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Abstract

BACKGROUND

Heat-clearing and detoxifying drugs has protective effect on colorectal cancer (CRC).
Given the complicated features of Traditional Chinese medicine (TCM) formulas,
network pharmacology is an effective approach for studying the multiple interactions

between drugs and diseases.

AIM
To systematically explore the anticancer mechanism of heat-clearing and detoxifying

drug JC724.

METHODS

This study obtained the active compounds and their targets in JC724 from raditional
Chinese Medicine System Pharmacology Database. In addition, the CRC targets were
obtained from Drugbank, TTD, DisGeNET and GeneCards databases. We performed

transcriptome analysis of differentially expressed genes in CRC treated with JC724.
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Venn diagram was used to screen the JC724-CRC intersection targets as candidate
targets. Core targets were selected by protein-protein interaction network and herb
ingredient-target-disease network analysis. The functional and pathway of core targets

were analysed by enrichment analysis.

RESULTS

We found 174 active ingredients and 283 compound targets from JC724. 940 CRC-
related targets were reserved from the four databases and 304 CRC differentially
expressed genes were obtained by transcriptome analysis. We constructed the network
and found that the five core ingredients were quercetin,  Beta sitosterol, wogonin,
kaempferol and baicalein. The core JC724-CRC targets were CYP1A1, HMOX1, CXCLS,
NQO1 and FOSLI1. JC724 acts on multiple signaling pathways associated with CRC,
including the Nrf2 signaling pathway, oxidative stress, and the IL-17 signaling
pathway.

CCEICLUSION
In this study, we systematically analyzed the active ingredients, core targets and main
mechanisms of JC724 in the treatment of CRC. This study could bring a new perspective

to the heat-clearing and detoxifying therapy of CRC.
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Core Tip: We analyzed the core drug ingredients, genes and pathways of heat-clearing

and detoxifying drug JC724 on the treatment of colorectal cancer (CRC), and illustrated
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the potential mechanisms comprehensively. We revealed that heat-clearing and

detoxifying treatment can inhibit oxidative damage and inflammatory damage in CRC.

INTRODUCTION

Colorectal cancer (CRC) has a high jncidence and mortality, which seriously threatens
human health. Traditional Chinese medicine (TCM) believes that the pathogenesis of
colorectal cancer is the imbalance of Yin and Yang, which makes the heat toxins
accumulate in the intestinal and eventually leads to tumour occurrence. Heat-clearing
and detoxifying therapy has a history of more than 2000 years since it was first recorded
in Huangdi Neijing. It can eliminate heat toxins and is t ost frequently used TCM
method (39.59%) for the treatment of colorectal cancer!!l. Huangqin decoction (HQD) ,
originally recorded in Shang Han Lun, is a classic heat-clearing and detoxifying formula
of four herbs, which has been used for the treatment of gastrointestinal diseases for
nearly 1800 yearsl2l. HQD is composed of Huangqin (Scutellaria baicalensis Georgi),
Gancao (Licorice), Baishao (Radix Paeoniae Alba), Dazao (Jujube), which exert multiple
anticancer effects. Based on our previous research, we added Baihuasheshecao
(Hedyotis diffusa) and Banzhilian (Scutellaria barbata) on the basis of HQD to improve
the anticancer effectl3l. The new heat-clearing and detoxifying drug is called JC724. Pre-
clinical trials have shown that JC724 combined with 5-fluorouracil in the treatment of
advanced cancer patients could obtain better curative effect and reduce the toxicity of 5-
fluorouracill®4. However, the potential mechanism of the anticancer effect of heat-
clearing and detoxifying drugs remains unknown. Therefore, further research is needed
to determine the targets interacting with heat-clearing and detoxifying drug JC724 and
elucidate its underlying mechanism in CRC treatment.

The function features of TCM are multi-ingredients, multi-targets and multi-
pathways. Given the complicated features of TCM formulas, network pharmacology is
an effective approach for studying the multiple interactions between drugs and
diseases. It offers computational techniques to explore the treatment targets of drugs,

which is more effective than experimental approaches. The interaction of drug targets
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and disease targets collected from the public databases may reveal many targets that are
not the most critical. However, combined with transcriptional analysis, the core key
ﬁgets of drug-disease can be found more comprehensively and accurately>®l. In this
study, we used network pharmacology and transcriptional analysis to analyze the
effectively active ingredients, potential targets, and core mechanisms of JC724 anti-
cancer therapy. This can more accurately guide the next research direction and bring

new perspective to heat-clearing and detoxifying drug in anti-cancer treatment.

MATERIALS AND METHODS

ﬁompositive components and compound targets in JC724
Pharmacology platform database named Traditional Chinese Medicine System
Pharmacology Database (TCMSP) (website: https://tcmspw.com/tcmsp.php) was used
to collect the components of JC72417l. The ADME screening criteria of active compounds
ere drug-likeness (DL) 2 0.18, oral bioavailability (OB) = 30%, and half-life (HL) = 4 h.
The TCMSP was also used to identify targets of each active ingredient. We eliminated
the duplicate data and retained the human targets. Subsequently, the Universal Protein
Resource (Uniport, website: https:/ /www.uniprot.org/) was utilized to standardize all

the targets into consistent terms.

Collection of CRC-related targets from databases

We collected CRC-related targets from the following databases: DisGeNET
(http:/ /www.disgenet.org/), Drugbank (https://www. drugbank.ca)) TID
(http:/ /db.idrblab.net/ttd/), and GeneCards (https://www.genecards.org). The

retrieval results were merged, and the duplicate data had been eliminated.

Collection of CRC-related targets by transcriptome analysis
Human colorectal cancer cell line HCT116 cells are widely used in the study of heat-
clearing and detoxifying drugs against colorectal cancer and have better effect than

other cell linesB-12. In this study, HCT116 cells were obtained from the Central
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boratory of Beijing Shijitan Hospital (Beijing, China), and the cells were cultured in
Roswell Park Memorial Institute (RPMI) 1640 medium (Gibco, Grand Island, United
States) added with 10% fetal bovine serum (Gibco, Australia Origin) and 1%
penicillin/streptomycin (Gibco, United States). HCT116 cells were cultured ina 5% CO2
humidifiedﬁcubator at 37 C.

HCT116 cells were seeded at a density of 1 x 10° cells/well in 6-well plates. After
growing to 80% confluence, cells were treated with JC724 for 24h, while the untreated
cells were considered as the control group. The drug extraction and concentration of
JC724 in this study were determined according to our preliminary experimental
results(3l.

RNA-seq difference analysis Gene sequencing was condugted by Wuhan Huada
Genoin Biotechnology Co., Ltd. After removing adapter or poly-N and low-quality
reads, clean reads were used for the downstream analysis. Mean FPKM was utilized to
screen the differential gene. The significant difference genes with the absolute value of

log2foldchange (log2FC) > 1 were selected as CRC targets.

Candidate targets of JC724 and CRC
We plotted and visualized a Venn diagram of the JC724-CRC targets by using an online
resource (https:/ /bioinfogp.cnb.csic.es/tools/venny/index.html). The overlapped

targets were regarded as correlative targets between JC724 and CRC.

Construction of JC724-CRC targets interaction nefwork

The STRING database was used to integrate biomolecular interactions between various
proteﬁ, including physical and functional interactions!'®. Candidate targets were put
into the STRING database Version 11.0 (https:// string-db.org/) to acquire the
interactions information between the candidate targets of JC724 and CRC. Protein-
protein interaction (PPI) network analysis with interaction score > 0.4 as medium

confidence and “Homo sapiens’ were selected.
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Cytoscape 3.8.0 software can visualize the interaction networks of candidate
targetsl14l. We analyzad core genes of PPI network by MCODE and CytoHubba plugins
of Cytoscape 3.8.0. The parameters of CytoHubba were core genes = top 10 nodes
ranked by degree, maximal clique centrality (MCC) and imum neighborhood
component (MNC) . And we set the parameters of MCODE as node score cut off = 0.2,
degree cut off = 2, K-score = 2 and Max depth = 100. The results were analyzed to get

overlapping genes(core genes).

Functional and pathway enrichment analysis

The Database for Enrichr (https:/ /maayanlab.cloud/Enrichr/) uniquely integrates the
comprehensive information of gene sets of many well-known projects. The platform can
compute gene set enrichment and visualize in a variety of interactive waysl'*l. We used
the Enrichr Database for GO enrichment analysis, KE pathway analysis and Wiki
pathway analysis. The results of Enriched GO terms are divided into molecular function
(MEF), cellular component (CC), and biological process (BP). The analysed pathway with
P < 0.05 is statistically significant.

RESULTS

Compositive components and compound targets in JC724

A total of 232 active herbal ingredients and 7812 compound targets of JC724 were
identified from the TCMSP. Supplementary Table 1 showed 174 active herbal

ingredients and 283 compound targets retained after removing duplicate data.

Identification of CRC targets -

85, 112, 422, and 451 CRC targets were obtained from Drugbank, DisGeNET, TTD, and
GeneCards, respectively. After deduplication, a total of 940 CRC related targets were
retained. Transcriptomic results showed that there were 5289 differentially expressed

genes. According to |log2FC| = 1, a total of 304 genes were significantly differentially
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expressed. Combined with database and transcriptomics, there were 1046 CRC related

targets.

éandidate targets of JC724 and CRC

We intersected the potential targets of ingredients and CRC through Venn diagram. A
total of 120 intersecting targets were obtained from JC724 targets and databases, and 18
intersecting targets were obtained from JC724 targets and transcriptomics. After
screening and verification, 13 overlapped targets were selected as the candidate targets
(Figure 1). They were MGAM, CYP1A1. HMOX1, CXCL8, NQO1, FOSL1, ABAT,
NOX5, F10, PDE3A, GJA1, ACP3 and HTR3A. The results suggest that JC724 may exert

anticancer effects on CRC through these 13 genes.

Construction of JC724-CRC targets interaction nefwork

The interactions of targets in PPI network is represented by nodes and edges. The result
showed that PPI network had 13 nodes and 24 edges, and the characteristics of the
specific network topology were calculated (Figure 2A). The active ingredients and
potential targets were imported into Cytoscape software for network construction
(Figure 2B). Combining the results of CytoHubba and MCODE, we found that CYP1A1,
HMOX1, CXCL8, NQO1, FOSL1 were core genes (Supplementary Figure 1). The active
ingredients were screened according to the degree value greater than 2 times the
median, we found that quercetin, 3 Beta sitosterol, wogonin, kaempferol and baicalein
can be connected with more than 5 targets. The nodes of these active ingredients had
more edges connected with other nodes, and their degree values were higher.
Therefore, these 5 active ingredients may be the core ingredients of JC724.

Functional and pathway enrichment analysis

BP analysis indicated that the core targets were significantly enriched in cellular
response to oxidative stress, cell Holiferation, vasculature development, gamma-

aminobutyric acid metabolic process and so forth (Figure 3A). MF analysis showed that
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the core targets were enriched in heme binding, serotonin-gated cation-selective
channel activity, gap junction channel actjvity, glutathione transmembrane transporter
activity and the like (Figure 3A). CC analysis revealed that the core targets were
remarkably enriched in endoplasmic reticulum membrane, secggtory granule
membrane, connexin complex and so forth (Figure 3A). The analysis of KEGG pathway
showed that the core targets were significantly enriched in the regulation of IL-17
signaling pathway, pathways in cancer, lipid and atherosclerosis and so on (Figure 3B).
Wiki pathway analysis pointed out that the core targets were significantly enriched in
oxidative stress, phytochemical activity on Nrf2 transcriptional activation, Nrf2-ARE
regulation, Aryl Hydrocarbon Receptor Pathway, IL-10 Anti-inflammatory Signaling
Pathway and so on (Figure 3C). The results showed that JC724 can treat CRC mainly
through NRF signal pathway and IL-17 signal pathway, which can regulate
inflammation and oxidative stress. In addition, JC724 can regulate cell proliferation,

angiogenesis and metabolic reprogramming.

DISCUSSION

TCM compound has many components, which are characterized by wide coverage, low
side effects, and can regulate the body's metabolism and microenvironment through
multiple channels and targets, so it has natural_therapeutic advantages. Most of the
Chinese medicines with direct anti-cancer effects recorded in the Pharmacopoeia of the
People's Republic of China are heat-clearing and detoxifying drugsl'®l. Heat-clearing
and detoxifying drugs have the functions of clearing ‘heat evil’ and “cancer toxin'. In
TCM theory, heat evil is an invisible pathogenic gi that accumulates in the viscera,
blocking the meridians, leading to fever and other manifestations. Cancer toxins can be
divided into exogenous poisons such as environment and virus, and endogenous
poisons produced by the body such as inflammatory factors and ROS. Cancer toxins
have the characteristics of invisibility, destructiveness, intractability, etc. They damage
organs, consumes nutrients, and drive the occurrence and development of cancer. The

JC724 used in this study is a modified Huangqging decoction. Huangqgin Decoction
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(HQD) is a traditional Chinese medicine formula recorded in Shanghan Lun, which is
often used to treat gastrointestinal diseases. HQD can prevent CRC possibly by
preventing oxidative stress induced cellular damage and inhibiting inflammationl'7].
Furthermore, HQD can enhance the antitumor effect of chemotherapy agents and
reduce the GI toxicityl8]. The mechanisms of HQD include increasing the nuclear
expression of Nrf2 to protect antioxidant!’! and inhibiting inflammation through a
variety of a variety of inflammation related signaling pathways[21.2l. We added heat-
clearing and detoxifying drug Hedyotis diffusa and Scutellaria barbata to HQD to
enhance the anticancer effect. They were the core couplet drugs of anti-inflammation
and anticancer treatments in Chinal®l. The anti-colorectal cancer mechanism of
Hedyotis diffusa is mainly achieved by attenuating the migration and tube formation
abilities, inhibiting angiogenesis, enhancing immune function, reducing ROS to protect
antioxidant and indu&'ng tumor cell apoptosis10242, Scutellaria barbata can treat
colorectal cancer by inducing tumor cell apoptosis, inhibiting tumor cell growth,
inhibiting angiogenesis, inhibiting migration and invasion and regulating immunity(26-
3] In a word, they have the same functions of inducing apoptosis, enhancing cellular
immunity and protecting antioxidants. They also have their own unique functions,
making them play a comprehensive role in TCM.

In our study, the important active ingredients of JC724 are quercetin, beta-sitosterol,
wogonin, kaempferol and baicalein. Quercetin and kaempferol are flavonoids, which
have the functions of reducing resistance of antibiotics and chemotherapeutics,
detoxification of xenobiotics, anti-inflammatory and regulating tumour proliferation
signaling pathways, efc. In addition, they can be used as antioxidants to prevent DNA
damage and enhance DNA repair by scavenging reactive oxygen radicals/?’l. Quercetin
is responsible for increasing in Ca2* production, cytochrome C, reducing mitochondrial
membrane, and promoting the apoptosis of cancer cells®l. Kaempferol can also activate
caspase-3 and other apoptosis-inducing factors to promote apoptosisPll. Furthermore, it
was demonstrated that quercetin and kaempferol can reduce the activity of matrix

metalloproteinase (MMP) by inhibiting the ERK signaling pathway, thereby reducing
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the invasion and metastasis of cancer cellsl*233. Baicalein and wogonin are compounds
extracted from Scutellaria baicalensis. They are flavonoids and have anti-cancer
effectsl’®. They can effectively relieve inflammation via activate PPARy and
downregulate the NF-xB/MAPK signaling pathwayl®l. In addition, baicalein and
wogonin can regulate the expression of Bax, Bad and other apoptotic factors through
PI3K/Akt and STAT3 signaling pathways, therefore they induce apoptosis and
autophagy to inhibit cancer cell proliferation[3>3]. Moreover, they act as antioxidants to
clear superoxide radical by inhibiting xanthine oxidasel*’l. B-Sitosterol has anti-cancer
effects, which can induce mitochondrial mediated apoptotic cell death, inhibit the
inflammatory reaction and protect DNA from oxidative damagel339. In summary, the
mechanism of these important active ingredients is mainly through anti-inflammatory,
anti-oxidative stress and promoting apoptosis.

In our study, the CRC-related targets were not only from the transcriptome of
HCT116 cells, but also from databases, so we can more comprehensively elucidated the
anti-cancer mechanism. After screening and verification, we found that CYPI1AI,
HMOX1, CXCL8, NQO1 and FOSL1 were the core genes. NQO1 is a flavin adenine
dinucleotide-dependent flavoprotein, which promotes the two-electron reduction of
quinone-like compoundsl®l, NQO1 has an antioxidative stress effect in cellular defense
by activat'ﬁ the Nrf2/NQO1 signaling pathway!*!l. In addition, NQO1 can play an
important role in mediating the anti-inflammatory effect by regulating AMPK signaling
pathwaysl2. HMOX]1 is a stress-inducing enzyme, which can catalyze the degradation
of heme to iron, carbon monoxide and biliverdin/43l. It can reduce oxidative stress
damage by ERK/Nrf2 pathway and eliminate toxic intracellular hemel*l. Tt can also
generate carbon monoxide and activate the PPP3-TFEB signal axis through IFNG to
induce autophagyl*’l. CYP1Al is a subtype of the cytochrome P450 family. It can
catalyze the activation of polycyclic aromatic hydrocarbons such as benzo[a]pyrene,
which is transcriptionally regulated by the AhR/ARNT complex/4l. These reactive
metabolites can induce mutagenic DNA adducts and lead to cancerl¥l. CXCLS8 is a

pivotal chemokine secreted by tumor-associated macrophages, which can regulate
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epithelial mesenchymal transition, cancer migration and ingasion ability through
PI3K/Akt/NF-xB pathwayl84l. CXCL8 can inhibits CDS8T cells function through
inducing the expression of PD-L1 on macrophages!®l. Furthermore, CXCL8 can also
participate in the activation and transport of inflammatory mediators through the
CXCL8-CXCR1/2 signaling axisl®'l. FOSL1 serves as the dominant activating protein 1
family member, can promote tumorigenesis in CRC through the FBXL2/Wnt/ p-catenin
axis 1521, Furthermore, FOSL1 can regulate inflammation through TCF7/FOL1/MMP9
axis [3l. Therefore, the main functions of these five core genes are antioxidant stress,
anti-inflammatory and detoxification. The Nrf2 signaling pathway can regulate the
oxidative stress function by downstream NQO1 and HMOX1 in CRCI3. Nrf2 signaling
pathway can also regulate CYP1A15%l, CYP1A1 can form a stable complex with HMOX1
to play physiological functionl®l. Wiki enrichment analysis showed that the Nrf2
pathway can regulate oxidative stress, which is a key pathway for JC724 to treat CRC.
In addition, CXCL8 and FOSL1 regulate inflammation through the IL-17 signaling
pathwayl5758l. The IL-17 signaling pathway is the most significant pathway in our
KEGG enrichment analysis, and it is also the key pathway of JC724 in the treatment of
CRC. Therefore, the heat-clearing and detoxifying drug JC724 plays an anti-cancer effect
mainly through the Nrf2 signaling pathway, IL-17 signaling pathway and the key

regulatory genes.

CONCLUSION

In conclusion, the analysis results of the core drug components, genes and pathways
provide a reference for the further research on specific mechanisms of TCM therapy on
CRC. The results showed that the anticancer mechanism of heat-clearing and
detoxifying drugs is anti-oxidative stress, anti-inflammatory and detoxification. Based
on the theory of traditional Chinese medicine, we speculated that the heat toxin in
Chinese medicine refers to reactive oxygen species, inflammatory factors and toxins, etc.
Heat-clearing and detoxifying treatment can inhibit oxidative damage and

inflammatory damage by clearing heat toxin, thus inhibiting the development of CRC.
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The complicated features of TCM and active ingredients are multi-targets and multi-
pathways. Therefore, the mechanism of JC724 against colorectal cancer may not be
specific, which needs further experiments to prove. However, network pharmacology
research has its own limitations. First, network pharmacology ignores drug dosage, and
different doses of different components in TCM may have different comprehensive
therapeutic effects. In addition, network pharmacology cannot elucidate the possible
new compounds in the process of drug decoction and the metabolism in the human
body. Furthermore, another limitation is the high falshpositive rate of network
pharmacology. However, network pharmacology saves the scientific research resources,
helps researchers effectively screen drug components and core targets, and provides
direction for subsequent mechanism validation. In the future, it is necessary to optimize
the technology of drug screening and verify the effect of JC724 on CRC treatment at the
molecular level. We hope that our study can provide a new perspective to the anti-
cancer mechanism of heat-clearing and detoxifying therapy, and bring new drugs for

the treatment of CRC.

ARTICLE HIGHLIGHTS

Research background
Heat clearing and detoxification drugs are commonly used in traditional Chinese

medicine to treat colorectal cancer, but the mechanism is not clear.

esearch motivation
We hope that our study can provide a new perspective to the anti-cancer mechanism of

heat-clearing and detoxifying therapy, and bring new drugs for the treatment of CRC.
Research objectives

This study aims to systematically explore the anticancer mechanism of heat clearing and

detoxifying drug JC724.
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Research methods

We identified JC724 active components and targets by dataE:se, and then determined
CRC related targets through the database and transcriptome analysis. We used network
pharmacology to analyze the active herbal ingredients, core targets and main

mechanisms of JC724 in the treatment of CRC.

Resegrch results

We found that the five ingredients with the most targets were quercetin, 3 Beta
sitosterol, wogonin, kaempferol and baicalein, which were the core ingredients. The
core JC724-CRC targets were CYP1A1, HMOX1, CXCL8, NQO1 and FOSL1. JC724
mainly acts on CRC through Nrf2 signaling pathway, oxidative stress and IL-17
signaling pathway.

Research conclusions
This study systematically analyzed the mechanism of heat clearing and detoxification

drug JC724 in the treatment of CRC, providing direction for further experiments

Research perspectives
This study provides a new perspective on the anti-cancer mechanism of heat clearing
and detoxifying drug drugs. Combined with the theory of traditional Chinese medicine,

this study can provide direction for research and clinical treatment in the future.
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