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Abstract.

BACKGROUND: Colon cancer is the most prevalent and rapidly increasing malignancy globally. It has been suggested that
some of the ingredients in the herb pair of Coptidis Rhizoma and ginger (Zingiber officinale), a traditional Chinese medicine,
have potential anti-colon cancer properties.

OBJECTIVE: This study aimed to investigate the molecular mechanisms underlying the effects of the Coptidis Rhizoma-ginger
herb pair in treating colon cancer, using an integrated approach combining network pharmacology and molecular docking.
METHODS: The ingredients of the herb pair Coptidis Rhizoma-ginger, along with their corresponding protein targets, were
obtained from the Traditional Chinese Medicine System Pharmacology and Swiss Target Prediction databases. Target genes
associated with colon cancer were retrieved from the GeneCards and OMIM databases. Then, the protein targets of the active
ingredients in the herb pair were identified, and the disease-related overlapping targets were determined using the Venn online
tool. The protein-protein interaction (PPI) network was constructed using STRING database and analyzed using Cytoscape 3.9.1
to identify key targets. Then, a compound-target-disease-pathway network map was constructed. The intersecting target genes
were subjected to Gene Ontology (GO) enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses
for colon cancer treatment. Molecular docking was performed using the Molecular Operating Environment (MOE) software to
predict the binding affinity between the key targets and active compounds.

RESULTS: Besides 1922 disease-related targets, 630 targets associated with 20 potential active compounds of the herb pair
Coptidis Rhizoma-ginger were collected. Of these, 229 intersection targets were obtained. Forty key targets, including STAT3,
Aktl, SRC, and HSP90AA1, were further analyzed using the ClueGO plugin in Cytoscape. These targets are involved in
biological processes such as miRNA-mediated gene silencing, phosphatidylinositol 3-kinase (PI3K) signaling, and telomerase
activity. KEGG enrichment analysis showed that PI3K-Akt and hypoxia-inducible factor 1 (HIF-1) signaling pathways were
closely related to colon cancer prevention by the herb pair Coptidis Rhizoma-ginger. Ten genes (Aktl, TP53, STAT3, SRC,
HSP90AAL1, JAK2, CASP3, PTGS2, BCI2, and ESR1) were identified as key genes for validation through molecular docking
simulation.

CONCLUSIONS: This study demonstrated that the herb pair Coptidis Rhizoma-ginger exerted preventive effects against colon
cancer by targeting multiple genes, utilizing various active compounds, and modulating multiple pathways. These findings
might provide the basis for further investigations into the molecular mechanisms underlying the therapeutic effects of Coptidis
Rhizoma-ginger in colon cancer treatment, potentially leading to the development of novel drugs for combating this disease.
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1. Introduction

Colon cancer is the third most common malignant tumor globally. The incidence and mortality of colon
cancer continue to rise each year due to factors such as poor environmental conditions and unhealthy
lifestyles [1,2]. According to the American Cancer Society, approximately 149,500 newly cases of colon
cancer were diagnosed and about 52,980 deaths were attributed to the disease in 2021. In recent years, it
has been recognized that tumor prevention is one of the most promising approach to combating cancer. It
involves using natural or synthetic compounds to inhibit or reverse tumorigenesis. Therefore, the search
for low-toxicity and high-efficiency anticancer drugs has a broad application prospect and great practical
significance. In recent decades, the compounds extracted from traditional Chinese medicine (TCM)
for modern drug development have gained widespread attention. TCM has a long history of clinical
application in tumor prevention and treatment, characterized by low toxicity, minimal side effects, and
cost-effectiveness [3]. In addition, previous studies have reported herbal formulas as important therapeutic
strategies and a new avenue in cancer chemotherapy [4]. Herb pairs are the simplest and most fundamental
form of prescription therapy in TCM.

In TCM, Coptidis Rhizoma belongs to the buttercup family and consists of berberine, coptisine,
palmidin A, quercetin, and other compounds. Its main functions include clearing away heat, drying
up dampness, treating diarrhea, and detoxifying. It was also often prescribed to patients as one of the
significant ingredients in TCM composite formulas. Several clinical studies have shown that berberine
is safe and may reduce the risk of colorectal adenoma recurrence, making it a potential option for
chemoprevention after polypectomy [5,6]. Ginger (Zingiber officinale) is the rhizome of a perennial
herb from the ginger family, long used as both a spice and medicine in Asian countries [7]. The health-
promoting effects of ginger include gastrointestinal protection, immunomodulation, antilipidemic effects,
antimicrobial activity, and other beneficial biological effects. The ginger extract has been demonstrated to
be effective in preventing and treating cancer, attributed to compounds like 6-gingerol and 6-shogaol.
These compounds exhibit immunomodulatory, antioxidant, and anticancer activities. In vitro experiments
have demonstrated the anticancer activities of these compounds against gastrointestinal cancer. These
activities attributed to the ability of these compounds to modulate the functions of several signaling
molecules, such as STAT3, Akt, cyclooxygenase-2 (COX-2), Bcl-2, caspases, and other cell growth
regulatory proteins [8,9]. TCM is usually used in the form of compounded or paired medicines. It often
follows the principle of “sovereign-minister-assistant-envoy” (Jun-Chen-Zuo-Shi in Chinese) to achieve
comprehensive therapeutic effects via the combination of various herbs. The synergistic effects of TCM
can improve therapeutic efficacy or reduce toxicity [10,11]. However, a large number of compounds in the
herb pair Coptidis Rhizoma-ginger have multiple targets and mechanisms in treating diseases. Hence, the
combinatorial rules and roles of herb pairs in treating diseases remain to be elucidated. TCM and related
formulas treat diseases synergistically via multi-target, multi-ingredient, and multi-pathway mechanisms.

Therefore, combining biological networks with drug action networks is essential to make new dis-
coveries. Network pharmacology is a new paradigm that integrates the existing massive database of
bioinformatics and pharmacological analysis to elucidate the multi-compound and multi-target relation-
ships between various TCM herbs and reveal formulas for treating complicated diseases [12]. The Chinese
medicine Pulsatilla decoction has some therapeutic effects on colon cancer. “Monotherapy” refers to the
use of a single medicine to treat a disease. This study aimed to establish a drug-compound-disease-target-
pathway network to investigate the potential mechanisms of the herb pair Coptidis Rhizoma-ginger in
preventing colon cancer [13]. We used molecular docking to screen potential target genes, providing a
theoretical foundation for further investigations and reasonable clinical applications of the compounds
against colon cancer. The detailed workflow of the study design is shown in Fig. 1.
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Fig. 1. Detailed workflow of the study design.

2. Materials and methods
2.1. Collection of the active compounds

The Traditional Chinese Medicine System Pharmacology (TCMSP, http://tcmspw.com/tcmsp.php)
database includes 499 Chinese medicines registered in Chinese Pharmacopoeia, containing 29,384
ingredients, 3311 targets, 837 related diseases, and pharmacokinetics. TCMSP provides information on
the identification of the active ingredients, chemicals, and drug-target network, network of associated
diseases, and pharmacokinetic properties of natural compounds, including oral bioavailability (OB),
drug-likeness (DL), blood-brain barrier (BBB), drug similarity, and water solubility [14]. The TCMSP
platform was used to retrieve the active ingredients of Coptidis Rhizoma and ginger based on the criteria
of OB > 30% and DL > 0.18.
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A threshold of OB > 30% is often used as a screening criterion. The higher the value, the more likely
it is to result in therapeutic concentrations in the blood after oral administration, thereby increasing the
efficacy. The threshold of DL > 0.18 is based on the statistical analysis of known drugs and drug-like
compounds. The compounds with scores higher than this threshold are more likely to exhibit drug-like
properties and have a higher likelihood of success in drug development.

OB is defined as the rate and extent of absorption of the active moiety from the drug product. High OB
is often a key indicator in determining whether a bioactive molecule has pharmaceutical properties as
a therapeutic. DL is the relative amount and rate of absorption of an orally administered drug into the
body’s circulation. It is a qualitative property of a chemical widely used in drug discovery in an early
stage.

2.2. Screening for colon cancer-related genes

Using “colon tumor” or “colon cancer” as keywords, we searched the OMIM database (https://www.
omim.org/) and GeneCards database (https://www.genecards.org/). The GeneCards database was used to
screen targets with a relevance score > 15, and the two databases were merged to remove duplicates to
obtain the targets related to colon cancer

2.3. Clustering of Coptidis Rhizoma-ginger and colon cancer-related target genes

Subsequently, the protein targets of potential active ingredients of Coptidis Rhizoma and ginger were
collected through TCMSP. The UniProt (https://www.uniprot.org/) database was used to standardize the
names of protein targets to their official names, restricting the species to “Homo sapiens” Eventually, the
protein targets of the active ingredients were obtained and converted into gene symbols. The SMILES
representations of the active ingredients in Coptidis Rhizoma and ginger were molecularly analyzed using
Swiss Target Prediction (http://www.swisstargetprediction.ch/), and potential targets with a probability
> (.1 were screened to refine the targets of the active ingredients. The target genes were screened by
combining data from TCMSP and Swiss databases and removing duplicate target genes.

The target genes were intersected with colon cancerrelated genes using the Venn online tool
(https://jvenn.toulouse.inrae.fr/app/example.html). The resulting intersected genes were identified as
potential target genes for drugs that act on diseases [15].

2.4. Protein-protein interaction network

Protein-protein interaction (PPI) network is a network of proteins interacting with each other to
participate in vital processes. It is constructed for processes such as biological signaling, regulation of
gene expression, energy and material metabolism, cell cycle regulation, and co-localization of potential
target genes interacting with predicted genes [16]. The potential genes were imported to the STRING
database platform (https://string-db.org) to obtain PPI relationship. Cytoscape software, version 3.9.1,
was used for visualizing the PPI network [17]. The CytoNCA plugin was used to further analyze the
topology of this network based on the conditions of betweenness, closeness, and degree, which were
calculated to identify the key genes. The “degree” parameter represented the degree of the calculated
node, that is, the number of edges directly connected to the node. “Betweenness” indicated the mediating
role of a node in the shortest path of a network, whereas “closeness” indicated the average distance of a
node to other nodes.
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2.5. Construction of drug-compound-disease-target-pathway network

A visual network of drug-compound-disease-target-pathway was established through Cytoscape soft-
ware, version 3.9.1, to characterize the mechanism of action of the herb pair Coptidis Rhizoma-ginger
for preventing and treating colon cancer. In this network, each node of different colors and shapes
represented drugs, compounds, diseases, targets, or disease-related pathways, whereas edges represented
the associations between nodes.

2.6. Analysis of GO and KEGG pathway enrichment

The potential target genes were imported into the DAVID database (https://david.ncifcrf.gov/) for
analysis of biological function enrichment using Gene Ontology (GO) and pathway analysis using the
Kyoto Encyclopedia of Genes and Genomes (KEGG). GO functionally annotated the key genes into
three main categories: cellular component (CC), molecular function (MF), and biological process (BP).
Besides, the enrichment of BPs for key genes was further analyzed using Cytoscape’s ClueGO plugin.
Moreover, bubble charts for GO and KEGG enrichment analysis were generated using the bioinformatics
platform (http://www.bioinformatics.com.cn/) with a filtering condition set at P < 0.01.

2.7. Evaluation of binding capacity of active ingredients to key genes using molecular docking

Ten key genes were selected as the core receptor proteins. The names of proteins were entered into
the PDB database (http://www.rcsb.org/pdb/), with the species set to “Homo sapiens” to obtain highly
selective 3D target protein structures. The receptor proteins were imported to MOE software, and then
the water and original ligand molecules were removed. Before molecular docking, the “QuickPrep”
function was used to pre-process the receptor protein structure. The QuickPrep panel provided information
such as structural problem corrections, protonation, deletion of unbound water molecules, and energy
optimization. The screened active compounds were prepared using ‘“Prepare Ligands” for molecular
docking, which were downloaded from the PubChem database. It is generally accepted that a binding
energy of <-5.0 kcal/mol (1 cal = 4.4 J) indicates strong binding of the compound to the protein receptor.
The lower the binding energy, the more stable the binding of the ligand to the receptor, which is used to
initially evaluate the binding activity of the compound to the target.

3. Results
3.1. Active ingredient and potential genes associated with colon cancer

A total of 313 active ingredients of the herb pair Coptidis Rhizoma-ginger were searched and collected
in the TCMSP database, and 20 potential active compounds were identified to establish the database using
OB > 30% and DL > 0.18 as the virtual screening conditions (Table 1). Further, 6-gingerol, which is an
active ingredient with a high content in ginger, was also included, although its DL was 0.16.

A total of 196 protein targets for the active ingredients of 2 herbs, denoted by a set s1, were obtained
from the TCMSP database, and 515 target genes, denoted by a set sy, were obtained from the Swiss
Target Prediction database. The union of 2 sets s; U s3 = s, which included 630 targets interacting with
the active ingredients (Table S1. Due to space constraints, S1 is not provided here. If you need to refer to
the data in the table, please contact the corresponding author to request it. S2 is treated similarly.). In the
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Table 1
Characterization of the active ingredients of the herb pair Coptidis Rhizoma-ginger
D Ingredient Weight OB DL
MOLO001454 Berberine 336.39 36.86 0.78
MOLO013352 Obacunone 454.56 43.29 0.77
MOL002894 Berberrubine 322.36 35.74 0.73
MOL002897 Epiberberine 336.39 43.09 0.78
MOL002903 (R)-Canadine 339.42 55.37 0.77
MOL002904 Berlambine 351.38 36.68 0.82
MOL002907 Corchoroside A_qt 404.55 104.95 0.78
MOL000622 Magnograndiolide 266.37 63.71 0.19
MOL000762 Palmidin A 510.52 35.36 0.65
MOLO000785 Palmatine 352.44 64.60 0.65
MOLO000098 Quercetin 302.25 46.43 0.28
MOLO001458 Coptisine 320.34 30.67 0.86
MOLO002668 Worenine 334.37 45.83 0.87
MOL008647 Moupinamide 313.38 86.71 0.26
MOLO000358 Beta-sitosterol 414.79 36.91 0.75
MOLO006129 6-Methylgingediacetate2 394.56 48.73 0.32
MOLO000449 Stigmasterol 412.77 43.83 0.76
MOLO001771 Poriferast-5-en-3beta-ol 414.79 36.91 0.75
MOL008698 Dihydrocapsaicin 307.48 47.07 0.19
MOLO002467 6-gingerol 294.43 35.64 0.16

DL, Drug-likeness; OB, oral bioavailability.

same way, 2026 (duplicates not deleted) genes from the GeneCards database with a relevance score >15
formed set d; and 822 genes (with duplicates removed) from the OMIM database formed set do. A set d
was generated from the union of the 2 databases, d; U do = d, which yielded 1922 colon cancer-related
genes (Table S2).

The sets d and s were intersected using Venny software to obtain 229 intersecting genes (Fig. 2A), also
known as potential genes, which were further investigated for the mechanism of Coptidis Rhizoma-ginger
in treating colon cancer.

3.2. PPI network analysis

Subsequently, 229 potential genes were imported into the STRING database to obtain the PPI net-
work (Fig. 2B), and the species was restricted to “Homo sapiens” with interaction score >0.7. Further
topological analysis of the PPI network used the CentiScape2.2 plugin involving the three parameters of
“degree,” “betweenness,” and “closeness.” The genes with higher values of the three parameters (above
the median value) were screened as key genes of the herb pair Coptidis Rhizoma-ginger for treating colon
cancer. Finally, 40 key genes were collected (Table 2). The top 30 genes (including 31 genes) of PPI
network were identified and listed using the Matplotlib package in Python language (Fig. 2C). These
key genes included signal transducer and activator of transcription 3 (STAT3), serine/threonine-protein
kinase Akt (AK1), cellular tumor antigen p53 (TP53), heat-shock protein HSP 90-alpha (HSP90AAT1),
tyrosine-protein kinase JAK2 (JAK?2), and apoptosis regulator Bcl-2 (HSP9OAA1 BCL2).

Cytoscape’s plugin MCDE was used to further analyze the PPI network (Fig. 2B), which consisted of
225 nodes and 2555 interaction edges, with 4 unconnected nodes deleted. In addition, the top three PPI
cluster networks were established (Fig. 3A—C). Genes STAT?3, IL6, Aktl, TNF, TP53, JUN, ILB1, and
Aktl were as the core genes of the first cluster network (31 nodes and 337 edges). MYC and HSP9OAA1
were the core genes of the second cluster network (31 nodes and 149 edges), whereas the third cluster
network (26 nodes and 93 edges) had SRC and PIK3CA as the core genes.
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Fig. 2. Potential target genes and PPI network map of the herb pair Coptidis Rhizoma-ginger for treating colon cancer.

3.3. Drug-compound-disease-target-pathway

The network of drug-compound-disease-target-pathway is shown in Fig. 4, including 272 nodes (20
compounds, 229 target genes, 20 pathways, 2 drugs, and 1 disease) and 311 edges. The yellow prismatic
nodes indicated the Chinese herbs Coptidis Rhizoma and ginger. The blue rectangles indicated colon
cancer, and the V nodes indicated the 20 significant signaling pathways (the top of 20 pathways in Fig. 4).
The purple rectangular nodes indicated the 229 candidate targets, the blue elliptical nodes represented
the 20 potential active compounds, and the connecting lines represented interactions. According to the
network analysis, compounds from the herb pair Coptidis Rhizoma-ginger acted on at least one target
gene, with quercetin (MOL000098) and 6-gingerol (MOL002467) considered as the most important
and effective compounds interacting with 133 target genes. Furthermore, most of the target genes
were regulated by at least two active compounds and four genes potentially involved in each pathway
associated with colon cancer. The network analysis showed that the herb pair Coptidis Rhizoma-ginger
had multi-compound and multi-target therapeutic characteristics against colon cancer.

3.4. GO enrichment analysis

A total of 229 potential genes were obtained from GO and KEGG enrichment analysis (P < 0.01)
to further investigate the mechanism underlying the anti-colon cancer effect of the herb pair Coptidis
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Table 2
Key targets of the herb pair Coptidis Rhizoma-ginger for treating colon cancer and the topological parameters

Uniprot ID  Gene symbol  Target name Degree  Betweenness Closeness
P40763 STAT3 Signal transducer and activator of transcription 3 87 0.038358384  0.587926509
P04626 ERBB2 Receptor protein-tyrosine kinase erbB-2 56 0.034872241  0.549019608
P00519 ABL1 Tyrosine-protein kinase ABL 24 0.016354688  0.468619247
P28482 MAPK1 MAP kinase ERK2 49 0.011382439  0.527058824
P24385 CCND1 G1/S-specific cyclin-D1 62 0.020038187  0.55308642
P42336 PIK3CA PI3-kinase p110-alpha subunit 54 0.010057476  0.520930233
P04637 TP53 Cellular tumor antigen p53 109 0.088584691  0.629213483
P00533 EGFR Epidermal growth factor receptor erbB 1 88 0.058201474  0.602150538
P07900 HSPO90AAL1 Heat-shock protein HSP 90-alpha 76 0.035989073  0.574358974
P05412 JUN Transcription factor AP-1 69 0.021902088  0.572890026
Q13950 RUNX2 Runt-related transcription factor 2 31 0.006606961  0.496674058
P01106 MYC Myc proto-oncogene protein 77 0.033856568  0.571428571
P27986 PIK3R1 PI3-kinase p85-alpha subunit 51 0.012591612  0.516129032
P35222 CTNNB1 Axinl/beta-catenin 86 0.048210833  0.591029024
P01133 EGF Pro-epidermal growth factor 57 0.020019528  0.538461538
P01375 TNF TNF-alpha 68 0.029664049  0.554455446
P03372 ESR1 Estrogen receptor alpha 62 0.050590907  0.56
P31749 Aktl Serine/threonine-protein kinase Akt 90 0.043940933  0.595744681
P13500 CCL2 C-C motif chemokine 2 44 0.010335114  0.496674058
P27361 MAPK3 MAP kinase ERK1 56 0.018673085  0.535885167
Q09472 EP300 Histone acetyltransferase p300 47 0.007116727 0.518518519
P01584 IL1B Interleukin-1 beta 67 0.027188709  0.554455446
P37231 PPARG Peroxisome proliferator-activated receptor 37 0.01284196  0.511415525

gamma
P10721 KIT Stem cell growth factor receptor 24 0.008596561  0.476595745
P10145 CXCLS8 Interleukin-8 47 0.010735048  0.513761468
P42574 CASP3 Caspase-3 63 0.016300855 0.537170264
Q03135 CAV1 Caveolin-1 35 0.011551564  0.507936508
Q05397 PTK2 Focal adhesion kinase 1 35 0.007114828  0.494481236
P42224 STAT1 Signal transducer and activator of transcription 54 0.007898369  0.533333333

1-alpha/beta
P35354 PTGS2 Cyclooxygenase-2 44 0.030673592  0.525821596
P60484 PTEN Phosphatidylinositol-3,4,5-trisphosphate 66 0.022175915  0.549019608

3-phosphatase and dual-specificity protein

phosphatase PTEN
P14780 MMP9 Matrix metalloproteinase 9 53 0.015857026  0.533333333
P12931 SRC Tyrosine-protein kinase SRC 77 0.045362234  0.574358974
P10275 AR Androgen receptor 32 0.010946326  0.497777778
060674 JAK2 Tyrosine-protein kinase JAK2 46 0.006304914  0.512585812
P45983 MAPKS c-Jun N-terminal kinase 1 35 0.006357242  0.50678733
P10415 BCL2 Apoptosis regulator Bcl-2 65 0.019562525  0.55308642
P05231 IL6 Interleukin-6 80 0.046656831  0.57881137
Q16665 HIF1A Hypoxia-inducible factor 1-alpha 67 0.023429357  0.55721393
P17612 PRKACA cAMP-dependent protein kinase alpha-catalytic 31 0.011280685 0.474576271

subunit

Rhizoma-ginger. The top 10 genes were picked from the data of BPs, CCs, and MFs for visual analysis
(Fig. 5A). The results indicated that the negative regulation of apoptotic process GO:0043066, cytosol
G0:0005829, and transmembrane receptor protein-tyrosine kinase activity GO:0004714 ranked highest
in the BP, CC, and MF analyses, respectively. In addition, the 40 key genes were further analyzed using
the ClueGO plugin in Cytoscape. We found that the main associations of the BP analysis were regulation
of miRNA-mediated gene silencing, phosphatidylinositol 3-kinase signaling, and phosphatidylinositol-3-
kinase (PI3K) telomerase activity (Fig. SB). Robinson pointed out that the expression of miRNA-mediated
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genes and PI3K signaling was related to cancer. Telomerase exhibited the modulation of cancer cell
growth through direct involvement in the regulation of gene expression. As a result, telomerase has been
a major target for developing effective anticancer therapies [18,19].

3.5. KEGG pathway enrichment analysis

The KEGG pathway enrichment analysis was used to investigate how the herb pair Coptidis Rhizoma-
ginger acted on the signaling pathway. The top 20 significant signaling pathways with P < 0.01 were
picked out for further analysis, as shown in Fig. 6. The color of the bubbles ranging from purple to red
indicated that -1g(P) was from large to small, and the larger and redder bubbles represented the higher
significance of signaling pathways. The results of KEGG pathway enrichment analysis revealed that
pathways in cancer (hsa05200), PI3K-Akt signaling (hsa04151), lipid and atherosclerosis (hsa05417),
proteoglycans in cancer (hsa05205), and human cytomegalovirus infection (hsa05163) ranked at the
top of the ranking pathways. In addition, the PI3K-Akt signaling pathway played an important role in
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tumor progression. It can be targeted by pharmacological molecules, making this pathway as a drug
target for cancer intervention. The overexpression of PI3K/Akt/mTOR signaling has been reported in
various forms of cancers, especially in colorectal cancer (CRC) [20,21]. Elizabeth et al. [22] proposed
that HIF-1 activated the transcription of genes regulating the promotion of angiogenesis and cancer stem
cell specification. Some drugs have been shown to exert an antitumor effect by inhibiting HIF activity.
The two vital PI3K-Akt and HIF-1 signaling pathways are shown in Fig. 7.

3.6. Molecular docking results and analysis

A total of 10 key genes (Aktl, TP53, STAT3, SRC, HSP90AA1, JAK2, CASP3, PTGS2, Bcl2, and
ESR1) displayed strong interactions with potential compounds, pathways, and other genes. Therefore,
the 10 key genes were selected as the targets for molecular docking. Molecular docking technology,
as an emerging technology for drug molecular screening, uses the “lock and key principle” of one-
to-one correspondence between ligands and receptors, which helps in the computer system-assisted
high-throughput screening of drug molecules.

After the docking was completed using MOE software, the docking results were viewed in the newly
opened Database Viewer window. In the S column, a smaller negative value indicated that the ligand
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molecule bound more tightly to the receptor. Different scoring functions provided different results. In this
case, we chose London dG Scoring to evaluate the free energy of binding of a ligand from a given pose
with the following function. AG was estimated as follows:

AG=c+Epc+ Y cupfus+ Y, cufu+ Y, AD;
h-bonds m - lig atoms i

Where c is the average entropy loss, Ejp,, is the entropy loss, cyp is the H-bond maximum energy,
fup denotes geometric imperfections, cjy is the metal ligation maximum energy, f,s implies geometric
imperfections, and AD; denotes the desolvation energy of each atom 1.
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Fig. 6. Top 20 remarkably enriched KEGG signaling pathway analyses of the herb pair in colon cancer.

The results of binding energies and scores of the compounds docking with the proteins are presented in
Table 3. The results of low free energy of binding for target-protein docking were visualized using MOE
software (Fig. 8).

4. Discussion

The incidence of colon cancer is high due to the high intake of red meat and a low intake of dietary
fiber. Additionally, factors such as obesity, lack of physical exercise, smoking, and alcoholism have
been shown to further increase the risk of colon cancer [23]. Therefore, many Chinese herbs not only
serve as medicines but also are used in the daily diet and as cancer prophylactic in patients who prefer
healthy treatment after tumor surgery. Network pharmacology has become a promising tool to analyze
the network of interactions among drug, targets, and diseases in recent years. In this study, the molecular
mechanisms underlying the multi-targeted action of the herb pair Coptis Rhizoma-ginger in colon cancer
was investigated using network pharmacology and molecular docking. The study showed that the herb
pair could prevent colon cancer through multi-compound, multi-target, and multi-pathway modulation.

A total of 20 potential active ingredients from the herb pair Coptis Rhizoma-ginger were identified
from the TCMSP database, with 14 originating from Coptis Rhizoma and the remaining from ginger.
Quercetin, 6-gingerol, berberine, coptisine, palmidin A, and beta-sitosterol play an anti-colon cancer role.
Quercetin, the active ingredient of Coptis Rhizoma, also a natural flavonoid found in many vegetables,
has been shown to induce the apoptosis of human colon cancer cells, reduce proliferation, and inhibit
mitotic processes [24,25]. Quercetin treatment enhances cytotoxicity and apoptosis in colon cancer stem
cells and HT-29 cells, blocking tumor cells in the G2/M phase [26]. The ginger extract inhibits cell
proliferation in HCT 116 and HT 29 colon cancer cells by inducing apoptosis in the GO/G1 phase [27].
Further, 6-gingerol, as a naturally occurring plant phenol, is the most abundant ingredient in fresh (dried)
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Table 3
Binding energies and scores of 10 core targets and their interacting compounds

Target gene PDBID  Components Molecule name  London dG score  E' (kcal/mol)

Aktl 2uzs MOLO000098 Quercetin —5.3607311 -7.7
CASP3 3HOE MOL002467 6-Gingerol —5.2182961 —-9.7
TP53 501F MOLO000098 Quercetin —5.1698251 -9.6
STAT3 6gfa MOL001454 Berberine —5.4034433 —6.8
MOL002467 Gingerol —17.0224037 —6.4
MOLO000098 Quercetin —5.1698251 —7
SRC 2bdf MOLO000098 Quercetin —5.5518379 —10.8
HSP90AA1 1BYQ MOL002467 6-Gingerol —6.6762533 -7
JAK2 Saep MOLO001454 Berberine —7.1191068 —6.1
MOL001458 Coptisine —6.2293043 —-5.6
BCI2 Suuk MOL000762 Palmidin A —5.5944672 —-94
ESR1 6v8t MOL001458 Coptisine —5.1783128 —6.1
PTGS2 5f19 MOL000098 Quercetin —5.4920235 -7.1
MOLO001454 Berberine —5.4951386 -84
A B

FIEAKT SIGHALING BATERRT

Fig. 7. Main pathways were colored using a KEGG mapper. The red color denotes the targets of the herb pair C. Rhizoma-ginger
regulation in colon cancer. (A) PI3K-Akt signaling pathway. (B) HIF-1 signaling pathway.

ginger, which has displayed a dose- and time-dependent increase in the level of p27Kip1 in LoVo colon
cancer cells, exerting a G2/M-arresting effect [28]. Berberine is an alkaloid isolated and extracted from
Coptis Rhizoma, barberry, and other plants. It can downregulate COX-2 and PGE2 expression levels
and JAK2/STAT3 signaling in SW620 and LoVo colorectal cancer cells [29]. Beta-sitosterol in ginger, a
major dietary phytosterol, has been shown to prevent colon carcinogenesis in rodent models by inhibiting
dysregulated cell cycle progression and inducing apoptosis; it also exerted antiproliferative effects on
HT116 and HT-29 human colon cancer cells [30,31,32]. Coptisine is a natural alkaloid from Coptis
Rhizoma shown to exhibit significant cytotoxic activity against HCT-116 cells during colon cancer
tumorigenesis by inducing G1-phase cell cycle arrest and increasing apoptosis with preferential inhibition
of survival pathway and activation of the caspase protease family in HCT-116 cells [33,34]. Some studies
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Fig. 8. Results of analysis of the mode of action of active compounds with five protein targets using molecular docking. (A)
Action mode of palmidin A (MOL000762) with target BC12 (PDB:5uuk). (B-F) Action mode of 6-gingerol (MOL002467) with
targets HSP9OAA1 (PDB:1BYQ) and STAT3 (PDB:6gfa). (C-F) Action mode of berberine (MOL001454) with targets JAK2
(PDB:5aep) and STAT3 (PDB:6gfa). (D and E) Action mode of coptisine (MOL001454) with targets JAK2 (PDB:5aep) and
ESR1 (PDB:6v8t).
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® ®

Fig. 8. (G and H) Action mode of quercetin (MOLO001454) with targets STAT3 (PDB:6gfa) and SRC (PDB:2bdf). (I and J)
Action mode with targets TP53 (PDB:501F) and Aktl (PDB:2uzs).

have explored the anticancer effect of berberine on HT-29, SW-480, and HCT-116 human colorectal cancer
cell lines [35]. Beta-sitosterol is a plant sterol that can interfere with different cell signaling pathways,
including cell cycle, apoptosis, proliferation, survival, invasion, angiogenesis, and inflammation. It can
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also inhibit the proliferation of colon cancer cells by downregulating the expression of LEF-1 [36].
However, its poor aqueous solubility and bioavailability, coupled with low targeting efficacy, limit its
therapeutic efficacy and clinical application [37]. Therefore, it is hypothesized that the treatment efficacy
of the herb pair Coptis Rhizoma-ginger is mediated by quercetin, 6-gingerol, coptisine, and berberine.

The active compounds of the herb pair Coptis Rhizoma-ginger can inhibit the expression of pro-
inflammatory cytokines and enzymes, such as COX-2 and nuclear factor-kappa B. They can also scavenge
reactive oxygen species and reduce oxidative stress-induced damage to DNA, proteins, and lipids, thus
inhibiting tumor initiation and progression. These compounds play a crucial role in the inflammatory
process associated with the potential mechanism of treating colon cancer. Xu et al. [38] reported novel
berberine analogues that could target RXRa activator to inhibit the growth of colon cancer. It is signif-
icantly better than safranin in terms of its anti-intestinal cancer activity, solubility, and bioavailability.
Also, it retains the tumor selectivity and low toxicity of safranin, displaying a good prospect for clinical
translation.

Based on “compound-target-pathway-disease” network (Fig. 6) analysis, it was predicted that SRC,
HSP90AAT, Aktl, TP53, STAT3, and JAK2 were the key targets for treating colon cancer, which were
directly or indirectly related to compounds such as quercetin, berberine, palmidin A, 6-gingerol, and
coptisine. Quercetin compounds showed strong associations with 33 key target genes whereas 6-gingerol
compounds showed strong associations with 16 key target genes. This suggested that both quercetin and
6-gingerol compounds could be potential active ingredients for colon cancer prevention. However, the
E (kcal/mol) score of 6-gingerol was higher than that of quercetin, which might be due to poorer DL
properties (DL < 0.18). In particular, the binding energy score of beta-sitosterol to all protein targets was
>-5. Therefore, isostructural variations should be applied to improve the pharmacokinetic properties of
beta-sitosterol to achieve reasonable drug-like properties.

Through GO enrichment analysis, we learned that the herb pair was involved in the negative regulation
of the apoptotic process, negative regulation of the apoptotic process, and other BPs. Also, we found
that the regulation of miRNA-mediated gene silencing, phosphatidylinositol 3-kinase (PI3K) signaling,
and telomerase activity played essential roles in regulating cancer pathways. Some studies have shown
that the excessive activation of the PI3K/Akt/mTOR pathway played a significant role in tumorigenesis
and progression. As an essential kinase in this pathway, PI3K regulated the expression of downstream
signaling proteins and mediated the activation of the PI3K/Akt/mTOR pathway. In particular, PI3K-related
factors were overexpressed in many cancers, including breast cancer, non-small-cell lung cancer, and
colorectal cancer [39,40]. In addition, telomerase activation is a crucial stage in tumor development and
is widely recognized as both a tumor marker and a target for antitumor therapy. In recent years, the
inhibition of telomerase activity by TCM has become one of the hotspots in tumor therapy. Some BPs,
such as negative regulation of the apoptotic process, have been shown to regulate signaling pathways in
human colon cancer [41].

The enrichment analysis of KEGG pathways revealed the therapeutic effects of the herb pair on
colon cancer through pathways such as the cancer signaling pathway, PI3K-Akt signaling, lipid and
atherosclerosis, proteoglycans in the cancer signaling pathway, and so forth. The PI3K/Akt pathway is a
key signaling pathway focusing on serine/threonine kinase Akt and involving genes such as Aktl, JAK2,
HSP90AAL1, TP53, BCI2, and CASAS. The PI3K/Akt pathway plays a crucial role in various downstream
pathways, including metabolism, apoptosis, cell growth, survival, and angiogenesis, and is also one of the
most frequently activated pathways in cancer [42].

PI3K signaling pathway plays an oncogenic role in the development and progression of colon cancer;
the phosphorylation of Akt has been associated with the inhibition of cell proliferation and apoptosis in
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human colon cancer [43,44]. The inhibition of the PI3K/Akt pathway has been used in cancer therapy.
Another signaling pathway, that is, hypoxia-inducible factor 1 (HIF-1) signaling, has been effectively
used as a promising target for therapeutics because it has a significant impact on tumor proliferation,
angiogenesis, and metastasis [45,46]. Moreover, in previous studies, some genes were identified to be
associated with both apoptosis and hypoxia in cancer, along with the “PI3K-AKT signaling pathway”
and the “HIF-1 signaling pathway” [47]. Recent studies suggest that a combination of HIF-1 and Akt
inhibitors may be a reasonable treatment approach for patients with colon cancer. Therefore, the PI3K-Akt
in combination with HIF-1 signaling can be considered as an important signaling pathway in treating
colon cancer.

As seen in the drug-compound-disease-target-pathway (Fig. 4), one target gene can be regulated by not
only one compound but also multiple compounds and multiple pathways. These genes include but are not
limited to Aktl, TP53, STAT3, SRC, HSP90AA1, JAK2, CASP3, PTGS2, BCI2, and ESR1. TP53 is one
of the most significant mutated genes in human colon cancer associated with 15 pathways, including the
PI3K-Akt signaling pathway. Two genes Aktl and PIK3CA are associated with all important pathways.
In addition, the core target genes Aktl, TP53, HSP90OAA1, and STAT3 have been shown to be potential
targets for treating colon cancer through molecular docking. HSP90AA1 is closely related to tumor cell
cycle, apoptosis, invasion, and differentiation, and is a key protein in treating colon cancer [48,49]. These
findings revealed that the active ingredients of the herb pair were characterized by the modulation of
multiple target genes in theory.

5. Conclusions

A total of 20 active compounds, 630 target genes, and 1922 disease-associated targets were identified
from the herb pair Coptis Rhizoma-ginger as potentially relevant to the treatment of colon cancer.
Forty key genes were generated in the PPI network. The GO biological functions and KEGG pathway
enrichment found that PI3K-Akt and HIF-1 signaling pathways played an essential role in colon cancer
prevention. Also, these pathways were a potential target for therapeutic intervention and the development
of novel anti-colon cancer drugs. Moreover, BCI12, HSP90AA1, STAT3, JAK2, ESR1, SRC, TP53, and
Akt1 are hypothesized to be the most important key targets. Meanwhile, palmidin A, 6-gingerol, berberine,
coptisine, and quercetin were obtained by molecular docking and used for structural modification and
development of new drugs to treat colon cancer. Antitumor Chinese medicines are highly suitable for
developing new drugs for the clinical treatment of colon cancer due to their multi-target, multi-pathway,
and multi-effect characteristics, as well as their low toxicity and side effects.
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