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ABSTRACT

Asa multicomponent, multitarget empiricaltherapy, traditional Chinesemedicine(TCM)hasbeenusedclinicallyin
Asiafor thousandsof years.Dueto this unique feature, TCMtherapy is conddered a promisingtherapeutic strategy
for the treatment of hepatocellularcarcinoma(HCC)ErZhiWan (EZW)a well-known TCMformula containingtwo
herbs, FructusLigustri Lucidi(FLLNU-ZhenZi) and EcliptaeHerba (EH,Mo-HartLian),is commonly usedin clinica
practiceto preventandtreat liver diseasesModern pharmacologicaktudieshave shownthat both EHand FLLcar
inhibit HCoroliferation. However,the pharmacologicaimechanism potential targets, and clinical value of EZWin
inhibiting HCChave not been fully elucidated. We used multilevel databases(GeneExpressionOmnibus(GEO
Traditional ChineseMedicine SystemsPharmacology{ TCMSP Highthroughput Experiment and Referenceguidec
database(HERB)and SwissTargetPredictionfjo show that EZWsuppressesHCCthrough 19 active componentt
acting on 66 potential targets. Enrichmentanalysisrevealedthat EZWmainly regulatesHCQorogressionthrough
various metabolic pathways, the cell cycle,and cellular senescenceFurthermore, we used The Carcer Genome
Atlas (TCGAJLIHCdatabaseto analyzethe expressionpatterns and clinical characteristicsof cellular senescenct
related genes and identified CDK1,CDK4,CHEK1and G6PDas key therapeutic molecular targets in EZW
suppressedHCC Molecular docking revealedthat EZWcould exert its anti-HCCeffect by binding various active
componentsto the above cellular senescenceelated genes and regulating their activities. In conclusion, we
systematicallyrevealed the potential pharmacologicalmechanismsand molecular targets of EZWagainst HC(
basedon multilevel dataintegration and a moleculardockingstrategy.

INTRODUCTION 12% [4, 5]. Hepatocellular carcinoma (HCC) is the
most common type of primary liver cancer and often
Worldwide, liver cancer is one of the most common develops from chronic liver disease caused by hepatitis

cancers, and its morbidity and mortality are on theftise B virus or hepatis C virus infection, alcoholism, or
2]. It has a mortalitto-morbidity ratio of 0.91 and is 2.3 metabolic syndromg6]. Currently, surgical resection,
times more common in men than in wonfigh Notably, liver transplantation, and locoregional therapy (including

the outlook for patients is even grimmer in Asia, where  radiofrequency ablation) are recommende_d as curative
72% of new cases are refmm to be diagnosed (over treatments for only onthird of HCC patients. The
50% in China), with fiveyear survival rates as low as remaining 60%70% of patients receive noncurative
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treatments, such as molecularly targeted agents,
monoclonal antibodies, or immune checkpoint inhibitors,
as initial therapy7]. However, due to the heterogeneity
and complexity of HCC, most patients aiaghosed at

an advanced stage; therefore, systemic therapy is often
recommended as the standard of ¢&feAlthough it is
more effective than monotherapy, it is only suitable for
use in a small number of patients and is associated with
severe toxicity9].

The pathological mechanism of HCC is very complex,
and multiple targets and signaling pathways are involved
in its developmen{10]. This complexity requires the
development of a therapeutic strategy that modulates
multiple targets in HCC to improve patient outcomes.
As a multicomponent and multitarget empirical
therapy, traditional Chinese medicine (TCM) has been
recognized wddwide in recent years for its multitarget
synergistic intervention effect on HCC. Clinically,
as an adjuvant drug, TCM has shown good efficacy in
HCC patients, significantly reducing the incidence,
preventing the recurrence, and improving the overall
suwvival of HCC patientd11i 14]. In addition, modern
pharmacological studies have shown that TCM or TCM
derived natural medicines can effectively suppress the
development and progression of HA@ vitro and

in vivo [15i 18]. Due to this unique feature, TCMN i
considered a promising therapeutic strategy for the
treatment of complex diseases, including liver cancer.

Er-Zhi-Wan (EZW), a welknown TCM formula, was
first recorded in thef~u Shou Jing Faidgn the Ming
Dynasty[19]. It consists of an equal weightixture of

two herbs,Fructus Ligustri Lucidi(FLL, NU-ZhenZzi)

and Ecliptae Herba(EH, Mo-HantLian). According to
Chinese medicinal theory, EZW is commonly used
clinically in China for the treatment of livéidney yin
deficiency syndrome (LKYDS), whicls a pathological
and diagnostic pattern caused by an imbalance of yin and
yang and is more common in primary liver cancer,
diabetes, and hypertensidi20]. Therefore, EZW is
commonly used clinically in China to prevent or treat
various liver and kidney deases. Yao et af2l]
uncovered the hepatoprotective effect of EZW based on a
metabolomic strategy. Hu et §R2] revealed that FLL
extract induced apoptosis and cellular senescence in
human hepatoma cells by upregulating p21, confirming
that FLL is a ptential anticancer herb for the treatment of
HCC. Moreover, our previous study showed that EH
extract could inhibit the proliferation of HCC cells by
inhibiting PI3K-AKT signaling [18]. However, few
studies have comprehensively investigated the molecular
mechanisms involved in EZW in the treatment of HCC.

Since TCM prescriptions comprise many kinds of
herbs and contain many kinds of ingredients, it is

difficult to systematically and comprehensively study
the pharmacological mechanism of TCM with the
exiding experimental methods. With the successful
establishment of multiple biological databases and the
rapid development of systems biology, the emergence
of network pharmacology has brought great
opportunities for breakthroughs in TCM research
[23, 24]. To date, this method has been successfully
used to elucidate the multitarget efficacy of TCM
in the treatment of various diseases, effectively
bridging the gap between Western medicine and
Chinese medicing25, 26]. In this study, we employed
various biological databases and biocomputational
approaches to investigate the pharmacological network
involved in EZW in the treatment of HCC to predict
potential molecular targets and pharmacological
mechanisms. The overall research flowchart is shown
in Figure 1

RESULTS
Identification of pathological genes in HCC

To identify which genes are involved in the progression
of HCC, we analyzed the Gene Expression Omnibus
(GEO) dataset GSEB84402 to identify genes that were
differentially expressed in 14 paiog HCC tissues and
correspondingnoncancerougissues. As shown in the
volcano plot, a total of 1199 differentially expressed
genes (DEGs) were identified in these 14 pairs of liver
tissues, of which 632 genes were upregulated and 567
genes were downreqtbd in cancerous tissues
compared with noncancerous liver tissuEggre 2A
and Supplementary File )1 It is speculated that the
progression of HCC involves extensive and complex
pathological gene regulation.

Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analyses of
DEGs in HCC

To further investigate the underlying molecular
mechanisms involved in HCC progression, we performed
enrichment analysis on 1199 DEGs, including GO and
KEGG analyses. We used bubble plots tpldis the top

20 GO (Figure 2B) and KEGG (Figure 2C) enrichment
analysis results. GO functions can be divided into three
categories: biological process (BP), molecular function
(MF), and cellular component (CC), and the top 20 GO
annotation results show thahese DEGs are mainly
enriched in the BP category. These BPs mainly involve
metabolic and cellular processes, including the following:
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(GO:1903047) 0, icell cy c |l eres|ltss Ghowed Ottva0 db@drndal changed variowse | |
division (GO:0051301) 0. metabolic enzymes occurred during the progression of
HCC, which suggestedthat abnormal expression of

In addition, the results of the top 20 KEGG pathways metabolic enzymes affected the development of HCC
indicated that the progression of HCC lgsely related (Figure 2D. Furthermore, HCC progression is regulated
to 6 categories, including metabolism, cellular by the cell cycle (ko04110), and multipleoregulated
processes, human diseases, genetic information DEGs were found to be significantly enriched in this
processing, organismal systems, and environmental pathway, including multiple cell cyclelated
information processing. In particular, 12 of the 20 regulatory genes (CCNB3, PCNA, CDK1, CDK4,

pathways were involved in the metabolismegafty, CCNB1, CCNB2, and CHEK1). The combined heatmap
including AMetabolic pat hwanghsis (ndicat€d1thad the oell cydld- B tabngrmadlyc i d
degradati on (ko0O0OO71) o, adivRtedt im HQC| leadingn o tthe indefinites gmowth of
(ko00830) o, ATryptophan MEEC E&igue 2G. s m (ko00380) o0,
ATyrosine metabolism (ko00350) 0, AAl ani ne, aspartate
and glutamate metabolism (ko00250)", "Valine, leeci Screening of active compounds and potential

and i soleucine degr adat i therapeufickag&LDoREZ0/) O , iDr ug
metabolismi cyt ochrome P450 (ko00982) 0, iCaffeine
metabolism (ko00232) 0, i Me EZA\Wbi® prodsced by MixingeuctosbLigwstri iLucidi b y
cytochr ome P450 (ko009 80) andEcliftde &derlain equalnpeoporidne. IAdcarding to
(ko01200) o, and NBi osynt Hhe swo sriteriddf druda imk emme s ac i( ®& ) O o
( k o 0 1 2N®tab)y,0 metabolic pathways (ko01100) bi oavail abi |[27t28] ato@IBj 9 aGive3 0 %
were enriched with multipledownregulated DEGs, ingredients in EH and 10 active ingredients in FLL were
including multiple metabolic enzymes (PFKFB1, identified in TCMSP. Among them, studies have shown
AKR1D1, CYP1A2, XDH, ALDH8AL, LDHD, GCDH, that both oleanolic acid and ursolic acid are active.

ADH6, ADH4, ABAT, and HOGA1). The heatmap components of FLL, but they were not included in the
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Figurel. Flowchart of the analytical procedures of the study.
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TCMSP screening analysis because they did not meet lucidumoside D, lucidusculine, and olitoriside)
the DL and OB conditionf29]. Therefore, to increase (Figure 4A and Supplementary File )3 Similarly,

the credibility of the study, these two active ingredients in the SwissTargetPrediction database, flavonoids
were included in thést of activeingredientsof FLL By (luteolin, quercetin, and kanpferol) also possessed
combining the active ingredient§ BH and FLL, it was more targets, while targets for taxifolin, lucidusculine,
revealed that EZW comprised a total of 19 active and olitoriside failed to be identified=igure 4Band
ingredients, of which the two herbs each contained Supplementary File )3 After removing duplicate

guercetin and luteolin Supplementary File )2 The values, 215 potential targets of 9 active compounds in
chemical structures of these active compounds are EH were identiied from the two databases. Likewise,
shown inFigure 3 379 potential targets of 12 active compounds in FLL

were identified. Finally, 446 potential targets of 19
We identified potential targets for these 19 active active ingredients in EZW were identified.
compounds through two target prediction databases,
High throughput Experimentand Referencguided Target screening, network, and topological analysis
(HERB) and SwissTargetPrediction. In the HERB of EZW in the tr eatment of HCC
database, flavonoids (luteolin, quercetin, and

kaempferol) possessed neotargets, but targets failed  To explore which pathological targets EZW acts on to
to be identified for 4 active compounds (linarin,  treat HCC, we performed Venn diagram analysis of
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Figure 2.ldentification and enrichment analysis of differentially expressed genes in 14 pairs of HCC tissues and
correspondingnoncancerougissues.(A) The expression patterns of the DEGs are shown in volcano plots. Red and blue points represent
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upregulatedgeneso f 2 31 C/ dewnregulatett YRy S & ¢ £1@ @sp&tively)vhile gray represents genes with no significant
difference in expression (P.adj < 0.0/8.0 Bubble plot showing the top 20 GB) @nd KEGGZ( enrichment analysis results. The larger the
ordinate value in the bubble chart, the more significant the corresponding GO or KEGG result is. The abscissa represemislizesl
upregulation and downregulation value (the ratio of the difference betweka number of upregulated genes and the number of
downregulated genes to the total number of differentially expressed genes). The higher the value is, the higher the nwpiegutdted
genes enriched in the GO/KEGG pathway results; conversely, thetlwsvealue is, the higher the number of downregulated genes enriched
in the GO/KEGG pathway resul®, E) Heatmaps showinthe expression patterns of genes involvedtie cell cycle (ko04110) or metabolic
pathways (ko01100).

1199 DEGs in HCC with potential therapeutic targets cycle and related to proliferation such as CHEK1,
of the active components in EZW. As showrFigure CCNA2, CDK4, CCNB2, CCNB1, CDK1, PCNA, and
4C, a total of 66 targeteverlappedpresumablyEZW MMP9 (Figure 4D. EZW may treat HCC by reversing
may suppress HCC by regulating these 66 genes. the expression patterns of these genes, but further
Notably, both herbs in EZW act on HCC through 26  confirmation is needed.

comnon targets, which is speculated to be the reason

FLL and EH can exert synergistic ahiCC To further understand the interconnections between the
pharmacological effects. Moreover5 2f these 66 herbs, active compounds, and potential therapeutic
genes were abnormalllow expressed in HCC and targets for HCC, weaneratedn herbcompounetarget
mainly involved metabolismelated genes, including (H-C-T) network Figure 5A. The results revealed that
CYP3A4, XDH, ARGL, ADRAI1B, and ALDH2. In the two herbs exerted aMiCC effects on multiple
contrast, there werel3yyenes expressed at abnormally  targets mainly through active ingredients such as
high levels, mainly including genes involved in the cell guercetin, luteolin, kaempferol, demethylwedelolactone,
HO, o
Ho.nCO HO, i OH
OH O
Hox < OH HO o
HO “oH OH
Linarin Butin 3'-O-Methylorobol

Pratensein Luteolin
(¢} e}
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Fgure 3 Chemical structures of 19 active ingredients of EZW.
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wedelolactone, oleanic acid, and ursolic acid. Moreover, network and performed Minimal Common Oncology
the results indicated that ESR1, AR, CCNA2, PTGS2, Data Elements (MCODE) analysis and annotation on
and CA2 were most regulated by mukipactive this network. The PPI network contained 60 nodes, 136
components of EZWThe H-C-T network revealed an connections, and 3 MCODE network&idure 58. We
intricate molecular network involved in the suppression  performed pathway and process enriehnitranalysis for

of HCC by EZW. To further investigate the intrinsic each MCODE component and retained the top 3 terms
connectivity of the therapeutic targets of EZW against  with the lowest P values as functional descriptions of
HCC, we gener atreidteraationpPPY t e ithe cqarespanding componentSupplementary File )4

Fgure 4. Prediction and screening of potential targets of EZW for ttreatment of HCC(A, B) Prediction and collection of

potential targets for EZW based ¢ine HERB and SwissTargetPrediction databg&pa&/enn diagram identifying 66 potential therapeutic
targets for EZW in the treatment of HCC (35 targets veEenreguldaed and 31 wereupregulatedin HCC)(D) Heatmap analysis of the

expression patterns of 66 potential therapeutic targets of EZW in the treatment of HCC in the GSE84402 dataset.
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