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Abstract

Diabetic Nephropathy (DN) is one of the most common complications of diabetes, and it is the
main cause of Chronic Kidney Disease (CKD) and End-Stage Kidney Disease (ESKD) worldwide. The
pathogenesis of DN is relatively complex, among which lipid metabolism disorders and “lipid ne-
phrotoxicity” are important factors for the onset and progression of DN. This article elaborates on
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the metabolic disorders of fatty acids and cholesterol in lipid metabolism, lipid droplet aggregation,
and other mechanisms of DN, aiming to provide theoretical reference for the future clinical preven-
tion and treatment of DN.
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1. 53|

FE AU EAERR LA IR A BRI e A SRR B AL A R rh ke S R M. IRAUE R 52
PRIRHAFAEE OBV R, CRME PRI (CoOWUREZE | i I BP0 <5 Co ML BP0 14 B 22 i R 3R 131
(RIS AR g IR LR e 5 22 R Al AL S R R R 2 —[4]-[ 6] B IE S R BUACER RAEH &),
P Zh e 5 M A KL B O R . DN B IE & & IR M ARAQI 25 AL 7], DN B I8 % 2 Pl A AQ
S, RAERAMN 2 SBURFACHAIRH, B0 B IS Bt — 2 8E, T hngEl DN & RE(8].
DN KR IAHLEI BN R 2%, E 2 RS R EL, B3R - M 55K AR - BEEIE R SER i M sl 7727 202 &
BRI A AR SR, R AR SR PO R A SR I 70 LA A G, B
PRBLAE LR JLANJ5 T -

2. BRESREAH

B R — AR REAS B, (HHBERE MR BE VAR, DR, 7R IE s NE A T, SR b iR
MR p AR B IR R (N 1 EORIR 9] FLK, T EAR I R 5 i 5 U, Mk & BRI IR I BE 0 H
PR, P DL SEAREE AIEIA th S HCH I =B sl lg R . tbsh, T B MRIAH “IEIERZAR” , BRI
HE R AT TR, ot T DR DA RS AR T I B 2, & 5 19[10].

3. PEERTR SRR A

TEREDIRAS T, RIS /INE 4l 2S5 52 BIRE R A SR 5200 o 75 N ARG U5 310 I AR I 2H 23 DL K
AN TR MR T AR P YA R B R I Bk R RG(RAS)Z P 73 FRIA[11][12]. 76 DN B34,
Wik AE/E R GiME RAS TP RIS A RAS WEPEBOERIEOL[13], RICATEIS Renin &2 T, THEN
ANGII & ATIR ik EFt. ANGII 72 RAS 0 F 22—, B IS A 8 BEHTEER, &)
DL S0 B 3T, R AR KR T B i, HETT SR B BAT 4R A . R EGE MR /N b A
B8 A DA KA A M A 5 T ) R 14]-[16]. AR IV 40 MO AE 15 42 5 19 5 R BURME A e &P b B AR
o WHFRM, REREI 2 BURE R B RN 4 h A 2 s 1 4 (GLUTARIAE D, X545k
By R ANBUE B UIMCR[17]0 AN FIRR LR 5 R ARG A8 B /N ERUE IS 2 T i AER S RAG 5, T 51 R /N
BRITRIS VEBEE TR, RAMEE HIEAIR, BB SR, SOR MR, 7ERE IR 5
W, B RS CE R E T R RS R HPIILS, FR e I RS B T REA AR B 18]
e LA PR A T 368 3 5 7 7 267 0 PR A QAT AR (B A 9 P I B 7 A, X R 1 5 SRR AR () T BB 3L« [FI
H B R AT R AR i Ak, R T 7 AR — SR S AU = 4 0 B I 4 2R 4 = A s, 5 2
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AN EE 5T 53, HT B SR AN Z B B B2 P-4 o B 70 B, DN B 1 B L2 b B R 0 L A 2
JIE DR 240 B L 53 WA 1) 5 ok S E 2 R PR 1 A 3 2 F BUR AR A R AR R R ) R BRI [19]. B RRGH A
B, SEMENT SEORE KRR T (SLF 40 P A s R F I A RS B, iniRaR e
T o WEHERL AINR-1. AN FR-6. FALAEKE T BRI P R AR K PR 7S mT A 40 A
FMEAR, @i 215 58200 p38 MAPK. NF-«B. Toll #3248 & (1, JLFEMEH T DN 4 & M
i, BEBIRGIEEN, SEUifesMERARE, MmN E B84 K SO0 R S[20]. 5 PRI B 5 e i AR
FHOG,  EELCUHE G TR S IR [ i ) AR Sk, b alke “NR e R, IR .

3.1. LBk s —REERAR

AR A SZRRRTER & RGP R AR . 1 L E5HES A A RS 2 (ACSS2) W AN 2 24
Mg A BGOSR E MR . PR, BB A &R 2 A5 00 As D R AR ST e B /NE bR
41 M ZRLAR 547 A0 DN g B I 28 0 v e W R VR . AL 2 Z k4 g A & g 2 adid 5 SIRT1 A AL
{EFI {3 ChREBP IR/ IR A, AT R SR A S A SN 2RE[21]. FERE PRI B, g
IR p-SE AL FE 52 2 AR AR A Bk #5 74 8 1A (Recombinant Carnitine Palmitoyltransferase 1A, CPT1A)K X i1
MM, CPTIA KFHIA R FEEAMA ATP =AM D, X IRIIRRN p-A bR, s ae &R
A IE () BEAR D e AR AR SE A . DN R AL IR B R S5 i I ThRe A L 7 B KB R R, X —REE 13RS
TN T R %8 Ak (Fatty Acid Oxygen, FAO), 1X—id #2522 LR OCHERE 515 5k )1, Fenl2id A
WY IBGR G FE YIS 524K a (Peroxisome Proliferator Activates Receptor a, PPARa) AN IREF FRYE AL 2R A B
(Monophosphate-Activated Protein Kinase, AMPK). #f7¢ % ¥, PPARa fl PPARy {1 ik &8/ 5 DN Kk
ARG, TS PPARGS T M AT A0 B PR AH G B IE 8 %7 7 AR AR B B2 el o 7 1 i 7 R 6 75 3 1 A2 4 M 03 4
R, AMPK 1A BE(RAAE TR (Fatty Acids, FAs)E# 2 530 FAO B#ARAN i 5 A i35 [ 22]. A5
T, o AP BE R IG FE A 2 A8-0 (PPARa) BN AR DURFREE 1 5 5 IR DT R AL (FAO) 1 5%, A
B PRI B R & Bb, nTRMEA T DN B /NVE IR AR A e AU 7 [23]. CD36 & — MKk /lg
D R Bt 3 B T AE AT i RSz i R 24 L P LA R B 0 i v 1) 1 R IA . CD36 Wiy BB 5 B 445 %,
X — I R Sl i % NLR KA ) Pyrin 385 [ 3 (Pyrin Domain Containing Protein 3, NLRP3)if 1 175
FRAMMIIT. CD36 K FItESiEtEAROS) =AM INA o, Hif SFEG R RemEmG. 40ME - CD36
Hit R IA AT RE S R AR BRI S R 4T Y AR AR R . SR, ARFAREEERH, CD36 3425 DN il
NE R BRI BB INE YR [24] . (HRAWIFIESL, =HE1 R2 (NR2)AJ ML kiR ThRERRnS, J8/D R
UM CD36 BTy, JF it fif] c-Sre €2 1 DN HBERE. T AZBH (Rgl)AIAeild 5 CD36
HEAEUHE BAEEHA0H] CD36 i FIAIF e IR BRI [25]. Klitk, CD36 ££ DN H{ER 75 it — A 5t
3.2. EirRiE k@ —RBE B

216 pAY JOEL T () RS 3 S S e e R+ S i i 4% o 14 456 B I (Sterol Regulatory Element Binding Proteins,
SREBPs) 58 3¢ A1 HF X 5244 (Liver X Receptors, LXRs)H) LA 4% . #3745 SREBPla. SREBPIc
A1 SREBP2, Firht SREBP2 7517 JJEL [l B5-~F- i 7 [h R A% <8 A HI[26]. SREBP2 B % — e S BE ],
TG B D] 5 I ] 5 BRI AR A O, 491 art JIE I e A A o A R IR Tk T 3-5 k-3 - R T BB A 38
J5 i (3-Hydroxy-3-Methylglutaryl-Coenzyme Reductase, HMGCR), DA & {i¢ fifi HH [ 5 M 41 At #1330 N 41 B P £
g 4 LDLR. ¥ JEfliE X 0% %244 (Farnesoid X Activated Receptor, FXR)/2& "B AT fH & B 25 i S B 15 [A]
Fo ERWMHFFCH, FXR #a057HE N1 SREBPlc. M fEEHE CoA ZMEAIEE-1 A1 LHE CoA FRALEEA L,
1 PPARa. CPTla. 3 3L30E R T(PGC-1a) RIS 1 2(UCP-2) R 25 I HE M B (LPL) K £ (R Y&
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WEVER . b4k, FXR M1 G & FUBEIH VTR 52446 TGRS 7E8E BRI Al DN /N EUEAS b B (R4 VE R [22]. 1
KB ZAMat, ZRMIHERAIET ATP 46 &(ABC)KiZEAXEE T ABCAl 5 ABCG1 b
HEZE MW, SEMEE ApoA-1 JE R = %5 16 5 I (HDL) . o & (4 JIH [F 1 34 7 49k I 1 I e AL B (ACAT) 648
JSCHH [ B (Cholesteryl Ester, CE)# £ fE e 1, BUELEBIRE D, OREIFLBERMNL. WK ERED . K
FE A EAMEEEEA27]. ApoAl J& HDL-C I EBEEHMMINEEE A, &~ HDL-C FIFFHETE# AR
HH, HAKFS HDL-C /K FRIEIEMIK . ApoAl 5 ATP & &FHIEHE A Al (ABCADF EAE 4,
R T R [ P ML B A i [ EF I, e 2% DAV R IR S CHEHE . ApoAl BAAHLRKHE, Wl DN H )i
AT I SOEA R E 8. — 0T DN 508 B S A8 /KRB 72 R I ApoAl 5 DN 2 HAHKE,
EARRIUAFRR[28]. FFIE X ZAROLXR)AMLER X ZARERXR)MFEH] ATP 454 & 121&(ABCAL
T ABCG)FRIL, XL IE 447 T AR ERE AN, BRAKSREA RIS, H4EH1'E I Na-Pi B2 sh % 1k 1)
WETE[22]. Liu 558 NAE S BE B B A 2 U6 PRI DU N B, KW LXR-a 137120118 5% =) DN
JAE 2 E A5G, ABCA1rs2230806 -5 H [ Y3/ TG e IH [ 2 1A P DN XURS: 3¢ v ¥ 38 AH DR [29] . R BRI
LAY ARG BEAT 18 25 A /kexin 9 7 (Subtilisin/Kexin Type-9, PCSK9)E i A 40 i i #6548 LDL
ZAR(LDLR)IFEfF, = PCSK9 Fik /I BRU7E AT AR SR B H B8 =y 7K P LDLR R BE AL P a3 A e,
T PCSK9 Fid A 2B/ LDLR Jf- 5 £ il i BE [ B =301 [317.

4. B FRERE—RERERE

JIg % (Lipid Droplets, LDs){ A FLAZ 240 i A o 14 g J52 1 3= B0 A7 B, 72 40 BT AR Hh e 25 SSBAE F -

JE YA = AT b R A, R =K R R U 20 R SR AR I B TR S AR IR 4T 2
KARFF Az . WEFRNT, EtE4EE R D3 (aVitD3) il i 4 Atgl6L (1232 A [ Wi M i ek 2 12 4m
Mg, ATIRE L DN [ fE[32]. DN B BRI R e, B Uk [ 200 B 1) Wk 2 R i a5 /N R A, %
(R AF AR B R B LR 2R, A4h, W EoRTE DN o, B R AR AR 25 8L 5 e o A AR
B PR 2 VI 9%[33]. Zheng 55 N KL ORPS 152K 5, ORP8-LC3/GABARAP A8 EAE H I il 2= &
JIg i B SR AR I SRR Y H il =R KT B9 _ETH[34]. ORPS & — IR #5524, #E 40 B fig R AT bk e
BAEH . IR E O PLIN)ZIERIN e R BRHE M E . BRI, PLIN2 [ IAIE & R 28k 4
A AP, N 7 ERESEENE ER A IR B, dEmi{2E DKD kg [35]. — i
I KT 1 42 3B 28 4 AMPK. i/ AMPK-SIRT1-MTOR % )2 SIRT1-FOXO1 B #{57E DN IR T
BEANHI[36], IX L8 #Ef N H g AR A R

5. FiFhae&E R
5.1. 4RRRSRTE T

BRAET R T MEH IR R G 2 451, e i S A X ORL AR Ty fie %€ v 1T 5| kS ) — Fh e e sE T2 2
HRTERFET: T EAR A IR 2 2l id SystemXc/GSH/GPX4 Hlii#k4T. SystemXcfe Bt & R/ &R & [l 5%
g, e AN S NAMTRERR, RN 2R A sh, AT S Bh 40 i 4t R AL IR
RE, HSHFEMMHE SR, Wang S [37]0F 70K, 7E DN /NRAEEAL, B /NE SR D8 H ko 4L
VI 4 (Glutathione Peroxidase 4, GPX4) K IAEC, BEEHEG A A HFKEEZ RN 4 (Acyl-CoA Synthetase
Long Chain Family Member 4, ACSL4). JRFUSL A=W LBk & & Fwmr, nah, JE6 DURF AT B 1 DN /)
FUAZHE SR 40 R 2 M2 [K 7 2 (Nuclear Factor-Erythroid 2-Related Factor 2, Nrf2)3&iA, #IHIEAET:, M
TMAELE DN & [38]. Zhang F[39]K I, #iH Z=AEH T STZ 1755 1) DKD KRB, wlddHeE Nfr2 i@
PR E R T R, BARRI Y GPX4 Rk i, ACSL4 RiE . TR, GPX4 fEHR/DAH
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Jit S il i St AR O T B 35 Kagan 25 [40176 9256 Fhaiid RSL3 75 5 /08 BUVR A BET 4 20 B R )
GPX4 Hiffr, MERERIET K TR0 AL 25 TH . Feng 5[4 117608 BRI /N R b R B, k30T B i R 4R
% S5 F 1o (Hypoxia-Inducible Factor 1a, HIF-1a)/HO-1 &2 N H 8 A R, S EE/NE T3 G IE 4 41k,
M ERFET- #1577 Ferrostatin-1 A] #)1i] HIF-1a/HO-1 7KV, /> B V& TESA A R E R, b IR AEE &
ENESRT . Wang S5[42]K L, 4EEZ D ZAR(VDR)FSNF A LB AL B ]I #0E Nef2/HO-1 fhid il £k
TSR, Yk DKD B85 BFFE R I ps3 mI LU ik 3% R JE 5L 5 77 s SLC7A11 RiE, Tk
GSH &, 520 GPX4 5PE, AN S X R0 T BURE:, i K BRAET[43], IR T AR H
T M o I A A R = A K T D SR A T 5 T A A AR RSB T [44] . NAD(P)H/FSP1/CoQ10 8 % /&
5 GPX4 AT HARST 3L [F 2 5 44 4 i P 1 S8 A8 S5 P . o BRAE T & 1 (FSPL) 2 B (1)
P A, 1 CoQ10 /& FSP1 HIEEKA), il FSP1 %, UL NADPH A T3k, K 11%
#eh CoQ10, ETTHIHI Mg A 8 A Bk Ak, PRI AN A 5 32 S B R 45

5.2. BRR B ERE

i 5 2 FE (Metabolic Reprogramming, MR) A& — M) _F FIRES:, Fa 102 41 B 8l A8 AR AE 38 AN [H]
IRIREERNT N AR He 77, i ik 1 R A e HAC @ AR AR P B A BT, AN T SIS 30 AR i T e 1 38T
T2 o B i 50 I DN HRAEEA U B g A, 0 46 3 20 AR BB A2 2L . — R BRTE A (Tricarboxylic Acid Cycle,
TCA Cycle)f#hG . B HERACH H W JEB AR AL JE AN S IR S [46] . X EEAUTIER A2 1) 2L
RS RKIERIRIEABAL, GRS, RIE. AR 8, 30 DN B At g [47]. Wik
WY, T S S BRI N, PEREARRE S UM R AR R AT 2 ouBERAe . BERRIHEEEL . OFF
R & 1% MR IRE AL R P2 (Advanced Glycation End Products, AGEs) {177 4E f14 FH #§ C (Protein Kinase
C, PKO)MHIE[48]. BRFURIL, FEREIRI /D RAE T, 5 RSB KRR /N R AR, 8T 2 ks
AR B N VR SRR B RGN B /N BRI B BRI DA R /N ER AT B /N B N [49] . X
B SRR AR R ML AT SR B, 50 BRZEAH LL , DN S5 (2R R B 1 RTZR R AR DNA 7K 32 35 BRI
XEgh AR ] DN B B E h b & i s K- 22 R, IXATRE B TCA TEH A 19>,
I R R T B R AE R AR . BRI ThRE . SR AU R S M AR T R =4 . BEEEIR S 5. bR
T fife h IR BB 553 5 DN A AR B g R 00, EXTIXEL R R AT, MM DN 697 3K m]
RetES
6. L&A

g3 b, MR AU A S OB PR B R A R o BRARTRAT L X R PR o I A R e T T i
HARHT DN KMHLEE SR, V0A V2 RPN R RS ERATEW I Wl B 2 M ar S
FIDEEVE B DL SRAEAIIR BIAR R HE RS DN A i A IR, SR RAE A IR PR 282 fig
JRAFE R RAE, A T EERAWE SN S FE.  HHTAE DN BTG o, V5oR I IR 2 Hhik, xe
A A RATE B

BE K
[1] Athyros, V.G., Doumas, M., Imprialos, K.P., Stavropoulos, K., Georgianou, E., Katsimardou, A., et al. (2018) Diabetes
and Lipid Metabolism. Hormones, 17, 61-67. https://doi.org/10.1007/s42000-018-0014-8

[2] Deprince, A., Haas, J.T. and Staels, B. (2020) Dysregulated Lipid Metabolism Links NAFLD to Cardiovascular Disease.
Molecular Metabolism, 42, Article ID: 101092. https://doi.org/10.1016/j.molmet.2020.101092

[3] Haley, M.J., White, C.S., Roberts, D., O’Toole, K., Cunningham, C.J., Rivers-Auty, J., et al. (2019) Stroke Induces

DOI: 10.12677/jcpm.2025.44451 329 s RAN AL 122 2


https://doi.org/10.12677/jcpm.2025.44451
https://doi.org/10.1007/s42000-018-0014-8
https://doi.org/10.1016/j.molmet.2020.101092

wKH, XIS

[10]

[11]

[12]

[13]

[14]

[22]

[23]

[24]

Prolonged Changes in Lipid Metabolism, the Liver and Body Composition in Mice. Translational Stroke Research, 11,
837-850. https://doi.org/10.1007/s12975-019-00763-2

Alannan, M., Fayyad-Kazan, H., Trézéguet, V. and Merched, A. (2020) Targeting Lipid Metabolism in Liver Cancer.
Biochemistry, 59, 3951-3964. https://doi.org/10.1021/acs.biochem.0c00477

Bliicher, C. and Stadler, S.C. (2017) Obesity and Breast Cancer: Current Insights on the Role of Fatty Acids and Lipid
Metabolism in Promoting Breast Cancer Growth and Progression. Frontiers in Endocrinology, 8, Article 293.
https://doi.org/10.3389/fendo.2017.00293

Merino Salvador, M., Gomez de Cedrén, M., Moreno Rubio, J., Falagan Martinez, S., Sdnchez Martinez, R., Casado, E.,
et al. (2017) Lipid Metabolism and Lung Cancer. Critical Reviews in Oncology/Hematology, 112, 31-40.
https://doi.org/10.1016/j.critrevonc.2017.02.001

Russo, G., Piscitelli, P., Giandalia, A., Viazzi, F., Pontremoli, R., Fioretto, P., et al. (2020) Atherogenic Dyslipidemia
and Diabetic Nephropathy. Journal of Nephrology, 33, 1001-1008. https://doi.org/10.1007/s40620-020-00739-8

Wang, L., Gao, P., Zhang, M., Huang, Z., Zhang, D., Deng, Q., et al. (2017) Prevalence and Ethnic Pattern of Diabetes
and Prediabetes in China in 2013. JAMA, 317, 2515-2523. https://doi.org/10.1001/jama.2017.7596

Jang, H., Noh, M.R., Kim, J. and Padanilam, B.J. (2020) Defective Mitochondrial Fatty Acid Oxidation and Lipotoxicity
in Kidney Diseases. Frontiers in Medicine, 7, Article 65. https://doi.org/10.3389/fmed.2020.00065

Yokoi, H. and Yanagita, M. (2016) Targeting the Fatty Acid Transport Protein CD36, a Class B Scavenger Receptor, in
the Treatment of Renal Disease. Kidney International, 89, 740-742. https://doi.org/10.1016/j.kint.2016.01.009

Engeli, S., Gorzelniak, K., Kreutz, R., Runkel, N., Distler, A. and Sharma, A.M. (1999) Co-Expression of Renin-Angi-
otensin System Genes in Human Adipose Tissue. Journal of Hypertension, 17, 555-560.
https://doi.org/10.1097/00004872-199917040-00014

Jones, B.H., Standridge, M.K., Taylor, J.W. and Moustaid, N. (1997) Angiotensinogen Gene Expression in Adipose
Tissue: Analysis of Obese Models and Hormonal and Nutritional Control. American Journal of Physiology-Regulatory,
Integrative and Comparative Physiology, 273, R236-R242. https://doi.org/10.1152/ajpregu.1997.273.1.r236

Price, D.A., Porter, L.E., Gordon, M., Fisher, N.D.L., De’Oliveira, J.M.F., Laffel, L.M.B., et al. (1999) The Paradox of
the Low-Renin State in Diabetic Nephropathy. Journal of the American Society of Nephrology, 10, 2382-2391.
https://doi.org/10.1681/asn.v10112382

Olivares-Reyes, J.A., Arellano-Plancarte, A. and Castillo-Hernandez, J.R. (2009) Angiotensin II and the Development
of Insulin Resistance: Implications for Diabetes. Molecular and Cellular Endocrinology, 302, 128-139.
https://doi.org/10.1016/j.mce.2008.12.011

Wolf, G. (1998) Link between Angiotensin Il and TGF-g in the Kidney. Mineral and Electrolyte Metabolism, 24, 174-
180. https://doi.org/10.1159/000057367

Zhu, Y., Cui, H.,, Lv, J., Liang, H., Zheng, Y., Wang, S., et al. (2019) AT1 and AT2 Receptors Modulate Renal Tubular
Cell Necroptosis in Angiotensin [I-Infused Renal Injury Mice. Scientific Reports, 9, Article No. 19450.
https://doi.org/10.1038/s41598-019-55550-8

Santoro, A. and Kahn, B.B. (2023) Adipocyte Regulation of Insulin Sensitivity and the Risk of Type 2 Diabetes. New
England Journal of Medicine, 388, 2071-2085. https://doi.org/10.1056/nejmra2216691

Rogacka, D. (2021) Insulin Resistance in Glomerular Podocytes: Potential Mechanisms of Induction. Archives of Bio-
chemistry and Biophysics, 710, Article ID: 109005. https://doi.org/10.1016/j.abb.2021.109005

W, Bkl RIERME SRR SR T SENT BB AL, 2019, 28(3): 247-251.

Vasanth Rao, V.R., Tan, S.H., Candasamy, M. and Bhattamisra, S.K. (2019) Diabetic Nephropathy: An Update on Path-
ogenesis and Drug Development. Diabetes & Metabolic Syndrome: Clinical Research & Reviews, 13, 754-762.
https://doi.org/10.1016/.dsx.2018.11.054

Lu, J., Li, X., Chen, P., Zhang, J., Li, L., Wang, G., et al. (2023) Acetyl-CoA Synthetase 2 Promotes Diabetic Renal
Tubular Injury in Mice by Rewiring Fatty Acid Metabolism through SIRT1/ChREBP Pathway. Acta Pharmacologica
Sinica, 45, 366-377. https://doi.org/10.1038/s41401-023-01160-0

Mitrofanova, A., Merscher, S. and Fornoni, A. (2023) Kidney Lipid Dysmetabolism and Lipid Droplet Accumulation in
Chronic Kidney Disease. Nature Reviews Nephrology, 19, 629-645. https://doi.org/10.1038/s41581-023-00741-w

Martin, W.P., Nair, M., Chuah, Y.H.D., Malmodin, D., Pedersen, A., Abrahamsson, S., et al. (2022) Dietary Restriction
and Medical Therapy Drives PPARa-Regulated Improvements in Early Diabetic Kidney Disease in Male Rats. Clinical
Science, 136, 1485-1511. https://doi.org/10.1042/cs20220205

Schelling, J.R. (2022) The Contribution of Lipotoxicity to Diabetic Kidney Disease. Cells, 11, Article 3236.
https://doi.org/10.3390/cells11203236

DOI: 10.12677/jcpm.2025.44451 330 Il R PR = 2


https://doi.org/10.12677/jcpm.2025.44451
https://doi.org/10.1007/s12975-019-00763-2
https://doi.org/10.1021/acs.biochem.0c00477
https://doi.org/10.3389/fendo.2017.00293
https://doi.org/10.1016/j.critrevonc.2017.02.001
https://doi.org/10.1007/s40620-020-00739-8
https://doi.org/10.1001/jama.2017.7596
https://doi.org/10.3389/fmed.2020.00065
https://doi.org/10.1016/j.kint.2016.01.009
https://doi.org/10.1097/00004872-199917040-00014
https://doi.org/10.1152/ajpregu.1997.273.1.r236
https://doi.org/10.1681/asn.v10112382
https://doi.org/10.1016/j.mce.2008.12.011
https://doi.org/10.1159/000057367
https://doi.org/10.1038/s41598-019-55550-8
https://doi.org/10.1056/nejmra2216691
https://doi.org/10.1016/j.abb.2021.109005
https://doi.org/10.1016/j.dsx.2018.11.054
https://doi.org/10.1038/s41401-023-01160-0
https://doi.org/10.1038/s41581-023-00741-w
https://doi.org/10.1042/cs20220205
https://doi.org/10.3390/cells11203236

HKFH, X

[33]

[37]

[38]

[42]

[43]

[44]

[45]

Xie, P., Xie, W., Wang, Z., Guo, Z., Tang, R., Yang, H., et al. (2025) Association of Diabetic Nephropathy with Lipid
Metabolism: A Mendelian Randomization Study. Diabetology & Metabolic Syndrome, 17, Article No. 102.
https://doi.org/10.1186/s13098-025-01641-8

Guo, C., Chi, Z., Jiang, D., Xu, T., Yu, W., Wang, Z., et al. (2018) Cholesterol Homeostatic Regulator SCAP-SREBP2
Integrates NLRP3 Inflammasome Activation and Cholesterol Biosynthetic Signaling in Macrophages. Immunity, 49,
842-856.¢7. https://doi.org/10.1016/j.immuni.2018.08.021

Luo, J., Yang, H. and Song, B. (2019) Mechanisms and Regulation of Cholesterol Homeostasis. Nature Reviews Molec-
ular Cell Biology, 21, 225-245. https://doi.org/10.1038/s41580-019-0190-7

Guo, X., Yang, L., An, X., Hu, M., Shen, Y., Wang, N., ef al. (2025) Protective Effects of Notoginsenoside R2 on
Reducing Lipid Accumulation and Mitochondrial Dysfunction in Diabetic Nephropathy through Regulation of c-Src.
Chinese Medicine, 20, Article No. 10. https://doi.org/10.1186/s13020-024-01057-y

Liu, P., Ma, L., Zhao, H., Shen, Z., Zhou, X., Yan, M., et al. (2020) Association between LXR-a and ABCA1 Gene
Polymorphisms and the Risk of Diabetic Kidney Disease in Patients with Type 2 Diabetes Mellitus in a Chinese Han
Population. Journal of Diabetes Research, 2020, Article ID: 8721536. https://doi.org/10.1155/2020/8721536

Horton, J.D., Cohen, J.C. and Hobbs, H.H. (2009) PCSK9: A Convertase That Coordinates LDL Catabolism. Journal of
Lipid Research, 50, S172-S177. https://doi.org/10.1194/jlr.r800091-j1r200

Hoogeveen, R.M., Opstal, T.S.J., Kaiser, Y., Stickema, L.C.A., Kroon, J., Knol, R.J.J., ef al. (2019) PCSK9 Antibody
Alirocumab Attenuates Arterial Wall Inflammation without Changes in Circulating Inflammatory Markers. JACC: Car-
diovascular Imaging, 12, 2571-2573. https://doi.org/10.1016/j.jcmg.2019.06.022

Shi, L., Xiao, C., Zhang, Y., Xia, Y., Zha, H., Zhu, J., et al. (2022) Vitamin D/Vitamin D Receptor/Atgl6L1 Axis
Maintains Podocyte Autophagy and Survival in Diabetic Kidney Disease. Renal Failure, 44, 694-705.
https://doi.org/10.1080/0886022x.2022.2063744

Herman-Edelstein, M., Scherzer, P., Tobar, A., Levi, M. and Gafter, U. (2014) Altered Renal Lipid Metabolism and
Renal Lipid Accumulation in Human Diabetic Nephropathy. Journal of Lipid Research, 55, 561-572.
https://doi.org/10.1194/jlr.p040501

Pu, M., Zheng, W., Zhang, H., et al. (2023) ORPS8 Acts as a Lipophagy Receptor to Mediate Lipid Droplet Turnover.
Protein Cell, 14, 653-667.

&, To, AR, % B/AVEEMEMES 2 IR R IR R b VR F B LI [T]. o 55 3 AR 1
&, 2024, 40(5): 882-889.

Entezari, M., Hashemi, D., Taheriazam, A., Zabolian, A., Mohammadi, S., Fakhri, F., e al. (2022) AMPK Signaling in
Diabetes Mellitus, Insulin Resistance and Diabetic Complications: A Pre-Clinical and Clinical Investigation. Biomedi-
cine & Pharmacotherapy, 146, Article ID: 112563. https://doi.org/10.1016/j.biopha.2021.112563

Wang, Y., Bi, R., Quan, F., Cao, Q., Lin, Y., Yue, C., ef al. (2020) Ferroptosis Involves in Renal Tubular Cell Death in
Diabetic Nephropathy. Furopean Journal of Pharmacology, 888, Article ID: 173574.
https://doi.org/10.1016/j.ejphar.2020.173574

Li, S., Zheng, L., Zhang, J., Liu, X. and Wu, Z. (2021) Inhibition of Ferroptosis by Up-Regulating Nrf2 Delayed the
Progression of Diabetic Nephropathy. Free Radical Biology and Medicine, 162, 435-449.
https://doi.org/10.1016/j.freeradbiomed.2020.10.323

Zhang, L., Wang, X., Chang, L., Ren, Y., Sui, M., Fu, Y., et al. (2024) Quercetin Improves Diabetic Kidney Disease by
Inhibiting Ferroptosis and Regulating the Nrf2 in Streptozotocin-Induced Diabetic Rats. Renal Failure, 46, Article ID:
2327495. https://doi.org/10.1080/0886022x.2024.2327495

Kagan, V.E., Mao, G., Qu, F., Angeli, J.P.F., Doll, S., Croix, C.S., et al. (2016) Oxidized Arachidonic and Adrenic Pes
Navigate Cells to Ferroptosis. Nature Chemical Biology, 13, 81-90. https://doi.org/10.1038/nchembio.2238

Feng, X., Wang, S., Sun, Z., Dong, H., Yu, H., Huang, M., ef al. (2021) Ferroptosis Enhanced Diabetic Renal Tubular
Injury via HIF-1a/HO-1 Pathway in db/db Mice. Frontiers in Endocrinology, 12, Article 626390.
https://doi.org/10.3389/fend0.2021.626390

Wang, H., Yu, X,, Liu, D., et al. (2024) VDR Activation Attenuates Renal Tubular Epithelial Cell Ferroptosis by Regu-
lating Nrf2/HO-1 Signaling Pathway in Diabetic Nephropathy. Advanced Science, 11, €2305563.

Wang, Y., Yang, L., Zhang, X., et al. (2019) Epigenetic Regulation of Ferroptosis by H2B Monoubiquitination and p53.
EMBO Reports, 20, e47563.

Liu, M., Kong, X., Yao, Y., Wang, X., Yang, W., Wu, H., ef al. (2022) The Critical Role and Molecular Mechanisms of
Ferroptosis in Antioxidant Systems: A Narrative Review. Annals of Translational Medicine, 10, 368-368.
https://doi.org/10.21037/atm-21-6942

Doll, S., Freitas, F.P., Shah, R., Aldrovandi, M., da Silva, M.C., Ingold, I., et al. (2019) FSP1 Is a Glutathione-

DOI: 10.12677/jcpm.2025.44451 331 Il R PR = 2


https://doi.org/10.12677/jcpm.2025.44451
https://doi.org/10.1186/s13098-025-01641-8
https://doi.org/10.1016/j.immuni.2018.08.021
https://doi.org/10.1038/s41580-019-0190-7
https://doi.org/10.1186/s13020-024-01057-y
https://doi.org/10.1155/2020/8721536
https://doi.org/10.1194/jlr.r800091-jlr200
https://doi.org/10.1016/j.jcmg.2019.06.022
https://doi.org/10.1080/0886022x.2022.2063744
https://doi.org/10.1194/jlr.p040501
https://doi.org/10.1016/j.biopha.2021.112563
https://doi.org/10.1016/j.ejphar.2020.173574
https://doi.org/10.1016/j.freeradbiomed.2020.10.323
https://doi.org/10.1080/0886022x.2024.2327495
https://doi.org/10.1038/nchembio.2238
https://doi.org/10.3389/fendo.2021.626390
https://doi.org/10.21037/atm-21-6942

wKH, XIS

[46]

[47]

(48]

[49]

Independent Ferroptosis Suppressor. Nature, 575, 693-698. https://doi.org/10.1038/s41586-019-1707-0

Wang, Z., Fu, W., Huo, M., He, B., Liu, Y., Tian, L., et al. (2021) Spatial-Resolved Metabolomics Reveals Tissue-
Specific Metabolic Reprogramming in Diabetic Nephropathy by Using Mass Spectrometry Imaging. Acta Pharmaceu-
tica Sinica B, 11, 3665-3677. https://doi.org/10.1016/j.apsb.2021.05.013

Duan, S., Lu, F., Song, D., Zhang, C., Zhang, B., Xing, C., et al. (2021) Current Challenges and Future Perspectives of
Renal Tubular Dysfunction in Diabetic Kidney Disease. Frontiers in Endocrinology, 12, Article 661185.
https://doi.org/10.3389/fendo.2021.661185

Brownlee, M. (2001) Biochemistry and Molecular Cell Biology of Diabetic Complications. Nature, 414, 813-820.
https://doi.org/10.1038/414813a

Beckerman, P. and Susztak, K. (2014) Sweet Debate: Fructose versus Glucose in Diabetic Kidney Disease. Journal of
the American Society of Nephrology, 25, 2386-2388. https://doi.org/10.1681/asn.2014050433

DOI: 10.12677/jcpm.2025.44451 332 s RAN AL 122 2


https://doi.org/10.12677/jcpm.2025.44451
https://doi.org/10.1038/s41586-019-1707-0
https://doi.org/10.1016/j.apsb.2021.05.013
https://doi.org/10.3389/fendo.2021.661185
https://doi.org/10.1038/414813a
https://doi.org/10.1681/asn.2014050433

	脂代谢紊乱在糖尿病肾病中作用机制的研究进展
	摘  要
	关键词
	Research Progress on the Mechanism of Lipid Metabolism Disorders in Diabetic Nephropathy
	Abstract
	Keywords
	1. 引言
	2. 肾脏与脂代谢
	3. 糖尿病肾病中的脂代谢
	3.1. 上游调控失衡——脂肪酸代谢
	3.2. 上游调控失衡——胆固醇代谢

	4. 核心病理改变——脂滴聚集
	5. 下游功能结局
	5.1. 细胞铁死亡
	5.2. 脂质代谢重编程

	6. 结语
	参考文献

