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Background: Traditional Chinese medicine (TCM) with single or compound materials is an effective cure for liver fibrosis. Hepatic
stellate cells (HSCs) play a key role in liver fibrosis pathology and have become a novel drug target for this condition.

Methods: CCK-8 assay was used to determine the cytotoxicity of four components, SYPA, HSYPA, Apigenin, and Luteolin, from
Deduhonghua-7 powder on HSC-T6 cells. Transforming Growth Factor B 1 (TGFB1)-induced fibrotic cell model and CCly-induced
fibrotic rat model were constructed, the expression of fibrosis-related genes, the pathological changes and serum biochemical markers
were evaluated. Proteomic analysis was performed to determine the mechanism by which luteolin attenuated liver fibrosis, which were
further confirmed by Western blot.

Results: Luteolin attenuates liver fibrosis in HSC-T6 cells and luteolin decreases the liver fibrosis index level in vivo. A total of 5000
differentially expressed proteins (DEPs) were obtained using proteomic analysis. KEGG analysis found that DEPs were concentrated
in various metabolic pathways, including DNA replication and repair and lysosomal signaling. GO analysis showed that molecular
functions included the activity and binding of various enzymes, related cellular components included the extracellular space, lysosomal
lumen, mitochondrial matrix, and nucleus, and biological processes included collagen organization and biosynthesis and the positive
regulation of cell migration. Western blot results showed that CCR1, CD59, and NAGA were downregulated in TGFB1 treatment,
while upregulated both in Lut2 and Lut10 treatment. Meanwhile, eight proteins, ITIH3, MKI67, KIF23, DNMT1, P4AHA3, CCDC80,
APOB, FBLN2, that were upregulated in TGFB1 treatment, while downregulated both in Lut2 and Lutl0 treatment.

Conclusion: Luteolin was shown to have a strong protective effect on liver fibrosis. CCR1, CD59, and NAGA may promote liver
fibrosis while ITIH3, MKI67, KIF23, DNMT1, PAHA3, CCDC80, APOB, and FBLN2 may facilitate protection against fibrosis.
Keywords: luteolin, deduhonghua-7 powder, liver fibrosis, proteomic analysis, TGFp1

Introduction

Liver fibrosis is caused by chronic liver disease and can worsen into hepatic cirrhosis or even hepatocellular carcinoma
(HCC)." Liver transplantation is the only feasible way to treat advanced stages liver fibrosis patients.” Thus, there is an
urgent need for new therapeutic agents and treatment strategies.> The primary mechanism of fibrosis depends on hepatic
stellate cells (HSCs), which become fibrogenic myofibroblasts during injury and are closely linked to the development of
the novel drug targets.* Quiescent HSCs exit the Space of Disse (sinusoidal endothelial cell layer), which includes 5-8%
of the liver, and may help to regulate the hepatic vascular system.” While transient HSCs are beneficial to liver
reconstruction following brachychronic injury, unremitting activation associated with chronic injury can cause liver
fibrosis.® Activated HSCs promote severe cell propagation and tremendous variation in their stellate morphology,
together with lipid deposition, imbalanced degradation of the extracellular matrix (ECM), and increased production of
the HSC-specific marker protein, alpha-smooth muscle actin (a-SMA).”® Activated HSCs also induce proinflammatory
and profibrotic factors generated by inflammatory cells, including transforming growth factor p1 (TGF-p1).” TGF-B1 can
also activate HSCs, inducing an autocrine-active feedback circuit which exacerbates liver fibrogenesis.'®!" To date, the
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only feasible systemic chemotherapeutic agent that increases the survival of advanced-stage HCC patients is the multi-
tyrosine kinase inhibitor, sorafenib.'?

Traditional Chinese medicine (TCM) treatment strategies are also shown to be effective at treating liver fibrosis.'?
Deduhonghua-7 powder is a Traditional Mongolian Medicine, composed of Carthamus tinctorius L. (Hong hua),
Gypsum (CaSO,4:2H,0), Akebia quinata (Thunb.) Decne (Mu tong), Viola philippica (Zi hua di ding), Terminalia
chebula Retz. (He zi), and Scabiosa comosa Fisch. ex Roem. et Schult (Lan peng hua), which protects liver function and
prevents CCI,-induced liver fibrosis.'* However, the mechanism by which Deduhonghua-7 powder exerts its therapeutic
effects remains unknown.

Carthamus tinctorius L. is the most prominent of the seven traditional herbal medicines, whose extracts are reported
to protect against lipopolysaccharide-induced liver injury.'> Its main active components, safflower yellow pigment
A (SYPA),'® hydroxysafflor yellow pigment A (HSYPA),'”'? and Carthamus red*® are all involved in regulating hepatic
fibrosis. The flavonoids, Apigenin and Luteolin, from another Chinese herb in Deduhonghua-7 powder is Scabiosa
comosa Fisch. ex Roem. et Schult, are also found to protect against fibrosis.”'* Apigenin reduces liver fibrosis by
limiting HSC activation and inducing autophagy through TGF-B1/Smad3 and p38/PPARa signaling.”® Studies show that
the known antioxidant, Luteolin, plays an antifibrotic role in the lungs,?* the liver,”> and cardiac tissue.?*

The current study assessed the protective action of Deduhonghua-7 powder on liver fibrosis and explored its possible
molecular mechanisms. Four active components, SYPA, HSYPA, Apigenin, and Luteolin, were selected and their effect
on the viability of HSC-T6 rat hepatic stellate cells was evaluated. A TGF-B1-induced fibrotic cell model (HSC-T6) and
a carbon tetrachloride (CCly)-induced fibrotic rat model were used for further research. Proteomic analysis was used to

identify useful biomarkers for the treatment of liver injury.

Materials and Methods

Materials and Antibodies

Carbon tetrachloride (CCl4) (batch number: 20070721) was obtained from Sinopharm Co, Ltd (Shanghai, China).
Safflower yellow pigment A (SYPA), hydroxyl safflower yellow pigment A (HSYPA), and Apigenin (4',5,7-trihydroxy-
flavone, flavonoid) were obtained from MCE Corporation (USA). Luteolin (3',4',5,7-hydroxyl-flavone) was obtained
from Sigma Chemical Co. (St. Louis, MO, USA). Recombinant mouse TGF-f1 was purchased from Cell Signaling
Technology (Danvers, MA, USA). CCly and olive oil were provided by Sinopharm Chemical Reagent Co., Ltd.
(Shanghai, China).

Antibodies against COLLAGEN (COL1) (ab34710), CD59 (ab124396), NAGA (ab233264), ITIH3 (ab97758), and
DNMT1 (ab19905) were obtained from Abcam (MA, USA). Antibodies against a-SMA (19245S) were obtained from
Cell Signaling Technology (Danvers, MA, USA). Antibodies against CCR1 (MAB5986) were purchased from R&D
Systems. Antibodies against KIF23 (A4896) and PAHA3 (A137667) were purchased from ABclonal (Wuhan, China).
Antibodies against GAPDH (60004-1-1G) were purchased from Proteintech part, Inc. (Rosemont, USA).

Cell Culture and Cytotoxicity Assays

Dulbecco’s modified Eagle medium (DMEM) (Sigma-Aldrich, St. Louis, MO, USA) containing 10% fetal bovine serum
(FBS) (Gibco; Thermo Fisher Scientific, Waltham, MA, USA) was used to cultivate HSC-T6 rat hepatic stellate cells
(FuDan IBS Cell Center, Shanghai, China). The cells were activated with 5 ng/mL TGFp1 for 0, 12, 24, and 48 hours,
respectively.

HSC-T6 cells were inoculated (at 3000 cells per 100 pL) into 96-well plates in quadruplicate and incubated overnight
at 37°C for wall attachment. The medium was replaced with fresh medium (control) or medium containing half-log serial
dilutions of the following drugs: 22.22-200 puM, 0.3-30 uM veliparib (ChemieTek), 1-100 uM bicalutamide (IPR
Pharmaceutical), 0.667-200 uM Hydroxyl safflower yellow pigment A (HSYPA), and 2.22-20 uM Apigenin and 0.667—
10 uM Luteolin.

Cell feasibility was determined using a CCK-8 kit (Beyotime, Shanghai, China) after 72 hours. The inhibitory
concentration (IC50) was measured after double logarithmic conversion of the dose-response curves.
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RNA Isolation and RT-qPCR

Total RNA was isolated from cultivated cells with TRIzol reagent (TaKaRa, Dalian, China) and reverse-transcribed into
complementary DNA (cDNA) using reverse transcription reagents (TaKaRa) as per the manufacturer’s instructions. On
a Bio-Rad CFX96 detection system, SYBR Premix ExTaq (TaKaRa) was used to perform RT-qPCR. The 2 “*“" method
was used to calculate the fold changes in the gene expression. Primer were list in Supplementary Table 1.

Western Blot Assay

HSC-T6 cells were harvested and lysed using RIPA buffer (Beyotime, Shanghai, China). Protein concentrations were
measured using a BCA kit (Thermo Fisher) and the samples were subjected to 10% SDS-PAGE and transferred to PVDF
membranes for Western blotting. Membranes were blocked with TBST containing 5% BSA for 1 hour and the COL1, a-SMA,
or other antibodies were added for overnight incubation at 4°C. After washing twice in TBST, the membranes were incubated
with horseradish peroxidase-conjugated secondary antibody for 1 hour at ambient temperature. An ECL chemiluminescence
kit (GE Healthcare China Corp., Beijing, China) was used to visualize the membrane-bound secondary antibodies.

Animal Studies

Wistar rats (150-160g) were purchased from Beijing Vital River Animal Experimental Technology Co, Ltd. (Beijing,
China). Rats were kept in a temperature-controlled room at 22 + 2 °C with a moisture capacity of 40 + 10% and a 12 h:12
h light: dark cycle. Normal feeding and sterile water were always available. CCly was dissolved in olive oil (15% v/v,
1 mL/kg). After 7 days of adaptation, the rats were stochastically separated into four groups (n = 10): 1) control group, 2)
CCly group, 3) CCly + Luteolin low dose (L) group, and 4) CCl, + Luteolin high dose (H) group. Groups 2—4 were
administered the specified drug 2x per week with 50% CCly olive oil aqua of 1 mL/kg bodyweight for 9 weeks. After 7
weeks, groups 3—4 were administered 10 mg/kg Luteolin (L) or 50 mg/kg Luteolin intragastrically each day for 3 weeks,
while groups 1-2 were administered a corresponding amount of saline. The rats were anesthetized with isoflurane and
sacrificed to collect the blood and liver when their average weight was 20—30% lower than the control rats weights.

Histopathological Testing and Blood Biochemistry Determination

The liver samples used for the histopathological analyses were cut into 0.1 g blocks, fixed in 4% paraformaldehyde, and
embedded in paraffin. The samples were then analyzed using HE and Masson staining. A Leica digital pathology
platform was used to scan all sections. Abdominal aortic blood serum was collected from the four groups, centrifuged at
4°C for 10 minutes at 3500 r/min, and frozen at —80°C for further component analysis. Aspartate aminotransferase
(AST), alanine aminotransferase (ALT), and alkaline phosphatase (ALP) levels were determined with biochemical kits
(Nanjing Jiancheng Biological Engineering Research Institute, Nanjing, China) using a fully automatic biochemical
analyzer (BS-240VET, Mindray Bio-medical Electronics Company, Ltd, Shenzhen, China).

Proteomic Analysis

HSC-T6 cells were separated into four groups: 1) Vehicle (control) group, 2) TGFB1 (5ng/mL, model) group, 3) Lut 2
group (TGFB1 + 2 uM Luteolin), and 4) Lut 10 group (TGFB1 + 10 uM Luteolin). A total protein extraction kit (Biorad,
Beijing, China) was used to extract total cellular protein and a BCA Protein Assay Kit (Thermo Scientific) was used to
measure protein concentrations. The protein samples were sent to GeneChem Biotechnology Corporation for subsequent
proteomic analysis by PRM (Parallel Reaction Monitoring). SAS online software was used to analyze the proteomics
data. DEPs were classified under factor a |fold change| >1.2. DAVID online was used for gene ontology (GO) and
different protein tract analyses and the parameter conditions were set at count=2 and ease=0.05. Comprehensive analysis
of the DEPs was performed using a Venn diagram. Co-expressed genes with the largest degree of overlap were
considered core genes and potential targets, playing a critical role in the anti-fibrotic mechanisms of Luteolin.
Continuous data were calculated using the variance homogeneity test followed by a one-way ANOVA (homogeneity
of variance) or a non-parametric test (heterogeneity of variance). Differences between the parameters were considered
significant if the P-value was <0.05.
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Statistical Analysis

Statistical analysis and mapping were performed using GraphPad Prism v8 (GraphPad Software, Inc., San Diego, USA).
Prominent deviations between different groups were assessed using the Student’s #-test, and prominent deviations among
3+ groups were determined by one-way ANOVA followed by Dunnett’s post hoc test. The differences between different
groups were considered significant if the P value was <0.05.

Results
Luteolin Attenuates Liver Fibrosis in HSC-Té6 Cells

To assess the cytotoxicity of the four main components of Carthamus tinctorius L, SYPA, HSYPA, Apigenin, and Luteolin,
HSC-T6 cell viability was determined after treatment with a gradient dilution of each component using a CCK-8 assay.
Apigenin and Luteolin treatment significantly reduced cell viability in a dose-dependent manner. The IC 50 values for each
treatment group were 30.49 uM and 15.64 uM (Figure 1C and D), respectively. SYPA treatment had no effect on HSC-T6 cell
viability, while HSYPA had a limited impact on HSC-T6 cell survival (Figure 1A and B). Next, the effect of these four
components on HSC-T6 cell viability was assessed after treating the cells with TGFB1. Cell viabilities in the HSYPA (200
uM), Apigenin (20 uM), and Luteolin (10 uM) groups were all significantly lower in the absence of TGFB1, while no
differences were observed in the SYPA group (Figure 1E). Furthermore, the fibrosis-related genes, including a-SMA and
COL1A1 were assessed in the four groups in HSC-T6 cells. The expression of both genes was prominently increased in HSC-
T6 cells treated with TGFP1 and significantly lower in TGFB1-induced cells that were treated with Luteolin (Figure 1F and G).
Similarly, a-SMA and COL1A1 protein levels were significantly lower in TGFB1-induced HSC-T6 cells following Luteolin
treatment (Figure 1H). These findings suggest that Luteolin attenuated liver fibrosis in HSC-T6 cells. To further assess its
protective effect against liver fibrosis, Luteolin was selected for subsequent experiments.

Luteolin Decreases the Liver Fibrosis Index Level in vivo

Carbon tetrachloride (CCly) is a classical chemical regent for inducing liver lesions and hepatic fibrosis.?” To investigate the
role of Luteolin in regulating CCly-induced hepatic injury, histological studies were performed to measure pathological
changes in liver tissues. HE staining revealed the formation of clear hepatic lobules and the absence of inflammatory cells in
the non-diseased portion. After CCl, treatment, inflammatory cells surrounded the edematous hepatocytes, while only slight
pathological changes and a small number of inflammatory cells were observed in the Luteolin-treated group. Masson
trichrome staining also showed s collagen deposition in liver decreased significantly in a dose-dependent manner after luteolin
treatment (Figure 2A). Analysis of serum biochemical markers was used as an initial evaluation of hepatic injury.
Subsequently, serum levels of liver enzymes, including alanine aminotransferase (ALT), aspartate aminotransferase (AST),
and alkaline phosphatase (ALP), were determined to assess organ integrity. Luteolin had a dose-dependent effect on all three
enzymes and significant differences were observed between the Luteolin (L, H) and CCl, groups (Figure 2B-D). These
findings verified that Luteolin had a protective effect on liver fibrosis in CCly-stimulated rats.

Differentially Expressed Protein Analysis
Proteomic analysis was performed to determine the mechanism by which Luteolin controls liver fibrosis. A total of 5000
differentially expressed proteins (DEPs) and diverse comparisons were obtained, and filtered for further analysis using
the following criteria: a) |log2 Fold Change| >1.2 and b) P value <0.05. Based on these thresholds, 5047 proteins were
differentially expressed between the TGFB1 and Vehicle groups, including 53 upregulated and 36 downregulated proteins
(Figure 3A). A total of 170 DEPs were differentially expressed between the Lut 2 and TGFB1 groups (Figure 3B),
including 47 upregulated and 123 downregulated proteins. After Luteolin treatment, more significant proteins were
identified in Lut 2 vs TGFB1 (170) and Lut 10 vs TGFp1 (847, Figure 3C) than TGFB1 vs Vehicle. There were also more
DEPs in Lut 10 vs TGFB1 than in Lut 2 vs TGFB1 and Lut 10 vs Lut 2 (540), which further validated the dose-dependent
effect of Luteolin (Figure 3D).

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were used to determine the
functions of these DEPs. KEGG analysis found that more proteins were involved in the metabolic pathways of the four
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Figure | Effect of Luteolin on HSC-T6 cell viability and fibrosis. (A) HSC-T6 cell viability following treatment with various concentrations of (A) Safflower yellow pigment
A (SYPA) (B) Hydroxyl safflower yellow pigment A (HSYPA), (C) Apigenin, (D) Luteolin, or (E) TGFBI (5 ng/mL) and drugs. (F) a-SMA mRNA expression in HSC-Té cells.
(G) Collagen | mRNA expression in HSC-Té cells. (H) a-SMA and collagen | protein expression in HSC-Té cells. ***P < 0.001, by one-tailed Student’s t-test.

group comparisons. In the TGFB1 and Vehicle groups, these pathways included phenylalanine, histidine, tyrosine,
glycine, serine, and threonine metabolism (Figure 3E). Glycosphingolipid biosynthesis, Fanconi anemia, ECM-
receptor interactions, and microRNAs were also included, indicating that these processes are involved in
TGEFp1-induced liver fibrosis. In the Lut 2 vs TGFB1 group, the pathways included fatty acid and pyrimidine metabolism,
the biosynthesis of secondary metabolites, and DNA replication. ECM-receptor interactions and drug metabolism-related
enzymes were also included, suggesting that cell proliferation was induced against liver fibrosis (Figure 3F). In the Lut
10 vs TGFp1 group, the pathways included galactose, pyrimidine, and fatty acid metabolism. Interestingly, more DEPs
were associated with lysosomes, suggesting that a higher Luteolin concentration induced more degradation (Figure 3G).
In the Lut 10 vs Lut 2 group, metabolic pathways, thermogenesis, oxidative phosphorylation, retrograde endocannabinoid
signaling, the cell cycle, and DNA replication were the primary pathways (Figure 3H).

GO analysis was used to divide the DEPs into those involved in biological processes (BP), cellular components (CC),
and molecular functions (MF). In the TGFB1 vs Vehicle group, the BP-related proteins primarily included those involved

in collagen organization and biosynthesis and the positive regulation of cell migration (Figure 4A). MF-related proteins
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Figure 2 Effect of Luteolin treatment on liver fibrosis. (A) Representative images of HE and Masson-stained liver tissue treated with CCl, and different concentrations of
Luteolin (n-4). Bar=200um, 100X. (B-D) Serum ALT, AST, and ALP levels after treatment with CCl, and different concentrations of Luteolin. “-”, no treatment; “+”,
treatment; “L”, 2uM; “H”, 10 uM. **P <0.01, ***P <0.001.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase.

mainly involved those with binding activities, while the CC proteins were primarily located in the extracellular space and
in various complexes. In the Lut 2 vs TGFB1 group, various enzyme activities involved MF-related proteins, and more
cellular complexes were formed by the CC-related proteins (Figure 4B). In the Lut 10 vs TGFB1 group, the CC-related
proteins were more involved with extracellular space and lysosomal lumen, which is consistent with the KEGG results
(Figure 4C). In the Lut 10 vs Lut 2 group, the MF-related proteins were associated with enzyme binding and activity
(Figure 4D). Collectively, these findings suggest that Luteolin may be a critical regulator of metabolism and DNA
synthesis.

Hereditary Factor Expression Pattern

To further investigate the molecular mechanisms by which Luteolin controls liver fibrosis, protein expression
patterns were assessed. Two additional comparison pairs (Lut 2 vs Vehicle and Lut 10 vs Vehicle) were also
analyzed. A total of 160 different protein overlapped in all six groups (Figure 5A). Further analysis of the different
protein identified three proteins, CCR1, CD59, and NAGA, that were downregulated in TGFB1 treatment, while
upregulated both in Lut2 and Lutl0O treatment (Figure 5B). Meanwhile, eight proteins, ITIH3, MKI67, KIF23,
DNMTI1, P4HA3, CCDC80, APOB, FBLN2, that were upregulated in TGFB1 treatment, while downregulated both
in Lut2 and Lutl0 treatment (Figure 5C).

To investigate the accuracy and repeatability of the proteomic analysis, 7 candidate proteins with the two expression
patterns defined above were verified by Western blot. Expression of the 7 alternative proteins corresponded with that of
proteomic analysis (Figure 6), validating the robustness and reliability of the experiments. Thus, the candidate DEPs may
serve as marker proteins for the diagnosis and prognosis of liver fibrosis.
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Discussion

Fibrosis is a reversible wound-healing reaction that occurs after liver injury; however, end-stage cirrhosis is associated

with a high global incidence and death rate.* Liver fibrosis is a response generated as a result of chronic liver injury due

to various factors, such as alcohol consumption, non-alcoholic steatohepatitis (NASH), viral hepatitis [hepatitis B (HBV)
and hepatitis C], autoimmune hepatitis, non-alcoholic fatty liver disease (NAFLD), and cholestatic liver diseases. No

Drug Design, Development and Therapy 2023:17

https:

1825

Dove:


https://www.dovepress.com
https://www.dovepress.com

Batudeligen et al

Dove

GO_Enrichment TGFB1 vs Vehicle
collagen fibril organization
cartilage condensation- 2o
skeletal muscle thin filament assembly-
-

Jlar matrix organi:
1 CC I nn?

bly- war

Yy

8P

C l
positive regulation of collagen biosklnthetiq
_cellular response to nicotine-

positive regulation of cell migration-

response to ionizing radiation: ||

heparin binding ||

. structural constituent of cy

oxidoreductase activity, acting on single don.
. __protease binding-
serine-type endopeptidase inhibitor activity-
C class Il protein binding-
3—hydroxyace/l—CoA dehydrogenase activity-
sfructural constituent of eye lens-
fibronectin binding-
Wnt-protein binding- ||
striated muscle thin fil n

collagen-containing extracellular matrix-
centralspindlin complex-
actomyosin, actin portion-
collagen type Il trimer-
neuromuscular junction-
basement membrane-
Ndc80 complex-
MHC class Il protein complex-
neuronal cell body-

MF

cc

g

(<)

2 3 4
-log10(P_value)

GO_Enrichment Lut 10 vs TGFB1

pre-repli complex bly { | ——
double-strand break repair - | I -
iron ion transport - | - -

keratan sulfate catabolic process |
glycoside catabolic process . | INEGEG_—_—_—— -
error-prone translesion synthesis - | o
cholesterol efflux | | : s

ubiquinone biosynthetic process | | I -
mitochondrial electron transport, NADH to ubi... - | IEE— : <
nucleotide-excision repair, DNA gap filling - | EEG_—_—_—_—:

I <o
J 265
2o
proton transmembrane transporter activity | | oo
L-serine transmembrane transporter activity '« ——
L-histidine transmembrane transporter activit... 1= | 7=
beta-N-acetylgl inidase activity | |F—" 72
DNA replication origin binding 1 | 7
scavenger receptor activity - 3
4 iron, 4 sulfur cluster binding <

single-stranded DNA helicase activity -
NADH dehydrogenase (ubiquinone) activity |
virus receptor activity -

|

20

extracellular space 1

lysosomal lumen 1

MCM complex 1

NuRD complex -

mitochondrial matrix -

external side of plasma membrane +° | INEEE—_—_—— :

I -
I -

)

108

C

small-subunit processome - | I -
single DNA-dependent ATP 7 | - -
nuclear chromosome part - | I :
mitochondrial respiratory chain complex | - | IEG_——-—_—_—-— - } ,.
0 2 4 6 8

-log10(P_value)

- =

GO_Enrichment Lut 2 vs TGF1

brown fat cell differentiation -

mitotic spindle midzone

kinetochore organization -

ractile rin

triglyceride mobilization -

actomyosin con

regulation of cholesterol biosxgtlj;egc prpoers.i 1
ibril organization -

collagen

Pyrimjdine nucleobase metabolic process -
DNA me! hg_lahon on cytosine within a CG seque... «
cell differentiation involved in embryonic pl... -

laminin binding +

[

stearoyl-CoA 9-c

primase activity

linoleoyl-CoA desaturase activity -

omega-6 fatty acid d

activity -
. . . copper ion binding -
nbonucleosnde-d|phosphat'e3 rNeguctase activity... «

MF

protein-lysine 6-

. om y ac saturase activity - ¥
serine-type endopeptidase inhibitor activity -
oligosaccharide binding -
activity +

pericentric heterochromatin -
lar matrix <

condensed chromosome +
centralspindlin complex

ribonucleoside-diphqsghate reductase complex
transcripti I

on factor TFIIK complex -
skeletal muscle myofibril <
3-methyl-2-oxobutanoate dehydrogenase (lipoam... -

external side of plasma membrane -
nuclear heterochromatin +

[

4

o
a“‘

2 3
-log10(P_value)

GO_Enrichment Lut 10 vs Lut 2

ubiquinone biosynthetic process

mitochondrial electron transport, NADH to ubi...
sodium ion transport

pre-replicative complex assembly involved in ...
mitochondrial respiratory chain complex | ass...
double-strand break repair via break-induced ...
proton transmembrane transport

positive regulation of DNA-directed DNA polym...
DNA strand elongation involved in DNA replica...
mitotic DNA replication initiation

NADH dehydrogenase (ubiquinone) activity
DNA replication origin binding

single-stranded DNA helicase activity
single-stranded DNA binding

NA clamp loader activity
ribonucleoside-diphosphate reductase activity...
copper chaperone activity

enzyme binding

nucleoside diphosphate kinase activity

4 iron, 4 sulfur cluster binding

MCM complex

mitochondrial respiratory chain complex |

replication compartment
single-stranded DNA-dependent ATP-dependent D...
preribosome, small subunit precursor

nuclear chromosome part

mitochondrial matrix

condensin complex

Ctf18 RFC-like complex

ses

I ¢

105

o | ——

1078

Bl

MF

DNA replication factor C complex

| ——
—

16

C

ns
ns

25 50 75 100
-log10(P_value)

0.

=]

Figure 4 GO analysis of the DEPs in the different comparison pairs. Bubble diagrams of DEPs in GO pathways between (A) The TGFBI vs Vehicle group, (B) The Lut 2 vs
TGFB1 group, (C) The Lut 10 vs TGFBI group, and (D) The Lut 10 vs Lut 2 group. Vehicle: blank group; TGFB1: model group; Lut 2: low dose group; Lut 10: high dose
group. The Rich factor is displayed on the x-axis, and the p-value is indicated by the color of each circle, the size of which reflects the number of each pathway.

effective and feasible anti-fibrotic therapies are currently available to prevent progression from fibrosis to cirrhosis to

HCC.? Liver fibrosis is a dynamic process; thus, targeting one pathway in this process may not be enough to induce its

reversal. Thus, the validation of non-invasive markers of fibrosis progression and recovery is critically needed to replace

biopsy and reduce the necessity of clinical tests.”

This study is the first to evaluate the cytotoxicity of four active components from Deduhonghua7-powder on HSC-
T6 cells. Our results showed that Apigenin and Luteolin treatment significantly reduced cell viability in a dose-
dependent manner. SYPA treatment had no effect on HSC-T6 cell viability, while HSYPA had a limited impact on
HSC-T6 cell survival. TGF-B1 is one of the most important fibrosis mediators, which activates the Smad-dependent

pathway through the phosphorylation of Smad2/3 and the translocation of p-Smad2/3 to the nucleus, inducing the

transcription of hepatic fibrosis marker genes, such as a-SMA, collagen I, and FN-1. In our study, mRNA expression
of the fibrosis-related genes, aSMA and COL1A1, was shown to be high in TGFB1 treated HSC-T6 cells, but greatly
decreased in the 200 uM HSYPA, 20 uM Apigenin, and 10 uM Luteolin groups. Similarly, Luteolin treatment was
shown to significantly reduce aSMA and COL1A1 protein expression in HSC-T6 cells. Liver histopathology can be
used to directly visualize histopathological changes and is important for assessing the existence and severity of
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Figure 5 Analysis of proteins expression patterns. (A) Venn diagram analysis of the DEPs. (B) The protein level of CCRI, CD59 and NAGA in the four experimental groups.
(C) The protein level of ITIH3, MKI67, KIF23, DNMT I, P4AHA3, CCDC80, APOB and FBLN2 in the four experimental groups. Vehicle: blank group; TGFf1: model group;
Lut 2: low dose group; Lut 10: high dose group. *P <0.05, **P <001, ***P <0.001.

fibrosis.?! A previous study demonstrated that activated hepatic stellate cells (aHSCs) are the source of myofibroblasts
in a carbon tetrachloride (CCly)-induced liver fibrosis model, whereas portal fibroblasts give rise to myofibroblasts in
the cholestatic liver. The rat experiments performed here confirmed that Luteolin significantly alleviated CCly-induced
inflammatory reactions, as shown by H&E and Masson staining, and reduced serum ALT, AST, and ALP levels.
Proteomics analysis was performed to gain a full understanding of the biological effects of Luteolin and a total of
~5000 proteins were obtained. KEGG analysis showed that metabolic pathways involving various amino acids and
enzymes were fully enriched. Base metabolism required for DNA synthesis, DNA replication and mismatch repair, and
lysosomal metabolism were also involved. GO analysis revealed that heparin, protein or protease, and laminin binding
and activity involving various desaturase or transmembrane transporters were mainly involved in MF. In addition, the
gene expression pattern of 160 overlapped DEGs was confirmed in the four basic groups, Vehicle, TGFf1, Lut 2, and Lut
10, and eleven proteins were classified into two expression patterns. CCR1, CD59, and NAGA were in the high-low-high
-high category while ITIH3, MKI67, KIF23, DNMT1, PAHA3, CCDC80, APOB, and FBLN2, were in the low-high-low-
low category, indicating that CCR1, CD59, and NAGA may play tumor promoter roles while ITIH3, MKI167, KIF23,
DNMTI1, PAHA3, CCDC80, APOB, and FBLN2, play tumor suppressor roles in liver fibrosis. The expression of these

proteins was further confirmed by Western blot. Thus, the candidate DEPs may serve as marker proteins for the diagnosis
and prognosis of liver fibrosis.
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Figure 6 Validation of differentially expressed proteins by Western blot. *P <0.05, **P <001, ***P <0.001.

Conclusion

In summary, the current study confirmed the protective effect of Luteolin on hepatic fibrosis stimulated by TGFB1 and
CCly. Eleven DEPs associated with liver fibrosis were identified using proteomic analysis, with three proteins, CCR1,
CD359, and NAGA, exerting harmful effects on liver fibrosis and eight proteins, ITIH3, MKI67, KIF23, DNMTI,
P4HA3, CCDC80, APOB, and FBLN2, having protective effects. These DEPs could serve as potential markers or
targets for the treatment of liver fibrosis.
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