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Research progress in mechanism of podocyte injury and its
potential therapeutic strategies for diabetic nephropathy

LU Xun, MA Chengxin, YANG Jianan, GUO Xinxin, XIE Xiaobei, ZHAO Binghai, LI Hongzhi
(Jilin Province Science and Technology Innovation Center of Kidney Disease Precision Medicine Based on

Gene Sequencing, School of Basic Medical Sciences, Beihua University, Jilin 132011, China)

ABSTRACT Diabetic nephropathy (DN) is a significant causative factor of end-stage renal disease
globally, and its pathogenesis involves dysregulation of multiple cellular and hormonal pathways.
Podocytes play crucial roles in the process of DN, with the extent of podocyte injury closely associated with
key pathological manifestations of renal damage, such as proteinuria, glomerular filtration rate, and
glomerulosclerosis. However, due to the complexity and interplay of mechanisms contributing to podocyte
injury, such as oxidative stress, abnormal lipid metabolism, and mitochondrial damage, the precise
mechanisms underlying podocyte injury remain incompletely understood. This review integrated the latest
research findings from both domestic and international studies on the core mechanisms of podocyte injury in
DN. Furthermore, this article summarized the implications of these mechanisms for DN treatment, particularly
focusing on potential therapeutic targets and the development of related pharmacological interventions
derived from targeting podocyte injury pathways, so as to provide a theoretical foundation for the
development of clinical therapeutic strategies for DN.
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angiotensin-aldosterone system; Mitochondrial damage

FE A — A B R E ) e AR S A Y D
WENEJR b R A ff, M RE T 2E s HA TR /R
FERRE AR, KB T B /INBRUE S o B 45 4 114 35 S
2, IR RALRRIEAE AR A i 2 e, TEEFRE /D
BRUE 5 B 0 5 SR R R FESCHEVE S . RN A
KBRS HARIIAR, 8. % Mk 2 f
PR 25 1 ] Xt A 0 i 3 S T R AR A L R A
45 U 2 2 1 DR R /N KO DG i & AR YOG B A
R, Ko RBUE AL, JFE— 0 0 s 12 1k B
J  (chronic kidney disease, CKD) A9 A& 4 & J& .
BE JK 7% B % (diabetic nephropathy, DN) fE &
CKD i EZEF Z —, 2930% B IR B & 2k
J&3 CKD. HET, [ERAAheT gl i 51& DN
B ARG 9 2 R A T 5 — P 5 iR AR A 4R 1, ek
HH G A5 475 388 B [ B R ELOG R Y A TA R . AR SO
GG EATI E N MR RUR . A B R G AR T
LA 1 0 AH DG LR L Gl AT, SRR T AN
[ei) 45 3 i A S HOAH B/ T, ) B R 40 43 05 78 DN
Rz, LU DN @3RG AR TT e LR ARk 3 .

1 EHBEHRG

1.1 RAcm % AR TN A A S bt A fb
PE D 2 Ay, HCRRAE 2 05 7E %0 (reactive oxygen
species, ROS) b3, == Bk I A0 45 R Ik fiig i 1
T ¥ AF R #% MR (nicotinamide adenine dinucleotide
phosphate, NADPH) %A fbRE . ZbifAnF g aE . —
AALE A U B R A AL S, TR 2 R AN N AR
A% S P S A . ROS R R AT 3R
BT R A A R 73 F W) B4t e A il
i o 5 A0 B A 2 5] R — R 9 A BR
PR, GAGIRRA EUR . DNASIG; . EH
B4 . e R FNEE YA g 42 0 S S A T AR

2R ORL A T I 55 FIT NADPH 48 1k il 85 T\ 0 J2 B i
il b ROS M 2R E . 5T WoR . LRk ROS
(mitochondrial ROS, mtROS) #] # i #% H + kB
(nuclear factor-kappa B, NF-kB) /4% M /NMA i 5
M5 AR, JF 4 LR 40 M €8 22 C R 28 I o ik
F, SN FE T . NADPH A nT 4% i 11 4 1
#H H ™ ¥ (advanced oxidation protein products,
AOPPs) % T ¥#i% , e it ROS BB, M i 5
Wnt/@-3% ¥ 84 H I B, 5 EUS 40 M 2 41k R
B2 1 VR AN 1 | N 1= O/ O ||

(angiotensin Il , Ang 1) Wi b 48 Bk [ 18
%M (angiotensin Il type 1 receptor, ATIR) J#4i&
Ras M & C3 A B 4T I 7 KK 1 (Ras-related C3
botulinum toxin substrate 1, Racl) S NADPH
AL -ROS Gk S I, AT X 2 41 i 2 RE i Al
PiE

1.2 RERARGHFF A0 X AR RS A e
Rk, FHIRERE AL AR AR L . Horh, BRTAH
W R L AT RE YOG R . R AH LR
AR AR R R R E AR, R
[ Tt 22 BE 5 | S 1 JE 00 453 0 BIL o O S AR F A% o
ATP %5 & & % iz & A1 (ATP-binding cassette
transporter A1, ABCA1) FI ATP %45 & & % is 1k
Gl  (ATP-binding transporter  G1,
ABCG1) 753 4 3 M [ i 1] ey 25 B2 IR 2R 1 32 4K 1Y
ShHEE R, ABCAT KT I8 nl S Eo4n i oy JH [ P
DOBR G B, SRS BOR AR . B R
DL BRI 9 B A 6 (silent information regulator 6,
SIRT6) nlif i b if ABCGL &3k Al ik I [ i 3
e, JF b A M I E B . FU S Y R
L. %5 T (junctional adhesion molecules,
JAMs) n] 3 o #0 i IR E B35 P 1 (infor-silent
mation regulator 1, SIRT1) 45 i H MR % L H A
# B (adenosine monophosphate-activated protein
kinase, AMPK) {5 5 il s LL R 4 2 40 i i 5T A
B s WoR: WEElE U MSmi) 7E
SRR LA A AR, AR R MR Asah] B2 A
A9/ BRI s RN ER N B R R AL R (foot
process, FP) {52 F'E i & (1 PR &5k o 7T DL AR
JOT AR TR A R A 45 B L AH 56 R G B
L i) 9] 45 L] 52 R E Al i 5 A U 5 A T e Dl
1R IT $E L 1 S

1.3 &KEAIREFERYG LAHMIEDSFELR
i, HTIRRAK I TR ARfERE . L, ZeRiikT)
[ R S | OR R T P S = e
s mBE (high glucose, HG) #8550l {2 i J5 g
K DR 2 R AR R TS, O SR FUN14 25
¥ W % 1 (FUNI4 domain-containing 1,
FUNDCL) 4 S2bi ik 3w, 37 % 2 4 i 46 4 .
WhoE Y WoR . LRERLA E A 2 (mitofusin 2,
Min2) AF A 4 5 Sk A IR 25 R 1) fig o B /8 BE 1Y ¢
i S/ =7 R R B 17 5 A NERT- 1 TSN (]
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28 B f&K DNA (mitochondrial DNA, mtDNA)
P05 R RE 2 51 2 i B 3 A . FENG 48 '™ &R 3.
A A Y mtDNA S il 52 458 7T 51 4Ok AR I 1 A
K TR R AL R AR R 2R B T A
(mitochondrial transcription factor A, TFAM) ik
TS ATP A B, 2T BRI ) 5 B AT K
R BB o A IR UE A 2 B2 4 i rh Lok iR D)
RERER 2 5 A0 O ik e, (H AR I R IR 5
W) 2 200 Eh RE RO BILAR G A S8 2 BB, A TRRAIR R
L4 SR FRF MG HSESEX A
AR ) A BN g R AR XA T RS, L i B ) 2 S
HAE DN R A2 — TGS RRAE o B /N BR g O R T
I 7E DN e i SR T, X A N T 5 B I
BRI AR, o = A BRI Bl ik RN R 3K /N 3l bk BH
JIHIBEAR, SECE/NE NI RIS . tsh, X
— B2 B R R KR RS (renin-
angiotensin system, RAS) By, W & HEHH
g C. ARBMEMEAERKHA T B%E. KIFATEN
ey LB G5 B 458 75 | RS 1) I O 3 ) 2 i o S BUH /N BR
A A LA 47 YOG B I A B A o Ang [T & RAS
B2 ORI R 4, TR IE B AR DR S 4E 47 5 I
MRS . BF5E S BoR . 762 4Bk s,
ATIRAF 5% 575 2 20 M H 2R W 0 b e £ 2 AE T .
A 1) B 00 ) 2 A 00 GG A ol R T A T AR
WhHZE ., BUTT % " WF58 & B B 1 35 VI A
R AN P R OCBER  BEAE T 0, BN ER I E
T v I i 7 4 5 01 5K Bl 20 G G, k2 R
2 A DA 6 4 0 3 TR BV R a ML o PRt X
P RS 1L U B ) S ORI R 1 5Y YD g, AT RE
TR A A% i AR B A A5 R AE R T )
L5 & FREFF w1 T L0 M)
AE 22 A0 NS A5 IR 1, B Bl R )
A A F 40 05 0 . A2 A B A S AR AR R BEAR AR T
605 3 R T o WFOT T R S T B A A i
(store-operated calcium channels, SOC) & H T iif
oA B TR R AN AR SR, S5 BN R DE
W BEEER AR BIE T . TAOSE " s £ . 45
Y5 NI (store-operated calcium entry, SOCE)
AT 40 Nephrin K F o #F 5% 7 oK. 8515
5 48 R T BE S BOAN R SR R AR RN L3 R e
P JE A0 LA 0, TR R R S 3 T Y 4 1

(calcium release-activated calcium modulator 1,

CRACML) £ K44 5 A F SOCE, W] 875 48
JiL AR IR A AL, R Y BoR: 2
MR EREE S R ES N BB —, EAEE
BRGETHEEEIAL ST E/NRIEL R, S8R
HIRW EA S R E . X R ERP SOCE X T 2
g S A N R R AN SRR T e L S N
Sk I Y 2 4 i A5 43 WL ) £ L8 o

2 $tX4EZH AR5 B9 DN G T R

DN 2Bkt A4t T A PR, HEm A
t N . R 2023 4F, 4 BB RO B N Bk
5.374¢, BERHRNG6. 100, HpREREAL. 4112,
o 4z BROR B Y 26. 26600 TEREIEAS 1, 3000~40%
BRI L E S LR CKD, JE:F 2 41 #4575 DN
I AZ AR, BRI 4 B 5 Ok 4 T DN YR YT
B SR W R BT AR S . R T RT R A . R R
PE L SRR 45 I B 0 A DA T I, AR SCIH AN
A 2 HE 1] ) DN IR 7 5K I R I TR 25 9 T 5 ok e .
FAICZ5W) . RORE S0 L3R 1
2.1 4h¥ R m 6 E A B B A AL 65 DN % 57 R
% KT E2 M XKW T 2 (nuclear factor E2-
related factor 2, Nrf2) 2 4l b7 18 4 Ak 107 i 1) OC 5
Bes R, Hom A i 22 Rt S Al R R A R BT
SAACPER . BFgE Y BoR . Klotho 8 11 4 ik Tkl
HH 0 i R A0 I N2 B HE TR Ui A O R R
ik, BB A E LR (superoxide dismutase,
SOD) Fift & fLidJ5E 1 [NAD (P) H: quinone
oxidoreductase 1, NQO-1], A F % % fi# HG i 5
B AL R A i g T, XU %™ B k8. &
MM FEE T HG G, 06 HZ 2R v 8 15
(ubiquitin-specific protease 15, USP15) 0] 3% 5§
Nrf2 S H B PR 3k, DA T U % 40 A b7 38R 48 9
CHEN % ™ #F 5% W 7 . B B & L B 3 38
(glycogen synthase kinase-3 beta, GSK-3B) 7£ & 4l
J o BE AR, L UCER AT B G B Nrf2 $8 ) Bt A
ey FaRIk, H R MR, JE DN B/ 2 4
LA 05 Y C R T . A R Y R &
I 3 [ 32 (tripartite motif-containing protein
32, TRIM32) AF ¥ 1 20 M i T 0 %8010 B 33 14 5%
S, LUK AT kR Y 8 S B (protein
kinase B, AKT) /GSK-3B 15 5 & S # 3 Nrf2 {5
5, MNITAR AP R 40 L e 2 HG #5140 . DNA 4549 )i
R M1 (regulated in development and DNA
damage response 1, REDD1) 35 ¥ [F] 4 7T 38 i
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P85 AKT/GSK-38 i 6 9 4% Nri2 #36 *. o il
Nrf2 48 ] 16 A A7 B Dy S0 A0 B 5 1S A A2 400 i e
HITEEEIR YT HE A5 .

/N RNA (microRNA, miRNA) 7E DN £
Pl 1) & R B B . RS WOR . fE
DN/NRAITHG 7 S/ R i i, K EEAE 5 RNA
(long non-coding RNA, IncRNA) 1500026H17Rik
Feak B, HFE AT 9 A i 4% miR-205-5p/ B
MAK N FEF 1 (early growth response protein 1,
EGR1) i % ok W 5 HG i T 0 2 40 0 # 1 .
ZHOU % “" BE5E 2 M. B A IneRNA SNHG5 7]
M microRNA-26a-5p, 504 T & 40 M 52 43 14 Bk
W 32 M L 7 BH B + 38 i 6 (transient receptor
potential canonical type 6, TRPC6) mRNA F1% [
FIRACET A X — kK B4R 88 ) SNHGS5/miR-
26a-5p/ TRPC6 {5 5 H KA B A DN BYIG T KB .
AOPPs 7KF- 0] £ 29 DN Hp 48 Ak B 33 ) XUE bR 759
WE 2 il e R 2, o AR R bR 2 — o s
s /NP RNA(small interfering RNA, siRNA)
TUER XSk St A F O WA 3a (forkhead box O3a,
FOXO3a) ka4l AOPPs i S 19 & 240 f I 1=,
# 78 FOXO3afE 4§ AOPPs i T Y A2 41 ffg 51 43 o
EOCHEAE T, JF o DN i J2 i A 43 1 48 41 1 o e
Koo AT UL H BT A0 A AL R AR DS K 2
%15 % B, AL Nrf2, FOXO3a. IncRNA
1500026H17Rik/miR-205-5p/EGR1 {5 5 2% &
IncRNA SNHG5/miR-26a-5p/ TRPC6 {55 5 ek 55 .

25 Tl 245 1) 7 90 1) % 17k A2 40 M 21 7 D o R B
WETE N AT S, WADIE % ™ Wht R . K&FE
TT 3 3 Hope A Ak ATt HG AR F B4 NF-«B {5 5 i i
M T HRAE R, AT 2 A E R 3R i Podocin 2R
FKF I 82 5 Jie 5 J5E R 40 i A1 26 ot 0 AR .
WANG %5 " WF 5% & 3. 122 B Al 5l o s
AMPK il S840 0 38, /b J2 40 M T, DT ek
#DN. XING &5 0 BF5E A B 8 e A IV Al 0
DN & # 1y 1 & 1k ¥ i 1A 19 5 9 800 2 1Ky
(peroxisome proliferator-activated receptor y, PPAR ) -
Klotho-FOXOT #li , 41 il % Ak 7 8, 8 2> 2 4 i
T
2.2 AbxtR s & B AR5 LR 69 DN & 55 Ko

FE 20 M0 R I LR R 2 AR AR T T B AL
YEH . #F5E ™ Wk Ang Il 7% 5 Ras 1 EE H
Rab 11 (Ras-related protein Rab-11, Rabll) i,

Mook o K % iR & A 2 K (low density
lipoprotein receptor, LDLR) 45 4 fH [& B P 7%,
I HE A2 440 A v AR R RO AR S 40 . FUSE 1 BEE &
B 2 A0 ME b 3% R M4 AR D (junctional
adhesion molecule-like protein, JAML) ik F+ &
Al Al SIRTT 2 3k K 3L T i 200 4% AMPK,
SIRT1-AMPK j& 42 {2 #E TJAML 4 ¥ [ i 3 55 ¢
4% & % A 1 (sterol-regulatory element binding
proteinl, SREBP1) ik, Ml 5 & 41 i N i
FALE . G HE AW B Z 1K 43 (G protein-coupled
receptor 43, GPR43) UG/ 5 B9 AR 5 Pk 23 38 1
SR . WY Y WK . GPR4A3 BLTE RT3 AR 2
o M o4 M A {F 5 R T R 1/2 (extracellular
signal-regulated kinase 1/2, ERK 1/2) 13 K
KW FZIK 1 (epidermal growth factor receptor
1, EGFR1) ik, ek A [ B A I 40 6 40 A
Wi, DT A FEE 400 P 453 405

L0 VR T R NP1 R 5 T ] R S R TR N
TR RS, A mtDNA I &% 2 i 5T I 300 26 5 1 2 -
B FF B A& B (cyclic GMP-AMP  synthase,
cGAS) - i R 2 N M ¥ N T (stimulator of
interferon gene, STING) /TANK %5 & # B 1
(TANK-binding kinase 1, TBK1) /p65 il % 5] iz
FE AT A2 A s A SR ) STING/ TBK1 &
RN A B R E R, B BT W R
ZUO % 0 HE g K B . 4 i R E 45 0 B 92
(coiled coil domain containing protein 92, CCDC92)
Z 5 MR, R M EER CCDCY2 W] 2 &
ABCATLHE K, o i o = [ B A i i, 4
Fi g BUAC AR S JT 0 i IR Al M B 75 . HUA 5§ ) F
FERM: BAVEIE R Z K CD36 il il i ROS #i% 1
TRPC6 it 18 2 A 5 98 2 240 i L 2 2 40 BB 28
IR JE 40 ML FP 454, $278 CD36 1l B i N IR 9T
Jiig i A T BCH 05 B 48 a5, AT L Rab11, SIRTI-
AMPK i& £ . GPR43. mtDNA-cGAS-STING i
. CCDC92 F1 CD36 AJ fE A M R A2 24 Ffd Bl 2 1
A5 HL I T AR T RE A

BT HTAREE A, 2 MY N T GE A0
M. BFoE 7 BoR . ok A& S8 R 2 A A
WU B3 1 (Morroniside) I - % 1 3 [7] 4% i3
AT 2 30 50 kA% 4 3 R K 2 ABCAT 3R
KR T AE [ AP UL, DA T 2 fie i B D AR e ) 4
153 o Morroniside 1] 55 i3 48, £k 47 i {4 3% B 38 0% 32 4K
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G A F la (peroxisome proliferator-activated
receptor y coactivator 1-a, PGC-la) #54&, LR
] 5 . — O A PGC-1o/ IFIE X Z K (liver
X receptors, LXRs) /ABCA1 {55 & ¥ 8 %5 2 40
JieL B W R, 53— O T i PGC-1a/PPARY/
CD36 i 5 8 ff 4 il 20 i B [ W A, DA e 35
DN A& 20 i g 2 4
2.3 AF R fm R KB R R L AR 45 AL 69 DN
%97 K% Ang 1 53 09 2R K D) 58 B 05 76 2 21
%L%$i%%ﬁm LUO%: ™ %M. Ang Il af
o5 1 -3- 8% R W &8 1 (glycerol-3-phosphate
dehydrogenase-1, GPD1) L, % 240 MK 5
O WE PR R A A, DT S 30 A0 PN T o AR R 2k
KR . CHEN % ™ §F58 7R . Ang I AT &f
Mgk g JHE HM KX EH 1 (dynamin-related protein
1, DRP1) B 16 DAl 2 2k kL i 4 22, 00 78
SIRT6 K& DA 5 Bk I B W 4k 5 SIRT 6 2K 3k ] 15 5
Ang 1 15 3 1 Rho #H 3¢ % M 12 i€ 25 B 1 (Rho-
associated coiled-coil containing protein kinase 1,
ROCK1) ik, ik— 4k DRP1 M2 fb A 2k
PR3, TR B - S T R R AN R A R AR
i, Ang T EHEREMEM. 5 BoR: Ang I
nf i o A= p = B R WL EE (inositol trisphosphate,
IP;) 4 P95 W45 85 1 BT, G SOCE 4k M /i
T HG MR SR IR 2 A A I T R LR AR B
iGERE RS, A WL SOCE. SIRT6 M GPDI1 Al fE K41
il Ang 11755 2 40 i 2 R 1A 450 3 170 o 80
5T R . IncRNA 585189 5 #% AR ¥ —#%
Wi A (heterogeneous nuclear ribonucleoprotein,
hnRNP) A17Ent224 37 (TAGGGA) 454, I
W ¥ hnRNP A1 & (4 & E #, 3fF i 30 il SIRT1
mRNA I 1Rk, 530800 ) fg B i F1 2 20
M50 o FU S 8. 20 i eb o R 2 35 il M2
(pyruvate kinase M2, PKM2) A9 P03 & #g 5 J H
Bty 1% PR XF 2k Ok AR D) B R A N B AR KR
(vascular endothelial growth factor, VFGF) etk
TR CH AN, PKM2 i %5 7] 55 3 W
VEGF 45 K 7 0/ 47 1B /)N BR 2Ok 1 2 e U\ﬁ'ﬁ?ﬁﬁf
HG # PEfl 5 . A Blg &5 & 2 11 1 (A-kinase
anchoring protein 1, AKAP1) -DRPI1 {5 5 il % 2
A 98 FE 0 R A B 405 ) O B B L B Y R
HG 355~ AKAPL (9 [ i 7] 410 ] DRP1 Ser637 {i
RBERR AL, {23 DRP1 5y B RAK, w4k i

YR MG . UL BRI R T [ AKAPI-
DRP1 {5 % #ll . IncRNA 585189 fl PKM2 7 Bk 3%
DN 2 2t i 451 43 v i) 7 72 1 T AN (B

T DL b g 0 HT Y 2 W) s — o R . A
’*”%% 2R KL AR 18] BT AL 1) Mito-TEMPO #]

o [ 5V B 1 e oK h R S SR 1 (PTEN-
PINK 1) /i 4 & H (Parkin
RBR E3 ubiquitin-protein ligase, Parkin) il %4 %
14 25 A 8 T 30 ) NOD FE 32 1R B ER 1 45 F4) dal R G
HE H 3 (NOD-like thermal protein domain associated
protein 3, NLRP3) RM/IMATEAL, Mk 2 40

induced kinase 1,

Mo 05 . QIN 25 Y WFSE S s « /N BE B o] i 3 41 ]
DRP1 4 5 ) £k B0 AR 3 24 F1 T RE B2 A5 8 18 7 2 40

f, ELATIAYT DN I R A ) .
2.4 4F3T R g6 B Sy F B ALE 89 DN & T
R HR-MmERKER-BEERS (renin-
angiotensin-aldosterone system, RAAS) g K& &
M I B g e B, A L\iﬁf“ﬁ?Ang Hﬂl
BTN k2 A58 405 R A B G B BRI . AR SE
N R B — 4L Al (nitric oxide, NO) {t':'
i Ang 138 & 18 E 5K % 11 #4324k (angiotensin I
type 2 receptor, AT2R) Hl# %, NO F & Jt =
A B A B ARG T, 5 e N R B A R R Y 58
B, WANG S W BHFFE kB : 76 Ang 1L 5S4 4
BYE A, Nephrin £1 Podocin % ik K FEREAK, 12
8 T2 K Caspase-9 R Ik K P Fh&y, i — o A& 4K i
T ®% N5 mE UL B 3- 3 % (phosphatidylinositol  3-
kinase, PI3K) /AKT i fi# B4l il , M il NF-kB
Kb, ES RSB, Wik, Ang Il 7E4ER 5 /)
BRI 5 ) 2 2l 25 7 rp o 2 G BERE AT

BT UL B s, 2R 2 WIAE G 1 3 )

Bﬁ%lﬁﬂ’]ﬂéﬂiﬂ@ﬁﬁqjﬁﬁ AIT I 1. HiFgE

pa U N I IR U i I N 1 = - = =
(angiotensin-converting enzyme, ACE)1, ACE2 Al
i [ R KP4 ] RAAS i %, {2 o 2 4 A
W, MIMEsE DN, DING % ™ g . FFl5 &
Al d T AT2R M ACE2 I3k, ] Ang 11/
Angl-7{55%l, AT el 38 4 PR K BRUAR A IR
3 REERE

B RAALSE: CKD i J 1 = 22 6 3%
PR sl E 2 A0 ML 2 6 ﬁ]&*ﬂf(ﬁﬁ%?ﬁ%ﬁﬁl_*

AL . A AR A B IR B S A R R B A
T, A 250 ol R0 5 R 4R i 1A R 3 T 1Y



1420 MKW (B H5148 H5W 20254F 9 A
RG0SR 40 HIB 5  DNIGTT R
Tab.1 Potential targets for podocyte injury in treatment of DN
Target site Expression Pathway Mechanism Reference
Klotho A Nrf2/ARE Anti-oxidation, anti-apoptosis [21]
USP15 v Nrf2/ARE Anti-oxidation , anti-inflammatory [22]
GSK-3p v Nrf2/ARE Anti-oxidation [23]
TRIM32 v AKT/GSK-3B/Nrf2 Anti-oxidation, anti-apoptosis [24]
REDD1 v AKT/GSK-3B/Nrf2 Anti-oxidation, anti-apoptosis [25]
LncRNA 1500026H17Rik v miR-205-5p/EGR1 Anti-oxidation, anti-fibrosis, anti-inflammation [26]
LncRNA SNHG5S v miR-26a-5p/ TRPC6 Anti-oxidation, anti-apoptosis [27]
FOXO03a v AOPPs/ROS/mTOR Anti-oxidation, anti-apoptosis [28]
Rab11l v Ang Il /Rab11/LDLR Reduce lipid accumulation [32]
JAML v SIRT1-AMPK/SREBP1 Reduce lipid accumulation [10]
GPR43 v ERK/EGFR1 Reduce lipid accumulation [33]
STING v mtDNA-cGAS-STING Reduce lipid accumulation [34]
CCDC 92 v ABCA1 Reduce lipid accumulation [35]
CD36 v CD36/ROS/TRPC6 Anti-oxidation, reduce lipid accumulation [36]
GPD1 v Ang Il /DHAP/G-3-P Reduce lipid accumulation [39]
SIRT6 A Ang Il /ROCK1/DRP1 Reduce mitochondrial dynamic imbalance [40]
SOCE v Ang Il /TP,, DAG/TRPC6 Alleviate mitochondrial respiratory dysfunction [41]
LncRNA 585189 v hnRNA A1/SIRT1 Alleviate mitochondrial dysfunction [42]
PKM?2 A HIF-o/VEGF Anti-oxidation, improve mitochondrial function [43]
AKAP1-DRP1 v MAMs/AKAP1-DRP1 Inhibit excessive mitochondrial division [44]
AT2R A RAS/ATIR, NOS Anti-apoptosis, anti-fibrosis, anti-inflammation [47]
Ang Il v PI3K/AKT/NF-«B Anti-oxidation, anti-apoptosis [48]

A :Up-regulated; ¥ :Down-regulated. ARE: Antioxidant response element;mTOR: Mammalian target of rapamycin; DHAP: Dihydroxyacetone

phosphate; G-3-P: Glycerol-3-phosphate; DAG: Diacylglycerol; HIF -a: Hypoxia-inducible factor-alpha; MAM : Mitochondria-associated membrane.
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