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[ Abstract] Objective To identify the core targets driving renal fibrosis based on
proteomics and identify potential natural product inhibitors using virtual screening technology.
Methods A unilateral ureteral obstruction (UUQO) model was established. Based on proteomics
data of kidney tissue, weighted gene co-expression network analysis (WGCNA) was applied to
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identify gene modules highly correlated with the phenotype of renal fibrosis, and Lasso regression was
combined to screen key genes. After validation by clinical datasets, natural small molecules targeting this
protein were identified through virtual screening. Results The expression levels of renal fibrosis-related
markers in the renal tissues of UUO mice were significantly upregulated. WGCNA analysis showed that
the Turquoise module containing 1,632 genes was significantly positively correlated with the renal fibrosis
phenotype. Further Lasso regression was used to screen MYOF as the core gene. Public datasets indicate
that the expression level of MYOF was significantly elevated in patients with chronic kidney disease, and it
was positively correlated with the degree of renal interstitial fibrosis while negatively correlated with renal
function. Molecular docking showed that platycodin D3, timosaponin BII, and tubuloside A exhibited a
strong binding affinity for MYOF protein. Conclusion MYOF may be a key pathogenic molecule driving

renal fibrosis, and natural products such as platycodin D3 hold promise as anti-fibrotic drug candidates

targeting this molecule.

[Keywords] Chronic kidney disease; Renal fibrosis; Proteomics; MYOF; Natural product; Virtual

screening

2021 AEEERE BT R, RIS
WESRS ( chronic kidney disease, CKD ) B AN
ik 3594, HARRIET RS FIHEH, X4
BRASE T R Ui AR Y, WA . i
JE. B /NKE R EE 2RI R 51 % CKD, (HIEF
LR YLLK Bl CKD FRELLE R i) L [l BRI 1 P,
B AR — P S B S Ny, o S A
YRS 5 55 25 S 2 1 S g . el eR
AEA 3L BT AL AN TGF-B1/Smad {5 SR ALE A
Foil, TSN T (extracellular matrix,
ECM) #EEPURR . B I E H G5 IR 5 Dy hg
Pk, B3 CKD dE R LRI . I,
) T 21 A A0 ) 431 3K Sl R 3R i A ) 1
FEREXHARYY CKD BT d25 X

FHT, CKDARERIF25H (INE R - 8 %
TR — B R G HIR ) FEREE Y R sh )
SPREGRPRR LI, TR ) £ AR ) A2 PR T RN
SRR R, ERAET P TR,
IR A RTS8 . SREE
24 i W B A R O AL ME DT E 25 7 8 R SRS
SF LN RIR ) B AT A R I R 25
5 NTTA B REE s 25 YA T, RN T RER
I A RAE PSR SR Z M g, H
A PERAF ™ ARSI TN B R A B
(unilateral uretera obstruction, UUO ) "B £F4E{bFAY
Wl CKD HE v iV IRy TR, I R 0L
PR AR S ] SR RO AR, BRI
BEr4ifk . 3RYT CKD 4R ALHT R 25 Hems

1 MRS FE
1.1 /INRUUORERY 22 31

TP CS7BL/6 /INERL, 8~10 JEIHE , 1A 20~25 g,
WA 4Eim A AR A /], S R R R UK
g BE B sh ) S oL SPE R Br, E s
SIFRE . WEN SRR, K20 HUNRBE
HLA TR (Sham ) 4T UUO 4, MERETEST 1%
I L L 22 B /N BREEA TR, UUO ZH/NERJTFIE S
F LM R T B AT T A HE T R S5 4L,
Sham HAZEFL RS, HALTRE UUO 54
A RIEHE 7 RAFE/NFIFIEE B IEA 4L, A&
WF5E O R A5 2R 24 v e B Be sh W (R B3 D1 &
it (Ht5 . ZN2024270) .
1.2  Western blots£ig

/N BRI 20 2 22 T B i s AR LS R
BCA 5 & R EE . B 555 B A FE i 5 Marker
JlA SDS-PAGE Bt FLH, 90 V oL R ik 46 J=
150 V AT 43 B Lk, Bl i 2o VR s B
2 G PVDF B . —3r 4 CFH o
B (FN, 1:10 000, Sigma—Aldrich; a-SMA,
1:10 000, Sigma—Aldrich; MYOF, 1 :1 000,
Affinity; GAPDH, 1:10 000, Jt5iBihidRy
ARAF) , FRTFTPMWE 1 h, BTG
P 1 x TBST 7843 ¥k % 3 k. H M E H 4 ECL
2t B GRF N 5, ThEE S X S A
B, Y. RS R IR,
FEEEH Image] ZRAFXT UG AT 04T -

yxxz.whuznhmedj.com



EZF#HE 2026 4£ 3 A% 36 &5 3 # New Medicine, Mar. 2026, Vol.36, No.3 315

1.3 REHZALESHT
INECE ALY R RS E KIS, H 3%
H,0,— B 375 ik BH T P9 35 P 2o S04k 9 g O F
TN FHRB R, YR 49 M (Jackson
ImmunoResearch, 017-000-121) &[4, —#T 4 °C
JEE 4% (FN, 1:50, Sigma—Aldrich; a—SMA,
1:50, Sigma-Aldrich) . ¥E&JE, 9%
B 1 h, BES ABC %HFE 30 min, AEC & @7
Jufty, ARG HEATANMIAZ e ta, TE R AR
(OLYMPUS A ] ) WA AT Ad ] Image) R4
E PR A
1.4 S (MASSON) #f
A Y) 22 ORGSR R RS K,
FH fo 95 20 A6 28 T 20 2] Bl i — (51 Bl T P O
100 pL Bouin's [# 7 W J5 T 65 °C HEARMFF 3 h
KRR, HRATIRARZR Y% 15 min, FRIK
YRR . IR S I E 30 min J5 R &
ARG S 8 min, BJE, VIR 4 1% VKSR [
2 min, FEHEITERRE C BRI IR K S5 i B ALAL HE
e R T IE B, TOeE AR T g
FARR, IFRIH Image) FRA4XT B G o AR EA T
AT
1.5 RNAREUKRqPCRA T
fd 1 Trizol 5 DA /N B JUE 41 21 v 46 BB
RNA. B J&, ffi J Hifair® III Ist Strand ¢DNA
Synthesis SuperMix for qPCR X7 & ( b8 54
YR AT FR S 7)) B mRNA 336 5% 55 & ¢DNA,
{fi F Hieff® qPCR SYBR Green Master Mix % i
( BB EYPHHCARA A ) #3547 PCR 43
Mro B MYOF L i 51 %) Iy %1 & 5'-CTCGG
AGGATCACCAAAGGG=3", FiF 3% 4
HJ5' -TCTCTTGATTCTCGTGCGGT-3"; KL
GAPDH I i 5| ¥ J¥ % A 5'-CCTTCCGTGTTC
CTACCC-3', NHF51¥F5H 5'-GGAGTTGCTGT
TGAAGTCG-3',
1.6 FERBRAFEKRN
(1) BEAFRES EE: FRI20 mg B4,
T 400 pL. DOC-TCEP 2@ St EERR, FHif
TS VKA S min J5, F95°CF
5P 5 min, B (15000 g, 4°C) W HIEH,
K BCA V378 e i o
(2) FASP i ff 5 BK Bz # 4. >Rk F FASP
( Filter—Aided Sample Preparation ) #f 17 i fift, HX

yxxz.whuznhmedj.com

100 pg TS % 10 kDa BIEF T, FH 50 mM
BRIR S B VR 5 e FEBURELL 25 ¢ 1A JBERE,
37 °C W EHALL 16 he BLOWEIKBL, SH=HT
BB B EAET -80 °C VKA. FRIGOHTRT, L
0.1% H KR , B OB ETEBOTIN e R
(3) Bkl : & H Nanopro UPLC &%tk
g ores. Oag & Wi A b 0.1% HiR
IKIEW, B 80% LM (% 0.1% HR ) o Jik
0.25 ul/min, #FFERE 500 ng. B VR BN .
0~2 min, 7%~10% B; 2~60 min, 10%~26% B;
60~76 min, 26%~35% B; 76~ 80 min, 35%~98%
B; 80~90 min, 4 98% B; 90~90.1 min, 98%-~
7% B; 90.1~105 min, 4E+F 7% B BUEAAF: ik
JFH PR IS 55 B8 T B RGN . B A A R
B 250°C, FHETEHEY 350~ 1 800m/z, 43 HERI
SEH 17 500,
(4) ZREAMK: ZHREEN
( differentially expressed proteins, DEPs) i
HEE N ILog2 FCI = 0.585, #[A] P < 0.05,
1.7 MRERELRIEME R E
HBGER IR W25 38 ((weighted gene co—
expression network analysis, WGCNA ) J& — #fi A
e i PR SRR B rh UM AR Y T v
E SR B2 2 B T Th A B iz A
WGCNA FHEEET R 4.5.1 #AF P Y “WGCNA” 41,
) ) 206 i3 ) SR R SR A TC S AR,
HAHBHEZ Log2 S AL IS AT FR i 22 3 U8, 1
HE N 0.5, PR AR ICHE I 0.75 W4
BRI TR LR IR AT TOhR B
SRR, TSN E A EIE (Power B ) FHYTC
PREHRIMILATEE (R?) | K Power {152 M
R* F A H) 0.8 Hy e/ ME, LI, WGCNA {5 A
AR, RGBS UUO
Z IR CER, RSBV EE ( F ot
(5 — F R ) HFRAZ A 1Y Pearson AHIXC R EL,
i 76 H v BEAH DG A% AR, IeAh, ik — e
WEEE T RPN =25 Z A A G, e llit
BFL W ZE M (gene significance, GS) DL M AR
J8 G ( module membership, MM ) .
1.8 BEESTEIEER
{fi I DAVID 4 J%E ( http://david.abce.nciferf.
gov/ ) HUHE I AT KEGG 3 i 4371 Fl GO 4347
GO BHEMM S =T : A9 id # (biological


http://david.abcc.ncifcrf.gov/
http://david.abcc.ncifcrf.gov/

316

EZFFH 2026 £ 3 AL 36 &% 3 ] New Medicine, Mar. 2026, Vol.36, No.3

process, BP) . 42 A ( cellular component,
CC) F4rT1hEE (molecular function, MF) .
1.9 #ZEERIHIE

B T WGCNA i 3 11 #9 Top 50 J& [H i 17
Lasso [MH43#HT. i R 4.5.1 #4HH9 “glmnet”
@1‘@@ Lasso & %5 [Al AR, DLk — 2D i vE A% 0
%Io T 10 YA LEUE AR (ki 5. Fefd

ﬁ%ﬁ () E AR dre /> — 301 X Al 285 32 1 7

TB&& A KB IETIE R B O 1 56 PR BB o R REAiE
B BEJS 6 GEO B4 7 h 1 GSE66494 Fil
GSE137570 % & £ (https://www.ncbi.nlm.nih.gov/
geo/ ) BrilE MYOF ikt 55 CKD. ZF4EfLFRE .
TS /NSRBI AR A AR G
1.10 EHIFEIE

T Schrodinger Maestro 14.0 - 5 #E 17 HE )
%%, M Protein Data Bank ( PDB) %g#E J%E |- 3%
B MYOF & [ 4544 2 Protein Preparation Wizard
AT WAL R (N, 2K, BRES T M RE R AL
f£) o 16000 KAR =W (15 129 M54 ) il
i LigPrep BHL5E UL S i i 3D 4544 . >R H]
Virtual Screening Workflow #EHE1T LT 1E, F

H Glide BEERFEAT 735 X5 42, HUCHEAT vy 8 2 U
A

Sham uuo
1 2 3 4 1 2 3 4
FN- | =

a-SMA- |

— __-...l—mkva

GAPDH- |..---..- |735 kDa

MASSON

TE . ARG B RS RN, L MM-GBSA
dG Bind /NT* =30 keal/mol VE Jy [ {8 V4022 1830
S
1.11 AU ESIT=0

FKH R 4.5.1 B B AT £l A 7o A AT 4
fbo B HLECR A K5, P < 0.05 hESEH
GiitEE .

2 #R

2.1 INRUUOKERI 2 31

Western blot M G gl 222 M4 R s,
55 Sham ZHAH L, UUO 41/ REF 4R AL AH e br 7E
(FN Fll o-SMA ) ik 3 L, WIRLT 4 3%
DUR, DL 1. DA LSS, AR ST ST
T/NE UUO B2l sin,
2.2 WGCNAMZERIHE

BAMr i R, Sham 405 UUO 2H 90 i
FRA A, RV E A R AR AT
BEZES (F2-A) o 24 Power HIX E N 9 I,
R* 355 0.8, LI F IR MO R T 48 1
W (K 2-B & 2-C) . WGCNA il - P
RIME B 7R, Turquoise FE R FLHL 5 UUO 21 i #

Tkk

25 = 8
n
|
20 6 i
o
o 15 bt
5 . !
E 10 = 3 mm
5 "2+ °
0 0 T T
Sham uuo
15 = *kk 15— Kkk
= g
< 104 . = 10 =
1] - H
£ E -
2 54 < 5
g &
3
0 A T 0 T T
Sham uuo Sham uuo
*xk
10 -
L 8 -
a3
]
Zs 4
=R
=i
S
0 f 1

Sham uuo

BEl1 UUO/FRAEE S A i 4T 4 (B AR R RIK R
Figure 1. Expression of fibrosis—related markers in kidney of UUO model
7 : AShamZEA=UUOL /N R B RELL L2 P FNA» o SN\A»‘Eérfui b LB B HT; B.ShamAA=UUOLL N & B IR L 22 P FNFra—SMA %, 9% 20 24K 5

# & FaMASSON# &K A B AL F 447 (400x ) 3 P<0.001,

yxxz.whuznhmedj.com


https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/

EFFHA 2026 4 3 A5 36 £ 3 # New Medicine, Mar. 2026, Vol.36, No.3 317
220
A B 12 14 16 18 20 22 24 26 28 30 C
0.8 910 1
0 ¢ 2000 -
& 0.6 7
180 ¥ 04 2
a 1500
160 7 02 =
= = . i 3
3 E o Hrooq
= 140 ;1%( 02 3 al B
g 6
o S04, 500 - 74
é 0.641 P06 18 20 5 24 26 28 30
100d 2 - T T T T T T 0 T T T T T T
gm‘vl 0[\‘;‘,2‘ 5 10 E15 20 25 30 0 5 4 10 15 20 25 30
[eeXuhs So T RE (PowerfH) KR (PowerfE)
S DGO Ry § IS
ol0/90/9g PR EEEERRESRS
o (2R} = 2R}
285855 i »%
D E
TR
Cor Cor
(P-value) (P-value)
1.0 4 —
MEblack Cor=0.98
P<0.001
MEsalmon
08
MEyellow =
2
MEbrown = 0.6
MEturquoise I
X
MEgreenyellow :}; 0.4 4
MEpink =
MEblue 0.2 4

MEpurple

MEgrey

— T T T T — T T
02 03 04 05 06 07 08 09 10
SR BHENE (GS)

E2 EF/NREARAFHWGCNAREE
Figure 2. Construction of WGCNA based on mouse proteomics
E: ARTROAFA DR EFARESMH; B, CREPowerf F R i A3k il1k; D.WGCNARA] th 6y BBk 15 £ A a4 48 5% 14 3

A ; E.Turquoisel3 MMM L5 GS#g 48 £ H4,5 18 |

B AF(E S IE AR K (=098, P < 0.001) , M
181632 N FE A, 3B Turquoise 55 He 1] §E 2
OB BRI (18] 2-D) o 7E Turquoise
B, MM 5 GS 5 i 3 1EAH 3¢ (Cor=0.98,
P <0001), WK 2-E, LhE45REY, 1
Turquoise B P ALF RO FER, [FIRFRS
UUO FRALEAT Ry AN

2.3 BEESW

T B M B 1Log2 FCI = 0.585, 41 [H]

P < 0.05 §ifi & H) DEPs., DEPs 5 Turquoise L e
WA A5 1 564 DIER . RFTIKSh 2T 4k
A TERLHI, % ik 26 5C B 3 ] 54T T KEGG
GO 2 fiE & % 2 Hr. GO 7 7 &7, 1E BP
e, 285 AN E B E AT mRNA ST (mRNA
processing ) . RNABY % ( RNA splicing ) A
K LB & 140 B 42 2H 21 (actin cytoskeleton
organization ) . TEAIMIZH 73 CC ETH, FE4EH
TAM 5T (eytoplasm ) . 415 KL 5T (eytosol )
A% (nucleus ) o 7E MF Jifl, ELFET
HH 454 (protein binding ) . [A] VR & 1 45 &
(identical protein binding ) A RNA £54 ( RNA

binding ) &%, WLHIFE 1-A. KEGG i #% 73 Hr 3k

yxxz.whuznhmedj.com

B, 22 5 BE DA I 3wt A2 T L DA 4 o 1 4 1 2
( cytoskeleton in muscle cells ) | VR ( lysosome ) |
Zh45 Bt (focal adhesion ) L K AILZh & 11 40 fifd - 242
P9 ( regulation of actin cytoskeleton ) SR Tl
ULEHEP 1-B.
2.4 XREIFEEREMIFIESEIE

P& B Turquoise 152 He rb 3% 42 i 55 /55 19 Top 50
LR HEAT Lasso [B1H 53 M. 358 LI & i
NI 2R B A S (8 3-A 2 3-B)
dre 260 6 3 A QB AR W AR A . MYOF
BAP18, CD68, F:rf' MYOF 1 & B {H e i, &
A AR AR rh B e R A . (5] 3-C) &
SR BUIR4E GSE66494 i —LHIESE T MYOF 7
CKD & B Rk &I (E13-D) o #t—
BT GSE137570 & 3L, MYOF #ikf 5
B /N TR] BT 21 4 A A 43 L 2 IE A OG (r=0.612,
P<0.001) , SARE/NERIEE KRB (r=
-0.776, P < 0.001) ( [ 3-E % 3-F) . qPCR
. Western blot 45 % #2& 78, MYOF 3 ik /K F 1F
UUO RS/ R ELL 20 8 2 A (5] 3-C =
3-1) o LA 5L MYOF W fig 2 9K 3 5 41 4
A SR R



318 EZFFH 2026 £ 3 AL 36 &% 3 ] New Medicine, Mar. 2026, Vol.36, No.3

25 ETXBEHFREERNBEAYST (1) o 5 MYOF 546 A S HE4 10 3 ik &

Shy i 6 AT L 1A] MY OF Y897 B £F e AL T E R Vo3 i RSB D3| HIRERAY BIL, LT A,
RN TAEEY), BT L6000 KR Wib& ¥ REA RLES A MYOF IEPEN &, FF 0T R A HE 3 551
PEAT HE AUL0 1B A4y T XHE . 5 MYOF 454 2% fll htE, AR MYOF 1497 1B 2F 4E Ak i i 1%
F1HEA T 10 Bk & P04 A B < =5 keal/mol 258 (HHER 2-A = 2-C) .

A

LASSO% X4 IE B LASSO Ak 1% C

33322222222222331 3 2 2 2 1

1.5] :
; 08\ MYOF
; \ _

=
I

\\ BAPIS

4
o

Binomial Deviance

| \ D68
\\
001 0.04 = - 00

02 04 06 08
[al A FH . OB

s 4 -3 2 1 =5 4 -3 -2 -1
Log() Log(»)
D *kk E F
.
. 129 N=24 12 N=24
% % B =0.612 ° B o =-0.776
20 % | p<0o01 . I S
® '~ 2 11 e X
= o w” ®
z So e ® ®
< o> =z E
Z 10 < <
g Z Z
o e [~
5 El E
g 5 5
0 = =
8 T T T 1 8 T T 1
Con CKD 0 20 40 60 80 0 50 100 150
B ANE IR AL IR (%) eGFR(mL/min/1.73m?)
10 *kk 40—
Sham uuo L[] W e
8 J— *®
12 3 4 1 2 3 4 T 5 a0 - u -
MYOF-| | sk g ® .;-
5 P B
- Py i@ 20 u
_ _ —
GAPDH - | - ——— - 35 kD2 S 4 . z
= ) £ 104
° S
rﬁ-q z
0 T T 0= T
Sham uuo Sham uuo

El3 XEEWRS Y IFE R B X AT
Figure 3. Screening of key biomarkers and verification of correlation
iE: Alasso® )3 X XIHEW LK ; B9 A HKHZE; CMYOF, BAP18, CD68% MM T 45 H; DA MBS CKDLA % F iz L MYOF mRNA

Fak K E. FMYOFS Bos 8 18] F 4F YA A2 JE Fodts B sk B g 40 G H.ShamZBA=UUOL /) R B IEZE L P MYOF & & £k H L&
F M 1.ShamAF2UUOL N AMYOF mRNA% A 3; “"P<0.001,

®1 EMYOFZE&FFIAHF R0 RALEWTIR
Table 1. List of top 10 natural compounds with MYOF binding affinity

HeF KR AEY) MM-GBSAZ5 4 A HiAE (keal/mol ) XPX4%4743 (keal/mol )
1 FEHEEAT D3 —74.64 -12.60
2 JEERA BII -63.04 -11.51
3 B A -58.39 ~11.40
4 WS D -60.44 -11.31
5 FACZMET A -66.16 -11.30
6 SR -67.06 -11.13
7 ERIFRTT -51.93 -10.61
8 /LT C -47.29 -10.50
9 BB H-E —66.13 -10.34
10 WA C -48.48 -10.30
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