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[ Abstract] Diabetic nephropathy (DN) is a common complication of diabetes and a leading cause of end-stage
renal disease. Transforming growth factor-B1 (TGF-p1)/SMAD signaling activation plays an important role in the onset
and progression of DN. Reported findings suggest that the activation of TGF-P1 (including the latent form, the active
form, and the receptors) and its downstream signaling proteins (SMAD3, SMAD?7, etc.) plays a critical role in DN. In
addition, TGF-B1/SMAD signaling may mediate the pathogenesis and progression of DN via various microRNAs
(miRNAs) and long non-coding RNAs (IncRNAs). Emerging evidence shows that TGF-p1, SMAD3, and SMAD? are the
main signaling proteins that contribute to the development of DN, and that they can be potential targets for the treatment
of DN. However, recent clinical trials have shown that the anti-TGF-p1 monoclonal antibody treatment fails to effectively
alleviate DN, which suggests that upstream inhibition of TGF-B1/SMAD signaling does not alleviate clinical symptoms
and that this may be related to the fact that TGF-f1/SMAD has multiple biological effects. Targeted inhibition of the
downstream TGF-P1 signaling (e.g., SMAD3 and SMAD7) may be an effective approach to attenuate DN. This article
discussed the current understanding of the molecular mechanisms and potential targets for the treatment and prevention
of DN by focusing on TGF-p1/SMAD signaling.
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1 #EREERSTGF-B

RIS B AT SR R PR A T 5 R BRI O R
2, W R A ORI B 1 R AR BROS  E
Bl T IR R AR S AT, S B2
Fir2gu A5 47, 36T R BLAR PR L WLISE BT B ek R
REAR A5 100, 77 B 2 2 2 A M 3 e RO i A R
St W PR B O 1) 9 B R B A B /N ER v R E AT i VR
e RN AET . RN AL | SR RE R L
BROEAL LB B /BRI /NG ) S 27 A 55 IR | A
AT LA A s o A | I R I 5 2 Ve R R
1 & AR TE 78 AL R R

KA RS IE S LA i h 2P E Sl S 5 T
BRI B 1) 2B R SR, JHL e A 556 i T A £ 0 B
TGF-B1 K TR E 5 3G 1k . B PRI 2R 34 1075 TGE-
BL 7 E T, A FFHINNTGE-PLE & [ VE i Wi
PRI B 95 ) F B R A 2 —"). TGE-BLAH MK - K AH
RAF SRR ARG 5 . AR S h . AHMOBA . MRS
AR AR YA SR ME ], R AT s S B
PRI, TGE-BIE 514 532 TGE-BRCIA , 21K &%
H M EASEZR R R P,

1.1 TGE-BfE4r

TGF-PAL & TGF-B1/2/3 =FlE Y, |17 3Rk T 2 Fh 40
MIFNZAZIEAY, TGF-PIZ R 25 1 BI(TGFPRL) 5
I B (TGFBR2) Wi 3Z A&, 3418 22 S 12 1 3 2 R 4 I =2
&, TGFPR2MEBEZ AR, AN R TELAARLE A X, M PN h 24
R/ R R T X, R A R At n] A FRs, Jf
E— IR TGEPR1Y . T3 AMAG i BIPETGFPR3Z A, 1
BEFR Mbetaglycan, H T2 25 ARG, 38 5 A
HIEZ H{E 5%,

1.2 TGF-BlE SEBEAHE

TGF-BUF 5 I 551535 T 43 RS, 43 il AR
HiISMADZE [ (1Y “2 . B0 77 U5 AMKBISMADZR F1 1Y
E[BZY RSy v

Z MG PR TGE-B1 T S8 5 5 IR 1 TGEBR24%
&, [N TGERR2 R iz fb, Bl /5 TGFRR2 54 I B IR
{ETGEBR1, BRI FEK TGERR P ) —N X d &5 45
12 kDa-FK5064% 4 85 [1 (FKBP12) 13T BRI S 1 7 15 2%
ol nT S5 A IR L SMADER [ 5 . 78323 1k
(&5 0E 5, B AL IUR-SMAD 5 SMADAIE i &1, i
A ML 5 DN ASE & I 5% 5 AN BB 1,
SMAD2/35SMADAK & W AR5 AT LA-5 8800 2
W Je BhF A S, PR B L R A R0 5 5 S

TGF-BUF 5 & Al it ESMAD 7 =K, Q22
S4JFBOE (1) 85 H B (mitogen-activated protein kinase,
MAPK) ., Rho, PI3K/AktFf5 "7l . SMADHAIZ
B P 5 A 2 MGE B TR, R AR IR 25 S
TP Rr

2 TGF-1/SMADE S 5HER% B

2.1 TGF-B1/SMAD

WIS 5 5 £ 3 LT« PRVBCRN ' FIE R A TGE-B1 75 it
RN, BTN N TGE-BUAUARAE B /NER 2R J 40 i
BagH | FR BB TOR R B/ INRAE AL, 5380 e/ IV ] o
YA, T2 BT FIATGE-BIEA: S BURIG 1R &
B AL, HETHAA H 4 S TGE- B FE R U 7 1
o PR ' o A R A M PR R I LA™ T R /N R
Bz JHk R 635 Latent TGE-B 10 EE RE R /N, #ES7 BEMRA
i 2 (streptozotocin, STZ) 75 S5 (10 K Ji B J 4 80 o
Latent TGF-B 158 b 2 Wl A2 WH IR 1B 9 19 2 0 PN 4T 44k
RIS TGE-B1 5 R A Latent TGE-BIA A A AL HIIIBE .
HE— W57 R Latent TGF-B17] LA i Arkadia I 14
SMAD7HANHI TGE-B1/SMADIK AL A T 1 B WELT AL

Y9 TGE-B Ll 4% 17, SMADZE F 788 FRI 1 s vh
P A, P LASMAD2/3/4/785 ) HBFSE . MR
5 B R4 2 R SMAD2/3 BB MRS . fESTZiE S
B PR B S A SR b, pR AT M R R R R
(fibroblast-specific protein 1, FSP1) i 3l + 9K 5l 1) i 41 4
20 P S5 PP R SMA D2 ] 9 /b /N BRUEE U B 2T 4k £k
FESTZ Y53 OB R B /N B, R BR SMAD3 W] LA g 3
PGS B /INBR LR RS 5 | 40 SN R TR 2 1 R 1Y)
T, R db/m 5 SMAD3 R Y2 B AS C 245 1 db/db-
SMA D3R (1 2 LB bR B U 5 4SS R s - B
SMAD3 5, W] 2 8% db/ dbA i B o 45405 (s e 48
JE S 4EML) o R, SMAD3 ] 1 13 5 9 A AR ke ¢
HIITFEBLS &, W TFEBZRE, FBOM IR B IIE b [ 1
TyReZEAL",

SMAD4TEME BRI ' 9 b BAT (2 25 defb ng 1R H .
SMADATENE FR I B 9 B9 FI/N SR (R B 1 R 5 STZ iR 5
FEAGE) (14 2 A e e ek, A v/ B At A Y
SMAD4J5 , A& B /INERATY SR B B K, {H R IEEL T sk Fn
B /INERBSE Lk 0175 0 DU 75 21 B dd BAc s e SR SO AE s
97 /1N BRURSE 5L TR0 v A A 5 000 1) B /INER R S 400 i v K 3
SM A D4 F 00T AT T i R % Ak 2 1 B (AMP -
activated protein kinase, AMPK) {553 %™,

SMAD7LEME BRI B s b BA D4 VEH] . SMAD77]
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PARISMAD2/3 35 4+ 25 & TGEBRIL, J-fE #E TGFBRIY
fife, AT HISMAD2/3RBERR L™ AESTZ5 5 I IR
5% F1 db/ dbHE BRI B s /N B, SMA D7 /IS B 30T
FEEIE R BT AE RN SRR A1 0 5 13 i A P i
1% SMAD7 (52235 JBUkL 248 FRAG K BRI db/db/ N BRUAY 5 JE
WIAT A 42 TGE-B1/SMADYE AL 58U B LT 4k fb FINE-
KBS I AAE, [ B0 1 R

LE5L) FIFSE 45 B, TGE-B1/SMADTERE BRI 15
R AE e R EEAE . M SMAD3IEE SMAD7
B 2 U DR e R AT B, AN IR e
SMAD 3 4 Hz 2 5 SMAD73 sl 751 B ik nl LAHS
B A2 M PR 9 /1 BRUAAS P SMAA D 3/ 711 -, 3 1T ki 2%
AR R B HETA X SMAD3/ 7 I R IR B A0, 14T
JREEST
2.2 TGF-B1/SMADK#H{IRNA ( microRNA, miRNA )

miRNA S i KB R20 ~ 224 1 1% 20 i 1 B i
RNA, BA P A EMREH . miRNAR#EE 5 H
FRmRNARY 3% F ##1EX (untranslated region, UTR), 5%
V5 FmRNAREAE S5 AR BT 1 BT B¢ . miRNATEREIR
I B 9 R B AR A FIALTR S 25 D1
2.2.1 AEJIAE AT LI 69 miRNAs

TGE-B1 1l i H R SMADTE 54 7 LA £
miRNAs, f1$fmiR-21, miR-135a-5p, miR-200b/c, miR-
377FImiR-1207-5p%5,

£ P A miRNAH, miR-215miR-1207-5p#F ] LA
5 SMAD7 mRNAY3' UTRES & 175 T H A, 1 ifi 40 1

SMAD7H) 5 AR 377 FH . miR-217F db/dbl bR B 9
AN Y 5 3R, miR-1207-5p & — i H 3 20 it e s
5+ 531 % 1 (plasmacytoma variant translocation 1, PVT1)
Fi A2 Iy miRNA, TGF-B1 0] LA s A6 1 2 2 22 15 41 i
M miR-1207-5p Y % f, I1E 240 it S 56 o i IO AR,

miR-135a-5p 3k & 1 TEMH IR B 0 3 10 T 2H
AR P B B, PR T HITGE-B LR HK- 21
B /INER 2 RS0 i [ RE 2% B miR-135a-5p A e 263k 1A Ah
HLHIFSE & B, miR-135a-5pA] L5 Sirtuin 1(SIRT1) %3 UTR
454y, FlRmiR-135a-5p ] LA TGE-B1iF5 1 B AR LT 4t AL,
JEAT LU AL SIRT1HY F I TGF-B1/SMAD 33 BTS2

TE2BUME bR 535 1 MR REAS h A miR-377 9 & 5 AH
Fb A i B S P, ARZ A 5 A S B R, ooy
TR dE— 2D

FMEECTGE-B LRI, /N BUE /N K 22 I 40 e v 7
miR-200b/c % it b 2 L], I35 1B /N BR 2R R A iy e
K [ABF, miR-200b/c L 7E ST Z175 5 (14 05 bR 9 /N BRUFN
db/db/N LI B /N R s K 3K, miR-200b/c AT LA
FOG2, MM INEE TGF-B15 FIEHE & 1, FOG FIH AL I
2(zinc finger protein, FOG family member 2, FOG2) T {jif
PI3K-Akt-ERKAF 738 i 135>

(EAS- 1 B2, TEWE DR B i I R A T R B T
miR-21 A 238, SR AR miR-2 1A A, T B /INER PR ()
AL, miR-21ZNRERY S 2 L T RES TGE-Bf5 518 % Y
BHGIA S A—PHWTTGE-Bf 5 8 I A 2R T
AEFBOEIAR M (F SR . RIS & b 3cE

£1 IS FRNAZETGF-p1/SMAD N SHIME R % F HER
Table 1 Role of miRNAs in TGF-$1/SMAD-mediated diabetic nephropathy

miRNA Diabetic nephropathy model Target and reference
Up-regulated
miR-21 db/db mice SMAD7"*
miR-135a-5p HK-2, HMC SMAD3, Sirtuin 1
miR-200b/c db/db mice, STZ induced C57BL/6 mice, MMC FOG2™
miR-377 Diabetic nephropathy patient sample Patients' clinical symptoms"”
miR-1207-5p HMC SMAD7™!
Down-regulated
miR-10a/b STZ and high fat diet induced C57BL/6Jmice, human podocyte NLRP3", TGEpR1
miR-26a Human podocyte CTGF™
miR-29a/b/c Human podocyte, MMC, NRK52E, HK-2, RMC, db/db mice Col1a1™, Col4a1®>*, Col4a2®, Col4a3™, CB1RPY,
SMAD3™, SP17*, Tbx21%
miR-93 HK-2 Orail"”
miR-200a NRK52E TGEpR2™"
miR-let-7b db/db mice, STZ induced C57BL/6 mice, MMC TGFBR1™, Col1a2"", Col4a1™, Lin28b"*
miR-346 db/db mice SMAD3/4™
Expression of indeterminacy”
miR-192 HK-2, MMC, db/db mice, STZ induced C57BL/6 mice zEB1™, ZEB2"™ ™, s1p1™!), P53t

HK-2: human kidney 2 cells (human renal proximal tubular cells); HMC: human mesangial cells; MMC: mice mesangial cells; STZ: streptozotocin; RMC: rat

mesangial cells; FOG2: zinc finger protein, FOG family member 2; NLRP3: NOD-, LRR-, and pyrin domain-containing protein 3; TGFPR1/2: transforming

growth factor B receptor 1/2; CTGF: connective tissue growth factor; Collal/2: collagen type I alpha 1/2 chain; Col4al/2/3: collagen type IV alpha 1/2/3 chain;

ZEB1/2: zinc finger E-box binding homeobox 1/2. " Different miRNA expression levels depending on disease staging or animal models.
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e R 5T B RYEFFSMAD3/ 71 (36 97 T B, Wi bh
miRNAs AT, B — 87 AT BE S 3 TGF-B1F
AL I, TR SMADAR 553 -1 n] BE 2 RYT 1Y
TRAE
2.2.2 AEJIAE A F TR 69 miRNAs

BRI B, A miRN A miR-10a/b, miR-
26a., miR-29a/b/c. miR-93, miR-200a., miR-let-7b Xz miR-
346%% .

miR-10a/bFmiR-200a#8 ] LL 5 TGF-BZ &1
mRNAFY3" UTRZ: & LTS3 H %, miR-10a/bfFEHITE
TGFBR1 mRNA, miR-200alll/f FH 7£ TGFBR2 mRNA,
miR-10a/b7E AMAFIC57BL/6)/N R P = BAE B rp 335,
HTUL S MRS & AR A A Z R 13(NOD-,
LRR-, and pyrin domain-containing protein 3, NLRP3)
mRNA3' UTRES & LAVE S H R, 7ESTZ Y551 18U Mk
PRI /1N ER A db/db/ )N U JIE P miR-10a/b3& 1k 1% 1 ] 18 %
I, AT EUNLRP 3175 3 (1 S AE S AR, miR-200a7E
STZ5 3 BHE IR B 9 /N R AR5, 76 K BRINRKS52E4H
J Hid 2R ik miR-200afg M I £F 4k Ak, BEALTH] A miR-200a
RERS LS A 7E TGEBR2 mRNA (3" UTRIC IS S HF& AR

454 1 414 1K [ F- (connective tissue growth factor,
CTGF) 7E BT AE A A 1 34 58 rh & 4% T AR I, CTGFAER
PRI B 995 F8 08 PRIR b B o 3 T, O SRR B
PP B R IE ARG . 7ERT TGE-BUAI LAY A 40 M A T 1Y
miRNAFES 7347 & B, 645 46 T miRNA R FE K F & 4R
KF 1565897284, Hod{miR-26a-5 CTGFHIE; BEIRG H
5 HH B/ NER R miR-26a 75 & A /NER I R R B,
miR-26a 7] LA i 5 CTGF mRNAFY3' UTRES 4 il
TGE-B/SMAD3: I F 345

miR-29% 5 FmiR-29a/b/c. miR-29[FiAZ TGF-
BB VAT, FE N2 4 ML/ )N BUES /INER 2R RS 400 A v 22 30
miR-297] LU i 5 Collal . Col4al#l Col4a3 mRNAFY3'
UTRES & R PR R A 2RI R s B /N R
& PmiR-29a/b/cH R IR IK, HmiR-29a/cH T2
SR GRS W WE DRI B /N B 32 p A DG T 1D
Tl AT H R (fasudil) 50045 S 5K 28 A2 AARBE i 77 S 1030
(losartan ) &Y &, miR-29a/c A& [B1E - FH*, 7ESTZi%
SRR DRI B /N USRIk miR-29a ] LA i 5
KIKE Z{£1(cannabinoid receptor 1, CBIR)mRNAZ; &
IR PRI B /NS5 (LR 4R AL AN A 0E )Y, [A]BTHK -
2N HAE R A BE i miR- 292818 1, BT ™ F A LT 4k
BB, HALH 5 miR-29am] LA4E A Col4al FlCol4a2
mRNAY3" UTRIPHIHRILA K, miR-29b 1Y FRIBTE

db/db /N BB T A A0 3 A L 2R 7= ) (advanced
glycation end-products, AGEs ) I3 1% 72 FE 21 A 35 il 2%
PEREA, T 5 2 A miR-29b if LU ZE 86 PR | B I 48 4 K
LA RSB, FLHLHI T AE S5 miR-29b 8 #SP1 M Tbx21
FHOE,
IR PRI B HE A miR-93 (1 Kk i B R,
T Orail (12634 7 &2 0 & 3 75 HK-240 i & 3K, miR-
93 1] LI it 15 Orail mRNARY3' UTRES & KM TGE-
BLF T A LT3 48 1 AR B 1 IV 3R 3K, I REH I TGE-
B1/+ FHISMAD3WERR L
miR-let-7b7E STZi75 T B ME IR B 9 /N BRI ZE TGE-
U1 AR B B rp 23K SR R IR, 3 i R 3A miR-let-7b Al
Al LU 5 TGFBR1, Colla2filCol4al mRNA3' UTREE &
SRV 2B PR 9 s RIS, RS 1 9 15 50 T miR-let-7b
FIRF A5 TGE-B1/SMADI A Lin28b%ik A 5™,
TE—TUET % db/db/IN U JIE B BT A miRN A FEZ A58 73
M & BH, miR-346 5 SMAD3/443 B 2. CHK, miR-346/14%55
& AEdb/db/ ) BRI A i ik miR-346 1] LAk
BRI O, IEH db/db/ N B/ NERTE KR 15
miR- 192 7EH PRI B 1A [F] B Bl e AN [RIVE
FERFDRG L miR- 19258 TR FRAR, T 76 060 0 ) 88 25 T i
2T PRI S5 B I IROREAS T miR- 1929 75 FAH e T e
B BRI, 2 LVRLRT2 BB PR /N BB AR e
miR-1920 1A 5 f & Wk 2 VT, IR 10 T TGE-B147
FHISMADAH HAEHFE H (SMAD-interacting protein 1,
SIP)"™, FESTZiF S HIMEIRAE /N /N sk, TGE-B1 |
P8, S miR-192FF i, P17 B0 61 P53 8 B0
Zeb2 T, MTTINE T B ERLAG 1 . SR, 200 RS
FRH B ETE AR AR A P, miR-19200 2 1K 5 1 i 2 M AR
1 F A miR- 19244 HI ZEB1 R ZEB2 AN 34, MM %4t
TGF-BA T IE-F5 2626 R IR WH IR B o S8 1 A
S5 5 /NI EE AR —5, I REHE /R miR- 19276 i)
FE A [FIE FH, TR AS ) (0 05 15 St 2 i a8 7%
RIS, [ FRGERSMAD3/ 782 25 (0 5 BRAH ), B
miR-192 K88 £ (3R Y7 )7 8 Al e B N 4EFF TGF-BIR 5
PR AE T, HIARHLHLA T #E— 5T .
2.3 TGF-B1/SMADKH K §EIE 4R FIRNAs
KEEIE4RISRNA (long non-coding RNA, IncRNA ) J&
Fo— 20K B KT 200/ A% 1 R (1 A 2 11 5 2t i A S A1,
KERAFFE R B IncRN A ] 38 1 SMA D345 4 4% 8 ZAE H,
TEMEDRI 5 T 5 Inc RN AR AR AR P L 362,
R 4 35 DR 2 B A% 1 R 2 A8 M G BEAF 5Y, IncR-
PVT N S 5 18RI 2 BB R 51 & 19 A B
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Table 2 Role of IncRNAs in TGF-p1/SMAD-mediated diabetic nephropathy
IncRNA Diabetic nephropathy model Target and reference
IncR-PVT1 MPC5, high fat diet induced C57BL/6 mice FOXA1"
IncR-H19 HMVEC, STZ induced CD1 mice SMAD3", Fsp11*
IncR-9884 db/db mice, MTEC mcp-1%
IncR-Erbb4-IR db/db mice, MTEC, MMC SMAD7"
IncR-CYP4B1-PS1-001 db/db mice, MMC, HEK293T Fibrosis'™
IncR-ENSMUST00000147869 db/db mice, MMC, HEK293T HSPA9™
IncR-MEG3 STZ induced Wistar rat, HK-2 SMAD3"

MPC5: mouse podocyte-5; FOXA1: forkhead box Al; FSPI: ferroptosis suppressor protein 1; MCP-1: monocyte chemoattractant protein-1; HSPA9: heat
shock protein family A member 9; HMVEC: human microvascular endothelial cells; HEK293T: human embryonic kidney 293T; HK-2, HMC, and MMC

denote the same as those in Table 1.

FAEOCHYInCRNAY, BFEIREE ] LS 5 N B /INER R 54
M lncR-PVT1., £Fi% 4 F-1(fibronectin-1, FN1)
Col4al MI'B I i FE -7 (bone morphogenetic protein 7,
BMP7) {4235, B IKIncR-PVT1 0|2 sl s g i )
INE TR IAMHIIncR-PVT 1R LU EIHFOXAL, /b
RIS B b R AR 5 S5 T

TESTZiF T A R /)N BRUE E b S TGE- B2l A
TR P9I PN R A R % Bl IncR-H 193835 A9 8 3 19
AR IncR-H 19 ANE AT L3 s 00 1] P Bz - [ Joi % e A DG 5k
[K FSP- 1A il B WE 4 5 , 34 6 k. 25 310 I TGF-B/SMAD3
(EReRlili e

RO 5255 7E AGEs I T, R B 40 g i IncR -
Erbb4-IRFI'E /N 4l 1 A IncR-9884 5 Y 1= 3 1k (19 1
P X 2 FIncR-98844H it 5 2R 4 i A Ak 2K 11 -
1(monocyte chemoattractant protein-1, MCP-1) J& 8}j 4%
A LU H# 551, IncR-Erbb4-1IRN# i 5 SMAD7
mRNA 3' UTRZS & KMl HF A,

W IRI B 1, IncR-CYP4B1-PS1-001 1] LA £ K
M5 S 2 41k . 7Edb/db/ N HilncR-CYP4B1-
PS1-001% TRE#FH; RSN 55%W], IncR-CYP4B1-PS1-
0014 5 3RIA T R LA, 4 %3KIncR-CYP4B1-PS1-
00 1 fE W Jok 47 28 JE 41 ) £F 4k AL BRIL 2 41, IncR-
ENSMUST00000147869H, 1 fig:i =) 15 PR 5 2 1 K
A .51 9(heat shock protein family A member 9, HSPA9)
TRl e B PRETS 2R PR L v ) 4 P G 3 5 27 A AR

WEE 7 — M 252 05, B BGERE bR B e AR
FHBS. FESTZAF T 1BE R B 5 K Bl b % BlincR-MEG3
MR i 2 B, B 5 T LR R TGF-p1/SMAD3
i (R IR MIncR-MEG3 Y 345,

2.4 TGF-B1/SMAD#E % iy E fih i %

TEWE PRI /N BB AL ERK/P38 MAPKGH J& o ik 3%
PG, PERE % p-SMAD2/37G AL FITGE-B 1A £ ik &5 1 Tt
o AR AT & BL, CI W H (C-reactive
protein, CRP) AV 43 TGF-B1/SAMDAR 5 K i &

STZiF T VAUNE PR /I LB IE 9 98 i 5 2F e A7, i3 18
ERK/p38 MAPKH HLif A2 H M IH SMAD3 5 516 %, If
i 3 TGE-B UK PR ATL i A1 42 300G SMA D 3ME 51 210
CRP#i i CD32b-NF-kB1F 53 Il B JIE 58 A, 38 3o
CD32b-SMAD3-mTORfF 53 I N B ELF4EAL™ . 55
Gh, AR K LCRP AT LUE #F CD32b-NF-kB 5 I
T KIFENKT-4(dipeptidyl peptidase-4, DPP4) i 3l F X 1,
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Fig 1 Schematic illustration of the pathogenic mechanisms of TGF-$1/SMAD-mediated diabetic nephropathy

Ang II: angiotensin II; CRP: C-reactive protein; TGF-B1: transforming growth factor-p1; P-ERK: phosphorylated extracellular signal-regulated kinases; miRNAs:
micro-RNA; IncRNAs: long non-coding RNA; FOG2, ZEB1/2, HSPA9, CBIR, Collal/2, Col4al/2/3, CTGF, FOXA1, MCP-1, NLRP3, SIP1, and TGFPR1/2 denote the

same as those in Table 1 and Table 2. After TGF-B1 binds to the receptor on the cell membrane surface, it activates the phosphorylation of SMAD2/3, recruits SMAD4 to

form a complex, and enters the nucleus to stimulate gene expression. Ang Il and advanced glycation end products (AGEs) can promote the phosphorylation of SMAD2/3

through ERK/P38. Latent TGF-f1 can inhibit SMAD2/3 phosphorylation through Arkadia/SMAD?. Diabetic nephropathy can be inhibited or enhanced by miRNAs and

IncRNAs through different mechanisms. Created with BioRender.com.
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