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W™E BH %97 TYRO M B2 B 25 & B 1 (TYROBP) J& 15 38 53 41 i AME 5 98 35 BB (ERK) 38 & 52wy PR v ' s
(DKD) Wi, FHikx AWEErHT4EE DKD SRR, fuie b4 04 4 F 92T 8 3 PCR(qPCR) B ik DKD /)y AT L)
Bt (HG) Jl iy NRK-52E 4iHflH TYROBP Rik/K o 38 i 18 955 B 4% b , 14 A a2 i 3R 35/ UUBR TYROBP A% (ev)/
REHLTH (ss) XF FRAY NRK-52E A I8, 73 512K 5. 5 mmol/ L F 2 Hl ¥ 2 1 30. 0 mmol/ L 6 vk B T 72 b 454D IE 6 M
(NG) HG J5 4 & 4k 40 3.5 wmol/L FR180204 ) HG 3537 54 4 ERK HIil 50 T ; J2 8050 0 7 4 :ev + NG 4 ev +
HG 4 .0e-TYROBP + HG 4 .ss + NG 41 .ss + HG 4] .sh-TYROBP + HG 41 .sh-TYROBP + HG + ERK i %41, Western blot 5]
5 2H A0 B P AR Ak A B M - TR R A M 5 IR R (p-ERK/ERK) |, JAT-AH G EE 1 B AH bk 09 -2 (Bel-2) \Bel-2 3¢
B X 8 H (Bax) , bR [A]BT% A (EMT) AHOCHE H A5 %G8 11 (E-cadherin) a-F-1E ULEIH H (o-SMA ) FRIA7KF- il il H S
FHA 215 (TMRE) DL B 6 SR 2 R AR 1L i I 11 V/ L P BE (Annexin V-FITC/PT) Je 2, 1 i 2 4t M A A6 0 241 if &
RARBERAL PR T KT &R AWM B8 TYROBP {124 DKD [ SCEERE R, {4 P LA AR SP 35 E DKD B% ft TYROBP mR-
NA K4, HG HRIZE R BIR, 5 ev + NG/ss + NG 41 H#  ev + HG/ss + HG 4 p-ERK/ERK &3k 38 A1, LA R i e, 7 R A1,
PTG, EMT 7K 38 i, 38l TYROBP (1) NRK-52E 4 i A 45 R 7R, 55 ev + HG 4] Hu %L, 0e-TYROBP + HG 4 p-
ERK/ERK FIAFEAR(P <0.01) 2R AR BER A 351 (P <0. 05) , AUAEIH T2 /K Pz (P <0.001) ,EMT JKF-FEAIG; 55 ss + HG L
#,sh-TYROBP + HG 4 p-ERK/ERK ik i (P <0. 001 ) , SR AR I HL A7 AR (P < 0. 01) YA T-/K 34 i (P <0.001) ,EMT /K
PRI 5 sh-TYROBP + HG [b4% sh-TYROBP + HG + ERK # il 5| 41 H p-ERK/ERK 3K (P < 0. 01) , S (4 I i 47 3 in
(P <0.001) , 4ffe g T-7K /0 (P <0.001) ,EMT /KFREAR. 451€ TYROBP 1] gt # ] ERK {5 538 %, BEA% HG 00T
NRK-52E ZHMJA T LA B2 EMT FH 3G 09K, 8500 B /NG T R A 2 b A B F, (S K P-4 T 0 ) DKD 1yt

SR IR B B/ INE A YR T B Rz (R BT 4E s TYROBP; ERK

hESEE RS587.1
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¥ R 975 5 % ( diabetic kidney disease, DKD) &
W PRI B ™ T RAE L 2 A RUTRYT T B AR
HLHIA BT T 4B A T s W B R
Pridzs TYRO 45 H B 2 BRI 45 5 H H (TYRO pro-
tein tyrosine kinase-binding protein, TYROBP) n] §gJ&
DKD B /N % 95 g e g 3 R . TYROBP 4
— PP AR 5, )2 A T 2 R A e R, EE
T IR A L TR B2 A L 2 5 A A T Y B A
SRR A WS W, TYROBP A4 i
PR U A9 200 i 0 18 95 2 PO (extracellular sig-
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nal-regulated kinase, ERK) {5518 %, ERK 24 ffu 4=
o IR T A5 A 2 ek AR v Y G B IR T
B NE E R AN T DA K b 2 8] 5T 4% 4K (epithelial -
mesenchymal transition, EMT) & DKD f¢ 5 B 4HE 22
— 70T ERK {5 S 0 5 0 WO 5 /N B
MIHT- K2 EMT S840 o 2 DKD /N 4 i
t, TYROBP [ 36ik kP R T B0 (HHAE
DKD i B AR F L S I il i ERK {5 558
BRI B /NS B R AR R T N EMT 5 g R R
W B TEAR T TYROBP 7E DKD i & i 72 v 1) 52
M , LA B HR 733 3o 45 ERK {5530 B 52 e B /NS
AR TR EMT

1 #MBS5A%®

1.1 EE##

1.1.1 #mjie NRK-52E HEK-293T 4 it [ [
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PR BE M ZE (b)) 20 R & 10% JiG 4 1L E #
1% F 45 75 25 19 1E % B ( normal glucose, NG) (5.5
mol/L 258 ) . E b (high glucose, HG) (30. 0 mol/
L % %54 ) DMEM B 3378 37 C 5% CO, R3¢
GEL AR

1.1.2 #h4p  SPF 25 i DB/DB DKD #HL /] ER
6 H,IRFHRE(28. 09 2. 07) g3 X IR SPF 4% 5 Ji
B A= B CSTBL/6 /N KL 6 HL, M i (19.93 =+
1.01) g, 0 Tt st A B A W RHE B A BRA 7]
SEIG B FH R AT IR : SYXK (3 ) 2019-0008 . fif
AN R SR T SPF FREE (22 ~25 C, AHX I8 JiE
50% ~60% ) ,12 h/12 h SGIEHRIF, AR L5 et
B TR 2 52 30 2 W A R A 3 22 D1 S b oE (B 2L
5 :2022-SY-039) ,

1.1.3 M4 DMEM 53250 [ 2 [# Gibeo
28] R AR IE W B 75 [E PAN Seratech 23 ] 5 R IA
AL R E R RA R 100 x 55w R IE R
W B I3 N PSR A MR AT PR 7] 5 B RNA $2 10
FE [ A5 2% AT RE B A7 IR W5 Hifair® T Lst
Strand ¢cDNA Synthesis SuperMix for qPCR ) H 2 3¢
AR (1 005) G4 LA 75 Annexin V-FITC/PL
PR I B 26 BD 2wl U H R R PE B £ g
( TetramethylrhodamineEthylEster, TMRE ) Itg] F i
FHERHA PR 7 s ERK i1 i 5] FR180204 | IE0% %
Z W H i MedChemExpress LLC 2\ ) ; TYROBP /s
3140 BeyoPEI™ 3 A polybrene ) £ 116 3
BREYIFHCA R 7] RIPA 2L | cocktail £
Fit ) 5 8 58 [ Roche 24 75 B4 B-Tubulin it
T BT S8 5 23 O 1/2 (extracellular sig-
nal-regulated kinasel/2, ERK1/2) Hii{f a1t
ERK1/2 ( phosphorylated ERK1/2, p-ERK1/2) #/i{% |
et B AN ELE 2 (B cell lymphoma-2, Bel-2) #i
1 SaPr Bel-2 LHE X Z& [ ( Bel-2-associated X pro-
tein, Bax) FLiA . St E-45 %5 & [ ( E-cadherin ) $T
& At o35 ULLSL 3 H (alpha-smooth muscle ac-
tin, a-SMA) $T{& 4 B 3£ [& Affinity Biosciences 7y
Al bt TYROBP Hipik | o 4k 2% K6 I & 't (ECL) i
RGN A (Jbat) R AEY ARG RAF .

1.2 7%

1.2.1 AHEE&EFHH M GEO H¥aF (hitps://
www. ncbi. nlm. nih. gov/geo/ ) F1 3545 A2 DKD Fl1E
W H AN SRR . T R IEE P Limma 3
S0 K 48 GSE104954 | GSE30529 15— {1k 4b 1,
Xof e PRI B S A O i 2 S R R L PR (1 log, FCI >

1.5) ,FDR BFIEJG ) P <0. 05 ff i depr e ) , HAE
2 MR P AR 22 52 3 A, S AL STRING (ht-
tps://string — db. Org) Kds PEH i 8 9 HLAF M 45 , 38
id Cytoscape H1 cytoHubba #i 1 # 4% 3 H 5 AH H.AF:
FHM 28R
1.2.2 %82 ¥ PCR(quantitative polymerase chain
reaction, qPCR) # | DKD ## TYROBP mRNA %
EHEOL A RNA RGN &, % UL A5 R4t 32
U2 8 K 5 9 B 0E B RNA, i ] Hifair® 11 st
Strand ¢DNA Synthesis SuperMix for qPCR 25| 1}i.HH
PHEAT W R KA Y3, Bractin NS, ZERR A
28RS A BT N Bractin BT A : (F)
5'-CATTGCTGACAGGATGCAGAAGG-3', (R ). 5'-
TGCTGGAAGGTGGACAGTGAGG-3"; TYROBP K i
519 % %) (F) 5 -TTCTGTTCCTTCCTGTCCTCCTG-
3'. (R) 5'-ATTCGCATCCTGGGTAATTGTCAC-3' ; K
f. B-actin 5| ¥ F# %1: (F) 5’-TACAACCTCCTTG-
CAGCTCC-3", (R): 5'-GGATCTTCATGAGGTAGT-
CAGTC-3',
1.2.3 fimmiegsm TYROBP & BN R
B, 5 4% Z R REE 2 , B S REB K G £ i
3 PR KR B 7K 4k, 0. 01 mmol/L 14 #k
FREMIESL 3 min, NIEME A AP BEESPA] 1S min fif
A TYROBP —#$7(1: 300)4 CH¢FZIK ., PBS Bk
Ja, SPUR/ TR TG M 2 il 37 CIE R 30
min, DAB (4, IR AR R YL, B WK, —H
FEW], PR IS o IR T A SR BB BR 2
FIBR T R GORE 12 FUNRUE IR A, B0
B3 PSR (x200) o Image J 35945 25 €4 X Sl i
R, IR HAPR AN — A SR A R 8
1.2.4 @i K& ALK TYROBP 2 e B2 A
¥ TYROBP 4t [X )7 515 A & pLVX-Puro 14,
Fyadt i 28 TYROBP K& 5 1 50 L, B A 1 4b B i)
pLVX-Puro ZAAE 3 23k 2H 1925 2 (empty vector,
ev) %t B8 %5 TYROBP Ji0 2k J5 1] (5'-CCGGAAGTAT-
ACAGTGACCTCAACACTCGAGTGTTGAGGTCACTG-
TATACTTTTTTTT-3") Fi1 & #L JF 41 ( scrambled se-
quence, ss) X} B8 (5'-TGACTTCATAAGGCGCATGCT-
TCAAGAGAGCATGCGCCTTATGAAGTCTTTTTTC-3")
435 5ERE 2 pLKO. 1-Puro Z {4, #4 17U ER TYROBP
e ss F BRSO T UKL, R S B A AR 5 B0 JBORE 23531
5 fue i ki PSPAX2 \PMD2G %% Y fig i /& Beyo-
PEI™R G B YL 5 203T 4iH, il 45 ev X IR 1 Fik
TYROBP ,ss X B S L8R TYROBP 1918 9% 5 . #4 1fil
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MRS 10 ng/mL polybrene FYEEIRIE 1 ¢ 1
RAE, 5 A NRK-52E Ziffgrh, &Y 24 h J5, &8
PR iERE SR I . R YL 72 h JFIMAY 1 pg/mL RS
B RIELETHIE S d, FRAGIERYLAH N 12 55 B 19 40 Ak
1.2.5 S iR reie gy iR E o R
5/ 1B TYROBP JH: ev/ss %} B& ) NRK-52E 4 iy
AL Ay B 2% A 5.5 mmol/L 4 25 ¥y 5 30.0
mmol/L v BE 111 72 h, B4 IE % H ( normal
glucose, NG) . ## (high glucose, HG) 3185 1554
LR EEH 3.5 wmol/L FR180204 f#] HG 575 4E Ky
ERK 17 77 3 5 240 B S5 55 53 20 - % 25 2% pLVX-Puro
A B A8 IR L P AT AR ev 41, A ss
(1) pLKO. 1-Puro 84 B 1) 12955 B BT B 4% ) 4t i A
A ss 21, 5 A TYROBP 4R X ¥4 it pLVX-Puro %5
FA o) RS 1 s R ) A LA A 2o 3R 3K TYROBP
4,5 A TYROBP i 2R3 51 (% pLKO. 1-Puro ZZ{A T
] P i B S G 1) 4 LA A TR TYROBP 4 5 55
B553 R 7 4 :ev+ NG 4 (ev i B YL AHHL, NG K5+
72 h) ev + HG 2 (ev B L4 i, HG K552 72 h) |
0e-TYROBP + HG 4 (i 33k TYROBP #: /gL 4l ,
HG 5535 72 h) ss + NG (ss RS20, NG 535 72
h) ss+ NG (ss 8 YL AL, NG K5 5% 72 h) | sh-
TYROBP + HG 4 (1% TYROBP i # 8L 41 il , HG
4% 72 h) ERK #5041 (DTER TYROBP Jig s i iy
Y] + ERK #0150, HG 8557 72 h) . gh#ysr4l 54k
.6 25 JEISEF AR CSTBL/6 /)N BUAE R 1E # X |
H(WT ) ,6 55 J&W A & PEHE Ry E % DB/DB
/NERAE B BRI 2 (DB/DB 41) . Wi/ 7E
FRUESE I % 254 PSR, B BB OK , R4 TAEA]
FRARZSY T 10, B FA I s/ BV T FR LB 7K 7 LA
B TARE B 1, D BT

1.2.6 Western blot # | &40 49 i, ERK & 8 =48
k& @ik  Western blot £l %5 2 4 i p-ERK/
ERK Bcl-2 ,Bax , E-cadherin . a-SMA 25 [ 357K,
P cocktail By HL A5 7] RIPA 224 5 524 ik 240
BB 15 s, VK _FJiCE 20 min, Bradford 7210 i 25
EREIREE . BULS pg HEEWG ,44% ~12% 1
SDS-PAGE JEiHFATHIUK 43 55 o ~F THE 455 E1 2 NC Ji,
5% WilgA4- a1 2 h 5 —$Hr (1 : 1 000) %
BEE 1.5 h, TSBT Pk 3 WWERRIRE —di. —Pi%E
MIBEE 2 h, TSBT Y% 3 IR LR 9. KM
ECL 3 Wn 254, i R R Gk L EIE . Image ]
FREUSFAT IR FEAH AT 50T o

1.2.7 TMRE #al &AR e ROl

AR PR M 2 25048 v, ) H ol A2k B2 Ry 100
nmol/L ) TMRE,37 °C {3 C0% 5 30 min, 55 45
FGZE R T 800 r/min .0 5 min JFPEI AN,
Lh Al DL 58 & CytoFLEX 370 3 20 g 1A
FlowJo 34RO 345 R BE

1.2.8 Anneix V-FITC/PI #ml za fo 8 =  HALES
O FE AN = B0, 1 000 1/min B0 5
min, PBS YEI& 40 2 Ko I Anneix V-FITC Je{a
15 min, EHLKIET 3 min 2245 WA PI 44, 30
min P U1 50 8 CytoFLEX it X 4t Jf A A5 I . FlowJo
AR T 4658

1.3 %it=4E XA GraphPad Prism 9.0 #K{f
XS AR AT GE T 2R A A, A5 R YR + AR 2
FR ST LA R) 25 SR T AR ST FEAS o K, 22 240 1)
SrHTR R R Ty 2253 (ANOVA ) | Z2 41 [a] (1) 795 79
ECR ] Tukey ZH HLEL, LA P <0.05 HZER A5
HE-3'E

2 R

2.1 DKD & /B HG IFiE T NRK-52E 44
B TYROBP RixfER A W1E B¥ MR TY-
ROBP J2& 2 A H AR AR 125 S 3 3K JE R A 8 2 1 o
FHELAE P48 B (003K H (18] 1A) , TYROBP 3
HZE %05 45 GES104954 (¢ = 4.308, P < 0.001)
GES30529(¢ =4.137,P <0.001) DKD (& f £k
BIm(E 1B .C) s gl 81k 4 878, TYROBP
(2R3 EEAE TP /NVE XIS (B 1D) 5 WT 41 1t
4, DB/DB 41 /] il TYROBP 32 ik 7K S84 Ji1 (¢ =
9.575,P <0.001) (& 1G) ; HG ¥4% F NRK-52E 41
ffi TYROBP mRNA 7KE-48 i1 (¢ = 4. 414, P <0.01)
(K 1E) , 7 DB/DB /NRAEE R 5 WT 4] HL#, TY-
ROBP mRNA 7K1 (¢ =23.39, P <0.001) (
1F)

2.2 t#E# N TYROBP EFEHAMIEER  PCR /3
Frég R s, 5 ev XTREAL Huds, 1 3235 TYROBP 4
mRNA 7K 41 (¢ = 18.34,P <0.000 1) (& 2A);
5 ss XHHBZ L4, UL ER TYROBP £+ TYROBP mR-
NA KR (¢ =8.431,P <0.001) (& 3A) . 254
$EoR, B M AR E o 3R 3k K UL ER TYROBP 11y
NRK-52E 4fi Uiy,

2.3 it%i% TYROBP X ERK & % /& 40 i iR {5
B2 Western blot 453 7~ , 5 ev + NG 4 [b 4,
ev + HG 2 E-ca HEHFEFEML (P <0.01), a-SMA
B HRIKTIE (P<0.05),Bc-2 8 3 5 FEAK
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Fig. 1

TYROBP expression in DKD patients, mice, and high glucose-treated NRK-52E cells

A: TYROBP was identified as a key gene in diabetic nephropathy through screening of GEO datasets GSE104954and GSE30529; B, C: Relative

mRNA expression levels of TYROBP in datasets GSE104954 and GSE30529; D: Immunohistochemical staining ( x200) showing the localization and ex-

pression levels of TYROBP protein in the kidneys of wild-type (a) and DB/DB (b) model mice; E: qPCR analysis of the relative expression of TYROBP

in NRK-52E cells under high glucose conditions; NG: 5.5 mmol/L glucose; HG: 30. 0 mmol/L glucose; F: qPCR analysis of the relative expression of

TYROBP in the kidneys of DB/DB model mice; G: Statistical analysis of immunohistochemical staining; WT: Wild-type C57BL/6 mice; DB/DB: dia-

betic nephropathy model mice;

(P<0.01) ,Bax TEAFRIETE (P <0.05), p-ERK/
ERK £ 5T & (P <0.01) (E2B.E);5 ev+
HG 41 H %%, 0e-TYROBP + HG 4 E-ca 5 A #EETHES
(P <0.01),a-SMA & [ #35F#IL (P <0.01) , Bel-2
HHEIXRTHE (P <0.01) ,Bax #E I RIBFFEM(P <
0.01), p-ERK/ERK %5 (4 £ 5K (P <0.01) (&
2B.E). TMRE 5 Anneix V-FITC/PL 4% 5 i
7,5 ev+ NG 4L, ev + HG 4128 i {4 B v {37 [
flR(P <0.001) (& 2C. F), M T-KFF & (P <
0.001) (K 2D .G) ;5 ev + HG 41 L%, 0oe-TYROBP
+ HG HE AR A T (P <0.05) (] 2C.F),
AT KFFER (P <0.001) (2D .G)

2.4 LB TYROBP X} ERK X% & /&4 545 89

*** P <0.001 vs CON group; P <0.01 vs NG group; P <0.001 vs WT group.

20 Western blot Z5 R 7~ , 5 ss + NG 4 L%, ss
+HG 4] E-ca B A F AL (P <0.01) , a-SMA %
HRAETHE (P <0.05) ,Bel-2 H HRIBFEMN(P <
0.05) ,Bax & [ F kTl (P <0.05), p-ERK/ERK
FEAFEETEH(P<0.001) (K 3B.E); 5 ss + HG
Y %%, sh-TYROBP + HG £ E-ca & [k [EK (P
<0.01),a-SMA 1 FEEFE (P <0.001), Bel-2
HEFRBEAL(P <0.01) ,Bax # AR LT m (P <
0.05) ,p-ERK/ERK & [1 #5755 (P <0.001) ( &
3B.E). TMRE 5 Anneix V-FITC/PI #; | 2% 5
78,5 ss + NG 4H AR, ss + HG ZH 2 b AR Jis /i, {7 B 1%
(P<0.001) (& 3C.F), T 7K FEF i (P <0.001)
(E3D.G) ; Hss + HGH Fb %, sh-TYROBP + HG4H
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E 2 3%iAz TYROBP 3 ERK K 8 /& 20 45 {57 B 52 1 F
Fig.2 The effects of TYROBP overexpression 2 15000 G 2571
on ERK and renal tubular cell injury .405; T 20k Bl
o g AN i %
A: qPCR analysis of relative TYROBP mRNA expression in the 2 10000} ,ﬂé
overexpression model; B, E: Western blot detection of ERK, p-ERK, 2 ‘@ 15F
= 7]
Bel-2, Bax, E-cadherin, and a-SMA protein expression levels in the TY- é % 10
g L
ROBP overexpression group and their statistical graphs; C, F: TMRE as- g 5000r <%
=
say evaluating the effects of TYROBP overexpression on mitochondrial £ St
membrane potential in NRK-52E cells under high glucose conditions and g 0 0
a b c a b c

its statistical graph; D, G: Annexin V/PI assay detecting the effects of

TYROBP overexpression on apoptosis in NRK-52E cells under high glucose conditions and its statistical graph; 1: Empty vector control group; 2: TY-

ROBP overexpression group; a: ev + NG group; b: ev + HG group; c: 0e-TYROBP + HG group; *P <0.05, *P <0.01 vs ev + NG group;

0.01, ****P<0.000 1 vs ev+HG group.

LRI A FEAIC (B 3CF) (P <0.01) , JHT-/KF
FHEs (P <0.001) (B 3D.G) .

2.5 ERK #5342 TYROB 5 S8 5 /&4
B {p B E NN  Western blot 45 5 T/~ , 5 sh-TY-
ROBP + HG 4 [t #¢, sh-TYROBP + HG + ERK i 1fil #1]
4] p-ERK/ERK % (1 2 5 FEA% (¢ = 4.915, P <
0.01) ,FR180204 RZIhPHK; T ERK i % ; E-ca % [
FeikHEIN (1 =9.918, P <0.001) , a-SMA 75 (4 #2315
A (¢ =4.504 ,P <0.01) ,Bel2 A1 (¢ =
4.909,P <0.01) ,Bax 5 (£ kMK (1 =7. 684, P <
0.001) (K1 4A .B) ,TMRE 5 Anneix V-FITC/PI il
2L G 0% 5 sh-TYROBP + HG 4 L%, sh-TYROBP
+HG + ERK 10 il 571 41 2 7 {4 J5 i 3 386 Jm (¢ =
9.022,P <0.001) ([ 4C. E), T /K EW A (1 =
8.862,P <0.001) (& 4D .F)

TP <

DKD 25 R 7™ 5 9 AAE , & B0 = s 1Y
F=EJFNY . HATE 6 DKD 93677 5 AR 5 45
BEMABERINE, 25 75 R - 8 BIKER RS
FIBEAR R A I HEME S I A4l — f b b m) %
B [ 2 A R0 RN ER e Jo R 2R BEL 790 A o T Be ek 2
B4 DKD b0~ 8/ %t DKD F & i L
T TIE— 2R ER , ATRE AR5 iR DKD $2 48T iy
iy

R A W15 827 70 B & B8 TYROBP (1) 3k 7K
“FAE DKD S8 5 & HG J1c) HK-2 Zufit b & A4
T EARALS ARG GSE104954  GSE30529 %
PAEHAT 04T, I TYROBP 723X 9 %k 4 46 Hh 3¢
IR E N — 2RI T HGEREE T [ NRK-52E
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TYROBP attenuates the progression of diabetic

kidney disease by inhibiting the ERK signaling pathway

Li Liang'?  Huang Jie’ , Wang Xinling'*, Yan Liping'”, Yu Huiqging'*,Li Zhiguo'”
('School of Public Health, North China University of Science and Technology, Tangshan 063210;
*Hebei Province Key Laboratory of Organ Fibrosis, Tangshan 063210;
*Dept of Urology, Affiliated Hospital of North China University of Science and Technology, Tangshan 063210)

Objective To investigate whether TYRO protein tyrosine kinase-binding protein ( TYROBP) affects the
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progression of diabetic kidney disease ( DKD) through the extracellular signal-regulated kinase ( ERK) pathway.
Methods Key genes in DKD were identified through bioinformatics analysis. Immunohistochemical staining and
quantitative real-time PCR (qPCR) were used to validate the expression levels of TYROBP in a DKD mouse model
and high glucose-stimulated NRK-52E cells. NRK-52E cell models with stable TYROBP overexpression/knockdown
and their corresponding empty vector (ev)/scrambled sequence (ss) controls were established via lentiviral trans-
fection. Cells were treated with 5. 5 mmol/L or 30. 0 mmol/L glucose for 72 hours to mimic normal glucose (NG)
and high glucose (HG) conditions, respectively. High glucose medium containing 3.5 pmol/L FR180204 was
used for ERK inhibitor intervention. The experiment included seven groups: ev + NG, ev + HG, oe-TYROBP +
HG, ss + NG, ss + HG, sh-TYROBP + HG, and sh-TYROBP + HG + ERK inhibitor. Western blot was used to de-
tect the expression levels of phosphorylated ERK/total ERK ( p-ERK/ERK) , apoptosis-related proteins B-cell lym-
phoma-2 (Bcl-2) and Bel-2-associated X protein ( Bax ), and epithelial-mesenchymal transition ( EMT) -related
proteins E-cadherin and a-smooth muscle actin (a-SMA). Tetramethylrhodamine ethyl ester (TMRE) staining and
Annexin V-fluorescein isothiocyanate/ propidium iodide ( Annexin V-FITC/PI) flow cytometry were performed to as-
sess mitochondrial membrane potential and apoptosis levels. Results Bioinformatics analysis identified TYROBP as
a key gene in DKD. In vivo and in vitro validation showed increased TYROBP mRNA levels in DKD models. The
results from the HG model indicated that, compared to the ev + NG/ss + NG group, the ev + HG/ss + HG group
demonstrated increased p-ERK/ERK expression, reduced mitochondrial membrane potential, elevated apoptosis,
and enhanced EMT. In TYROBP-perturbed NRK-52E cells, compared to the ev + HG group, the oe-TYROBP +
HG group showed decreased p-ERK/ERK expression (P <0.01) , increased mitochondrial membrane potential ( P
<0.05), reduced apoptosis (P <0.001), and attenuated EMT; whereas compared to the ss + HG group, the sh-
TYROBP + HG group exhibited increased p-ERK/ERK expression ( P <0.001), decreased mitochondrial mem-
brane potential (P <0.01), elevated apoptosis (P <0.001), and enhanced EMT. Furthermore, compared to the
sh-TYROBP + HG group, the sh-TYROBP + HG + ERK inhibitor group displayed reduced p-ERK/ERK expression
(P<0.01), increased mitochondrial membrane potential ( P <0.001), decreased apoptosis (P <0.001), and
suppressed EMT. Compared with the scrambled sequence control + high glucose group, the TYROBP knockdown
+ high glucose group showed elevated p-ERK/ERK expression (P <0.001), reduced mitochondrial membrane
potential (P <0.01) , increased apoptosis level (P <0.001), and enhanced EMT. Compared with the TYROBP
knockdown + high glucose group, the TYROBP knockdown + high glucose + ERK inhibitor group demonstrated
decreased p-ERK/ERK expression (P <0.01) , restored mitochondrial membrane potential (P <0.001) , reduced
apoptosis level (P <0.001), and suppressed EMT. Conclusion TYROBP may regulate the ERK signaling path-
way to modulate apoptosis- and EMT-related proteins, thereby influencing mitochondrial membrane potential, apop-
tosis, and EMT in renal tubular epithelial cells and contributing to DKD progression.

Key words diabetic nephropathy; renal tubular cell; apoptosis; epithelial-mesenchymal transition; TYROBP;
ERK
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