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Abstract: Cardiotoxicity is one of the main limitations of antitumor drug doxorubicin (DOX) in clinical use. It
can aggravate cardiovascular problems and is regarded as a serious medical issue that needs to be addressed
urgently. Despite years of research, the mechanism of cardiotoxicity is still unknown, and there is no effec—
tive method for early predication or treatment. Therefore, further understanding of its mechanism is needed
to develop early prevention or treatment strategies and to avoid irreversible damage to the myocardium. The
roles of microRNAs (miRNAs) in DOX-induced cardiotoxicity (DIC) have drawn wide attention recently. mi—
RNAs control the occurrence and progression of DIC in many ways, and may become a promising break —
through in coping with DIC. This paper reviewed the progress of miRNAs associated with DIC, the possibility
and prospect of using miRNAs as therapeutic targets, and the limitations and challenges of their application.
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zyme, CK-MB)550, (HENTIRFTER —LL R PR,
e tn, sk pRaE Y A 7E O WL ZU 5 & A e 5
ONAIRIFE TS A e I 3], XF DIC B9 FIH2
Wi — e FXERE . PRI, AT B SH0BG A R |
FERE SR AE YIRS . i —Tr L, BATIER
FHTF R DIC 2P A B, EZAHE A TN R |
T 22500 i o AR i ) O45, DR T ZEAR R
L TIRYT DIC (DR 259 .

I JUAE, Bl i ;e A1 00T (RN A —seq) Y R
R, V22 B 1T TE RNA (microR-
NA, miRNA)TE DIC A ATREAEM o miRNAFE
—Fh TR gR S RNA, KEEZ R 22 MR,
FEE AL ATE HFR mRNA A9 3/ B IX (3" -un—
translated region, 3'~UTR), 755 mRNA %) % fiff ol
FHIFTH BRI PEE R, NS SRR Rk i e 5 fe
P, miRNA 7] L2 Z Fh 40 M F2, an 2 s
B SRR TAE, S AT IR AT S M AR A
WA R, SRS 2B 1 R A, 2T
WHFEE W], miRNA 25 T % 8ot i 80, anal
JIE v 255 0 DR RE M SE, A A BRI 45
s IS 1) A= s 5 00, $27R miRNA 7]
DIBE I RO A B T A2 W IR Y 7 S

1 miRNA 5 DIC

VAR, R AR A IEHE 2 P, miRNA 7KF
A28 Ak 5 25 O I A LU IR0 254 K,
miRNA 25 TH- 0D, i E514& S,
OO WSeE F A S s), T HL, WF9E EL A & IR A
miRNA 15— 86254 5.0 2P 19 & o L i 2% D)
FHOC, CLFE B2 W) U ER 251 o il
I ASZ RBHIBTR S0, 5346, B HFFEHRE, DOX
XU EZH SR FF miRNA A SRS A4 IH
BIFEI, AHOGHY miRNA Fak 05, o 5 L) f2,
Y1 SIS S5 B 2, miRNA J2 DIC 1)
TETEIA Y R e, Gk, BAFSEE R, mi-
RNA AT LIVE 457, a5 2 5 R R 40
T I LR (R Rk, T AR SRR 15
YA A WERTIE T, iS5 2 DIC 1Y & A Sk
@ 1)

2 miRNA 7 DIC i 0iEiE{E A

2.1 miRNA 5§ DOX FESRE WM
2.1.1 DIC #8% % AL B
e LML, DIC ML 25T,

# 1 5 DIC #5%A) miRNA
Table 1 The miRNAs associated with DIC

miRNA Expression Target Pathway Mechanism Function Reference

miR-152 1 Nrf2 Nif2 pathway Inhibit ROS and superoxide related with DOX Positive [23]
miR-200a 1 Nif2 Nrf2 pathway Regulate oxidative stress Positive [24]
miR-140-5p 1 Nif2 Nrf2/Sirt2 Change the expression levels of Negative [26]

Sirt2 pathway Keapl and FOX03a
miR-451 1 Cab39 AMPK Aggravate the oxidative stress and cardiomyocyte Negative [32]

pathway apoptosis induced by DOX
miR-124 1 She She1/p66She pathway Inhibit oxidative stress Positive [27]
miR-34a-5p 1 Sirt 1 Sirt1/p66She Regulate the balance of redox in myocardial cells,  Negative [28]
pathway increase apoptosis and aggravate DIC
miR-128-3p 1 PPARy PPARy Increase oxidative stress and inflammation Negative [30]
miR-532-3p 1 ARC ARC Excessive mitotic division, resulting in heart damage Negative  [40]
miR-30 l pS53 p53/Drpl Inhibit mitochondrial division and apoptosis Positive [41]
miR-499-5p ! p21 p21 Inhibit mitochondrial fission Positive [43]
miR-15b-5p 1 Bmprla/ALK3 ALK pathway Aggravate mitochondrial dysfunction and apoptosis ~ Negative [46]
miR-29b 1 Bax Caspase pathway Alleviate mitochondrial dysfunction and apoptosis Positive [47]
miR-30 family ! Beclinl miR-30/Beclinl pathway Inhibit autophagy Positive  [58-59]
miR-146a 1 TAF9b TAF9b/pS53 Reverse the decrease of mitochondrial autophagy and Positive [60]
the increase of apoptosis, and alleviate chronic DIC

NRG-1 NRG-1/ErbB pathway ~ Enhance cell death and promote acute DIC Negative [62]
miR-215-5p 1 ZEB2 miR-215-5p/ZEB2 axis Increase cardiomyocyte apoptosis Negative [67]
miR-1303 l TLR4 NF-«B Reduce cardiomyocyte apoptosis Positive [68]
let-7{-2-3p 1 XPO1 XPO1/HAX-1 Increase cardiomyocyte apoptosis Negative [70]
miR-199a-3p ! GATA4 GATA4 Inhibit cardiomyocyte aging Positive [74]
miR-221-3p I Sirt2 Sirt2 Promote cardiomyocyte aging Negative [76]
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A Z R R, ALV U DOX 5310
O R ) S A0S . BFSE B, DOX 7F NA-
DPH B S BEA NO G BT AE s P SR A
PR 1 PR R, ~FATR BT O HAR C X A L - 7 2
AL, A KR A B B E A, AT
O WLHT AR A H BRI B n, S B A,
AR AR 1 5 A A (DNA B %5 UIAH OG0,
A, DOX 3 SEAH EAER, WIE &, ik
WERARA, 72 A KRG M4 (reactive oxygen species,
ROS), T 25 1 AL N IR 2R 1A D) BERE AR,
PR, MAAILTR b >feisd, A8 A0 3 ROS AT LA
DIC. A AR 3 nT B8 & —Fh A R FiG YT
OEREPERY T

212 &AM E#E5 miRNA

IARMEFE R, 75 DOX 5 5 B A AL R
JVHY, miRNA -5 00 2 R 3Rk R s e 4 DGR
FHen,

YER I DOX 753 (1.0 LA AL 43 1) B 2L
NZE, BN T4 5 2 M T 2 (nuclear fac—
tor—erythroid 2-related factor 2, Nrf2) ] DAif 1 171 1]
# Kelch HEAEH AN LEAHCE T 1 (Kelch-1like
epichlorohydrin —associated protein 1, Keapl)
A, VT — S A SR R R A R Y 2 2k
TS DOX 1A CEB P2, AiEdEER M, #£
DIC H, miR-152 Fl miR-200a AYid ik 20400G
Nrf2 {55 55, LA DOX AHIEH ROS FliE A
B9 A 24, 2 S AL Sint2 (sirtuin 2)iE i
BN SR HEZE F1 O3 (forkhead box 03, FOX03)Fll
ALY AR KT, TEDU AR P
BAERD, Zhao FFPNIESE, DOX VAT B ER S T
O LA LA R K B IEZH 2 miR—140-5p A9 3
iK7KF-, miR -140-5p 3 3F 98 5 T iE AT Nef2 Fl
Sirt2 7 53, MAE Keapl Fl FOX03a BIFRIAK
¥, 253 pic MEESKE, i, miR-140-
Sp/Nrf2/Sirt2 1RA AT B8 T Bl A/ IGYT DIC 8T
Lilyees

Liu 2% B, miR-124 7] LGB0 p66-
She (75 66 kD Sre [RIVEME: 2 250 1) 155 4
A3 BB RO I8 FE DIC, p66She /& SheA
KB — R A, @I ROS Wk BEAE Ry 4 i
AR 5 7% 0 DGR SR A 1 48 P Ak i
S P4, miR—124 3838 T I p66She AR, Hiil
DOX M E AN, MITTIEE DIC, I, miR-
124 A ERH DOX AHIE L MUK TG F L AL . AH

2, miR-34a-5p #iF A Sirtl FI# p66She R
ik, ARHE T WL B S A N O K A, T
H DIC fNER,

I E ALY BHASE T B 321Ky (peroxisome
proliferator—activated receptor y, PPARy)/&— 4
MUAZ IR ER 32 1A, T LA 30 e i A0 0 RN
RAE, I DOX 5 FAYDMEIH), Zhang 550
HIAESE B, DOX AbHS, O IIEZHZURLC LA i
o miR-128-3p HYFRIBZKFHGM, miR-128-3p &
BOZML AN PPARy HUERIA, WEIE N ROS 1Y
FEAE, HETTINE DOX 512 Lok AL 35 15 T
il miR-128-3p J& DOX 75 & B & Ak 7 ¥4 43 ]
W, R, #0 miR-128-3p W RESEZEf# DOX
P IO MR 08 A RO W

AMP {H LAY 2R L (AMP-activated protein
kinase, AMPK)J&—FZ 5 41 i S Ak 40 I s 1oz %) 7]
AT, BATIH DOX 175 0 A AL R RE 0,
AR, 76 DOX IGIT G, miR-451
ARVt 2 T v, JCE A ) R RS A A AR 39
(calcium binding protein 39, Cab39)Jf-#] AMPK
&g, INE DOX 75 5 1Y Ak B 3 ALC LA
ML T WA H miR-451 AT TS AMPK {5518
%, WA RS, G DR AE T RER, TR,
I miR-451 BRIBZKF-RA T DOX 7521
O R L — Rl B TGy F Bt o
2.2 miRNA 5 DOX FSH &Rk
2.2.1 DIC #8% #9 & AR5

WFFE R, Lok R DOX 1 T 414!
) FELRLER, O AEFEE T REVS B b AR T e (1
IR, SR AR5 2 DIC Y SERALI 2 —, AT 33
HL % 3o 4k P BT L ATP A2 BZKSFE 32 481 . ROS A2
BN O LA IE TR TIRE R R DOX 52
SO E AL A5 05 1) 08 SRR AF AL 55 SR A AR AR
ISEH GRiiR DNA A5 SRR N R A7
RAARR LA [ Wi Z0G S 7 P i 2 559, 3B R 3R
FIFERIVE R S bR g5 AT Re 2EL. AL, 28
BAR AT RESE— A B HE DIC MRS .

KAEHFIT R, miRNA TERA PRLR AR ZE A Al
TIREJT I A 4536 S AR P, A 5E miRNA
1) 22 3K KT LI R ERLAR B 175 2 DIC Y7 ML
) CEEALBE
222 ZAEKRLEMBIHS miRNA

FELEHE I, SR AR B & A il Fn A, L
YR HAEH TIREP., DOX JAY7)5, miR-532-3p %
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I8 b, HGE I B i H A DR S AR A
B2 LE T BHIE P (apoptosis repressor with cas—
pase recruitment domain, ARC), T804 1A 424
LE, 1 RGO NER 70, B AR, miR-532-3p
A1 B DIC IR RIR R, I RS 5 DOX Y
FUMIREAER], X A FATT B DOX 11k
FPROR ST LR AP O ER 25 3 it 1 07 1) BB
WFFE 7R, miR-30 ZEE 8 61 n] LA il Zeobir A4 73
i, 78 DIC BRI, miR-30 ZKIE A 3R iAK
SREA, T p53 B3 p53 e S AR s A ARG
#H M 1 (dynamin-related protein 1, Drpl), Drpl i
TR SR A SRR P R p53 B T-{5 54,
K, miR-30 0l p53 S H R FHAR Drpl
F18) 2 2 A AT A 2R AR 3 A i 22 T A 114 4 L 11
T2, 25 DOX MRS . 2, DOX
AR 0 WU miR-499-5p KK REAIX,
AL p21 L, #EE L DIC T LRk

s,

223 HZAEKRIREFFL mRNA

DOX FrEtpy b iR DI RES3 5 4 ML T, A
W AFE 2 UIAOC, RIS DR, BB A&
FI5Z{4 1A (bone morphogenetic protein receptor type
1A, Bmprla; tWFKR ALK E—F 5.0 R 405
DIARSG, X O e EA G R SsE, LATEA 4
TAFR Bmprla BYERICA 11T WU 719, FHOCAHT
TR, miR-15b—5p i ] ALK G, fiii i
W) ZEAZ AR Bmprla 23 T, TN EDOX
55 B 2 A T BE A5 015 F0 2R A A 5144 4 i oA
T=; AR, 43 miR-15b—5p WIAT LSS FR AR R
YRR, IX NFEAR DIC 248 T— BT RpL A,

T35, Jing SE R BITE#FE T DOX AL LA
Jgrh, B3RS miR-29b il ELIEAL I B A0
Jé 2 (B—cell lymphoma 2, Bel-2)H15¢ X & 1 (Bel-
2-associated X protein, Bax)ZmfiS3EA Y 3'-UTR, 17
Tl AR AR PE 7R A2, T FBIR; DOX 1755 Y 41
BEJAT, A% DOX FrEUL LI s . Bax ilid 5
AORANE ERFLEE A4 &, B HasaE e, Hh %
TS R ENZA YIS SR VARG € A % NI & Dl 1] R )
% ¢ (cytochrome ¢, Cyte) NEARLARE i 2 41 5 -
B Cyte SR Il (caspase) & B ITE R &
Yy, Wi caspase FURIUN o XA RETHFE K& 1Y
ATP, I EEEM A2 AISET, I, miR-29b
AR AT A DIC B— SR i A

I AT, 2 miRNA AR — BT (9367 5

W, FZ At Al BE A B2 W | £k
AR B — i I EH]

2.3 miRNA 5 DOX i#S/) B 1%

2.3.1 DIC #8% 8 g

DOX JAY7 5 L 1) [ W 2K B IE B R 300
il A ER A i P I E | 9 o IR GIR R Ry
PRECE WOTE R B B 52 5t 500 58 2% 1A 1 400 i 2%
(AnZARL ) Rl Z2 43 (0 B 11 S SRAE W 55, 5 BSL A L i
Oy AR AN AR AR, FECMER, [ AR LR
O RS A AT R 1H HA EEAERE,
B2 (A 2 2 A0 240 L e i 1 — 7 1 R AR
PRL, R R AR B — i N BN, AT
AERFAM AN ZUNERAS . R BERY X OIS RE
A E, WREA MR, XA TR A
I AR PP A AT T, 2 — bl g T s 0% 4
FIPPESET, I H o dh O NE D RERE S .

P T, DOX 2 ek 280 R P B W 4 98 719,
SRIM, 26T A WAE DIC & J& A VE FIAFAEAH 57
JE HIIFFE S S5, R ZHeFH B T DOX #
o R A W R O RS,

2.3.2 DOX # %4 A5 miRNA

AR AR 2 B, miRNA 7545 DOX 75 5
1) A WS b R A SRR, SRR 0E T mi-
RNA H[5] [ WA DG 18428 0] g 20 /00 LA 43 Y
F R

miR-30 KJE (L4 miR-30a.-30b.-30c¢.-30d
F-30e)TE N NE AR 354 23K, -8 20 408 1) i 25 4
W 78 (glucose—regulated protein 78, Grp78)
Z 5.0 W0 e A R S, T A TR
B, 98717 miR-30a/Beclinl k4% BE %A %M il .0
LT BE I, B2 DOX 5 A O IR 559, H I
AT, miR=30 FWEEEXT DIC AT AE O A3
3T, X R KKK miRNA 7E DIC H A5 1
A EZE L,

HATEIFE &2, 70 NI miR-146a K
ik, Ham i fL ] TAFOb/p53 45 R ek 55 i
PAT AL J WK P, AR 3055 DIC®, TAF9h
J& TATA %56 8 1(TATA-binding protein, TBP)#H
KK - (TBP-associated factor, TAF) ) —Ff, BE6%
5 p53 G IR FEERUENE, @il ps3 25
YRS R, miR—146a il #L[] TAFOb FEAIK ps3
B ESE T, P TAFOb/pS3 4%, M 4% ps3
5 R R ZRL AR B 0 s /0 F0 A0 B 8 T 1, 9 55
DICY, {HZE, WA M5ERM, 27 DIC 5miR-146a
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PRI E A 1 (neuregulin 1, NRG1)/ErbB
THEEANEIA OCE, DOX IGYT S, miR—146a A9 LR
R ExbB4 25 2% DIC, - AIHE5E DOX 7
SHANIEAET . L, miR-146a MTHE/ES 5 DIC
PEZE T, BRI REE— 22 BT
24 miRNA 5 DOX ESHAT
24.1 DIC A8k 98

AT 1, DOX ZLFRE 0 LR g T
BT, A T — R A AT
B, BIEE R 2 A A Y A PR TR ZE A 4
JROR AERF R AL R AR A, B B RO il
R R B R Yo IR O LA T
FERT AT OMBG N E Z —, 5 DIC
149 S AR 4 U AR G, T BEL BT 240 B 0 T LA 0
TP ERS, 5 2, Wb DOX A4 a1
AT RS — R AR O U3 AR AT BT IA R SR o
242 miRNA i@ g 4% 2 B Ak 38 e da R 8

miRNA A i B R GA - DOX 5%
B LTI T, Nk DIC Ry, WFIT R,
miR-34a 7E DOX 5 A0 e 7 2 IR 2ok 3R
ik, FEO WLAN R PR Tk B bR A AR AR
FH®, miR-34a AT L@ L] Sivtl 3G/ p66She
1Z235, T3 Bax MIFIAHENN  Bel-2 Y RIBFEAL
Fl caspase—3 BYITE, MIMIEHE DOX 75 S /9.0 1
ML, INEE DIC; M miR-34a AT IO
WG o PRLHG, miR—34a ST RE B —FIEY T
DOX RN 24 . Li SRR
W, 7 DOX AbHEAY/NERABAL T, miR-1 ik 1A,
FEE I Bel-2 R IXZECCHLA A T,
I, BEAR miR-1 R IAT] HEHIE I DOX 5311
OV YR T R — A i BE ) SR

WAk, Hr & B miR-215-5p/ZEB2 HimT fig
BRI 7 2585 R A 5.0 LR T AR DG A O L REVE
BRI DOX 5O WLATE 5 9F 18 miR-
215-5p, miR-215-5p ML EEHE E &4 5 HE M 2
(zinc finger E—box—binding homeobox 2, ZEB2), fi¢
VAT PR T 0] miR—215-5p W AT 3 i 1 9
ZEB2 MR AP0 LA, i =452 DOX i
S5, HEMZE T miR-215-5-5p #0315 7] fig
e — e e A0 O R e s OO R A R
CETRER) T ik
243 miRNA i@ it A& 5 circRNA 4% n B 4a g,
A

miRNA Al 2 53R RNA (circular RNA,

cireRNA) IR IR DOX 753 0O LA e T~
VT — T 5T 4R, miR-1303/TLR4 HlimT LAJE
DIC, DOX FE1E.C LA E 71 S sE s -
4[] B AT T LA L miR—-1303 B R3A, 1M
miR-1303 if KIEF 3% T ixX PG . A A
FK, circRNA TT1E A miRNA P IEPERE4R, B 1k
miRNA FEH A mRNA FEAFS, cire-SKA3 it miR-
1303/TLR4 #1125 DIC. —J7 M, circ—SKA3 7]
5 miR-1303 454, MM B 1 Toll #3214 4
(Toll-like receptor 4, TLR4); 73— J7 1, circ—SKA3
Al DAl 4 Ak miR-1303 [Bl32074% TLR4, M
HIE DOX 755 A9 Co UL AL 7108,
2.4.4 miRNA it A& 5 IncRNA 4% 8, 3% 49 e,
A=

miRNA WA 2 5 KA E S S RNA (long
noncoding RNA, IncRNA)#J #1845 DOX /571
DI TS, let=7f-2-3p 7£ DOX AL BE .0 L
i i L, FERTE R A T 1 (ex—
portin 1, XPO1)/ - FIE MIEHIAH R X-1 (he—
matopoietic substrate—1—associated protein X—1, H-
AX-D)AZHH, o i T, 25 picm,
IncRNA NEAT1 #UEW 2306 let-7f-2-3p ik
PN IR VETRF 2 RNA, Had R E MR T DOX 23
) let-7f-2-3p 35 LIH, BT XPo1 -1
HAX-1 B, /b T =, dRmiss 170
R, R, IneRNA-miRNA AHE AE RIS
Al REA BT 430 DIC W& HLE, IR T &
IR ORI B 24
2.5 miRNA 5 DOX iSO AT E
2.5.1 DIC 48X 848 Lzm i F 4

LA — TR 5% B, DIC Al REJE i O UL4n i
wEIHERNM, DOX 2.0 TE GO/GI
1, DI A FE A7 0, e B0 b,
Demaria 57, /T 259075 S B0 A0 R %
Al LG AR FH 2 ) 1) — S RS2, A0 55 - s 4
il MR RERR RS, ELRIEEE R
2.5.2 miRNA AR mie %

Xia ZEMIGATST & B, DOX Hl#5 O WL40 i
W 12 P00 R A, Hrh miR-199a-3p &
FIR R X AR W HRHUE ] . miR-199a-
3p BT 0 GATA 25585 4 (GATA bin-
ding protein 4, GATA4)JFEIR, BH Il 2 099"
B, JEMTEEE DIC By R i o L b5 B3R,
P& miR-199a-3p/GATA4 18 %, 7] AU/ 5%



%41

TEH L  miRNA TEFTE Z A SO AR T AR A o it e 295

TEC WL P 99 B, 53X 0T BB M2 DOX 515
Ao A 1 B AT 118 L
2.5.3 miRNA @it 25 IncRNA 89835 ) 1%
L) o

JE T BT R B, IncRNA T REAE Sy 1 755
DIC e+ PENTEYE RNA (competitive endogenous
RNA, ceRNA), 5 DOX # /% miRNA 45 & If5%
e HCRE L PR A 2h ) I R SEAGE, 285 ELR
S 3 A% 400 ) A1 Ak B 7% 1] 78 5T T 4 B (me -
senchymal stem cell, MSC)Z3 M5 A ZM AA IncRNA
NEATI, #3254 miR-221-3p 1855 DOX i5'FHY
OMEREE, HAb, ZATFEE R, MSC ]
miR-34a/Sirt] 5% DOX i FHIEE

3 miRNA 7t DIC i&47 R B& By K B

3.1 miRNA T[{E4 DIC BYEEEMIREY

4 il 712 . (extracellular vesicle, EV)J2 4 il
R A AR B b i BRAR B, W43 2R 3 N
2H: HMIMA (exosome, Exos) JUFEHFIHTAK, |1z
FEAE T4 PRI A0 M L35 W, AR 5 — Lk
HEWE T 0T (R 3R R 258 55,
AN R A L, (RIS AR 22 A R
M AR EAEZEAEN, I 5 AR A R
R Wbl . VERIBIT R A2 ik A iy B
Kuism, T, Beaumier 5575 32 DOX 1LIT
B R BT T ST, K& BTE DOX 67 i e —
BB ZNEEHI A IE miRNA (EV-miRNA)FFEZ
P35 miR-107 F1 miR-146a F 14 .miR-502 [
i, XL miRNA #5 R A =, L H5 T e
R OIEER (S, 25 DIC AR E. X
TR A 5 NS il vz 7 B2k AR 25 25k
7 LRHEAE BB 1S DAL, 2R EV-miRNA
ATREAE NI DIC AU W8 T AE AR, S
AN A ER O B R 1R AR
3.2 miRNA F[{E4 DIC RYEBTEIATTE =

AR, i miRNA 7697 DIC BIHFIE L
T —E . — R 8 T2 miRNA 15
PP sl P ) B 12 2 2 A0 O lE o Sun S50
miR-21 B E B i RSN A, PR
FhEs Gk NG R GE, KBk B0 e Fh
WA miR—21 B E AL T 4iastr, 4K T DIC
ANERAE RS D IET R . o —IF SR R, 4
DOX 4B/ B B {25 miR-375 # il 51) wT 42
fif U R A, Milano S8 EE DACoJIEAH 48 Y (car—

diac progenitor cell, CPC)J3 &5 [ S A AT Ik - 5t
R BARN, KIHE L L miR-146a-5p, I
HIFLIE R Noxd \Smad4 F1 Mpo SEIFIE, f# DOX
U (1 S8 8O ILER A0 RN 0 25 T RE i fig
CEIIE

—LERAR Wl T miRNA 97Kt
$t DIC TSR R filtn, SRR AT
DL DOX EHY.C LT miR-425 B9 .3 T,
17 miR—425 W] 3 # i) S AR AT TR 3 0 1
(receptor interacting protein kinase 1, RIPK1)Jik />
O WU B S AR I8 0 M 0 T R SR, B T ke
DOX I FHILFAEALALO DI RERRRTFS . Zhao 5525
1t ST AR RUA SN DOX O WU 51 7Y 3, 2
B H (— R RAR SR 2 i@ ] miR-140-
Sp, PG Nef2/Sint2 {5 S i, VET I8 o b 2 30 i
DOX ¥ 97 1 YO LA A 05 R D88 DIC. A
1, L8R AR W1 3E L 1 1T miRNA SR XS BT DIC
TR E AL PR R FHIE A 1 2D AT

73— Mo A9 T7 i i A A £ miRNA,
GG R EEAR L, 3 RhoRT & IR T R
WA RO EY . —J7 T, P50 A 40 g A
JARJIG B A I A 3 2k 40 ] ST S S S R B 1
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