )75 S0 E AL N 18 S5 40 8 T, AT
i AS HERR, AL, HB 4 miRNA TR PR ASTER . il
W0, A AT 38 5 Bl A A B A PR S0 S 56 R IR e B AR 1
PRz 4 A miR-383 B 2 _E 14, T n i i O ] SIRT 3%
£, R ROS A5 B AN 40 MR T 5 i 410 il miR-383 iy ik, b
P4 SIRTL, 9/ ROS Az B, 1 1 e 38 o4 B 34507 TR, X1
FEAESIE I R FEA & B0 AS SR AP miR-132 K8 B3
EVE . B S A 3K miR-132 B9 AR K P B 40 (hu-
man umbilical vein endothelial cells, HUVECs ) BB 5 , % #lid
Fe35 miR-132 25 S EAN L I ROS KT, 30k 48 e H ik
A ALY 4 (glutathione Peroxidase 4, GPX4) ik, fir &4
flf HUVECs & B BRIETS R 3F AS HEJE

LRI BN 1 5 WY S 2P 2 MQC R g
BHIAZLP, EAFEWTSEIESS , miRNA W] 38 i3 PP Lobi A 50 1
5 HOCHE N, 25 AS L REAN A RS o i . 7
LRRLR BN 1 2# S D5 H , 7F ox-LDL i 51 HUVECs ## |
% B miR—199b—5p 3 i2f §8 ] Drp 1 {2 3k S s B r 4, 5
L ROSACEF 155 S ATP A B /b, 51 P Dy RERR AR, [
FE 76 5 IR MLAE 52 ox—LDL %S 1 22 B AR miR-21-5p il
miR-203a-3p Y I 438 5 70 1 Drpl, 51 LR AR D) RE 1S,
B0 BR T R 15 AL 75 M 3 5 (AMP-activated protein kinase,
AMPK) -p53/p16 i % , N8 N B2 4 5 0 ek, P L
20 B S SRS R G AS 2R R A TR IR, DA Bl S it 3
ik 5 AR T g 451), %% B miR—125a AT 40 [ 41 ] MEN1 Y33k
P LRI Bh T2, R A T Ve LA B S L Xk
AS T LA A B s BEAL B o $ 4t T S

E W R 2 5 T, miRNA [RRE & 45 VR T . RN
ML T I miR-181a 7K, A B X e~ Jun S0 58 5K vty 334
(¢=Jun N—terminal kinase, JNK) B9 4110 51 , 3 1 3 7% INK—c—
JUN-Parkin i #410 il GORL0R W, i EE AS BE 5 3E R 5 )z
2, 1L F IR miR-181a U3 1 3 3 [ W & P R4 7R, 28
ol Mo, miR—-125a-5p 78 AS 55 7 vp W 25 1 9, 38 & BH W
PINK1-MFN2-Parkin /1 5 (1 |1 Wit 8 % 7 | 2 28 0 0 2 g b
1, H T R U BE e Th 2R AR B W SRR AS R ER AR ) Ak
WA W KB, ARTT VI 71 (low shear stress, LSS) 55 T,
FIERY/NES B A (caveolin—1, Cav—1) A |18 miR-7-5p &
K, J5 A AL T A A R A A A R SR v 2 AR R
(sequestosome 1, SQSTM1) BHL W7 N Bz 2 ki i A W, 2B ROS
HOE T AN B 3045 3R miRNA X 2okr R T e 19 8 425
FHAE AS TR AL L 1.

ZE IR, miRNA 16 AS F 2807 A o BE A i s 1 %
PRI T . — 7T, R miRNA (T e 2tk 5 £
S EEIVE M . TRl — miRNA {E RSl AL R 3h 2
Ko B Wik 5 22 A~ )y T ) I 2 SR 4R AVE T, 491 40 miR-199b-5p
WEZ: 5 LR AA sl 7 2 45 52 i S A g 8RN B AR, 3
Fil— B 2350 BT R miRNA (49 35008 BUR P20 7] Bk @
H LSRR, AU AUR B RO SE B (R RN . 53
— 7T AR S B0 miRNA RS S 0 e A
225 o PP miRNA G T30 2 G 2R A 1S Ik
LR R RE Y S B A 1T B0 P miRINA JU 0 1) F B 1 1
7 PR e A0 TV 35 B 4 A 7 80 14 S A, DA SR B 11
T R BIR R RL IR R A . PRI, miRNA X 4R 67 2 fiE i 22 40
SRR AT RE R ASTRIT AL B T 1A
2.2 IncRNA £ AS 42 P 5 4% ¥4k 7 4 49 98 4 15 )

IncRNA J& — 28 5 S AR K B2 36 200 A% 11 2 79 RNA 43
F,BEH% 5 DNA RNA RE AR GEAEY R FHEL . 3
X A TR A AR, IncRNA TE ULt %24 ik s il

&1 miRNAXRHRRTIRERIRIE R H7EAS HRIIER

miRNA 4 Fk L 1) i R/ i;i SRR TR B3 nE) eS| ﬁﬁim i;
miR-125b-1-3p UQCRB s B IRENTE AL PN 12 241 fieift [32]
miR-34a-5p SIRT1-PGCla TR BRI A R RE R I RE AN ik [33]
miR-10a SIRT1 Acox1,0gdh L RRA AR AR i s 2 fif i [34]
miR-27b TNF-a/NO/caspase-3/Bax/Bel-2 |7 LR AR PN A0 ik [36]
miR-383 SIRT1 FiA LR AR P Bz 44 fek e [37]
miR-132 GPX4 194 RN T P R 4t et [38]
miR-199b-5p Drpl i o RN P B A et [40]
miR-21-5p Drpl/AMPK-p53/p16 A RN P Bz 440 Ml ik [41]
miR-203a-3p Drpl/AMPK-p53/p16 A RN P B 440 A ik [41]
miR-125a MFN1 19 Y RENGISE -2 LA A EiET] [42]
miR-181a JNK-c-JUN=Parkin 1A LRI PR /- LA EiET] [43]
miR-125a-5p PINK1-MFN2-Parkin 19 LRI [ P B AN A itk [44]
miR-7-5p SQSTM1 [ Sy RN B = R AR ¢ AR 4 L Lfiiis [45]
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Rl S JE B M 4 22 J2 i S IR X 5 PR 3R K AR A0 9 Y5, 1 T
TEA N S 4 o e e B A QP A ) A F o e 4 T AR
FIEL BRIEZ A IneRNA W AT #12 ceRNA 878 2531 3028,
AR 2R miRNA 4G 52 A O BE R R 42 R 2517 53 4h,
IncRNA TEV A0 53 A b 52 B B 0 g S o R B i
P2 W] IncRNA AL g 46 T A0 MUAZ N, o e 2ok R 25 20 4
Tz o NIRRT RE A 12 R B BRI, 5
miRNA S ZHBHE ] mRNA # I8 4507 50 TA , IncRNA 7E AS
rh A 5 2OE 1K T BE Y R R R AR O R . BT DL
ceRNA L] [F] F2 i B miRNA X #EE DI g o], o mT LA B 4
SEE SRR ARG E A2 S e , 3 ] S o VLIS SR AR S
TGS XN IncRNA 78 AS B S 7] B B A [ 41 i
SR AT RELEPEIE A RS W AR AR . R, LR
FeZoR AR RE B AU AR 3h 02 S AW 4D T B A
IncRNA £ AS H (¥ AR P HLT o

T2 AS T, LR AR AU T 2 5 — R IR A R (tricar-
boxylic acid eycle, TAC) ,OXPHOS & FAO™', IncRNA iffi i i
FX BRI IR AR P Y GBI S e S IR 7 3k, s At
A I 1o i Fr S0P AR O I S o B ER W IR . T
IncRNA J 2 27 (AR RE 1 AQ I Y B IR 75 AS TR B A
R, Rk BN Z AN, B4, IncRNA iR )LBGEMEAE dafis &
H 417 RNA (fetal-lethal non—coding developmental regulatory
RNA, FENDRR) 1F AE FHUR 25T AT 3o 5 40 ™ L o) Wl
miR—18a~5p , fiff [ X 3o S Ak W i 336 5 00 J80000G A2 1k y 3
06 ¥ 1a (peroxisome proliferator—activated receptor
gamma coactivator 1—-alpha, PGC—1a) Bl , 2 35 2 k7 A Hy
T EEDIRE . T AE ox-LDL % S FIIRZS T, FENDRR
BRI FEAR PGC—1a YR IR, DETNT S ATP 45 8 B |
ROS K- Th iy , e N AS ™,

BEAb B HABBR BRI AT AS SR T ZAYZR R
{4, 76 FFUIR B 1P, IneRNA 2 1 C theta JZ L RNAIL
(protein kinase C theta antisense RNA 1,PRKCQ-AS1)fg il i
[ 5 2 FE A K T 2 mRNA 254 8 A (insulin-like growth
factor 2 mRNA-binding proteins, IGF2BPs)/%E [ 5t & 2 g H
HALEFL [ 7 (protein arginine methyltransferase 7, PRMT7 )1 1%
Z: LR E R DIRES . TAE AS Hh R AF A 0 5 1Y
PR 4 A, L2 Inc RNA AT RETE I BE 40 i rh & #4200 Y
PN o AE A5 T, A B0 IneRNA FAO
BE B R4S G bR = BB 1 B W3 (hydroxyacyl-CoA de-
hydrogenase hydratase beta subunit, HADHB) , RS TN
FAO, {2 i JOAE TH B AL SUB 2. AS BIRZ L BRI 2
— 2 LI A 5 FAO/OXPHOS 19 M2 4 48 26 8 [ 4 4
I AR 1) MU 5 SR IR AR, 3K 88 Inc RN A A I BE 240 /Y
o 1 [a) P 4 A 2 15 R R T (AR TE ASBEAL it — 20
4ok,

IncRNA £ 1] L3 i3 5 #0 miRNA sl 2 1 5URE 5 A
YRR HS A 842 2o (A S A 17 0K SF- , 3 100 52 W) L6 B 4 i
ThE e AS IR BIEERE o AN, IncRNA %% 8% A G i i e it

A 1 (metastasis—associated lung adenocarcinoma transcript 1,
MALATI) £E AS B B e i R B A 20 2 22 g ks,
JKF-5 VSMCs 9 ROS S IEARSG . ML FE R W], 5 33K Y
MALATLIE i ] GPX4 B2k , FEAR I XS i 5 1L 1k
YA R BE 1, AT 2 1M A5 7K 3 1 (angiotensin 1T, AnglT) 75
I AN AN VSMCs 1) 5 W 98 5 3% o iR e
X ¥ 1 B8 (antisense oligonucleotide, ASO) # ay F1 1
MALAT1 I A 3803 4% R 7 B2 A1 ¢ A - 2 (nuclear factor ery-
throid 2-related factor 2, Nif2)/GPX4 {55 5 18 B , I 6 2 i 1
SO T AR Bl KN B 4R AR SCFSE R, ox-LDL I
P B9 IncRNA 4% B I % AH o6 3% 1 (colorectal cancer—
associated gene 1, COLCAT1) ] 3 i W fff hsa—miR—-371a—5p fiff
5 FE X 58 (R 43 W U 18 25 1 1 (secreted phosphoprotein 1,
SPP1) By , fie 2 15 0 S AL RLBOK - 75 5 N A o 1
I A A A, FEE, IneRNA UM (O IR i 52 &
W4y 3 A0 e 8 L X RNAT (minichromosome maintenance
complex component 3 associated protein antisense RNA 1,
MCM3AP-AS1) AJ 38 i ceRNA HILH , ¥ 47 X7 0% B miR-
501-3p, = 4 4 ZL 4 7 1 (cell adhesion molecule 1,
CADM1)F3k , {5 5 4% 5 5 5% 5L R 3 (signal trans-
ducer and activator of transcription 3, STAT3) & % N T kB
(nuclear factor kappa-light—chain—enhancer of activated B
cells, NF—«B ) i % Ao B2 BT , BELWT 98 A 253k s 07 % 240 Jfd £
TS A Z AL A AR AE O LB P R Rl E S
AE i Lok A T A L H AL T S AE [ RE 2 AS IR O
FHFRAY, MCM3AP-AST /2 757 3 1o JE AL Y 2L (A ] 152 AL 1l 2
5 ASHERREFUE— P HIE

RIS 14 5 [ R MQC IR0 3R, H R Ay ] 5%
Wi 1L 0 I D BE , S TIT 52 M) AS S SR AR o AE B ) A AR
J5 T, IncRNA INK4 JE [ & 2 CAE 4 15 RN A (antisense non—
coding RNA in the INK4 locus, ANRIL)7E AS BEH M 41 2 Jik
P T S R A, O 5 A A T EE R S R AR OC . O
53 & B, 18 1 B E % (chronic kidney disease, CKD) £ &
ANRIL 7KV T4 5 1058 Y 3¢ DB R A AH G, ANRIL AJ i i
TR YR #h 22°8 37 L F (brain—derived neurotrophic factor,
BDNF) , 842 Drpl \Mfn2 (82535 , B 3K 1N B2 41 Bl e ks {4 5h
ZEOPAE, YT AS 55 CKD 35 LA M A5 P B 200 M T e B i 4%
AFRT K I ANRIL AR AT 8 2l i P bk sl 122 2 5
ASHIN D S350 BI0T AS P VSMCs 3 I 745 5408
PTG RS 22, gl A e A s AL AR R,
IncRNA Punisher 7] i i ceRNA HL il 8 1] 25 5 miR-664a-
Sp. fif BREXT OPAT 9 e il Ae R b i fa s | I k>
VSMCs P T~ , e A HEZE AS BEJ . T £ BURZS R Punisher
FIk T AL miR-664a-5p, OPA1 R IKSZ 4 , S BEh
WS 127 Ay, 55 VSMCs i T2 IR (2 E AS HE S i iF
FEZBAET IncRNA X ZORE AR Bl ) 22 1 P85, T IncRNA EL4%
PAPELORLAA F T 5200 AS BEREROIESE UM B =2 (HBLA
W ARAL T 1E IR . Wang SH 25 BRI RR 15 S (0.0 L
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21 B A AR R /IS SRS AL AR IE S, IneRNA H19 (93835 F 74
A 3 B0% PINK 1/Parkin {5538 BRI TR 2R [ 15 , W]
BEZ KR L TR BE DI RE A T %, 59 SMB A BIF SR IE R H19 7]
T AR 2E P B A A E B 2 AS HERRESY, HLIC M AS 1Y
ST AE RS RO, DR I H19 78 AS H R B 1 PINK 1/
Parkin i % 42 I 45 RE AN W SR dR A, 3R IncRNA X
SRR RE Y I B HAE AS VR LI L2 2.

25 LR, IncRNA 7E AS FR 2Rk AR D R 10 9745 6 50
PIAHE s H—, ceRNA B A 8 £ S0, g
FENDRR X} PGC—1a YA 4" . COLCA 1 XF SPP1 A4 671 [7] 4%
MCM3AP-AS1 Xf STAT3/NF- kB [ BH #f , if 2 Punisher X}
OPA1 Y 24 , 35038 4o 13 20 R B miRINA, fige B %I D410 4 %)
B ST, M2 T L IncRNA FAO B 42454 HADHB %
FAO X2 HEAE LG B H A A BT FEIESS . ceRNA L
] 1432 3 2 15 B R IncRNA X R IR Th R i I 454 I I
= miRNA 2 00 £ f) 8 fift | 30 2 DS O L BE 25 2 e AR A B
ST A SR R AR 7 T B R A HE N £ T E IR .
PRKCQ-AS1 MCM3AP-AS1 H19 3 [ H At d 0 | jx s
IncRNA 75 A'S 9 B0 5 SOV 85 v 2 75 1 A ) 5 420 18 92 SR A4
IHAE ATh B Z TEEENE , 3 AS 4B 00 5 SEF9E 45 B T )7 1)
(#2).

23 circRNA £ AS#22 ¥ 3¢ & 45 4k 2 4 09 IR 35 4E )
circRNA J&— 28 it S 1] 55 298 iU 1 & 3R 4R RNA LR
U 3" AR 5 L WE 5 A AL i 4, TR Z 2k RNA FRAT 1Y
5'IE T4 f 3 2 TR R 8, LN A% R it (W1 RNase R) 3
IR L A e PR 52 P A PR o W R T M RNAL
circRNA [ W) 24 T BE B AT 288 | B2 ML B ) 2 38 2
ceRNA AL, “WE2 "W B, th ml 7282440 1 S0 42 5 RNA 2454

# 11 (RNA-binding protein, RBP) MIILAE A , >4 cireRNA 18
A BRI et 2 IR RE 7, S cireRNAJEZFh
g BILAE B AR R i I AR AR H 4 S 2, (HARE T
miRNA Fl IncRNA, HAE AS F i #5 4b R ) BRI BTS2 A B
W, A LS E R AR v T AoRA S Oy 2% 200, A Rk — 2D IR
ARR.

WE5E 2R B, AR (6] 5 380 AH B4 &R B 308 3 (circular
homeodomain—interacting protein kinase 3, circHIPK3) 7E AS 5
PP o o 4R LORL IR S g 2, X VSMCs 77 A S 2R (1 3L
JRAIR . —J7 I, cireHIPK3 7054 28 40 81 b S8 3Rk, HLABIM
i Drpl, 51 R AL A I BE 53 245 ROS KA AR I, 375 VSMCs
KAHERFEME T T (necroptosis ) SEBE L T 4 R AR T IR AT
RT3 N T BEY R R R M S e KBS, 55—
[ , circHIPK3 36 1] 38 5 ce RN A AL 12 i} miR—106a—5p, f#4
LT MEN2 (19 % 5% Je 4 bl o S 8 B9 MEN2 26 3K S T e fif
VSMCs [i] J3 8 B 3 F BUEL Ak, DUITTAR 2 1M 48745 Ak AR,
HAF G 1 J2 , 7l — circRNA 7E 7] — 40 28 v 5 42 43
ZUMGERE G P AR BT S L 2303 S BOREH e R A A 45 1k
AN [5] B B2 g , IX Rl BER AE miRNA T IncRNA 2
D, FE KA PR B AR 1 165 (circular transmem-
brane protein 165, circTMEM 165 ) W J& 3t AR 57 R 38 fig , FLn]
I 2 miR—192-3p/[#] B3R AR 14 2 (sterol carrier protein
2,SCP2) {55 i, A %4 i g £ B (lipopolysaccharide , LPS)
5T I BRSO IR 73 22, U A B S RE 5 o, A 0 1 A
Wi JE B9 B B, H AT cireRNA X2k A fig BRI R
P 8 K 1A Wk A5 T BE Y BB R SR SR TS AR AR XS B = L X
AS G JE ST ST AR T R TT 1l B IA cireRNA XK
RTIRE R T S HAE AS H VR FIBLEI L2 3.

F2 IncRNAXTL#I AT BE B A R R H7E AS F i E A

IR7E FEEMAIMZE IR %
IncRNA 4 7 H miRNA W ® g BRI £ R sz it
FENDRR miR-18a-5p PGC-la i YR iARRE = PN B 24 it kil [50]
PRKCQ-ASI - IGF2BPs/PRMT7 1A AN YWl L5 EE A HEDIAH G [51]
IncFAQ - HADHB 1A Y ENTI AW L 44 A ik [52]
MALATI - GPX4 1A Sy AL ER AT -2 LA itk [54]
COLCA1 miR-371a-5p SPP1 Sz RN AR 40 itk [55]
MCM3AP-ASI1 miR-501-3p  CAMDI1/STAT3/NF-xkB i RN PR/ AT i [57]
ANRIL - BDNF iR LRk )% P 2 i [60]
Punisher miR-664a-5p OPA1 19 Yhiksl )2 -t LA i kil [62]
H19 - PINK 1/Parkin 19 YR PN S 2 B ik [63]

3 circRNAXTZ iR ThBE YRR R H7E AS A (ERA

circRNA 4 Fk #1 miRNA R R RMIEEEN FEEmEANZEA PRI RAS)  BE Ik
circHIPK3 - DRP1 I Ak 3L R cylEiiil itk [68]
circHIPK3 miR-106a-5p MFN2 9 5% JRUN Ee - LA AR ek [69]
circTMEM 165 miR-192-3p ScP2 3 RN AR AL £l [70]
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-

LRI BEAR S R AT 2 AS T B E R A IR 2 SE R £k
A R A S B AR A L 3l ) 2 2L B
e 2 X 5 65 0 L D) B S AR DG BEE TR o neRNAPE 3R
W35 A5 R0 0 7, BERS Tl ok 2P 22 IR PR 2
SRR RE IR AR A T IR . SRR
GEf B, =28 ncRNA 721X — R 26 9 #5348 52 3 1)
BRI . miRNA BFSE C B R ECN RGE 09 H IS
L 7 T SR AR T RE M DU 25 O AE 0 Sk B R
PRy SO P A S AFIE . IncRNA WL ceRNA HLHI K 3
B 5, A A AR AU R B 12 5 AS
PERE S T cireRNA BB A fre e, H RIE S 48 b T i
B J17E 05 R HA S T R P E LRI L PR =S 1. SR
M7, cireRNA FE A HAR 2 I 45 H , 7E A1 A 48 M A I 42 DY 1
T3 T AR AR TRADTT .

T ne RINA -2 A 8] 42 Jal o fes R % 1 1) Jmy B4R vh 7
WA 2 o LEHLE]Z M, 859 IncRNA 5 circRNA 4 L JiE 7
AT B T WA, 265 i A 56 42 DA 860 i R B 174y 25
WATHE AS TR IER N BIRL iR AS ERSIE . 7E25 Wi i%
JZTHT , ne RNA PRI [6] 385 56 2003 15 22 A, 752 JHG o) s R
A OCHERRERT . JTAFR , 25W B 1 R G K SR IEAE A iX — I
RAEZERE O, A A Bt 9 K B0kE (lipid nanoparticles , LNPs) |
RAWHIK AR (polymeric nanocarriers ) 41 il /4 (extra-
cellular vesicles, EVs) K95 8 2% 74 55 #4 2 1) ncRNA 3% R
GEUT A T Ao B e B TS B AS R T BORG TE  A, E R
TEneRNA 136 26 BRI BEAR MR AN . 140, LNPs £ 2211
miR—146a B P HE 1] 410 ) AS BEHRE N A AE S I, 205 1L 78
B2 D RET, I T MHILHITAHUE 1) 388 26 S B T A7 . R
K, T 225 A B I A ROR IR AR R i
TR neRNA T8 #2200 1A D) BE ) 20 0 R S P i 23 2l 25
KA, RIS T & S A0 B0 1) A ne RN A 3636 RS, O AS B
W ) T B AR (0 B S SRR 2
FlEEMR A S AR 45
EERAER B a0 SO SR 8 dRE BiE 6
ZEa A A SCH B HEHIEETT S R E
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