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[ Abstract]
sinusoidal endothelial cells (LSECs) via endothelial mesenchymal transition ( EnMT), and to predict the natural
HF and EnMT gene

matrices were obtained and the intersecting genes were extracted and enriched using Limma difference analysis and

Objective To investigate the molecular mechanism of hepatic fibrosis (HF) regulation by liver

active components using bioinformatics, machine learning, and cellular experiments. Methods

weighted gene co-expression network analysis (WGCNA). The diagnostic genes were screened using a combination of
random forest method, support vector machine-recursive feature elimination and network topology analysis, and
immune infiltration analysis and prediction of natural active ingredients were performed. The expression of diagnostic
genes and the pharmacological effects of the predicted ingredients were finally verified by cellular experiments.
Results Differential analysis yielded 3034 EnMT-associated and 4133 HF-associated differential genes. WGCNA
analysis yielded 4589 EnMT-associated Hub genes and 763 HF-associated Hub genes. Thirty-eight intersecting genes
were extracted, which were mainly enriched in the pathways of basement membrane and extracellular matrix receptor
interaction. Four diagnostic genes, CFP, COI4A2, ITGA1l, and GRPELl, were screened by multidimensional
analysis. Immune infiltration analysis showed that the diagnostic genes were closely associated with mast cell resting
state, memory B cells, and memory CD4" T cells. Reverse transcription-polymerase chain reaction analysis showed
significantly increased mRNA expression levels of the four diagnostic genes in the Jaggedl-induced model group (P<
0.05). The predicted components, sterol, kaempferol, and quercetin, all had good binding activities with the
diagnostic genes. Enzyme-linked immunosorbent assay result confirmed that all three active components significantly
reduced the expression of collagen type IV a2 chain protein in Jaggedl-induced LSECs, with quercetin having the
most significant effect ( P <0.01). Conclusions This study elucidated the molecular mechanism of hepatic
sinusoidal endothelial cells involved in the pathological process of HF through mesenchymal transition. We also
propose a diagnostic marker system including CFP, COLAA2, ITGA1, and GRPELL as core genes. The result also
suggest that natural active ingredients, such as quercetin, may exert anti-HF pharmacological effects by targeting these
diagnostic genes.
[ Keywords] mesenchymal transition; liver fibrosis; machine learning; drug prediction
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Figure 2 Genebox diagram
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Figure 3 Differential gene analysis
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Figure 5 WGCNA analysis of HF gene set

& B 0.259
8%(5) 0.207
- i 0.15
]_Elg ot Height ¢, 10
0.05+4
0.05 ;—’_l
0.00 BB 0.00- ol
Distance Brown =
Greenyellow g
Lightyellow
Cyan
Skyblue 00 05 10 15 Lightgreen 00 0.5
| Skyblue
i
Green Darkturquoise
Lightyellow I Red
‘ Brown Darkgrey
\ Magenta Darkred
Red | Blue
Darkgreen || Darkorange
Orange Darkgreen
Darkorange Black
Midnightblue Green
Royalblue qmy
Darkturquoise Pink
Black | | Saddlebrown
cl
S LS LD ¢ & &N N
FIE L S LR LES S AF SYETFESRT S SIS
FOFEF TP f TESE Ty &9 P & &S & S
§ T OSTY WOFT IS ST I FS S
o & < Q$Q-0§¢ PV & N o
=
TE: A EnMT 5385 A B HF 20 AT 85 R AR,
[ 3
6 RISl R AL AR A

Note. A, Heat map of EnMT analysis results. B, Heat

map of HF analysis results.

Figure 6 Heat map of correlation between coexpression modules and clinical phenotypes

10 15



W H AR PR 22k 2025 4F 7 HA5 35 8% 781 Chin J Comp Med, July 2025, Vol. 35,No. 7 63

EnMT(limmaZ 5 53 H1)
EnMT(limma difference analysis)

HF(WGCNAZ#T)
HF(WGCNA analysis)

1061
(11.6%)

HF(limma# 5 7347)

HF(limma difference analysis)

EnMT(WGCNAZ 1)
EnMT(WGCNA analysis)

7 Venny HAEDHTE

Figure 7 Venny interaction analysis diagram

-log10(P value)

——

26 28 30 32 34 36

IR
Extracellular matix organization

IR

Extracelular stucture organization
DAL E

Glutamate metabolic process

BB ML

Peplide hormone processing

ARG

Myeloid leukoeyte mediated immurity

WRR

L development

s

Exceytosis

EREAR

Respiratory fube development

Eapsig

Protein folding

BE I G

Regulation of myeloid eukoeyte medioed immuity

-log10(P value)
222426283.0323436

R

Modified amino acid binding
RFREOAGE

Unfolded protein binding
fETRhess

Signaling receptor binding
L AR
Phosphatidylserine binding
ARSI R LIRS,
Extracellular matrix structural constituent
P L
Phosphodicsterase I activity
WERERE

Scavenger receptor binding
B EE

Glycerol channel activity

R PR EUK — B

RIRBF PRI

Kynurenine aminotransferase activity

Kynurenine-osoglutarate transaminase activity

A7
7 SVIL

-log10(P value)

5
20222426283032

R

Basement membrane

AR G S
Collagen-containing extracellular matrix
SH/NE

Secretory vesicle

SR

Extracellular matrix

S HTR

(Slelel 1 J
-
¥

Network-forming collagen trimer
BEREAN

Collagen network

BRI R =Rk

Basement membrane collagen trimer
TIM23ZH (il C R (RS S & 1

TV i hasdan "

ECM 5324k E1EA
D ECM-receptor interaction |
ARG |

Focal adhesion
U H R F A O LWL (ARVC)

Arrhythmogenic right ventricular cardiomyopathy (ARVC)
JEFRLUHLA (HCM)

Hypertrophic cardiomyopathy (HCM)
N |

Small cell lung cancer
HE T AR

Protein digestion and absorption
FERALOHLE DCM)

Dilated cardiomyopathy (DCM)
R

Riboflavin metabolism
AR

Hematopoietic cell lineage
BR

Amoebiasis
NI g |

Human papillomavirus infection
PI3K-Akt {55 8 |

PI3K-AKt signaling pathway
2-SUAREmAH

2-Oxocarboxylic acid metabolism
ZEH CoA MG
Pantothenate and CoA biosynthesis

R R I — A
One carbon pool by folate

TE A YRR B AR S s C 20 T D0 8E ; D KEGG @ B & 4R 70 4T

=8

B B

Note. A, Biological process. B, Cell component. C, Molecular function. D, KEGG pathway enrichment analysis.

Figure 8 Gene enrichment analysis
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Figure 10 Model validation with protein interaction network
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Figure 14 Molecular docking
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Figure 15 Molecular dynamics simulation
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Figure 17 Effect of active ingredients on the

expression of key targets
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