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Abstract: Chronic kidney disease (CKD) is a common disease with high morbidity and mortality. Increasing evidence
has indicated that programmed cell death (PCD) plays a significant role in the pathogenesis and progression of CKD. Non—
coding RNA (ncRNA), defined as a category of RNA that lacks coding potential, has emerged as a pivolal regulator of
gene expression. This regulatory function of ncRNA extends to various biological processes, including PCD. This paper
reviews the recent advances on the involvement of ncRNAs in the regulation of apoptosis, autophagy, pyroptosis,
ferroptosis, necroptosis, and PANoptosis in CKD. It explores the crosstalk between different pathways and categorizes
therapeutic strategies targeting ncRNA regulation of PCD into three main areas: the active ingredients of traditional
Chinese medicine, tissue engineering technologies, and drugs. The objective of this study is to identify novel therapeutic
targets and strategies for clinical treatment.
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B R AR B LA St BB T3 UIAR G, AT
B R 2022 4 2Bk ik 8.5 A CKD, 45 /3
R Ry B ST RGN R TERIES,
SR, Hh T CKD i B A4 52 2% 1k, H AT e = 45
FEEYT T B L E S F D RE Ak

A0 AR P PEFE T (programmed cell death, PCD)
A1 — R B A AR PR Y A0 SR T R
WP AR BT BRAET RSE R T 2 T
HSET- AR T . EEBEASIE T, PCD Rl i ik
AN BRE SR, IRy — R R IL R LA BR A2 45 4
JEL, G A2 A P B N B R AR, DT AL AR
Ao SR TEIR AT, PCD 2% i 23 {2 F 240 2ok
JE 2 AT H W B R B R R O B AT R e
IR FHEEFPRE" . PCD 215 2 W E i Ui
HEEKT B A BT SRR RERERT AR I
JYNE| T RNA(non—coding RNA, ncRNA)ZEH

ncRNA JE 45 AN LA 4 i5 T B2 1 RNA, £ 24
5 1 /N RNA (microRNA, miRNA) | K 4 IF 4 5
RNA (long non—coding RNA, IncRNA) | 5 Ik RNA
(circular RNA, circRNA) DA S 5287 A& BE A9 tRNA 1iF
A HJ /N RNA (transfer RNA-derived small RNA,
tsRNA)™ . ncRNA Ji: 3 ] 3 3k 9 SR 3 15 I 1
HAEFNEE e 5k A S S JR 7KV 34 45 T
YEF . miRNA i@ oF 5= {#i RNA (messenger RNA,
mRNA )R 5 P 45 G R i) 3 DA 5, M BEL 1k H
o T IncRNA Fll circRNA 7] 78 4 miRNA [ “ 43
TUELE 7, 8L B miRNA I AE A 56 4 o Vb
RNA (competitive endogenous RNA, ceRNA) iz 1E
M, B B AT AR H AR mRNA 1 miRNA A
P IR 2 R R T ORI A R I, Bk
ncRNA BVE IALHI A R BR T4 714, B AT m)
T 3 R A A 23 ) 25 4 (I G- DU S 14 ZE PR 45
) AR E R — R HE S UIREE 245G ATiAT
fEPEEEIRE™ . i 78 4 53 7955, neRNA 7] L
Pa45E 5 PCD AH DG H PR 2R FO AR M A , DA T 52 0]
CKD Jm 4i i i iz , X A1 B T IR A L% CKD f g 2
BL I3 T I IF A8 BB R ms . TAFk AAZ
ncRNA 25 PCD J #2377 CKD BAH AR , (Hi%
Gk = RSB, A SO OC N B AE— 253k
LIk PCD 9 8 4% . ncRNA 195> F HLHI L K CKD
FOYR YT SR S AT B S B

1 afeB—

1.1 AT 5188 SR

VE AR AR SR B P — AL 1
TERIGE 8 AE 5 S5 R G DI RE | 40 M B i 5C
SEAE 2 N IR TR (BRI iE 1R ) Ak
Ve B A2 CHIBE T 32 K ik 42 ) A0 5T I 07 %
(endoplasmic reticulum stress , ERS) i85, 4
LY T s T 240 B SO R g € 5T T 4 B S 4 A
PE—2DBESRE WEAL, ML 53 B IF e R AR A, B
A TR AT T 0 28 2 U T/ M 3k 85 A A
J RV I 85 8 O IR T LA 08 3 4 L PR A
AN Gk & RAE RN . HETTE CKD i 5E 8 %
SN IR e S - S R AN 7 A=l w1 U
B /INER 2R S0 RN N B AR, LS N 2R A
B /NERREAL P LT AEAE LU B D BE T BRAR DG
1.2 dEZR 75 RNA 7218 14 15 Bt 7 0 40 B R T B i
=ML

miRNA 5 IncRNA i % 7£ CKD J& 4il Jfg )4 7~ /Y
PR AR (R D)o 3R 0K miR-181ail g 5
CRY1 %54, 7] I ¥ toll #£ 3Z 1K (toll-like receptor,
TLR)/#% Kl ¥ —kB (nuclear factor-kappa B, NF-«B)
{55 [, AT AR CKD KRR /N L Bz 400 A 1)
TRE /NERBEAL S [FIRE 2 33K miR-27b-3p 7]
B ey 40 AE T AR S 5 B ST AT 1 (signal
transducers and activators of transcriptionl, STATI)
P8 IR ML E T 0T SR B AT AEAL T TR
AR (homocysteine s Hcy) KT 258 CKD &
A LU TR N R A, B R, e-Myc i
it 5% 4E zeste [A] U5 ¥ 35 58 F- 2 (enhancer of zeste
homolog 2, EZH2) Al DNA I %t #: %% i 1 (DNA
methyltransferase 1, DNMT1) , 7£ Hey i 53 /2 40 H 4
Toak B R AR B 45 F1 A DNA R X miR-
1929-5p #E 17 Mt L 2~ UT R . E4h, IncRNA
MALAT1 i i 55 Lin28A (Lin—28 homolog A ) 4 H.4
J . ¥ 3% NADPH 4 fL /i 4 (NADPH oxidase4,
Nox4 )/ 12 1 1k & 11 B (AMP-actived protein
kinase, AMPK) /75 1 & 2 # & 4 (mammalian
target of rapamycin, mTOR) {55 5 38 % , 2 11 i = 4%
PRI ' 94 (diabetic nephropathy, DN )75 5 #4) B /N
AT

FEFB A3 WEFE T, IncRNA 5 miRNA 454507 4 38
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G g A MK IncRNA-miRNA- mRNA Ji £ X 45
EAER . SR, CKD B3 ML H IncRNA
NOP14-AST kA%, miR-326 FiA TH , iF— 4
W58 & W], IncRNA NOP14-AS1 i /b 1] 8 fill miR—
326 K3k, T HCANMIIG S RE T BE TR TR
K5 MBI, B Mk B £ AE AL & '€, Chen
AU BF 9Y 2% B B AIK IncRNA LINCO0667 7] 3 1
miR—-19b-3p/IncRNA LINCO0667/4% 4 4H 21 4=
F (connective tissue growth factor, CTGF) 15 5 il
&, 0 e P B 3 BE 32 3 (chronic renal failure,
CRF) KU /INE b R AN ga o, f gF HIg 58 5 1T
B Of o B AR i Ak . Xia %17 R B AR IncRNA
XISTd 3 F 74 miR—-19b , T SRY ~box % 5% ]
F 6(SRY-box transeription factor 6, SOX6)F ik, it
T A0 44 2T 2 A /D B U 400 M A R T 5 R E
BRICZ AL, cireRNA LA 58 4 miRNA 73 F-IEE 47
KA R L IL . 7EDN/NEHT, cire MRP4 1 365K
i 1 P57 miR-499-5p/RRAGB/ mTORC1/ 70 ku #%
B A S6 4 i (ribosome S6 protein kinase, P70S6K)
AL R Al TS M R AE™ . R AE  has_cire
0037128 18 i 415 miR-31-5p/ Kriippel FE5E 5% K 1
9 (Kruppel-like factor 9, KLF9) Jill 55 /= 7 %45 415 5
R AT

2 mEL A

2.1 RSB EER

2R e — g BE DR ST B A e A, 4RO T
VAL A, 08 3 Aok A R R 0 IRDIAT S A E BTR BZ
0L A0 5 L AR IBCRE B, 7R 2 A0 N AR S 7 TR
FOCH AR . A Y A WA BT A
HEFTIE Y A= B0 2l (B BERY A W23 A 40 i
PT AR T AT o DFRI TR B AR T,
RSl 5 1 B VR EOS T e S B RINE 00 T
B 0 AH B CL 45 A0 0 T AR R E
e 27 A AL IR 5010 0 0 2 A ) 00 5 s 2
SURA A, e 2T RO A AL T AT 4R AL CKD
R 1 G i B AR AN K B X R L 78 B CKD &
Ry 2R B 1 R A TP A WS B T Y AT 4
A= T A S e D 23 in s CKD 1 3 Jie ,
FEFH] , JE 2 L P 5 0 v e 3O S e )
JiE H B KF, A A ¢ 8 H 5 (autophagy—related 5,
ATGS) Ay 2k 25 3 B AL ANZ R AL E A R LR L

T P9 5T DO 17 95, e 285 | DN B A4 L 25 2 RR e
B/ NERBEAL , B 78175 T 1 W 4R R 2 40 58 R 1 A
FRASHY SCHEAL > o db b, 25 AR B R A 2ok
(LSS VAR B R VA= TR L NE RV 1 S DS
A £ SE B A PR IR T SRE S A AN i
FET, Ul /D AR N R, DA T AE 2% 5035 CKD 1 it
Ji& U B A
2.2 3E4RAL RNA 7218 14 5 At % 4 i B 1 A 8
=YL

B EAE R —A A R R a2 ) 5%
2 BRI . A, neRNA 7E 41 L 17 1537
2 TPV FH 2R 8 R I 5 Al 0 SRR AL
SR S SR I A 22 R R AL, A7 B SO iR CKD
JEAE S A WERE )7 2 0 R R (3R 2) o — T iR
BRI PR TIEE 87, DIN S5 35 R U v 4 2 — 6l
2 [ (glucose—6—phosphate dehydrogenase, G6PD)
TG PE R, 3 5 R B B s S B A DG . 20 )
IwE 5% 2 WMl miR-7977 /K - 7] i 5 G6PD %
TR0 N, DN 396 4 e s 2 R AR S R B
Mo R S0 24 T 4 M2 ne RNA T2 40 i 1 s 1) 32
FEROAR I AR A DN R (90 100 785 AR DR VB A 0 1)
11 7K P14 miR—150-5p, 17 7 DN /)N UL RL ) T 8K
miR-150-5p i i 5 Sirt] A9 3’ -UTR &5 &, #L 10
W1 p53 B AL AT AMPK A9 861 4 2 41 it [ w3 ok %
FEE R E ™ . Su ZEPO0F 58 K BN ] IncRNA
AKO044604 T 3 i 8 5 Sirt 1 /43 J5 2 i 54 1 -3 3 il
PEUE L AN F W, DN ITZZ A DN 75 510 & A i i 3
—IAFFE A T E & TR DN(T2DN) /s AR AL,
&I IncRNA AA465934 7] L5 tristetraprolin (TTP)
454, BHWT TTP-PIM2 1 25 A DA I 410 il FL B i, T
8 15 i 7% R % 5 (1 B1 (high mobility group box, 1
HMGB1) , AT 305 5% 3 Wi T 38 JF o038 2 40 i
Ei7 L VIR

1P 2t 35 4 M I L ne RN A 76 2035 B 27 44k )7
T 2 P AR BB . Yang 25 BFFE W, T
miR-376b [k 7] DLl o i CKD /N ATGS
JT 5 04 T A L IR 2 ik [ S 4T Ak, [
FE, I miR-32-5p AY R 1K 8 1o 0 ] BEXT BT R 1h
A R U ¥ 7 (mothers against decapentaplegic
homolog 7, SMAD7) , P\ Tii 4 % DN K B F Wk 1)
il L b Rz R) 7 R AL RN A 4EAR . R A, cire
Inpp5h i 13 5 DEAD-box fi# i€ 1 (The DEAD-box
RNA1, DDX1) 45 & £ i %5 il 44 [ At o ol
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Table 1 The pertinent targets and mechanisms through which ncRNAs regulate apoptosis in CKD
Role in
[tem ncRNA Mechanism of action ) Impact on CKD Reference
apoptosis
miRNA Reduces the levels of uri-
R nary albumin, urinary uric
Targets CRY1 to inhibit the ) _—
miR-181a Inhibition acid, urinary urea, serum
TLR/NF-kB pathway )
urea nitrogen, and serum
creatinine
Binds to the 3'=UTR of STAT1 to downregulate -
miR-27b-3p . . Inhibition  Alleviates renal fibrosis 2
1ts expression
Hcy-mediated upregulation of DNMT1 and
EZH2 leads to epigenetic silencing of miR—
miR-1929-5p 1929-5p, following c-Myc-dependent recruit-  Inhibition  Alleviates podocyte injury =
ment of DNMT1 and EZH2 to the miR-1929-5p
promoter
miR-19b-3p  Inhibits the IncRNA LINC0O0667/CTGF pathway Inhibition  Alleviates renal fibrosis [
IncRNA IncRNA Activates the Nox4/AMPK/mTOR pathway Aggravates renal tubular -
Activation
MALAT1 through interaction with Lin28A epithelial injury
IncRNA Inhibits miR-326 and its downstream PI3K/ i
Inhibition  Alleviates renal fibrosis "
NOP14-AS1 AKT pathway
Binds to miR—19b to upregulate SOX6 expres- -
IncRNA XIST ) Activation  Aggravates renal fibrosis 7
sion
circRNA Acts as a sponge for miR—499-5p, leading to
) the upregulation of its target RRAGB and subse- o o -
circ MRP4 o Activation Aggravates podocyte injury !
quent activation of the mMTORC1/P70S6K path-
way
has_cire Acts as a sponge for miR-31-5p to upregulate o o -
Activation Aggravates podocyte injury
0037128 KLF9 expression

CRY1: cryptochrome circadian regulator 1; TLR: Toll-like receptor; NF—kB: nuclear factor—kappa B; 3'-UTR: 3’—untranslated region;

STATI : signal transducers and activators of transcriptionl; Hey: homocysteine; DNMT1: DNA methyltransferase 1; EZH2: enhancer of zeste homo-

log 2; c—Myc: cellular myelocytomatosis oncogene; CTGF: connective tissue growth factor; Nox4: NADPH oxidase 4; AMPK: Adenosine 5 ‘—mono-

phosphate—activated protein kinase; mTOR: mechanistic target of rapamycin; Lin28A: Lin—28 homolog A; AKT: Protein Kinase B; PI3K: Phos-
phoinositide 3-Kinase; SOX6: SRY~-box transcription factor 6; RRAGB: Homo sapiens Ras-related GTP binding B; mTORC1: mechanistic target of

rapamycin complex1; KLF9: Kruppel-like factor 9; P70S6K: ribosome S6 protein kinase.

CKD /MUY B T B4R 44k . Joliif s R W], e
) %5 bR 48 #8 PH (unilateral ureteral obstruction,
UUO) /NS AR 5175 37 2 1Y tRNA-Asp—-GTC—
3'tDR BE 2 JE B G- 0 B AR 45 14 4l AR AR IR 1 5

fiti 7 25 1 (pseud()uridine synthase 7, PUS7), M i
T W R A N A0 B AT DR A A

Z AT SE LT SR B R I S Akt 2
CKD [ 5 22 IF K5 2 — , A UF 8 2 B 55 2 1)
miRNA i i W& 1= 2 5 R A 80 i 2,
B R I8 miR-30b B9 2% 35 T3 & mTOR {5 %5 18 %
AR AT 28 7 7 B P A7 R e, o e L A8 S A, T 9
miR—30b % 2 05 JUI Rk 55 144 Py I A A Ak
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Table 2 The pertinent targets and mechanisms through which ncRNAs regulate autophagy in CKD
Role in au-
[tem ncRNA Mechanism of action Impact on CKD Reference
tophagy
miRNA Impairs the endocy-
Binds to the 3'=UTR of G6PD to downregulate its -
miR-7977 . Activation  tosis of renal tubu-
expression o
lar epithelial cells
) Binds to the 3'=UTR of Sirtl, thereby activating ) Aggravates -
miR-150-5p Inhibition »
downstream p53 acetylation and AMPK signaling podocyte injury
i Binds to the 3'=UTR of ATGS5 to downregulate its o Aggravates renal -
miR-376b ) Inhibition L ) *
expression interstitial fibrosis
) ) o Aggravates renal -
miR-32-5p Upregulates SMAD7 expression Inhibition ) )
fibrosis
Alleviates CKD—
Downregulates SOX9 expression and inhibits acti- -
miR-30b Activation  induced vascular .
vation of the mTOR pathway o
calcification
IncRNA IncRNA . ) . Aggravates -
Inhibits the Sirt1/GSK3B pathway Inhibition o %
AK044604 podocyte injury
Binds to TTP, inhibiting TTP-PIM2 binding and
IncRNA ) ) o o Alleviates podocyte -
thereby preventing TTP degradation, resultingin  Activation o
AA465934 i . injury
downregulation of HMGB1 expression
) ) Binds to DDX1 and promotes its lysosomal degra- o Alleviates renal -
circRNA circ Inpp5h Activation ’
dation interstitial fibrosis
tsRNA Forms a G—quadruplex structure that binds to and
tRNA-Asp- R . o Alleviates renal -
sequesters PUS7, thereby inhibiting pseudouri-  Activation ’
GTC-3"tDR fibrosis

dylation of histone mRNA

3’-UTR: 3'-untranslated region; G6PD: glucose—6—phosphate dehydrogenase; AMPK: Adenosine 5 ‘ —monophosphate—activated protein ki-

nase; ATGS5: Autophagy-related gene 55 SMAD7: 7mothers against decapentaplegic homolog 7; SOX9: SRY-box transcription factor 95 mTOR:

mammalian target of rapamycin; Sirtl: Silent Information Regulator 15 GSK3B: Glycogen synthase kinase 33; TTP: tristetraproliny PIM2: provi-
ral insertion in murine lymphomas 2; HMGB1: high mobility group box1; DDX1: DEAD-box RNA1; PUS7: pseudouridine synthase 7.

3 mekT

3.1 HMET 5BME SRR

FETZ, PCD H— R R i SR AL, b o i A
B SN 5K Bl 5 /M 426 T caspase , DA
M 2 AR T 19UV 2R 11 Gasdermin KR , 3% 46 24 i
1 Gasdermin 5 4 MR A A B 2855 8 LB FLIF 5 i
MMAET . TEAERUKP T BT SRS S
IR R 0 1 0 e T S SR A S A
W AR S AR R AR AP T RE . SR, JEAE /)N

VAR 3 B VTG AR S P AR T2 5 1 R ™ B Y SE L
IV, fie i B ET 44 240 i 1] OURSC 2T 44 240 g o0k, e
HE L) k&R . NLRP3/caspase—1/
GSDMD 7 5 % B /i 3 1) 22 B2 1208 42 J2 CKD
SAENEFE AR5 0 2L . ATFEER I NLRP3 £ 2
TE [ 20 BN S i 200 vh 23k, 0 An 7 1
JiL L A PN R AR NLRP3 48P /MACH: T ik
I~ ] AR EOS LAARE 1 28 RE K2 3 i CKD 14 &
R P WAL, caspase—3/4/5/1 1 { AP A AR 2
MAETHRBEBS S T CKDWRERE., PFRE
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P, GSDME 1) 2 35 7E UUO /)N BUBE AL rp 8 25 T
TMi caspase—3 Ml il 77| GE 9% 1 ] caspase-3 I 1)
GSDME ZYfif , 852 4F e AL A D e e fig > . 3
JEE WIS Y PN T )N i 2 fek & C/EBP [R] R AR 1/
caspase—11 18 % , i 7 B /NVE B IR A& T2,
&S AT e a0
32 ERIBRNAEERMESHFPMEETHIE
FEHLH

ncRNA J& CKD Ji5 B /NE b K 40 i £ 7 %) S 5
P RT(R3) . SEREAMLL, [gA B EE
% % IncRNA CRNDE H1 NLRP3 %3k T} &5 , i — 4
WF5 21, IncRNA CRNDE il i 1 il = 3% )57 26 11 31
(TRIM family member 31, TRIM31) 45 fiy NLRP3
12 2 AL TN AR TR 3E B %5 40 i v NLRP3 (9 3T
AT TgA B s 0 i 7 — Se B oY Gl T
IncRNA F1 cireRNA /E A miRNA 9“3 F I8 7 AR
o 7EDN A E ', IncRNA MALATI B9 %3k i 55
Jin, T miR-23c¢ #3223k 3 B, 70 ] IncRNA
MALAT1 A 2L F 8 miR-23c, 4% i #2 [ T #
ELAVLIL, T4 i °F % 25 1 NLRP3 , caspase~1 FlI
H 40 i 4 2 - 1B (interleukin—1 B, IL-10 ) 2R 3K , Ui,
BB /NE LR AT A A A S

DN 4 &Yt IncRNA MALAT1 38 3+ # [1] NLRP3
B miR-30c S FE B /NE R A AE T, LncRNA
NEAT1 i 1 /5§ miR-34¢/NLRP3 #1157 DN K i
FVARSNE INER R BEAH AT LncRNA GASS
1t F ki i T 8 miR-452-5p, il DN H /)N
BT SE AR R B . LN =4 2
CKD # WIY I & 4E . IncRNA GAS5 38 1] LU 5 4 ki 4
B 1% 4E {1 [X] 7 (mitochondrial translation elongation
factor, TUFM)AH EAEHT, 51 NLRP3 1% VRS N, 4
HE A M AR T A B , AT 5 3 CKD & LN 2
45 SEETRFFEAE F cireRNA I3 Bt 1
2 A AL PR ) 3 o B /NS b B2 LR cire RNA 9 25
SZIK, K cire ACTR2 BEfS 4 15\ /1N 40 i 45
T- RIEFL A, S — L5 R, cire ACTR2
il 2 78 Y miR-561 19 7r F R4, 0% NLRP3 Jf:
W IL-1B 1 43 W6, AT 3715 15 I A48 i 9 /N
(EE ) NN ) R A (BT = o i R Ay
JE e Ah, 7E DN BB E B IR R A 8 cire
0004951 F= ik I 25 1 I8, 40 b 5 56 3% B FLBR 6% 12 56
IF-45 6 miR-93-5p (37 a5, 52 ) 43—V 443 W A FH 1)
e PR, T JH NLRP3 2k f2 28 /NS E %
Y AT

&3 ncRNA E#E4EE TR0 CKD B8 X8 F4LH
Table3 The pertinent targets and mechanisms through which ncRNAs regulate pyroptosis in CKD

Item ncRNA

Mechanism of action

Role in
Impact on CKD Reference

pyroptosis

IncRNA IncRNA

Targets miR—23c to downregulate ELAVL1 expres-

I Exerts a renoprotec- (28]
Inhibition

MALAT1 sion, thereby downregulating NLRP3 expression tive effect
IncRNA
Sponges miR-30c to upregulate NLRP3 expression Activation / 1
MALATI1
IncRNA o . o Aggravates renal -
Inhibits miR-34c¢ to upregulate NLRP3 expression Activation )
NEAT1 injury
IncRNA _-—
Downregulates miR—452-5p expression Inhibition / 4
GASS
IncRNA Aggravates CKD—in- 5
Interacts with TUFM to enhance NLRP3 activity Activation k21
GASS duced muscle atrophy
) . ) ) o Aggravates renal -
circRNA  circ ACTR2  Sponges miR—561 to upregulate NLRP3 expression ~ Activation hrosi
ibrosis
circ
Binds to miR-93-5p to upregulate NLRP3 expression  Activation / k5L

0004951

CKD: chronic kidney disease; ELAVL1: ELAV-like protein 15 NLRP3: NOD-like receptor family pyrin domain containing 3; TUFM: mito-

chondrial translation elongation factor.



926 HlR AR 2 (R A2 ) 546 %

4 LT

4.1 HIETSEMSHER

BRACT S — i i MRS P ol B 4ok 4T R 0 2
S R R TR S AR A A At T AR, S B
HH IR B T S A O 1 e A R AN]SR BE
ERIE SRR SR 2 Y TR LN WANNES Y A N1 RS 1A
A REE S B 1 TE R R B 415 e, BRAE T A%
22 Fh A AR B 5 38 5 R 41 ML L 92 1K ) 922 1)
P . FEIEE R o B /NS T B R T B
R A 8 T BRACI o ARG A 7 B R s rh A
S H WL, B SR IN CKD B BB TR i i
AR TIOR3l 2 S50t B g 5 | e SR Ak A5 3 , S Bh kAt
T, i CKD B A B0, itk 95 = 548k
A & 5 AR & BB AR I e D R AE T &
A% CKD S35 kil 2 OC %L
42 dE4RAS RNA 1214 5 ik fA Pk T iR
ML

ncRNA Ay & LI A4 846 1) SR o, ml 3 ok
B BRIE T AH DG4y il 2 5 CKD iR, i
PRI IR AL TR (R 4) . BFFR W], DN &
HRI M P T S S I Ak K F
ThEs , i3 223k miR-223-3p 18 1 40 15 LEE 1,4, 5-
= W% R 5 ¥& 3 AU (inositol 1, 4, S—trisphosphate
receptor type 3, ITPR3) BG4 A 4 55 25 111 £ ik,
FEIHIIETZ . Fang &0 W5 & L, (i F 12 25
2R AR B IncRNA SNHG1 () 3 35 7T 3 1 miR-16-
Sp/B FEHT B A A R BE R % A 51 4 (acyl-CoA
synthetase long—chain family member 4, ACSL4) 4
IRIARIET:, 3% DN, Li %52t B 7E DN /N ERLAY
L35 FIVE I LA S ARSMERI | cire ASAP2 [)RIA T
P&, M miR-770-5p WYk LM, s — 20 0Foe R,
circ ASAP2 fi# [ T miR-770-5p XF SOX2 () 311 il 7f:
PR IR T SOX2 1R R FE Sk I T H 4 A 3
SLCTALL WY JE 8l X B0E e sk T IRk |, &
W T RAE VEALR RSB T . cireNSD1 BEWS M
1o 20 2R 1 H3 55 36 o7 8 24 12 (histone H3 lysine 36,
H3K36) F AL T 5 ACSLA F1i% o 2% 44 52 Ji% 39 i
51 14(SLC39A14) K3k , T80 4% B /N b Bz 240 g
WP R T 2% St ' #5403 (acute kidney injury,
AKI) #| CKD 1 # Ji& , £ 7= HmT 4 BT CKD
AR RIS WS R RNA TR AL T I LE SR

W], tsRNA L] DUSE ] BRAE T B S A 73 78 24 3
AT A1, 7R 22 P vh AT T 1 0 sl 7 A
KR . fE DN/N R, 3 R 1K (RF3-TleAAT i
1 58F8 8 1 281 (zinc finger protein 281, ZNF281)
93’ ~UTR Z5-& #8118 H &Gk Ml gkt T8 A
ACSLA (3 P, 18 GPX4 I o 1A 5 1 7 1 5%
11 A 3A , DT IR R A8 T2 /)N BR 2R I 240 i o
21 fifd 1 36 5 (extracellular matrix, ECM) & 1% , i
KGR B AT AEAL RN RE i

AR BB AR R T IR e T
PRI TR SET A DC I BRI, SO B TR T TE (1Y)
A=W bR S AR R, IR R TS SR
Y RASRAIR ST ST 1 5B . Sone 4 i 1ot
5225 IR AR LR R 175 5/ BRURY CKD B A
A FH o e e 00 g A S 4550 B P A miRNA
S FCHBBR mRNA, 4528 % 9, IUEA155 - (4 miR-429—-
3p il 1w B /N A BT o A AR B Y S
HE S HE MR 1 mRNA  d 1 E 3 32475 5 JUE P Y ACSLA
TR 32K 1R HEERSE T . CKD B 111
A EP BRI T 0 3k SR 1 AR I T O
BN Tl DR R IR 1 A2 e A A AR
BT R B i A s i O T v
K 376 > miRNAs I 12 A 5% 5% 5 7 ) miRNA-
mRNA P45 [ 2%, [Fl i B — 2200 T 58T A
MW 1B 22 3 R AH 5G4 SRR FE PR 7 A, Hu 861
it P INAS S PR e SRR I 28 4 Fr i 1 5 DN ERBET
AH G B AX A1 5k R DL K 5 B ATTAH BAE FH Y neRNA
(has_mi572., hsa_miR-29a-3p. hsa_miR-29b-3p.
hsa_miR-208a-3p . hsa_miR-153-3p 1 hsa_miR-
29¢-3p) o KA THE AW AN SR A AN W &
Je& A FH AR 45 27 230 B 0 neRNA 15 505 22 [7]
[ 56 R iy B A CKD 19 43— AL ] 48 4t iy T
REPE.

5 FurpAThHzAT

INBEAE 8 T J2 4 20 0 T 52 3 40 o) i B AR
A — AU SET R, BARE SRS BAT AR R Y
TEAHFAE 1) G 5T R 22 | 200 i P ik P 23 2L 1B
AR AN M A T AR S E T . CKD
IR BE P U T I O O 5 o T 2 R LA
& H B 1 (receptor—interacting protein kinase 1,
RIPK1) , RIPK3 FIIE 73 8% & i g FF 25 11 (mixed
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&4 ncRNA REHEIE TR0 CKD Y48 5 38 R0 )
Table 4 The pertinent targets and mechanisms through which ncRNAs regulate ferroptosis in CKD

[tem ncRNA Mechanism of action Role in ferroptosis Impact on CKD Reference
miRNA miR-223-3p Downregulates ITPR3 expression Inhibition / =
IncRNA
) ) Aggravates renal
Downregulates miR—16-5p expression to L . -
IncRNA SNHG1 ) Activation tubular injury and o
upregulate ACSL4 expression ) )
renal fibrosis
circRNA
Downregulates miR—770-5p expression to Alleviates renal -
circ ASAP2 Inhibition 2
activate the SOX2/SLC7A11 pathway injury
Attenuates the
Downregulates ACSL4 and SLC39A 14
cire NSD1 Inhibition AKI-to~CKD o
expression through H3K36 methylation i
transition
tsRNA
Binds to the 3'=UTR of ZNF281 to Alleviates renal
tRF3-TleAAT Inhibition o

downregulate its expression

fibrosis

ITPR3: inositol 1, 4, S5-trisphosphate receptor type 3; ACSL4: acyl-CoA synthetase long—chain family member 4; SOX2: SRY-box tran-

scription factor 2; SLC7A11: solute carrier family 7 member 11; H3K36: histone H3 lysine 36; AKI: acute kidney injury; CKD: chronic kidney

disease; 3'=UTR: 3'-untranslated region; ZNF281: zinc finger protein 281.

lineage kinase domain-like protein, MLKL) , S 24
Ji FEE e 2 14 493 A OC 73 55 3K (damage associated
molecular patterns , DAMP) i B, AT A 5 15 /1N
U L BE T IS 3000 95 A 1) S A RN IDE AR 1Y)
FEEAEAE il 2 BUET A 40 i S0 AT ECM TR
Bl , RIEIE IR T2 | 98 5 FIE 21 4 A AR BRI A A%
AT PR B D RE AT P ke 2R AN AR iR
By kA Ab 2 AR R B R A T DN
/N BUCEE P miRNA A9 22 5 R A5, & B miR-
802.miR-34a.miR-132 .miR-101a. . mir-379 - J& %
i BE S X TR AT S LR AL T
FIRAE sz N7 AE U IR LA IR T 5 X 4k
miRNAAHSCHYEAR . KR T IRSEPE T27E DN
RARALEI h py AR, RS R — 20 R,
miR-30e 7] DL 43 75 RIPK1 Fl RIPK3 52 i 3£ 4E
PRI T, INEE DN

B B PCD AR Xz 8 T 0 I 1A [ 28 A
PCD Z [ WY AH EAE T, BEH0E N RS  IAE
BRI T:, RS T AN T AR T AR
FEME R T 0 CBERAAE , ARG — s JE DMl AN 3 2

SEA B PCD HTAE R Guo 25 By IR T 1, iz I
T IE A B8R B I 9 2 9 AL Ak 1 DG S 8 Y TR
L A AN A ) PCD & 48, AR 32 8 70T g ad
DAMP (W& TR A E T 1 HIL-1B) SR 5 B 41 41
103, I T 5E T BOE T Re e 2k MR M R AE , $Em L
AT A B IS5 0 B TR S SR AE A s . il
FHAWYIAE B 27 ) 26 F 58 R B, has_miR-101-3p
A BETE CKD J5 12 08 T2 iy W45 v B B B /e
JUE AR T — 2 1 R, SCHF ne RNA 38 o I8 728 51
FEPE P T2 T 0 CKD i F2 A B2 e 4 T 4
D AR TS B R g iR R R LA SR A A
A2 SRR AR — PR A

6 FXEFR T 6

R NRLT R RIRTR 2 — , R 2RO
TR 1% 5 10 DR, AR 24 e B R AR PR T AR S
PRI LRSI BRI, 27 ATk . S i AY Cu™ ik
NI, & 22 5 (i B Lok A 3 5 Cu™, AT
VR ANEAET XA IRAR AR N SE T, HesZ 4ok



928 HlR AR 2 (R A2 ) 546 %

PR A JE 1T 1 A 1 1 0T 0 R AL g e
AR A R A A RN R, — 20 AR AR
A O T A Y S LR K P 55 CKD SR 3R (8] A7 AR
FR AR LA S, 22 1 ] AP T o /N Bk
R AR, S — 210 E W D) Be T i CKD Y
R MR AT A48 VA T AR S 7 L5 11 1
B IR 2 I T FE A M 1% AR P e B RS AT
PR R , 3 B0UDE 2R A At — A i ) S R 2R
T 75 S I S8R 20 PR PR P T ik A . T
P RUBLAE T 4 45 4 MRS S IR 38 Thi ke
BHEEMEM . BT, 250 54 2 A4 iy
WFoE 4R T DN B35 22 SR B MR AL T JE N,
MU AT RTAE R DN () R7 5 58 05, by HL & AL il 2
BET B LA RS RIS CIE R T AT
T MR AET -5 CKD Z [ 47 7F 5Bk, {H ncRNA J&
Qnn] 38 5 PR A H AL TS MRS T2 5 CKD #E R 1
BHEAERABR , neRNA 5 =3 Z [0 /9 56 & HRTES
e U I B R Tz, T AE CKD A AT 75 ik — 25
HIBFIE o

(B 1 RS2 A58 BT 18 1Y neRNA F2 22
H miRNA IncRNA Fl circRNA . Fifi % =5 18 00 7 114
R, — T 241 neRNA—tsRNA 19 4= )24/ 1 IE
B R . Khurana 27 &8 CKD R Ak
WA H tRF-Val \tRF-Leu ,tRN-ACys . tRNA-Pro )
FARNA-Glu - F i F AR T e B . ARt
7, tsRNA 1] fE 2 5 CKD J& 400 1 W 5 88 T 1Y i
R . ARSI A B, AR T — 4
tsRNA J2& 75 1] LU Hofth PCD 33 72, i CKD
B bR R AR T RS

7 RBPEE RS P AE 4 AL RNA A 549
VR R E

CKD M AR AL+ B2 4 48 H T AR 58 4
) EH LS 190 A L B L R R AL B A%
Fifpz—. SR EER R, LRrESE PCD
IWRAERR B R AE 2 5 A AE B, ncRNA 1
R EEA PR AL, 8 1R 40 JE 5 4% RR PCD 342, K AR
TR Mg, Hod [ g S H AR PCD &
B2 ML BEAEFHE SR . Liu %7 % e M
(i) P dikt 40175 5 19 CKD K B, IncRNA-GASS 1Y
PO AT LA SR P B /N L R 2 R T RN T 4k AL

I A AR, D2 W, DT DB A KRR A 4
ZRA TRV T M AR S TR S BAEH .
B, 90 % miR-383-5p 1 1 37 DN /N B 2 4
i 19 W DA T ok 2 v R 80 W5 5 1 2 A R T
FAIK IncRNA-SNHG 17 % 2 35 ] LA i 1815 Wi 2L o)
YIANE Z 20 R 1, PR IR L iR [ g I s 2 20
LR T B AR ARl ST T IR T % 108 AR S O
PR YERT . miR-769-5p AE W5 i 5% 5 8 5 i
IncRNA SPAGS5-AS1 [ £ ik , JF i & 8 75 AKT/
mTOR {75 5 30 % 410 1) A2 40 60 19 W06 5 on 2 F2 40 e 07
T 28 BTIR AR SR M 5E 7 4k 252 B B neRNA 47
FANF] PCD i f A B A5 PE B AL, B 7ETF A hT
) CKD IR YT HE A5

8 F&df4 A RNARAEAEFHRL T
8 1% M B R T

8.1 AMiMEST IR

20 it A1 1 P A5 S A L RE I 9 K IR
JERUZ L5, 2 F AN IMA G i AE T/ MA
3FREAY R AL 2 1 5 L BT A R A5 T
Jei 505 1 37 vty 240 S 5 L, B B Sk 400 i ] 38 £ 1 A
[, AR ] T Y 2 s 1 AT AR B R Sl
RUH U A0S 3R G SN S R )z,
16 3% 19 43 F R S Wl e 9 S L 40T AF Ak L RN
ECM Az B, IR A ZUEAE T

Horp[a] 78 5%+ 40 2 (mesenchymal stem cells,
MSCs) B H EA S e 87 A 2UE 5 1Rk, 2 H
TN A 9 ) 2 W T A . 2 TR 5T R
T MSCs A U8 1 ZR W R X CKD J5 15 £F 4E AL 19 3R
JPVE o BN, MSCs > 5 (9 S WA 1A fig % K miR-
186-5p i ik 2 UUO /NI B JIE rh, AT i 2D ECM
BYFR 2, JF58 1 TGF-B1/Smads5 {553 1 Ik 4 240 iy
bR A S AN T, A GE B AR AT
NG5 MSCs > 5 9 40 A 438 427 miR-874-3p 4[]
RIPK 1R IRBEER T, AU B /N R 40 i
45 I 16 i 48 5, D ME CKD Akt #27 BEEL
MSCs A V5 11 Z1 5 14 B8 6% 38 2o 53 W6 BT £F 4 fb 1Y
miRNA 41 miR-29b .miR—181 Fl Let—7b 3 /b it 1
Wi S Y B 5 40, O 38 it IncRNA-NBR-2 1 35
SNHG7 5 A1 5 B B WE . 5 i MSCs S IR 1Y
S UMARE IS 38 i CKD 27 i miRNA-145 B £ ik,
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JF 30 A Ul A 200 RO T AR TN B A A Aok s 1
1, 45 B H AR A I, KA P RO A
BB R AR A, Liu 5500 53 22 D158 MSCs SR JR )
HNIMAA AT 38 3 126 1% miR—-381-3p 1 i P 3 R A%
B 5 23k, NI CKD K B A8 ~F- 24 JUL
UM R T, A A ES AL . A, —SERF AR T
At 248 i >k Y5 ) AP IAMAHE CKD Hr IR Y78 1. F
YA, 2 I A0 M R YR B A0 WA AR BB 5 1 U miR-
4455 B8 LA ) Une—51 FEIKEE 2, 37987 LC3
115 LC31% HL RN P62 KT, WA T U 4 A2 4T A 1 W
FEANE A0 A, M2 [ 2 i A U5 A A s A
B A 1 K 0 miR—25-3p , BEAS I 12 10 ] AU S
PEEE FIRER I 1 19 3R35 , 0% 40 M B we LA 2
UM R K W IR PR AT FE UE S8 T 4b
WA BIG VR  EHIm RIESE T A BR o Nassar
AL R AF 5 2 B, MSCs I VR 1) 40 Jif 4/ 46 3635 97 3
A H A, iE9% L E CKD o 5 4240 i i 54y
AR SR IR , TF U 9T S, 3K — R L
Il RN, AL T S 2R . SRS, B ATIEE 2
RS ARAE S CKD A ¥ 13097 Jrik il etk R
BTy Bk — 2L B BIF R e He ek I ) i D)
B3R5 A% IEAE RFE A R30I
GEVERMA R A, AR 5T ] %5 FE S A
JPEE AT LS HA A 20 TR AR (B an A= b4 kL 32
28 3D AW AT ER A ) Bk G iz L DU R4S AL Y
g
8.2 WHREFBMEMS

vy K FLTE P A3 m] DLGE 3 P8 5 ne RN A $E [i)
PN [ ZE AU Y PCD o 72 , 78 CKD IR Y7 e 3R
BRI 7, B RUAIR RIVE /N E A IE B
W A A 8 CKD I 1k ) b 78 sl 2 AU SR W

w2 K Hm M 2 A neRNA 23 T 0154, BE
B A 205 ) R R A B Y R TR W AR L 2R
FREMNZF PRI 21, 058 R £ R
1o #E [] JE Y cire 0008925/miR-204-5p/1L-1B 5 5
Bl S Tl R A R R T R RE |, AE UUO /N LA 72
HHLR i B AT R4 KRG H GRS R 0
B2 — W R K 2 AT ol i 15 miR-33a
A miR-27a 15 SO 5 I Bk R 11 ARIZ K
I B 5K 3R (1-7) 32 AR Z [ W AH AR R, DT o8 2
IR EYIBEA G UUO KR 4TH T B IhReAs 4
LA RN NERBEAL S R T R IV i DA
IncRNAH19/DIRAS3/mTOR & #i1: J5 A 2 1 W,

X} CKD A B B ZINeRk A2 i % AR E T . IR
BERRMURLIE ] AR 48 BE B i) 1A 7 00 i 3 B H
T8 39 miR—-214-3p/ Sirt1 {5518 &4 i DN J& H
Wi /b 2 BN L B AN S RE ™ . B P BERE RS Y
Jin DN /N B miR—-18a-5p A9 235 , 177 A2 40 il miR-
18a—5p A3 F kAN T LC3IT 5 LC3TAHY He o], -4
il 7247 ) caspase 3 7 FHFRIA , 1 F W& A2 Ik 2%
B AR T LUE IR Y miR-155-
Sp/ R W 5k 1 & A [ R ¥ (recombinant
phosphatase and tensin homolog, PTEN ) iffl % FI i i5
Bt WL B 3- 3 f (phosphatidylinositol 3-kinase,
PI3K) /45 [ 14 it B(protein kinase B, Akt) /mTOR i#
%, {2 2F DN KRR B W, DT 980 B ) o 4F 4
B, Li % B miR-141-3p ] /& PTEN/Akt/
mTOR {5530 B 1Y 37, A3 50 A e TR s 2 1Y
] A 5 DTG 22 i DN /DN B B £1 Ak

FET SR IE T A v 2 K P 0 A 1Y)
FEAEH A . BRI P EA R 5 S R
YEF R B2 A0 G W, W 9% A 0 65 AR 25 38 o 3
IncRNA NEATI, #ill ] caspase—1 F1 GSDMD (1) ik ,
MU 5% CKD R FRASE Y ep (%) 5 /N I Bz 4 i £
T=, 1M IncRNA NEAT1 A4 52 235 BT T 3R R 4L
BETAERY . HeAh, B E A T LU 0] miR-342-
3p/iE A A= K F T B/Smad filt, 3R] CRF K BB /N
AT R B IR . SRR RO R R
=R BT BT 0] LAE S D IneRNA A33 (136
KA WAL TR AR, T I8 % CKD /) R
B 24 de 4k . 3 SR AT IE 9] 98 45 mmu_circRNA
0000309 9 3k , 38 & H8 1) miR-188-3p/GPX4 fli
AT DN /IS B AR AE T4 1 11 2ok AR Dy g
JHAUE g T2
8.3 B

AR, EN A Iz B T2 T neRNA
JE#E PCD RYT CKD W 250 5%, I IR AFR T T
YERML . STAH3 J&—Ff E3 7 2 1% 2 1§ , X+ £k
A [ A A VR L A = PR R 175 2 1 CKD /)y RS
AIep ) SR B AT DL 98 miR-4516 11 235 I
ik SIAH3, 3458 PINK 1/Parkin FT /-5 AU £ RL 1A
H 980 DR G R A ZRi AR I8 B A it
i AR, T CKD™ . Be4h, ok 1 4l 2R 2
MSCs A i SN IMARE WS T8 55T 98 FbT e 4k A
X ) miR-29b-3p . miR-7a-3p . let-7b=5p . let=Tc—
3p.miR-153-3p .miR-26a-2-3p .miR-846-5p %k



930 HlR AR 2 (R A2 ) 55464

A A 3400 )20 0 T AT L b A R A ol
CKD /)N BB b (1) B JOE 9 R PN 446 k48 51
Hoe— AT 2 B R B B 25 ), ST R W
38 1 miR-155-5p/IfiL £ K Jin %4 fi§ 1/NLRP3 % 417 il
DN/ R AN AR T 25 B i s T 2 3
AT CKD L&KW, fEIR KRBT R T H 5
PR BRUABE Y | SR A& 21 6 AT 3 I miR-21 Rk DL K
A miR-181a 223K , ol UL I 3K 55 /N 44t e O]
THAEIRYTY 14 d SR B 45

9 BHELHER

ARG LR T neRNA (miRNA | IncRNA Fi1
circRNA)Z 5 CKD J5 PCD ( 5 24T . B
Wi HE TR AE T ) PR35 00 S B 9T 0 8, JE 42
ncRNA 1E 4 CKD J& 4 i fimiz i) 915 . SR
P72 P R DA B 7 2 i o 4
ncRNA [ 235, BEME AT [a] 475 A [A] Y PCD 54K, A
A RS2 fifk CKD 30 WEAC S 2% Al e 5 A2 1 171 1
SEMA) A BT /N sk e T e RN /N EE i
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