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Resumen

Introduccion: El cancer colorrectal es una neoplasia frecuente. Cordyceps sinensis, medicina tradicional china, se
ha reportado que tiene potencial terapéutico. Aunque sus compuestos activos y mecanismos moleculares no estan
del todo esclarecidos. Este estudio tuvo como objetivo explorar los posibles mecanismos frente al cancer colorrec-
tal mediante farmacologia de redes, acoplamiento molecular y dindmica molecular.

Método: Se aplicé un enfoque integrador para identificar compuestos activos y proteinas diana centrales, realizar
analisis GO y KEGG, y evaluar las interacciones de unién predichasy la estabilidad del complejo.

Resultados: Se identificaron cinco compuestos principales: acido araquiddnico, cerevisterol, acetato de linolei-
lo, colesterol y palmitato de colesterol. Las dianas incluyeron SRC, PIK3CA, PIK3CB, PTPN11, JAK2 y PTGS2. Los
compuestos mostraron diferentes interacciones de unién predichas con estas dianas, con el colesterol formando el
complejo mas estable con la proteina central SRC. En contraste, la unién del cerevisterol se asoci6 con una mayor
flexibilidad proteica.

Conclusiones: Los efectos terapéuticos de Cordyceps sinensis frente al cancer colorrectal estan mediados por com-
puestos activos, en especial el colesterol, que forma un complejo estable con SRC. Este estudio proporciona eviden-
cia computacional inicial. El enfoque multi-6mico integrador aporta evidencia sobre sus acciones farmacolégicas y
resalta su potencial para el desarrollo de nuevos farmacos.

Palabras clave: Cordyceps sinensis; Cancer colorrectal; Farmacologia de redes; Acoplamiento molecular; Dindmica
molecular

Abstract

Introduction: Colorectal cancer is a prevalent malignancy, and Cordyceps sinensis, a traditional Chinese medicine,
is reported to have therapeutic potential. However, the specific active compounds and their underlying molecular
mechanisms remain to be fully understood. The objective of this study aimed to explore the potential mechanisms
of Cordyceps sinensis against colorectal cancer by combining network pharmacology, molecular docking, and mo-
lecular dynamics simulations.

Method: We used an integrative approach of network pharmacology, molecular docking, and molecular dynamics
simulations. Through these methods, we identified the major active compounds and their core target proteins, per-
formed GO and KEGG enrichment analyses, and evaluated the predicted binding interactions and complex stability
between the active compounds and key targets.

Results: We identified five major active compounds: arachidonic acid, cerevisterol, linoleyl acetate, cholesterol,
and cholesteryl palmitate. The core targets of these compounds included SRC, PIK3CA, PIK3CB, PTPN11, JAK2, and
PTGS2. The compounds exhibited different predicted binding interactions to these targets, with cholesterol forming
the most stable complex to the core target SRC. In contrast, cerevisterol binding was associated with greater protein
flexibility.

Conclusions: This study provides initial computational evidence that the therapeutic mechanisms of Cordyceps
sinensis against colorectal cancer are mediated by its active compounds, particularly cholesterol, which forms a
stable complex with the SRC protein. This integrative multi-omics approach offers valuable scientific evidence for
the pharmacological actions of Cordyceps sinensis and underscores its potential for further drug development.

Keywords: Cordyceps sinensis; Colorectal cancer; Network pharmacology; Molecular docking; Molecular Dynamics

Highlights

Cordyceps sinensis, a traditional Chinese medicine, shows therapeutic potential against colorectal
cancer, but its active compounds and specific molecular mechanisms are not yet fully understood.
This study used an integrative approach of network pharmacology, molecular docking, and molecu-
lar dynamics to identify potential key compounds and therapeutic mechanisms of Cordyceps sinensis
against CRC. The findings suggest that Cordyceps sinensis, particularly its cholesterol component, may
contribute to CRC modulation through stable interactions with core proteins to treat colorectal cancer,
providing theoretical insights for future pharmacological exploration.
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Introduction

Colorectal cancer (CRC) ranks as the third most prevalent malignancy worldwide and the second lea-
ding cause of cancer mortality, with nearly 1.8 million new cases and 881,000 deaths in 2018, and pro-
jections of 2.5 million annual cases by 2035%. Risk factors include age, genetic predisposition such as
Lynch syndrome, chronic inflammation, obesity, physical inactivity, alcohol intake, and diets rich in
red or processed meat. CRC is often asymptomatic in early stages, delaying diagnosis and worsening
prognosis; screening methods such as colonoscopy improve survival. The 5-year survival rate is about
64% overall but decreases to 12% in metastatic disease, underscoring the need for novel therapeutic
strategies?.

Current treatments include surgery, adjuvant chemotherapy (e.g., 5-fluorouracil and FOLFOX), radio-
therapy, and targeted agents such as cetuximab and bevacizumab. Immunotherapy with pembrolizu-
mab has shown benefit in microsatellite-unstable CRC®. Complementary approaches, particularly Tra-
ditional Chinese Medicine (TCM), are increasingly studied. Tea polyphenols, Ganoderma lucidum, and
NSAIDs exhibit anti-CRC effects via antioxidant, anti-inflammatory, and pro-apoptotic mechanisms®.

Cordyceps sinensis (“Dong Chong Xia Cao”), a medicinal fungus native to the Qinghai-Tibetan Plateau,
has long been used in TCM for immune modulation and tumor suppression®. Its bioactive compo-
nents, such as cordycepin and polysaccharides, have been reported to exert cytotoxic, anti-metastatic,
and pro-apoptotic effects in CRC, especially when combined with chemotherapy. However, its precise
mechanisms remain unclear.

Network pharmacology and molecular dynamics (MD) simulation enable the systematic exploration of
multi-component, multi-target characteristics of TCM ©7. In this study, these computational approa-
ches were integrated to elucidate the potential therapeutic mechanisms of Cordyceps sinensis against
CRC.

Methods

Selection of the main active compounds

Compounds of Cordyceps sinensis were retrieved from TCMSP®. Screening employed OB=30% and
DL= 0.18 as conventional criteria, while acknowledging that such thresholds may exclude bioactive
compounds with poor predicted pharmacokinetics but relevant local activity. SMILES structures were
obtained from PubChem and imported into SwissTarget Prediction to identify potential human targets
with probability 21%.

Collection of Genetic Targets for Colorectal Cancer

CRC-related target genes were collected from GeneCards, DisGeNET, and OMIM using the Relevance
Score®. GeneCards searches used “Colorectal Cancer” with Relevance Score >10; duplicates were re-
moved in Excel to generate the final CRC target list.

Research on PPI Networks

A protein-protein interaction (PPI) network was constructed via STRING"? using “Multiple proteins” and
“Homo sapiens,” with highest confidence (0.900) and disconnected nodes hidden. The network TSV file
was imported into Cytoscape 3.10.2 to calculate topological features including degree, betweenness
centrality (BC), and closeness centrality (CC). Nodes meeting intermediate values of degree, BC, and
CC were defined as central hubs, representing key targets. The common targets of Cordyceps sinensis
against CRC were input into DAVID 6.8 for Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis®?. Visualization was performed on the Bioinformatics
platform using bubble charts based on GeneRatio, Count, and P-values, summarizing enriched biologi-
cal processes and pathways associated with the target network.
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Molecular docking

Molecular docking was performed to predict interactions between Cordyceps sinensis active com-
pounds and core CRC targets"?. PDB files of high-degree protein targets were downloaded from RCSB
PDB and processed in PyMOL. Top five active compounds were obtained from PubChem and ChemSpi-
der, converted to PDB via Open Babel. All receptor proteins were treated as rigid, whereas ligands were
kept fully flexible during docking. Binding sites were defined based on co-crystal ligand binding and
supported by literature reports describing the same active pockets. Proteins and ligands were prepa-
red in AutoDock Tools 1.5.7 and docking executed with AutoGrid/AutoDock. Docking validation was
performed by redocking co-crystallized ligands in SRC (PDB: 1US0) and PIK3CA (PDB: 8EXL) using the
same parameters as for target docking The heavy-atom RMSD values were 2.42 A and 0.98 A, respec-
tively, indicating good agreement with the experimental poses and confirming the reliability of the
docking protocol. Docking energies were used as semi-quantitative indicators of binding tendency (<0
kcal/mol for spontaneous interaction, around -5 kcal/mol for moderate binding, and around -7 kcal/
mol for stronger predicted affinity) 2.

Molecular Dynamics Simulation

Molecular dynamics (MD) simulations were performed using GROMACS 2023.2 to assess the stabili-
ty and interactions of protein-ligand complexes from docking**. Protein topology was generated via
pdb2gmx with AMBER99SB-ILDN and TIP3P water; ligand topology used sobtop_1.0 with GAFF. The
complex was solvated in an octahedral water box, neutralized with counter-ions, and energy-minimi-
zed using steepest descent. Equilibration involved NVT and NPT ensembles at 310 K and 1 bar®®. A 100
ns production run was performed under periodic boundary conditions. Trajectories were analyzed for
root mean square deviation (RMSD), root mean square fluctuation (RMSF), radius of gyration (Rg), and
hydrogen bonds; plots were visualized using QtGrace. Only cholesterol-SRC and cerevisterol-SRC com-
plexes were simulated, selected as representative top-ranked pairs by docking score (comparative),
with each run for 100 ns for qualitative assessment. Each simulation was performed once for a 100 ns
trajectory, which provides sufficient sampling for qualitative stability assessment.

Results and Discussion

Key Active Compounds Screening in Cordyceps sinensis

Seven principal active compounds in Cordyceps sinensis were identified via TCMSP with OB =30% and
DL =0.18, including arachidonic acid, linoleyl acetate, cholesterol, and beta-sitosterol (Table 1). Their
SMILES were retrieved from PubChem and submitted into SwissTargetPrediction*®, yielding 419 pre-
dicted targets, with 282 unique targets after removing duplicates.

Table 1. Active Components of Cordyceps sinensis\*®

Mol ID Molecule name OB (%) DL Numbers of
targets
MOL001439 arachidonic acid 45.57 0.20 100
MOL001645 Linoleyl acetate 42.10 0.20 75
MOL000358 beta-sitosterol 36.91 0.75 44
MOL011169 Peroxyergosterol 44.39 0.82 44
MOL008998 cerevisterol 39.52 0.77 100
MOL008999 cholesteryl palmitate 31.05 0.45 51
MOL000953 cholesterol (CLR) 37.87 0.68 56

Overlap of Colorectal Cancer and Cordyceps sinensis Targets
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Using GeneCards with Relevance Score >10, 2,101 colorectal cancer-related gene targets were identi-
fied. These were intersected with 282 predicted targets of Cordyceps sinensis bioactive compounds.
The analysis revealed 114 overlapping targets (Figure 1), representing key potential therapeutic targets
mediating the anti-CRC effects of Cordyceps sinensis.

Drug Target Disease Target

1987
(87.6%)

Figure 1. Gene targets represented by Venn diagram

PPI Network Analysis

A PPI network of 114 common targets of Cordyceps sinensis against CRC was constructed using STRING
and visualized in Cytoscape (Figure 2a). The network consisted of 114 nodes connected by 184 edges,
with an average node degree of 3.23, local clustering coefficient of 0.504, and PPI enrichment p-va-
lue <1.0e-16. Filtering by Betweenness =0.123, Closeness =0.168, and Degree =16 identified five hub
targets: SRC, PIK3CA, ESR1, PTGS2, and CYP3A4. Node size and color in Figures 2b-2c correspond to
Degree values, indicating the topological importance of each protein. SRC exhibited the highest con-
nectivity (Degree = 36), followed by PIK3CA (32), PIK3CB (30), PTPN11 (24), JAK2 (22), PTGS2 (22), ESR1
(20), MAPKS (20), CYP3A4 (18), and PTGS1 (18). These hub proteins may represent key regulatory nodes
within the network and were prioritized for subsequent docking analysis, reflecting potential—but not
yet confirmed—therapeutic relevance SRC, a proto-oncogene tyrosine kinase, regulates transcription,
immunity, proliferation, apoptosis, motility, and malignant transformation®”, with elevated activity
linked to multiple cancers. PIK3CA/PIK3CB activate the PI3K/AKT pathway, controlling proliferation,
apoptosis, and migration®®. PTPN11 influences cell division, DNA repair, metastasis, and angiogene-
sis'™9. JAK2 mediates hematopoietic signaling®. PTGS2, ESR1, and MAPK8 modulate inflammation and
tumor progression!. Together, these targets outline a predicted multi-target regulatory network of
Cordyceps sinensis against CRC.

Ars Pharm. 2026;67(1):89-99 93



Zhong XM, Wen JX, Wei PF.

(b ) Gene

SR . S N ¢
FEFTFTFFELEST S
&S FFFEEE

PTGS2
PIK3CA /
Sy

Top 10 Targets—

iy

ESR1

PTPN11

MAPK8

Figure 2.a Identification of core molecular targets. b Top-ranked protein targets (n=10) were selected from the PPI
network based on degree scores. ¢ The interaction network of the 10 highest-ranked targets was visuali-
zed using Cytoscape

GO and KEGG Pathway Enrichment Analysis

The 114 common targets of Cordyceps sinensis in CRC were analyzed using DAVID 6.8 for GO and KEGG
enrichment. GO analysis identified 528 biological process (BP), 135 molecular function (MF), and 45 ce-
llular component (CC) entries; top 20 entries by Count (P <0.05) were selected. KEGG analysis identified
156 pathways, with the top 20 enriched pathways indicating major biological associations. GO enrich-
ment suggested involvement in phosphorylation, signal transduction, transcriptional regulation, and
protein modification processes. KEGG pathways included “pathways in cancer”, AGE-RAGE signaling,
TRP channels, proteoglycans in cancer, and insulin resistance. A “drug-component-target-pathway”
network comprising 133 nodes and 527 edges was constructed to integrate these associations. These
enrichments outline the main biological processes potentially involved in the pharmacological effects
of Cordyceps sinensis against CRC.

Molecular Docking Results

Matching 7 active components of Cordyceps sinensis with 114 CRC-related targets revealed that all
compounds interact with multiple targets, with arachidonic acid and cerevisterol engaging 42 and 46
targets, respectively. Cytoscape analysis identified five major components by Degree value: arachido-
nic acid, cerevisterol, Linoleyl acetate, CLR, and cholesteryl palmitate. Molecular docking between the
top five compounds and six core targets (SRC, PIK3CA, PIK3CB, PTPN11, JAK2, PTGS2) generated 30
docking results, summarized in Table 2. All ligands displayed negative docking energies, suggesting
thermodynamically favorable interactions. CLR and cerevisterol showed the lowest predicted energies
with SRC, while CLR also adopted stable binding poses with PIK3CA, JAK2, and PTGS2, reflecting its
broad interaction potential. Consistent with these observations, other hub targets such as PIK3CA and
PTGS2 also exhibited stable binding with multiple compounds, aligning with their high connectivity
in the PPI network. These results suggest that Cordyceps sinensis may exert anti-CRC activity through
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coordinated modulation of several signaling nodes rather than a single target. Docking results indica-
te that cholesterol may preferentially interact with SRC, whereas other compounds exhibit broader
multi-target associations, supporting a potential synergistic mechanism. Docking scores were used as
semi-quantitative indicators of binding tendency and should be interpreted cautiously.

Table 2. Predicted docking energies (kcal/mol) of the compounds with protein targets

Target PDB ID Docking energy (Kcal/mol)
el arachidonic acid cerevisterol Linoleyl CLR cholesteryl
acetate palmitate
SRC 1USO -10.98 -12.44 -9.79 -13.18 -11.97
PIK3CA 8EXL -5.52 -8.17 -3.88 -8.30 -5.51
PIK3CB AF -3.35 -6.27 -2.60 -7.06 -4.85
PTPN11 3B70 -5.44 -7.84 -2.63 -6.81 -4.90
JAK2 8BXH -6.05 -8.51 -4.71 -8.53 -5.98
PTGS2 5F19 -4.70 -7.26 -4.92 -8.31 -3.80

Molecular dynamics

MD simulations showed that cholesterol binding to SRC remained relatively stable, enhancing struc-
tural compactness, whereas cerevisterol binding was associated with higher flexibility and conforma-
tional variation. These results provide qualitative insights into binding-induced structural effects but
require further experimental validation. The observed differences likely arise from distinct interaction
patterns and binding orientations. The chemical structures of cholesterol and cerevisterol, as well as
their binding conformations with SRC, are shown in Figures 3a and 3b.

Figure.3a Cholesterol- SRC complex conformer. b Cerevisterol- SRC complex conformer
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In the 100 ns MD simulation, the RMSD of the Cholesterol-SRC complex remained within 0.10-0.15 nm
with a stable trajectory, indicating minimal structural drift. In contrast, the Cerevisterol-SRC complex
exhibited higher RMSD values (0.15-0.22 nm) and a pronounced increase between 40-60 ns, indicating
lower conformational stability (Figure 4a). Rg analysis revealed that both systems maintained ove-
rall compactness, but the Cholesterol-SRC complex exhibited a more stable Rg value (1.90-1.95 nm)
compared to the slightly higher values of Cerevisterol-SRC (1.95-2.00 nm) (Figure 4b). RMSF analysis
further supported these findings, as Cholesterol-SRC displayed lower overall fluctuations, whereas Ce-
revisterol-SRC showed marked flexibility around residue 200 and the C-terminal region (Figure 4c). As
shown in Figures 4d, Solvent Accessible Surface Area (SASA) and hydrogen bond analyses revealed
additional differences: the average SASA of Cholesterol-SRC was approximately 145 nm?, slightly lower
than that of Cerevisterol-SRC, suggesting a more compact conformation in solution. Hydrogen bond
analysis showed that Cholesterol-SRC formed very few and unstable hydrogen bonds, indicating that
its binding was mainly driven by hydrophobic and van der Waals interactions. In contrast, Cereviste-
rol-SRC was able to maintain 1-3 stable hydrogen bonds after 70 ns (Figure 5a,5b), which may contri-
bute to its distinct binding dynamics.

W C
Time (ns) ‘Time (ns)

(d)

T
— Cholesterol-SRC
Cerevisterol-sRc | _|
"

e

1 1 1 1
o0

Time (ns)

Figure. 4 a RMSD plot of Cholesterol- SRC and Cerevisterol- SRC. b Radius of Gyration curve. ¢ RMSF curve of Cho-
lesterol- SRC and Cerevisterol- SRC. d Solvent Accessible Surface Area (nm?).

Principal component analysis (PCA) and free energy landscape (FEL) mapping revealed distinct con-
formational behaviors between the two complexes. The Cholesterol-SRC complex occupied a narrow,
well-defined low-energy basin, indicating structural stability with limited conformational diversi-
ty. Conversely, the Cerevisterol-SRC complex exhibited multiple, broader basins, suggesting greater
conformational flexibility and access to metastable states (Figures 5¢,5d). Covariance analysis also
demonstrated that Cerevisterol-SRC induced strong correlated motions in specific regions, whereas
Cholesterol-SRC exhibited relatively weak atomic correlations (Figure 5e,5f). Overall, these analyses
qualitatively support that cholesterol binding stabilizes the SRC structure, while cerevisterol promotes
flexibility and conformational variability, likely due to their different binding modes.
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Figure. 5 a the number of hydrogen bonds in the Cholesterol-SRC complex. b the number of hydrogen bonds in
the Cerevisterol-SRC. ¢ Gibbs free energy landscape of the Cholesterol-SRC complex. d Gibbs free energy
landscape of the Cerevisterol-SRC complex. e Covariance matrix of atomic fluctuations for the Choleste-
rol-SRC complex. f Covariance matrix of atomic fluctuations for the Cerevisterol-SRC complex
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Conclusions

This study integrated network pharmacology, molecular docking, and molecular dynamics simulations
to explore the potential pharmacological mechanisms of Cordyceps sinensis against CRC. Key compo-
nents, including arachidonic acid, cerevisterol, cholesterol, linoleyl acetate, and cholesteryl palmitate,
were predicted to interact with core targets such as SRC, PIK3CA, PIK3CB, PTPN11, JAK2, and PTGS2,
potentially influencing processes like phosphorylation, signal transduction, and transcriptional regu-
lation through pathways such as oncogenic signaling, AGE-RAGE, TRP channels, and insulin resistan-
ce. Molecular dynamics suggested distinct binding behaviors of cholesterol and cerevisterol with SRC,
implying possible compound-specific regulatory roles. These findings provide computational insights
into the multi-target interactions of Cordyceps sinensis, although their biological relevance requires
systematic experimental validation.
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