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[ Abstract] Diabetic nephropathy (DN) is the most common microvascular complications
of diabetes and serves as a leading cause of end-stage renal disease, which is caused by complex
mechanisms, including cellular damage induced by hyperglycemia, dysregulated inflammatory and
immune responses, renal fibrosis, and vascular injury. Although conventional treatments can delay
the progress of the disease, they often fail to effectively halt the irreversible deterioration of renal
function. Consequently, exploring practical and effective therapeutic strategies is a key issue that
needs to be urgently addressed. In recent years, mesenchymal stem cells (MSCs) and their exosomes
have garnered significant research interest due to their capacities for self-renewal and multi-lineage
differentiation. Preclinical studies indicate that MSCs exhibit potential in restoring renal structure
and function through various mechanisms, such as cytoprotection, modulation of inflammation and
immune responses, inhibition of fibrosis, epigenetic regulation, and regulation of the gut—kidney
axis. Multiple administration routes, including intravenous, renal arterial, and local injection, have
demonstrated considerable therapeutic efficacy. Nonetheless, clinical research remains in the nascent
stages, with only small-scale trials and case reports indicating that the MSCs have certain potential for
renal protection. Their long-term safety, standardized treatment regimens, and the efficacy differences
among MSCs from different sources still require further research and verification.
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MSCs 577 DN FIHLEIIE 58 LAAE 2 T4 F &R A R 1k
ST, T 95 T (R BIF 0 48 78 MSCs 7 28 0 3 4% 2 T 1) 1 42 g
71. % miR-125a f) MSCs-Exos fig 1% 4 [ 45 & 41 85 A 2¢
ZWALE 1 Chistone deacetylase 1, HDACL) (1] 3' k4R i [X.
A H ik, HET TR ET-1, S & REW S0 B /NER 2140
il T B B AT AT S SR, AT 43 T T g T
it 4h Bai 25 ¥ % B TGF-B/Smad 3 B4 0 2 14 N6- FF I fij
1 (N6-methyladenosine, m6A) H %4k 8 (B BEAI IR 1 A1
K (Wilm's tumor 1-associating protein, WTAP) [ i,
1M WTAP £ 5 1) m6A &M= ¥ a) B R 8n 5L, P81 4%
fi {41 Cenolasel, ENOLD), fix £ SN B f7 ik i /e |
JZ A Chuman kidney-2, HK-2) 357 FEAIK L JRE R T 16 &2,
IR s RN B R /N R AR 5 N I AR s MSCs
A8 T A S R 2 A OB IR (W Smad2/3 U
WTAP £ 5%, 7 %0 4% HK-2 3475 K2 DN 5 IE 575 24 45
o BB 7~ , MSCs Al 3@ Ik i 4 Smad2/3/ ! B 54 5%
AR 3 (methyltransferase like 3, METTL3) / %17 -1- B
44 1 (sphingosine 1 phosphate receptor 1, SIPR1) % 4
SN RERAE T, [RIBT W A 2 RE 5 A Ak . 1 U P 5
DN Bk Smad2/3 #HAT ISR e A I 5 METTL3 454,
TR 58 SIPRL ZE K (¥ mBA B4 J- 3 il L 304, f & i gt
Fe2'. ROS A S KAV T-AH G 8 1 ) Sy i ik . MSCs I
I Smad2/3 BRI S AL, I METTL3 7K-F, f#/b
S1PR1 [ meA &4 3k & H /KT, 123k SIPR1 540 T4
il 2R A 2 A, HETT RSP0 AT AN 1 2R SE TS itk Ah, MSCs fiE
% 38 3k A T 9 R R B UE O L ) TGR-p/Smad i 2%
TEAL AR 4T A A B SRR R T e 78, R 32 T A2 400
BRI AR IA TSR, 2R B/ kg fEps B i
WA A BF 70 39— 25 4 B MISCs 78 2 L35 4% J2 T B 200 it £ 4
Bl

i 306 U 2 A AT 4 K B MSCs 1597 DN 3 % AL,
DN V447 $2 it 37 % . hUCMSCs ] I 8 2 45 i 41 44, Jfii
IR R g T8 R % % B2 R M Occludin A1 ZO-1 () 32 ik, BH K
Jl V5P 2 21 HE N MR 28, 18 52 i 18 Bt e (7] i) 25 990 Jigp i
PR, SR THXUSAT B AT S BB 2. RIR B vl
A RS IE IT2 (short chain fatty acids, SCFAS), i it Bk
B AT G A& (AR IB 32 s, i) B AT S 358 AP LI RR SE Y o
2 hUCMSCs 597 )i » 525 Wil 21 DN KRR & AR 535

HHEFEE RO Al EE RS Y e sss
BLREASC PO, T Y — I B AR S, 43S ZE TRk -4 1
hUCMSCs-Exos, Al %52 DN IR /I R 18 P 3% 3 UK I
(Prevotella) [)3= % ; ifii Prevotella B #E % G 5 N 2 i3t
HMJE CD4" Treg SUARLIIHE 55354k, HE I #1224 i 58
7 R T 2Rk, Yl B T 46 hE IR 5 ey 454 » [R] i
A3 B IR 2T A BT I il — B (15 R A A
X, SEFEEERYLG Z R EE, TiEs KRS IR
B, 0 A I IEE R LM DN B UNEH .. A, i F
MSCs TF ML IS F P, ARATI T 456 B4l 5 S5 4 R,
FRHT AT DN AN R I H 1 B AR i 5 B, T BB Sl <G 1 T
7 (1697 H br .

3 MSCs j&¥7 DN KR Tt R
3.1 IIRHTHFF

7 DN 3 4 1 71, MSCs & 7 HY R 5 19 98 97 R0 #
(F 1), MSCs ¥77 DN 45 2418 1% B 3 R 41 i i 4 16 44 1
BRI VE ST R BRI A R A S B S Rk S A
TS BRI SRR I PR BRI AT P B IR 45 2R, IR SE
B RUFH 245 52 v, 05 08 Q45 /N AT eI 4 5
AR I B B2y B B AE — e SR R, A
BE B, W B AR TR . Yue 25 PA BT
SIS B KT 5 fE 1% S2 3 MSCs B MSCs-Exos [ J55 48 & I
BB IR, B R A IR, vk A o A EIE R
I AL 2R B DN KRB A B Thfe, RS A shfikss 26T
e 2 32T+ MSCs 7E DN 897 H 1 P4 57 B fE & 12 2
o JRIEBVESS ¥ MSCs 5l MSCs-Exos EL 1244 1 21 ' i 3
153 DX 3, WPF 31 S Ik % AT A3 2900 1 U A 495 ik e B 3
PEFATE T4 AR 5, W] BB VE T A HEFR
FEARZR B, FLATRE 5] R o th i e S 9 R, FL I R i
AT T i — B4R R
3.2 IR

TES IR A, MSCs 7R H R UF VAT RCR (B I AR
T THEIAFAE R B, 32 A AR 7 /N RS (514 25 D125 i
PRAREE, B FAS I 22 A PR 7E N 2 Pl R R PRI, H AT IR 6K
TP I R AR 6 4R 75 . 2023 45 Perico 25 P i MW E X HE I
PRARIE AN 16 5] DN i35, ¥ H B 7 9 MSCs 4 5 22 it
L, MSCs £H 38 3 % ik 4 54 80 x 10° /> H A5 #1 CD362 4§
PERI AR BMSCs. 18 AN H BT ks MSCs 41 35 5 /NERjE
IR T Bl RAL T 2B, LR R A S E B L0 2
& ER, A OIS REL MSCs B ER I )1 At 5,
1 {51 58 B P S R R R, SR R ) 7 A R
BRI A RS, RS I B RS A AR e AR A
AR LA, W R ST IR I 22 4 b

B IR 5T Ah, — T0UR S 1 S O B AL HE 2 M I AR
ARG R B AR IR T AT . RIS 4N 42 5] DN B3,
W BT 245 9 S 40 A0 56 R4, S236 4194 hUCMSCs 5
BENARE RSB, o EBME 1 4.3 4.5 F
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B HER T 5 MSCs 27 T WFoe4ie EE PN
Pt C57BLI6 /N STZ %S hUCMSCs Bl R BRI TNF-a (7T, W4 B I 4 A R4S He %5 1
Tt SD KR STZ %% hUCMSCs FoBksEST IS Nrf2 355l R A AL B Nie &
Pk C57BLI6 /N EEA S MSCs EORKEST IR NOX4 ik S S N R B 0 i g 1
It C57BLI6 /MR STZ i MSCs P Ik SERUN S ERUD NS R R SR i ok 2 s A2 P AL Barutta 2% 4
bk C57BLI6 /MR STZ %% BMSCs IS BT PGC-1a {3 Sl B, (R kR AR W AL, RN B Yuan 25
T TFEB Rk, G IS MR TIRE S B Ve, il =2 41 28 br
A3 Bk
HEME SD KR g4 STZ  hUCMSCs-  ##lkiESS 0] THBS1-CD36/CDAT {55 i ik 1 5 B AU T 7% B 7y 1)
s Exos HERIE , BEAR S A4 M i T2 7K
Ttk SD KRR STZ %S PMSCs BBKGEST VLML P Y A SR 11 (Beclin A LC3) % SITR1 Liu & &9
1 FOXO1 RIA K, a5 F Wi 4
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