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TYROBP ji

E BH 59T TYRO B H B2 BRI AR S, & % 1 (TYROBP) J& 15 38 50 41 i S5 5 U8 5 UG (ERK ) 38 & 52 nep PR s 55 s
(DKD) ik, Ak AWEEHTEE DKD SCHFER , fufie by 8 F1 520 € 1 PCR(qPCR) B3k DKD /)N BT D)
Bk (HG) Jy NRK-52E 4l TYROBP 3R3A/K o 38 3 18 95 R 4% Yy , 14 1A 22 i 3R 36/ UUER TYROBP K A 3 (ev)/
REBLFH (ss) XF FRAY NRK-52E A0S, 535515 1 5. 5 mmol/L. A 24 v B2 1 30. 0 mmol/ L 382 MR BE 781 72 b, 540U IE H 4Rk
(NG) \HG 355 W 5 A LR 3.5 wmol/L FR180204 (1) HG 3557 3E4E 4 ERK #5101 ; SL30 50K 7 4 :ev + NG 41 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 ¥l
£ 2H 240 M HH B AL AN LS MME 5TV A0 LS 5 R TS ( p-ERK/ERK) | I T-AHSC A 1 B 40 Mk LR -2 (Bel-2) \Bel-2 3¢
Ik X 21 (Bax) , b RZ[A BT 4L (EMT) AH5C 8 H A5 28 H (E-cadherin) - UL F (-SMA) KIEKF i iy p &%
FHA 2 W6 (TMRE) DL R SR P R R ic i B 1 V/ LTI BE ( Annexin V-FITC/PL) J4 g8, i1 F i 2 4H M A Ao 0 240 if ¢
BRI RPAT KT . &R AEW(E E /08T TYROBP {£2k DKD [ G5 SE R, 44 N L) e A& #h 35 UFE DKD 455 H TYROBP mR-
NA ZK P800, HG BRIZE R R | 5 ev + NG/ss + NG 41 b5, ev + HG/ss + HG 41 p-ERK/ERK 3k 54011 , ZRolr 14 st e, 157 54T,
JAT K30, EMT /K-35, $3h TYROBP f) NRK-52E i A0 25 g /R, 55 ev + HG 4 L 44, 0e-TYROBP + HG 4 p-
ERK/ERK FIAFEAR(P <0.01) , 2R R B A5 (P <0. 05) , IR T2 /K (P <0.001) ,EMT JKF-FEIG; 55 ss + HG L
%%, sh-TYROBP + HG £ p-ERK/ERK ZE3AH4 /1 (P <0. 001 ) , 43 (A (7 A (P < 0. 01) , T 7K 34 (P <0. 001) ,EMT 7K
SEHETT ;55 sh-TYROBP + HG 457, sh-TYROBP + HG + ERK #1720 5 p-ERK/ERK 253k (P < 0. 01) , 28 { Ji e {57 448 Jiny
(P <0.001) , 4ffa g L7k (P < 0. 001) ,EMT /KFR#(R. 4518 TYROBP 1] Gl it # i ERK {538 %, BEAR HG 100 T
NRK-52E Zf & 7= 1A K EMT AHIGH (/KT 35 B /INE b By A i b (A I v (37 /K S 4k i 0kl DKD )it
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5 R 975 5 % ( diabetic kidney disease, DKD) f& nal-regulated kinase, ERK) {§5-18 %, ERK 24 fu 4=

B DRI B I AIE , Bk 2 A RURR T T-B IR L
HLHIA BT S 3B A TR A B s
Hrigzn TYRO 4 H B 2 BRI 45 5 5 (TYRO pro-
tein tyrosine kinase-binding protein, TYROBP) W] /&
DKD /N % 5 v i S s 5L 1 . TYROBP f5
— PP AR 5, ) 2 oA T 2 R AR, E
T IR A R A2 AR, 2 5 RS A A A

SRR T A o BEFE 2T, TYROBP fiE
FEECR U 00 20 M0 A1 8 1T 2R B 3 ( extracellular sig-
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Ko AR T S AR 2 0 B v I S B E T I £
B /INE T Bz AR R T DA S b 7 (8] 5 7 Ak ( epithelial -
mesenchymal transition, EMT) & DKD B¢ B BE4E 22
U7 ERK 55 B 1) O 5 BN B 4
ML B EMT S M1 78 DKD B /INES 4
Hi, TYROBP 26357k &t T B #7846 ™ B HAE
DKD i EARYE AL e o2 #3388 ERK {5538
BEVR B/ INE R AR PR T B EMT i g R 0.
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R AR P TR EMT
1 #Rl5H%

1.1 EE#HH
1.1.1 #mf NRK-52E HEK-293T Z1Jfilt £ b 5]



ZHEA K FFIR  Acta Universitatis Medicinalis Anhui 2025 Nov;60(11)

- 2027 -

PR B M2 (b)), 20 R & 10% Jif 4 IS F
1% 45 5 25 19 IE % #¥ (normal glucose, NG) (5.5
mmol/L %5 %) %) . & ¥ (high glucose, HG) (30.0
mmol/L %525 %) DMEM 35 3# 5598 37 °C 5% CO, 11y
B R

1.1.2 #h4p  SPF 25 J&i% DB/DB DKD #i%I/N iR
6 H KRB (28. 09 £2.07) g; X HRZH S SPF £ 5 4
EAEY A= A CSTBL/6 /DR 6 H, R Fi & (19.93 +
1.01) g, ¥ Tt st e B A R B A IR A ]
SEBS Bl R 1R AT UES - SYXK (3E) 2019-0008 . fip
AN SR T SPF FREE (22 ~25 C, A X
50% ~60% ) ,12 h/12 h SEIEPE R, A S: 24t
PR R S50 gl W 4 A 4 BE 2 D3 s vl (42 2t
5 :2022-SY-039) ,

1.1.3 ZBH#4 DMEM ;32504 H 26 [ Gibeo
A s A LTE W A 18R PAN Seratech 23w ; i
AL R ERHABRA R 100 x 88 R IE W
W B TN FE R A MR AT PR 7] 5 B RNA $2 10
F £ [ b 50 2% A RE B A7 IR ] 5 Hifair® T Lst
Strand ¢cDNA Synthesis SuperMix for qPCR Il H 2 3¢
PR ( EHE) Bt A BR 2 7] ; Annexin V-FITC/PI
PTG 8 B 26 [ BD 2wl U H RS PEI] £ g
( TetramethylrhodamineEthylEster, TMRE ) Ity F 7 3
FHERHCA PR 7 s ERK i1 5] FR180204 | 0% %
% H _E 1§ MedChemExpress LLC 2 ) ; TYROBP /)
B3 14 . BeyoPEI™ 5 Yu ik ] | polybrene I [ | iff 34
TDREYIPHCA R 7] RIPA 2RI | cocktail £
Fitg i) ) 0 A € [ Roche 24 75 B4 B-Tubulin
1 P M AN B I 1/2 (extracellular sig-
nal-regulated kinasel/2, ERK1/2) Hi{f& Stz ib
ERK1/2 ( phosphorylated ERK1/2, p-ERK1/2) #7i{4 |
Bt B AU ELSEE2 (B cell lymphoma-2, Bel-2) $i
& St Bel-2 LB X & [ ( Bel-2-associated X pro-
tein, Bax) HUiA f i E-F5%h 8 11 (E-cadherin) $i
& bt o-Fi L3N 3 1 (alpha-smooth muscle ac-
tin, a-SMA ) fT{K& M B 35 [E Affinity Biosciences 7%
Al bt TYROBP Hipk | oy 4k 2% K I & Ot (ECL) 3
FE A (Jat) R EYHEARARAF

1.2 7i&

1.2.1 A4 e%454 M GEO Bdi % (hitps://
www. nchbi. nlm. nih. gov/geo/ ) F1 3545 A\ 25 DKD Fl1E
WA SR . BT RE S Limma {3
A3 AN B 4 GSE104954 . GSE30529 I — 4k b B |
OXof e PRIV B ST s 32 22 S Ak Bk (1og, FC I >

1.5) ,FDR BFIEJG ) P <0. 05 VE N brife , I 2
ANEEAE T AR A 1 22 S A6 Y, AL STRING (-
tps://string — db. Org ) B¥s A LA 1 LA R 45, 38
1t Cytoscape 1 cytoHubba #fi {25 $% 28 B IR AH B 4E
FHM 2R
1.2.2 #8fZ & PCR( quantitative polymerase chain
reaction, qPCR) # | DKD # & TYROBP mRNA %
FhEOL AL RNA S0 & 12 BB iR 1R 52
AN M K 3 ¥ B E 4 RNA, il Hifair® 11 1st
Strand ¢cDNA Synthesis SuperMix for qPCR &7 i B
AT W YR, B-actin N2, 45 R K
278G R AT /NEL B-actin BIIF A (F)
5"-CATTGCTGACAGGATGCAGAAGG-3', (R ) 5'-
TGCTGGAAGGTGGACAGTGAGG-3"; TYROBP K [
5¥ R %): (F) 5 -TTCTGTTCCTTCCTGTCCTCCTG-
3', (R)5'-ATTCGCATCCTGGGTAATTGTCAC-3"; K
F B-actin 5| ¥ ¥ 5. (F) 5’-TACAACCTCCTTG-
CAGCTCC-3", ( R) 5'-GGATCTTCATGAGGTAGT-
CAGTC-3',
1.2.3 #sazsin TYROBP &5 HUPNE
B, 28 4% Z2 R P , B0 B S B K i A i
38 VIR U0 R S K46, 0. 01 mmol/T. 4%
PREMIESE 3 min, IEPES EALYIEEE A 15 min fi
A TYROBP —#i(1: 300)4 CHFFEidR. PBS Pk
Je, SHUR/ B R 1gG RYIBEE 2 ohil 37 CHEH 30
min, DAB WL, IR ARG & 0%, B2 Ll ik, —
HBEY], PV IE Ao RN AR SR R BR
HI P R GERAE 12 FUNRUE IR R, B0 R
B3 PR (% 200) o Image J 353045 B (0 DX Jsl i
IR HAP B — A Sh AR O B8l
1.2.4 MuE#s e id &8 &% TYROBP % g e A
¥ TYROBP 4ty [X J¥ 51 5 A pLVX-Puro 244, 14
ity 3k TYROBP Jik PR 1Y 5 kL, 4% oK 1F 4b 2R 1Y
pLVX-Puro ZARAE Ny id 3840 1125 2 (empty vector,
ev) X7 HE ;B TYROBP 3L ER 51 (5'-CCGGAAGTAT-
ACAGTGACCTCAACACTCGAGTGTTGAGGTCACTG-
TATACTTTTTTTT-3") Fi Bf #L /¥ %1 ( scrambled se-
quence, ss) X & (5'-TGACTTCATAAGGCGCATGCT-
TCAAGAGAGCATGCGCCTTATGAAGTCTTTTTTC-3")
5390 FERE 2 pLKO. 1-Puro K, # T H TYROBP
L ss Xof MG 7 0K . 4R IR Al Ak S5 /Y JBORL 73 531)
A FURL PSPAX2  PMD2G Fil%% 3 Jiig it £ Beyo-
PEI™R A, e e 5 2937T 4iiffy, il 4 ev % IR b 3Rk
TYROBP .ss Xf it Jz FUER TYROBP (18 i 7 . 45
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IS 10 ng/mL polybrene FYFEFRIE 1 ¢ 1
RA A3 A NRK-52E 4 g, ke 24 h )5,
PSRt B UL 72 h 5 IMA & 1 pg/mL BERS
B RIELIRIE S d, DI ARAR B AR I 0 9 25 1) 4t
Mo

1.2.5 s Gl Bt gy, e o &
K/ VTER TYROBP JH: ev/ss % & 1) NRK-52E 4 Jfy
BEAY, 43 R B 5.5 mmol/L 4 %5 B ¥k B2 F1 30. 0
mmol/L Fj A5 B B T 100 72 h, B4l NG \HG 5% ;
W &R EE N 3.5 wmol/L FR180204 () HG ¥535
FEAE Ry ERK 0045 700 1 1905 48 A 52 56 43 40 8 25 4%
pLVX-Puro Z A4 ] B 1) 12 95 B S % (1 4 JL AR ev
4, A ss 1 pLKO. 1-Puro 2 {4 1 12 955 27 T 2%
YA AE R ss 41, T A TYROBP %5 fi5h X J¥ 41 11
pLVX-Puro A4 BT il Ji i) 1595 752 JER % 1) 40 B A Sy 3k
53k TYROBP 41,5 A TYROBP 3t 2541 () pLKO.
1-Puro AR BT il Ji (14 12 95 B Sk % 1) 240 B A A 0 38R
TYROBP 2H; 525643 K 7 ZH:ev + NG 2H (ev ¥ 5 &
YL, NG 535 72 h) cev + HG 4 (ev R 400,
HG }53% 72 h) .0e-TYROBP + HG 41 (i # ik TY-
ROBP #H L4, HG 5555 72 h) .ss + NG ( ss K
LY, NG 3555 72 h) (ss + NG (s 5 2E B 40
NG 55 72 h) sh-TYROBP + HG 4 ( Ji %k TYROBP
i BRI , HG 3555 72 h) (ERK i 1) 28 (08K
TYROBP Jj5 73 & UL 40 il + ERK #7513, HG 553 72
h) . S dl 58 .6 H 5 JEE R C57BL/6
INERAE R IEH XTIl (WT 41) ,6 2 5 i B &M
Wi PR B 5 DB/DB /)N ERAE 5 s #1241 ( DB/DB
4) o Pl RIFEREL R E AN TR, Bl
PR, ARG TAEM R AR5 T 1. B JRg sk
B o2 A W /K S AT AR R G 2 7

1.2.6 Western blot #- | & 28 2m i, ERK & A =48
%% G kik  Western blot ¥l 4% 2H 41l s 1 p-ERK/
ERK ,Bcl-2 \Bax , E-cadherin , a-SMA 2 [ 335K,
i FH % cocktail (B8 A:75 7] RIPA 24 fiff i 24 i 40
AP BERE 15 s, VK _FJiCE 20 min, Bradford 7290 i 85
EFEmIREE . LS pg HEEMG ,44% ~12% 1)
SDS-PAGE JGHATHLK /MBS . T HEFEEN 2 NC i,
5% eI E A 2 h 5 —H0 (1 1.000) = i
BFE 1.5 h, TSBT YE¥ 3 IREFRIRE —Pi. —hi=E
MRBEE 2 h, TSBT Y% 3 IRE R 9. KM
ECL 3 Wm0, SR R R L B . Image ]
RUFAT IR FEM AT 50T o

1.2.7 TMRE #0 & ki b iz IOl e

AL PR M 2 B0 A b 1) i A2 Dy 100
nmol/L (] TMRE ,37 °C #5605 F 30 min, IFH 45
WG ZE T 800 r/min B0 5 min 3 PEIF I L0,
1 h Nl DL 5E & CytoFLEX 3 =X 40 g {45
FlowJo BRI Y568

1.2.8 Anneix V-FITC/PI # il o8 = 1L
OSSR A PN A 2 B0 P, 1 000 o/ min B0 S
min, PBS YEAAIIE 2 YK, I A Anneix V-FITC 4t {f
15 min, EALKIET 3 min Z245 WA PT 344, 30
min N D155 2 CytoFLEX 3 3 4 L A A . FlowJo
AT 14658

1.3 ZitxE43E % GraphPad Prism 9. 0 3 {4
XS BAE AT 2 0, 25 R X8 + b 22
FER oA P 2H E) 22 SR P A ST REARS ¢ K, 22 4H 1)
IR B R 5 2270 (ANOVA) |, Z2 20 1] 4 75 1
FBER H Tukey ZE L4, LA P <0.05 25 54 4t
HEE

2 HR

2.1 DKD £:#& /E# HG 31 T NRK-52E 4§
Bl TYROBP FiktER UG B ¥ Pritns TY-
ROBP J2& 2 AR AR 1 28 S 3R B IR A 46 1 o
AHEAEF 28 B A% JE R (&l TA) , TYROBP i
H7E %0 35 45 GES104954 (¢ = 4.308, P < 0.001) ,
GES30529(t =4.137,P <0.001) DKD (&% % ik
B (E 1B . C) 5 S 1Mk YL 5 1 /R, TYROBP
R BRI /NME X (B 1D) , 5 WT 4
Ft45, DB/DB 41/ Bl TYROBP % ik /K 38 i1 (¢ =
9.575,P <0.001) (& 1G) ; HG 3% F NRK-52E 41
fifl TYROBP mRNA 7K -3 (1 =4.414,P <0.01)
(K 1E) , 7 DB/DB /NRAERIA 5 WT 4 i, TY-
ROBP mRNA 7K1 (¢ =23.39, P <0.001) (
1F) .

2.2 MJEI 3 TYROBP EREAMIEE oPCR &
Mreg R, 5 ev XFRRA %, 1 %35 TYROBP 44
mRNA /K481 (¢ =18.34,P <0.000 1) (& 2A);
5 ss Xt HRZ L #2, ULk TYROBP 41 TYROBP mR-
NA KRR (1 =8.431,P <0.001) (& 3A), 4553
$EoR, B Ih A AR 1 R G8 K UTER TYROBP 1)
NRK-52E 4fi Ui ,

2.3 ijt%i% TYROBP 3t ERK & S /N& 40 fiR {5
BN Western blot 457~ , 5 ev + NG 20 3%,
ev+HG 2 E-ca EHFEFEMK (P <0.01), a-SMA
HHRIE T (P<0.05),Bel2 8 [ 2 3k K
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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 A FE (P <0.05), p-ERK/
ERK & H#£ETE (P <0.01) (K 2B.E);5 ev+
HG 4 H#%, 0e-TYROBP + HG 4| E-ca & FE5THE
(P <0.01) ,a-SMA & [ 2 35F#-IK (P <0.01) , Bel-2
HHEIKRTHE (P <0.01) ,Bax #FRIBFEM(P <
0.01), p-ERK/ERK % [ %35 RK (P <0.01) (
2B.E), TMRE 5 Anneix V-FITC/PI #; il 4% 5% &
78,5 ev + NG 2 h#s, ev + HG 2H 48 b7 AR 5 v £ [
flk(P <0.001) (& 2C.F), T KFF & (P <
0.001) (2D .G) ;5 ev + HG 41 1%, 0oe-TYROBP
+ HG HL AR A T+ (P <0.05) (K] 2C.F),
TR R (P <0.001) (& 2D G)

2.4 7% TYROBP 3t ERK X '5/N& 4 K 15 4% (9

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

M Western blot Z5 R 7R, 5 ss + NG 4 FL#K, ss
+HG 4 E-ca B FE KK (P <0.01) ,a-SMA T
HRE T (P <0.05),Bel-2 HHFBFFEMR (P <
0.05) ,Bax T FEIETIE (P <0.05), p-ERK/ERK
HEHFEFARE(P<0.001) (K 3B.E); 5 ss+HG
%, sh-TYROBP + HG 4 E-ca # H #E A& (P
<0.01),a-SMA FEHFEETE (P <0.001),Bel-2
HHARBEFK (P <0.01) ,Bax HEHRIETE (P <
0.05) ,p-ERK/ERK FE HFEETHE (P <0.001) (E
3B.E), TMRE 5 Anneix V-FITC/PI #; il 4% 5 i@
7N, 5 ss + NG ZH L3R, ss + HG 2H 2% b 1A I i A7 Fe AT
(P<0.001) (A 3C.F),FHT-/KFETHE (P <0.001)
(3D .G) ; Yjss + HGH %, sh-TYROBP + HG4H
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o~ a-SMA 42 o, P 0 . R 0 . C s
=] -10° 0 10" 10 -10° 0 10" 10 -10 0 10" 10
Q, Bax 21 TMRE TMRE TMRE
34 b 10° a 10° b 10° ¢
S Bel-2 26 ,
D~ 10 10° 10
= -
2r p-ERK 42 10° 10
ERK 42 10 10° 10
0 B-tubulin 55 10 10° 10
1 2 10 10 10°10° 10°10°  10' 10°10° 10" 10°10° 10" 10° 10’ 10* 10° 10"
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E 15 157 151 2.0 2.01
*
.8 - # —~ - # 15 4
E = # 1.5F Sr
210} S 1.0 £ 1o} £ -
B ## 2 2 E &
g =S © 2 B
g £ e = 1.0} M 1.0F s
15} < N £ %
S 05F =05k = 0.5f 5 L
5] 0 @ most 0.5¢
m
0 0 0 0 0
a b ¢ a b c a b ¢ a b c a b c
El2 3d#*ix TYROBP 3t ERK R '8 /& 40 4R (5 97500 F
Fig.2 The effects of TYROBP overexpression 2 15000r G 257 i
on ERK and renal tubular cell injury % T 20k ]
. . o 5 %
A: qPCR analysis of relative TYROBP mRNA expression in the % 10000k . _dg) e
overexpression model; B, E. Western blot detection of ERK, p-ERK, 2 ‘@ 151
Bel-2, Bax, E-cadherin, and a-SMA protein expression levels in the TY- !:g it «g_ 10
g L
ROBP overexpression group and their statistical graphs; C, F: TMRE as- g 5000 <‘E‘
say evaluating the effects of TYROBP overexpression on mitochondrial é 5r
membrane potential in NRK-52E cells under high glucose conditions and § 0 0
a b c a b ¢

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: ev control group; 2: TYROBP overex-
pression group; a: ev + NG group; b: ev + HG group; c: 0e-TYROBP + HG group; *P <0.05, #P <0.01, ™ P <0.001 vs ev + NG group; * P <

0.05, **P<0.01, ***P<0.001 vs ev+HG group, *222 P <0.000 1 vs ev control group.

AR ALFER (B 3CF) (P <0.01) , 127K
FE (P <0.001) (& 3D.G),

2.5 ERK #5372 TYROB % S 47 & /& 4
IR B2 Western blot 455 i 7~ , 5 sh-TY-
ROBP + HG 4 [t#%, sh-TYROBP + HG + ERK #1157
20 p-ERK/ERK & 1 6K (¢ = 4.915, P <
0.01) ,FR180204 & IIPHIK T ERK i@ % ; E-ca B
FRHM (1 =9.918,P <0.001) , a-SMA & [k
KA (¢ =4. 504 ,P <0.05) ,Bel-2 2R [ F2 8180 (¢ =
4.909,P <0.01) ,Bax B FE AL (1 =7.684 P <
0.01)(E4A B) , TMRE 5 Anneix V-FITC/PI 5]
4ER R 5 sh-TYROBP + HG 4 H. %, sh-TYROBP
+HG + ERK 1) il 57 41 £ hr 44 J5 A 5 385 Jm (¢ =
9.022,P<0.001) (K 4C . E) , JT- /K FW (¢ =
8.862,P <0.001) (& 4D .F),

DKD 24 R I 1 ™ 5 5 R E , Je 80 B RE I8 1Y)
FEJENY . HATE X DKD #3677 32 BAK 5 15 il
B MBEAIILE 245 75 % - M Bk R R
FIRARIR AR A HEME R A — R A AR R %
IBEE 2 A0 AR R S5 2R B 7R 04 I FH B D %
Hor i DKD bt~ 38R %t DKD &bl
PHATIE— R, ATRE N A ZLBA DKD 424165 (14

AU AR Y015 B 2% 40 1 & 3L TYROBP [ 36 557K
F-AE DKD SB35 B IE K HG il HK-2 4 i & A
T REAMES . AR GSE104954  GSE30529 %k
PEHEDEAT /0T, K2 B8 TYROBP YE3X B 44 4 Hh
iKW E— R I T HG I 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 Huiqing'*,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 pumol/L FR180204 was
used for ERK inhibitor intervention. The experiment included seven groups: ev + NG, ev + HG, 0e-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 (-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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