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Introduction and objectives: Hepatocellular carcinoma (HCC) ranks third on the list of the leading cause for
cancer death globally. The treatment of HCC patients is unsatisfactory. However, the traditional Chinese med-
icine Chebulae Fructus has potential efficacy in the treatment of HCC.
Materials and methods: We mined the active ingredients of Chebulae Fructus and its main targets from the
Traditional Chinese Medicine Systems Pharmacology database. HCC-related datasets were downloaded from
The Cancer Genome Atlas database and differentially expressed genes (DEGs) in HCC were obtained by differ-
ential expression analysis. Top10 small molecule compounds capable of reversing HCC pathology were
screened by the Connectivity Map database based on DEGs. Ellipticine, an extract of Chebulae Fructus, had
the potential to reverse HCC pathology. Protein-Protein Interaction (PPI) networks of DEGs in HCC were con-
structed using STRING. Eighteen potential targets of Chebulae Fructus for the treatment of HCC were
obtained by taking intersection of DEGs in HCC with targets corresponding to the active constituents of Che-
bulae Fructus. In addition, MTT assay was also employed to examine the effect of ellipticine on HCC cell
viability.
Results: It has been shown that ellipticine and ellagic acid have antitumor activity. Random Walk with Restart
analysis of PPI networks was performed using potential targets as seeds, and the genes with the top 50 affin-
ity coefficients were selected to construct a drug-active constituent-gene interaction network. Gene Ontol-
ogy and Kyoto Encyclopedia of Genes and Genomes enrichment analyses of key genes involved in the
treatment of HCC with Chebulae Fructus demonstrated that these genes were mainly enriched in signaling
pathways related to tumor metabolism such as cAMP signaling pathway and Ras signaling pathway. Finally,
it was verified by MTT assay that proliferation of HCC cells could be remarkably hindered.
Conclusions: We excavated ellipticine, a key active constituent of Chebulae Fructus, by network pharmacol-
ogy, and elucidated the signaling pathways involved in Chebulae Fructus, providing a theoretical basis for
the use of Chebulae Fructus for HCC clinical application.
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1. Introduction

World Health Organization global cancer statistics show that pri-
mary liver cancer is on the list of the most common cancer, ranking
6th in incidence and 3rd in mortality [1]. As the largest subtype of
primary liver cancer, hepatocellular carcinoma (HCC) accounts for
75%-85% of primary liver cancers |[1]. Currently, treatment strategies

Abbreviation’s list: HCC, Hepatocellular carcinoma; TCMSP, Traditional Chinese Medi-
cine Systems Pharmacology; TCGA, The Cancer Genome Atlas; DEGs, differentially
expressed genes; CMap, Connectivity Map; PPI, Protein-Protein Interaction; RWR, Ran-
dom Walk with Restart; DEGs, Differentially expressed genes; CDK6, Cyclin-Dependent
Kinase 6; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; OB,
Oral bioavailability; DL, Drug-likeness; DMSO, dimethyl sulfoxide
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for advanced HCC mainly include surgical resection, radiation ther-
apy, chemotherapeutics, and immunotherapy [2—5]. However, the
clinical results showed unsatisfactory efficacy, with only a few
patients benefiting. Currently, patients with liver dysfunction cannot
withstand chemotherapy treatment, and HCC is recognized by medi-
cal practitioners as a chemorefractory tumor [6]. A large proportion
of patients with advanced HCC adopt palliative therapy, which causes
great physical and psychological pressure on patients, therefore,
there is a great need to find effective chemicals with few side effects
for HCC chemotherapy.

Network pharmacology is based on the theory of systems biology,
network analysis of biological systems, and selection of specific sig-
naling nodes, which is a new discipline for the molecular design of
multi-target drugs. Network pharmacology effectively reveals inter-
connections among drugs, targets, and diseases [7]. At present, many
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studies have shown the use of network pharmacology to reveal the
molecular mechanism between the active constituents of traditional
Chinese medicine and its targets in the treatment of cancer or dis-
ease. For example, Tao and his colleagues used pharmacological and
chemogenomic approaches to reveal potential therapeutic targets of
Radix Curcumae formula in the treatment of cardiovascular diseases,
and elaborate the mechanism of this formula regarding the preven-
tion of cardiovascular and cerebrovascular diseases [8]. Guo et al. [9]
elaborated on the mechanism of Zuojin pill in the treatment of HCC
based on network pharmacology. Huang et al. [10] explored the key
mechanism of HuanglianJiedu Decoction for the treatment of HCC
using network pharmacology. Xu et al. [11] used network pharmacol-
ogy to excavate the potential role of Huangqgin-Baishao herb pair in
the treatment of cancer. Thus, network pharmacology is more and
more important in the development of new drugs for diseases and
research of drug mechanism, and the use of network pharmacology
in the development of new drugs has great advantages.

Chebulae Fructus, a traditional Chinese medicine known as the
king of Tibetan medicine, is commonly used in traditional Chinese
medicine to relieve diarrhea with astringents, astringe lung to stop
cough, and reduce pathogenic fire to relieve sore-throat. One study
has found that Chebulae Fructus extracts significantly inhibit growth
of breast cancer cells and lung cancer cells [12]. Saleem and col-
leagues used the ethanol extract of Chebulae Fructus to treat liver
cancer, breast cancer, osteosarcoma, prostate cancer cell lines, and
the results showed that Chebulae Fructus extracts can significantly
inhibit the growth of these cell lines [13]. However, there is no evi-
dence to show whether the extract of Chebulae Fructus can be used
in the clinical treatment of HCC, and its active constituents, targets
and pathways remain to be studied.

Based on the network pharmacology, this study identified ellipti-
cine, a key active constituent of Chebulae Fructus for the treatment of
HCC, and potential targets of it were also obtained. Those key genes
closely affected by targets were then mined, clarifying the key signal-
ing pathways involved in the treatment of HCC with Chebulae Fruc-
tus. In this study, we preliminarily elucidated the molecular
mechanism of Chebulae Fructus and provided a scientific basis for
the use of Chebulae Fructus in HCC treatment.

2. Materials and methods
2.1. Acquisition of active constituents and targets of Chebulae Fructus

In the Traditional Chinese Medicine Systems Pharmacology
(TCMSP) database (https://tcmspw.com/index.php), the active con-
stituents of the traditional Chinese medicine Chebulae Fructus were
searched. The main medicinal active constituents of Chebulae Fructus
were downloaded with Oral bioavailability (OB) >30% and Drug-like-
ness (DL) >0.18, while the targets corresponding to the ingredients
were collected.

2.2. Dataset download

From The Cancer Genome Atlas (TCGA) database (https://portal.
gdc.cancer.gov/), the mRNA expression data of HCC were down-
loaded (normal: 50, tumor: 374) in count format.

2.3. Differential expression analysis and prediction of small molecule
compounds

Differentially expressed genes (DEGs) in HCC samples (|logFC |
>2.0, FDR<0.05) were obtained by differential expression analysis
using the R package edgeR, taking gene expression profiles of normal
samples as controls [14]. The up-regulated and down-regulated DEGs
were imported into the Connectivity Map (CMap) database (https://
clue.io/), and HEPG2 and HUH7 were selected regarding the cell type.
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Pert_type was selected for the perturbation type and trt_cp was
selected for the compounds, which were compared with the refer-
ence dataset. Based on the enrichment of DEGs in the reference
expression profile, small molecule compounds that may have a role
in reversing HCC pathology were predicted by correlation analysis.

2.4. Protein-protein interaction (PPI) network construction and random
walk with restart (RWR) analysis

Using the STRING database (https://string-db.org/), protein inter-
action analysis of DEGs in HCC was performed to select interaction
relationships with confidence scores greater than or equal to 0.7 to
construct PPI networks. Cytoscape was employed for the visualiza-
tion of the PPI network. And ClueGO was employed to classify the
above results into modules for the analysis between PPl modules.
The drug target gene in the PPI network was seed gene, and RWR
analysis of the PPI network was performed using the R package dnet
with a set restart probability of 0.85 [15]. The laplacian method was
used to normalize the adjacency matrix of the network graph, and
the affinity coefficient between each gene and seed was obtained
after RWR analysis. We considered the top 50 nodes of affinity coeffi-
cient as key genes of Chebulae Fructus acting on HCC and performed
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analyses on key genes using the R package clus-
terProfiler [16]. The interaction network of drug-active component-
gene was mapped using cytoscape 3.8.0 software (https://cytoscape.
org/release_notes_3_8_0.html).

2.5. Cell culture

The HCC HepG2 cell line (BNCC338070; bnbio, China) was
employed in cell experiments of this study. And cells were cultured
in Dulbecco’s Modified Eagle Medium (Gibco, USA) containing 10%
fetal bovine serum at 37 °C with 5% CO, and 95% humidity.

2.6. MTT assay

Cell viability was detected by employing the MTT assay (Beyo-
time, China). HCC cells in the logarithmic growth phase were seeded
in 96-well plates, and 6 replicate wells were taken from each group.
Cells were grown adherent and then replaced, and taken 1-16 uM as
a concentration gradient, cells were treated with ellipticine. After
48 hours, 20 ul MTT solution (50 mg/ml) was added to each well.
And additional 4 hours later, 150 @l dimethyl sulfoxide (DMSO) was
added to each well, and the optical density values (light absorption
values) of the cells in each group were measured at a wavelength of
490 nm using a microplate reader.

2.7. Ethics approval and consent to participate

Not applicable.

3. Results
3.1. Main active constituents and their targets of Chebulae Fructus

In order to search the chemical constituents of Chebulae Fructus,
its active constituents were queried from TCMSP using Chebulae
Fructus as the search term. We collected eight active constituents of
Chebulae Fructus (OB>30%, DL>0.18) (Table 1). Further, 122 targets
of 7 active constituents were obtained through the TCMSP database
(Table S1), and only 72 targets remained after deletion of duplica-
tions, of which ellipticine and ellagic acid had antitumor activity.
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Table 1
Main active constituents of Chebulae Fructus.
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Mol ID Molecule Name Molecular weight Oral bioavailability ~ Drug-like (DL)
Mw) (0B) (%)
MOL001002 Ellagic acid 302.2 43.06 0.43
MOL002276 Sennoside Eqt 524.5 50.69 0.61
MOL006376 7-Dehydrosigmasterol 414.79 37.42 0.75
MOL006826 Chebulic acid 356.26 72.00 0.32
MOL009135 Ellipticine 246.33 30.82 0.28
MOL009136 Peraksine 310.43 82.58 0.78
MOL009137 (R) - (6-methoxy-4-quinolyl) - [(2R, 4R, 5S) - 324.46 55.88 0.4
5-vinylquinuclidin-2-yl] methanol
MOL009149 Cheilanthifoline 325.39 46.51 0.72

3.2. DEGs in HCC and potential small molecule compounds for the
treatment of HCC

Differential expression analysis between normal and tumor sam-
ples in the TCGA-LIHC dataset yielded 1992 DEGs, including 1787 sig-
nificantly up-regulated DEGs and 205 significantly down-regulated
DEGs (Fig. 1). Top150 up-regulated DEGs and down-regulated DEGs
were subsequently imported into the CMap database for comparison,
and small molecule compounds that may reverse disease pathology
were predicted by negative correlation. Among the top 10 small mol-
ecule compounds with negative correlations, ellipticine has the
potential to reverse HCC pathology (Table 2). This also confirmed
that the active constituents of Chebulae Fructus possessed the poten-
tial to treat HCC.

3.3. RWR analysis for key genes associated with Chebulae Fructus
treatment for HCC

The PPI network of DEGs in HCC was constructed using STRING,
with a total of 1182 nodes and 8163 interactions in the network.

Subsequently, the PPI network was divided into modules using
ClueGO, and the modules with correlation TOP3 were selected for
analysis. The results demonstrated the connection of genes in module
1 with mitosis and cell cycle of cells (Fig. 2A, 2D), genes in module 2
with metabolism of phospholipase (Fig. 2B, 2E), and genes in module 3
with protein modification, mineral absorption (Fig. 2C, 2F). Combined
with the above analysis, we surmised that Chebulae Fructus might hin-
der tumor growth with its effect on these biological functions.

RWR analysis was performed on this PPl network. Genes in the PPI
network were intersected with the target genes of active constituents
of Chebulae Fructus, and 18 potential target genes were obtained for
HCC treatment (Fig. 2G), which were used as seed genes for RWR
analysis to obtain the affinity coefficient of each gene node with seed
gene. Finally, the genes with affinity coefficient ranking top 50 were
selected as the key genes of Chebulae Fructus for HCC treatment, and
then we constructed a drug-active constituent-gene interaction net-
work (Table S2, Fig. 2H). Overall, the drug-active constituent-gene
interaction network constructed by us revealed the interaction rela-
tionships among active constituents, targets o and key genes of Che-
bulae Fructus.
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| | |
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| | | |
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~log10(FDR)

Fig. 1. Volcano plot of mRNA differential expression in HCC tumor and normal groups Red indicates significantly up-regulated DEGs in HCC and green indicates significantly

down-regulated DEGs in HCC.
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Table 2

Small molecule compounds capable of reversing HCC pathology predicted by CMap.
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pert_iname cell_iname pert_type pert_idose  pert_itime  moa raw_cs  Norm.cs
6
digoxin HEPG2 trt_cp 10 uM h Na/K-ATPase inhibitor -0.53 -1.74
GR-89696 HEPG2 trt_cp 10 uM 161 Opioid receptor agonist -0.52 -1.73
ellipticine HEPG2 trt_cp 2.5uM ?1 Topoisomerase inhibitor -0.52 -1.71
4uM 24h

BRD-K45443261 HEPG2 trt_cp Unknow -0.52 -1.7

BRD-K82732294 HEPG2 trt_cp 10 uM ﬁ Unknown -0.51 -1.69
CAY-10618 HEPG2 trt_cp 10 uM ﬁ NAMPT inhibitor -0.5 -1.65
diphenyleneiodonium HEPG2 trt_cp 10 uM }61 Nitric oxide synthase inhibitor -0.5 -1.64
menadione HEPG2 trt_cp 10 uM ﬁ Mitochondrial inhibitor|Phosphatase inhibitor ~ -0.5 -1.63
oligomycin-a HEPG2 trt_cp 10 uM g Unknow -0.5 -1.63
BRD-K38634661 HEPG2 trt_cp 10 uM fl Unknow -0.49 -1.62

3.4. Key signaling pathways of Chebulae Fructus in the treatment of HCC

Finally, GO and KEGG enrichment analyses were performed for
the key genes of Chebulae Fructus in the treatment of HCC. The
results of GO enrichment analysis showed that these genes were
mainly enriched in biological functions such as regulation of mem-
brane potential, cellular calcium ion homeostasis, positive regulation
of ion, response to xenobiotic stimulus and G protein-coupled recep-
tor signaling pathway, coupled to nucleotide second messenger
(Fig. 3A). The results of KEGG enrichment analysis showed that these
genes were mainly enriched in signaling pathways such as Neuroac-
tive ligand-receptor interaction, Calcium signaling pathway, Arachi-
donic acid metabolism, cAMP signaling pathway and Ras signaling
pathway (Fig. 3B).

3.5. Ellipticine exerts an inhibitory role in the viability of HCC cells

To further validate the effect of ellipticine on HCC cells, different
concentrations (0-16 uM) of ellipticine were employed to act on
HepG2 cells. After 48 hours, the effect of ellipticine on HepG2 cell via-
bility was then observed. MTT results demonstrated (Fig. 4) that
ellipticine at different concentrations had varying degrees of inhibi-
tory effect, and with the increase of ellipticine concentration, the
inhibitory effect on the cell viability of HCC cells was more signifi-
cant.

4. Discussion

In China, liver cancer is the third most common cancer. The inci-
dence of liver cancer in males is about 2 to 3 times that in females.
Before 60 years old, liver cancer is the most commonly diagnosed
cancer type and the most important cause of cancer death in males
[2]. In this study, we mined the active constituents of Chebulae Fruc-
tus based on TCMSP database and found that ellipticine and ellagic
acid were respectively one of the eight effective chemical constitu-
ents. Ellipticine is favored by medical researchers because of its high
anticancer efficiency, limited toxic side effects, and limited intrinsic
toxicity [17]. Existing studies have found that ellipticine shows strong
anti-cancer activity in the second stage of cancer such as breast can-
cer [18], HCC [19] and non-small cell lung cancer [20]. In addition,
Guo and colleagues found that ellipticine initiates the mitochondrial
apoptotic pathway by regulating Bcl-2 family protein expression
(Bak, Bax, and Bcl-XS), altering mitochondrial membrane potential

(DeltaPsim) and activating caspase-9 and caspase-3, which ultimately
induces apoptosis in hepatoma cells [19]. Cyclin-Dependent Kinase 6
(CDK®6) plays an important role in tumor progression, and Yousuf and
colleagues found that ellagic acid has the highest binding affinity
with CDK6, which is an effective inhibitor of CDK6 and is expected to
be a new drug for cancer therapy [21]. In addition, we found that
ellipticine could reverse the pathological conditions of HCC through
the CMap database using the DEGs of HCC. We therefore reasoned
that Chebulae Fructus may have great potential in the clinical treat-
ment of HCC.

From TCMSP database, several potential therapeutic targets of
Ellipticine for the treatment of HCC were obtained, namely, PTGS2,
CYP1A2, CCNB1 and RASGRF1. Ellipticine Potential therapeutic tar-
gets. PTGS2 also known as COX-2, is found to be expressed in a vari-
ety of cancers, is closely related to tumor cell anti-apoptosis,
proliferation, angiogenesis, inflammation, invasion and metastasis,
and plays a multifaceted role in promoting tumorigenesis as well as
cancer cell tolerance to chemotherapy and radiotherapy [22]. Chen et
al. [23] also found that the inhibition of PTGS3 could regulate the
HCC cell apoptosis mediated by PINK1-PRKN. CYP1A2 promoter
region polymorphisms have been associated with cancer susceptibil-
ity in humans, and there has been evidence that they are associated
with lung cancer and bladder cancer susceptibility in Caucasians [24].
While Yu and colleagues found that CYP1A2 inhibits HCC by antago-
nizing HGF/MET signaling [25]. CCNB1 high expression accelerates
the progression of HCC. Gu and his colleagues discovered that knock-
down of CCNB1 by RNA interference significantly inhibits the migra-
tion, proliferation and invasion of HCC cells [26]. RASGRF1 is closely
related to glucose metabolism and has been found that it may be a
new oncogenic factor in lung cancer, while in mouse models, RASGRF1
deletion delays aging process in mice [27, 28]. In addition, the RWR
analysis yielded key genes closely affected by the target of Chebulae
Fructus, which included the adrenaline o« family gene ADRA2C,
ADRA2B, ADRA1D, ADRAI1A. It has been found that adrenal signaling in
cellular pathways can promote cancer development [29]. We specu-
lated that the epinephrine signaling pathway was inhibited by influ-
ence of effective chemical constituents of Chebulae Fructus, thus
hindering the progression of HCC. In this study, the active constituent
of Chebulae Fructus, ellipticine, mined by network pharmacology, is
closely related to cancer cell proliferation, migration, and invasion. In
addition, CYP1A2 was identified as the potential therapeutic target of
HCC. These results indicate that the potential therapeutic target of Che-
bulae Fructus is of great significance to the treatment of HCC.
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Fig. 2. Network of Chebulae Fructus and active constituents in the treatment of HCC A: PPI network of DEGs in HCC. B: Venn diagram showing potential targets of Chebulae
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tial target genes of Chebulae Fructus for the treatment of HCC; Gene color from deep to light represents affinity coefficients from high to low.

Finally, we performed enrichment analysis of the key genes
involved in the treatment of HCC by Chebulae Fructus, and the results
of KEGG enrichment analysis showed that these target genes were
mainly involved in the cAMP signaling pathway and Ras signaling
pathway. cAMP is one of the first identified and most versatile second
messengers, and it is involved in different cellular responses to

extracellular signals. cAMP signaling pathway exhibits anticancer
effects through PKA independent pathway, which induces mesenchy-
mal to epithelial cell transition, inhibits cancer cell growth and
migration, and enhances body sensitivity to traditional anti-tumor
drugs [30]. The RAS is the driver of the second largest mutated gene
in human cancer, and its function is to switch the extracellular
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environment into an intracellular signal transduction cascade. RAS
mutant proteins regulate tumor cell proliferation, apoptosis, metabo-
lism, and angiogenesis through downstream MAPK, PI3K, and other
signaling pathways [31]. These two signaling pathways play an
important role in targeted cancer therapy. Overall, the targets we
mined may inhibit HCC cell metastasis and invasion through cAMP
signaling pathway and RAS signaling pathway under the induction of
major components of Chebulae Fructus.

However, this study has two shortcomings. First, it is a bioinfor-
matics-based study. Although wet experiments were introduced,
contents related to it were inadequate. And other experiments are
still needed to verify the effect of Chebulae Fructus on HCC later. Sec-
ondly, several active ingredients and potential targets of Chebulae
Fructus were obtained by using network pharmacology screening,
but only the efficacy of ellipticine was validated in this study. And the
effects of other ingredients on HCC cells are not yet known. It is still
of great necessity to verify the mechanism of Chebulae Fructus in the
treatment of HCC in combination with cell experiments and animal
experiments.

5. Conclusions

In this study, we employed network pharmacology to reveal the
validation active constituents of Chebulae Fructus as well as the
potential targets of the treatment of HCC were mined successfully.
And the key genes for treating HCC were also obtained through PPI

network and RWR analysis. Then a drug-active constituent-gene
interaction network was constructed. Herein, the mechanism of Che-
bulae Fructus on HCC was only in the early phases of exploration, and
there are few studies on the application of Chebulae Fructus in HCC
treatment. Besides, the anticancer mechanism of the active ingre-
dients in Chebulae Fructus remains to be further discovered. Our
study found that ellipticine had a significant inhibitory effect on the
viability of HCC cells. However, since ellipticine has certain toxic side
effects, the construction of ellipticine derivatives will be better
employed for cancer therapy if ellipticine is used as a lead compound.
Based on the conclusions drawn from our study, Chebulae Fructus
has the potential to be used as an adjuvant therapy for HCC.
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