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ABSTRACT: Ginsenoside Rd has strong anticancer properties, but fewer specific targets have been
identified for its effect on prostate cancer (PCa). The potential role of ginsenoside Rd in the treatment of
prostate cancer was explored by network pharmacology and molecular docking techniques. A total of
496 targets were obtained from the intersection of ginsenoside Rd and prostate cancer, with KEGG
enrichment analysis generating 228 entries, and GO enrichment analysis generating 3828 entries,
including the negative regulation of cell population proliferation, lesion adhesion, and protein kinase
activity. Ninety important targets were screened by protein-protein interaction (PPI) network, and
molecular docking was used to obtain eight key targets GSK3B, PARPI1, H3-3B, GAPDH, ALB, BCL2,
MMPY, and AKTI that bind well to ginsenoside Rd, with binding energies <-10 kcal/mol. H3-3B, BCL2,
and AKTI1 were further screened as core targets of ginsenoside Rd affecting PCa by immune cell
infiltration, mRNA levels, and protein expression in prostate tissues of PCa patients and healthy
individuals. Ginsenoside Rd acts on H3-3B, BCL2, and AKTI to curb prostate cancer development by
affecting the PI3K-Akt signaling pathway, negative regulation of cell population proliferation, positive
regulation of programmed cell death, and affecting the activity of related enzymes.
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I. INTRODUCTION

Prostate cancer is a highly heterogeneous cancer that is the most common non-skin cancer [1]
occurring in male patients worldwide and is the second most common solid organ cancer after lung cancer in
men [2][3]. Because of its high prevalence, it contributes significantly to the global increase in male mortality
[4].

Studies have shown that ginsenosides purified from ginseng have anticancer effects [5]. Ginsenoside
Rd has the strongest ability to induce cancer cell death among diol-type ginsenosides [6] and has strong cancer-
inhibitory ability. Rd significantly increased the expression of apoptosis-related proteins such as Caspase-3 and
Caspase-9, and induced apoptosis to inhibit the proliferation of gastric cancer cells [7]. Rd was able to reduce
migration, invasion, and clone formation of colorectal cancer cells by affecting the epidermal growth factor
receptor signaling axis to inhibit their metastasis [8]. Rd exerted anti-tumor effects, including miR-144-5p up-
regulation and TLR2 down-regulation to inhibit glioblastoma cell viability [9]. All these indicate the existence
of considerable potential anti-tumor value of ginsenoside Rd with anti-prostate cancer potential.

The current mainstream treatment modalities for prostate cancer have a high complication rate [10],
and the presence of drug resistance hampers their therapeutic progress. There is an urgent need to find drug-
adjuvant therapies to provide a better prognosis for prostate cancer patients. The anticancer properties of
ginsenoside Rd are expected to assist in the treatment of prostate cancer. However, traditional Chinese medicine
has a "multi-component, multi-target, multi-path" effect, which ensures synergistic effects by regulating the
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biological network of the organism, and it is difficult to detect the mechanism of action of traditional Chinese
medicine through conventional experiments, so the use of data mining is conducive to comprehensively
analyzing the targets and pathways of ginsenoside Rd's action in prostate cancer. In this study, we combined
information from several medical disease-related databases and relied on network pharmacology to establish the
Rd-prostate cancer target interactions network, molecular docking to excavate the key targets of ginsenoside Rd
acting on prostate cancer, while investigated the relationship between the key targets and immune cell
infiltration, to explore the mechanism of ginsenoside Rd in the treatment of prostate cancer, to prove the
potential value of ginsenoside Rd in the treatment of prostate cancer.

II. MATERIAL AND METHODS

2.1 Acquisition of ginsenoside Rd-PCa common target

Using "ginsenoside Rd" as the keyword, the ginsenoside Rd-related targets were obtained from the
BATMAN-TCM 2.0 database (http://bionet.ncpsb.org.cn/batman-tcm/)[11], GeneCards database (https://
www.genecards.org/) [12], and PharmMapper database (https://www.lilab-ecust.cn/pharmmapper/index.html
[13]) to obtain ginsenoside Rd-related targets, respectively. The obtained results were converted into
corresponding genes through the UniProt database (https://www.uniprot.org/) [14].

The ETCM database (http://www.tcmip.ct/ETCM/) [15], DisGeNet database (https://disgenet.com/)
[16], and MalaCards database (http://www.tcmip.cn/ETCM/) [17] were used to obtain prostate cancer-related
targets using the keyword "Prostate Cancer".

The ginsenoside Rd and prostate cancer target sums obtained were taken as intersections and visualized
using the Venny 2.1.0 tool (https://bioinfogp.cnb.csic.es/tools/venny/) to obtain the targets of ginsenoside Rd
interacting with prostate cancer, respectively.

2.2 GO/KEGG enrichment analysis

The intersecting target of ginsenoside Rd with prostate cancer could be a potential destination target for
therapy, which was imported into the Metascape database (https://metascape.org/gp/index.html) [18] for
biological process (BP), cellular component (CC), molecular function (MF), and KEGG pathway analysis. The
results were visualized using the “matplotlib” in Python 3.11.5 and the “ggplot2” package in R 4.3.3.

2.3 Building protein-protein interaction networks

Protein-protein interaction networks were constructed based on the intersecting targets of ginsenoside
Rd and prostate cancer using the STRING database (https://cn.string-db.org/) [19] and imported into Cytoscape
3.10.1 software. The targets were visualized using the Degree Centrality algorithm according to "Degree>104"
to visualize the targets.

2.4 Molecular docking

Structural information of ginsenoside Rd was obtained in the PubChem database
(https://pubchem.ncbi.nlm.nih.gov/) [20]. MMFF94 force field was applied to molecularly dock the targets
obtained from PPI screening with ginsenoside Rd. The crystal structures of the targets were all obtained from
the PDB database (https://www.rcsb.org/) [21], and the ligands were topologically optimized using AutoDock
Vina (http://vina.scripps.edu/) [22] for hydrogenation and removal of solvent molecules, then docked to the
targets. BIOVIA Discovery Studio 2019 visualized the results.

2.5 Relevant expression validation of key targets

The GEPIA 2 database (http://gepia2.cancer-pku.cn/#index) [23] was used to explore the comparison
of the changes in transcript levels of key target mRNAs in the aim tissues between prostate cancer patients and
healthy individuals in vivo. The TIMER database (http://timer2.compbio.cn/timerl/) [24] was used to elucidate
potential associations between core targets and levels of immune infiltration in the immune microenvironment.
Immunohistochemically stained sections of target tissues from prostate cancer patients and healthy individuals
were compared in vivo using the HPA database (https://www.proteinatlas.org/) [25] to analyze differences in
expression levels of core target proteins.

1. RESULTS AND DISCUSSIONS
Using "ginsenoside Rd" as the keyword, the ginsenoside Rd targets were de-emphasized by three
databases: BATMAN-TCM 2.0, GeneCards, and PharmMapper (Table 1). Finally, 2009 ginsenoside Rd-related
targets were obtained. Using "prostate cancer" as the keyword, three databases, ETCM, DisGeNet, and
MalaCards, were used to count the de-emphasis of prostate cancer targets (Table 1). This resulted in 2,281
prostate cancer-related targets. Combined the results of drug targets and disease targets in the database, the final
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496 intersecting targets obtained as potential targets for Rd treatment of prostate cancer were entered into the

analysis of relevant pathway enrichment (Fig. 1).

Table I1.Number of ginsenoside Rd targets and number of prostate cancer targets from the online

database
Database names Number of elements Number of unique elements
BATMAN-TCM 2.0 30 14
GeneCards 1785 1694
PharmMapper 290 207
ETCM 71 11
DisGeNet 46 7
MalaCards 2263 2172

Disease

Drug

Figure 1: Target intersection of ginsenoside Rd with prostate cancer.

KEGG pathway enrichment analysis involved 228 signaling pathways, visualizing the top 10 pathways
(Fig. 2A), which in descending order of P-value included pathways in cancer, lipid and atherosclerosis, hepatitis
B, apoptosis, prostate cancer, Kaposi sarcoma-associated herpesvirus infection, Epstein-Barr virus infection,
human cytomegalovirus infection, viral carcinogenesis, and PI3K-Akt signaling pathway.

GO enrichment analysis showed that BP involved 3226 entries, CC involved 219 entries, and MF
involved 383 entries, and the top 10 entries of each were selected for visualization (Fig. 2B). BP included
cellular response to hormone stimulus, negative regulation of cell population proliferation, positive regulation of
programmed cell death and so on. CC included perinuclear region of cytoplasm, focal adhesion, cell-substrate
junction and so on. MF included phosphotransferase activity-alcohol group as acceptor, kinase activity, protein
kinase activity and so on.

The KEGG pathway shows that ginsenoside Rd is associated with multiple viral infection mechanisms
and indeed has a significant effect on prostate cancer. Pathways in cancer, apoptosis, and the PI3K-Akt
signaling pathway may serve as a focused pathway for intervention. GO enrichment analyses, especially the
negative regulation of cell population proliferation, positive regulation of programmed cell death, and the
influence of related enzyme activities may be one of the ways ginsenoside Rd regulates prostate cancer.
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Figure 2: Enrichment analysis of intersecting targets ((A) KEGG pathway enrichment analysis of
ginsenoside Rd in prostate cancer (Kaposi sarcoma-associated herpesvirus infection(KSHI)); (B) GO
functional enrichment analysis of ginsenoside Rd in prostate cancer (negative regulation of cell
population proliferation(NROCPP) , positive regulation of programmed cell death(PROPCD) .
phosphotransferase activity, alcohol group as acceptor(PAAGAA))).

The obtained 496 ginsenoside Rd common targets with prostate cancer were imported into the STRING
database to obtain the PPI network. A higher value of Degree indicates a higher density of inter-target
connections, the more the target interacts with other targets, and the higher the probability of the target being
predicted as a core target. Thus, visualizing the protein interaction network with "Degree>104", 90 nodes and
3284 edges were obtained. Among them (Fig. 3), GAPDH, AKT1, BCL2, ALB, GSK3B, PARPI1, H3-3B, and
MMP9 have larger Degree values of 323, 312, 231, 224, 187, 182, 175, and 173, respectively. It is proposed that
molecular docking will be used to further analyze the interactions of ginsenoside Rd with these targets. A larger
node indicates a larger Degree value of the target, and the targets with larger nodes in Figure 3 are closely
related to the pathway of cancer, PI3K-Akt signaling pathway, cell proliferation, apoptosis, etc. This verifies the
results of the enrichment analysis of the intersecting targets of ginsenoside Rd and prostate cancer in Figure 2,
and provides a basis for the specific target function of ginsenoside Rd in prostate cancer.
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Figure 3: PPIs of important potential targets of ginsenoside Rd in the treatment of prostate cancer.

The binding of drug-disease strong correlation nodes with "degree > 150" in the PPI network to
ginsenoside Rd was assessed by molecular docking. The aim is to obtain prostate cancer targets that bind better
to ginsenoside Rd. Based on binding free energy calculations, there were eight ginsenoside Rd-interacting
prostate cancer targets with Binding affinity < -10 kcal/mol, namely GSK3B, PARP1, H3-3B, GAPDH, ALB,
BCL2, MMP9, and AKT1 (Table 2). The lower free energy of binding indicates more stable binding, and these
eight targets bind well to ginsenoside Rd.

GSK3B is a conserved serine/threonine kinase that acts as a tumor suppressor, affecting the cell cycle
and DNA repair by influencing the phosphorylation of DNA repair factors and their binding to chromatin, while
GSK-3f inhibitors target malignant tumors [26]. PARP1 participates in homology repair (HR) and base excision
repair (BER) signaling pathways that can target DNA repair mechanisms to destroy cancer cell viability, while
DNA repair inhibitors (PARPi) have a vast prospect for adjuvant cancer therapy [27]. H3-3B is a member of a
family of proteins that fulfil the function of binding DNA and condensing it into chromatin, and changes in its
gene expression can serve as a possible prognostic biomarker for pre-metastatic colorectal cancer [28]. GAPDH
is associated with DNA integrity, nuclear tRNA export, and post-transcriptional regulation of tumor cell
mRNAs, while cancer patients affected by GAPDH have a poor prognosis [29].

ALB transports a variety of endogenous and exogenous substances, interferes with endocrine signaling
pathways, and is implicated in the systemic effects of endocrine disruptors on cancer progression [30]. BCL2 is
up-regulated in neuroendocrine carcinomas and can be used as a destination target to participate in apoptosis-
resistant pathways in combination with treatment of AR non-dependent denervation-resistant prostate cancer
(CRPC) to enhance cancer cell apoptosis [31]. MMP9 affects tumor cell metastasis and can be involved in
cancer prognosis as a biomarker, while overexpression is associated with poor survival, large tumor size, and
lymph node metastasis in breast cancer patients [32]. As a hub of the PI3K/AKT signaling pathway, AKT1
kinase activity is significantly increased in prostate, breast, and ovarian cancers, while the inhibition of AKT1
kinase activity inhibits prostate cancer cell function and tumor development in vitro [33][34]. The important role
of the eight targets in fighting cancer suggests that ginsenoside Rd may exert corresponding anticancer effects
by binding well to them.

Hydrophobic and hydrogen bonding forces are the main forces involved in the docking formation of
ginsenoside Rd and eight core prostate cancer target molecules (Fig. 4). Val70, Lys85, Cys199, and Pro258 of
GSK3B protein (Fig. 5A) have strong hydrophobic interactions with ginsenoside Rd. Leul08, His201, Arg204,
Arg217, Ala219, Pro220, Tyr235, Tyr246, and His248 of the PARP1 protein (Fig. 5B) have strong hydrophobic
interactions with the ginsenoside Rd. Met84, Lys85, and Tyr88 of the H3-3B protein (Fig. 5C) have a strong
hydrophobic interaction with ginsenoside Rd. Ile14, Phe37, and Vall01 of the GAPDH protein (Fig. 5D) have a
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strong hydrophobic interaction with ginsenoside Rd. Leul 15, Argl45, His146, Argl86, and Lys190 of the ALB
protein (Fig. 5E) have a strong hydrophobic interaction with the ginsenoside Rd. Phel01, Argl04, Leul34,
Argl43, and Alal46 of BCL2 protein (Fig. 5F) have strong hydrophobic interactions with ginsenoside Rd.
Leu39, Leu44, Arg95, and Pro97 of the MMP9 protein (Fig. 5G) have a strong hydrophobic interaction with the
ginsenoside Rd. Phel61, Lys189, and Leu295 of the AKT1 protein (Fig. SH) have a strong hydrophobic
interaction with ginsenoside Rd. The interaction sites of each protein with the drug contain some non-polar
hydrophobic amino acids (Leu, Ala, Ile, Gly, Val, etc.) or aromatic amino acids (Phe, etc.), which produce
strong m-alkyl hydrophobic forces, etc. Its hydrophobic property promotes stable binding between ginsenoside
Rd and the target.

Meanwhile, the presence of polar amino acids such as Ser, Thr, and Asn allowed the formation of
hydrogen bonds between ginsenoside Rd and the core targets of prostate cancer (e.g. Asn64, Ser66, Aspl81,
Lys183, Ser203, Ser219, Tyr221, Pro255, and Asp264 of the GSK3B protein (Fig. 4A) form a hydrogen bond
with the ginsenoside Rd). Despite the presence of some adverse forces, these suggest that ginsenoside Rd binds
well to the core target. The strong docking binding affinity can indicate that ginsenoside Rd may bind to the
core target and thus exert an anticancer effect. It also demonstrates the reliability of a network pharmacological
screen for key targets of ginsenoside Rd for the treatment of prostate cancer.

Table II: Docking binding energy of ginsenoside Rd intercalating with prostate cancer targets

Binding
Targets Protein names PDB ID | Resolution (A) affinity
(kcal/mol)
GSK3B Glycogen synthase kinase-3 beta 1PYX 2.4 -11.1
PARPI1 Poly [ADP-ribose] polymerase 1 3GJW 2.3 -10.7
H3-3B Histone H3.3 5B32 2.35 -10.4
GAPDH Glyceraldehyde-3-phosphate |USF 175 103
dehydrogenase

ALB Albumin 1IE7A 2.2 -10.2
BCL2 Apoptosis regulator Bcl-2 4MAN 2.07 -10.2
MMP9 Matrix metalloproteinase-9 1L6J 2.5 -10.1
AKTI RAC-alpha serli:;fl{;llseonine—protein AMVH 501 -10.0
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Figure 4: Molecular docking interacti(;ns of ginsenoside Rd with core targets ((A) GSK3B; (B) PARP1;
(C) H3-3B; (D) GAPDH; (E) ALB; (F) BCL2; (G) MMP9; (H) AKT1).

The GEPIA2 database integrates data from the transcriptome sequencing of more than 30 solid tumors
and corresponding adjacent normal tissues using RNA-Seq technology from the Cancer Genome Atlas (TCGA)
project [35], and data from 44 tissues of 449 living healthy donors from the Genotype-Tissue Expression
(GTEXx) project [36] to analyze the mRNA transcription of eight targets in PCa tissues and normal tissues in the
molecular docking results (Fig. 5). H3-3B, BCL2, MMP9, and AKT1 target mRNAs showed more significant
changes in PCa tissues and normal tissues. H3-3B, BCL2, MMP9, and AKT1 are proposed to be used as key
targets for continued validation in prostate cancer. In particular, BCL2 mRNA levels were significantly higher
(P <0.01) and MMP9 mRNA levels were significantly lower (P < 0.01) in tissues intended for prostate cancer
patients compared to tissues from healthy individuals.
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Figure 5: mRNA transcript levels of core target genes in PCa and normal tissues (red represents PCa
tissue, grey represents normal tissue).

The TIMER database uses six algorithms, including CIBERSORT, EPIC, TIDE, and XCELL, to
deconvolute the TPM matrix of TCGA-GTEx and presents the transcriptome data in TCGA/GTEX as a spatial-
quantitative map of immune cells in the tumor microenvironment, which reveals the relationship between the
target and potential immunosuppression through the effect of targets on the tumor immune microenvironment
[24].

It analyzed the relationship between H3-3B, BCL2, MMP9, AKT1 and the infiltration of six types of
immune cells: B cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells (Fig. 6). H3-
3B (i.e. H3F3B) was negatively correlated with purity and positively correlated with infiltration of B cells,
CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells. BCL2 was negatively correlated
with purity and positively correlated with infiltration of B cells, CD8+ T cells, CD4+ T cells, macrophages,
neutrophils, and dendritic cells. MMP9 was negatively correlated with purity and positively correlated with
infiltration of B cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells. AKT1 was
positively correlated with infiltration of B cells, CD8+ T cells, macrophages, neutrophils, and dendritic cells.
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The HPA database stores the results of high-throughput immunohistochemistry (IHC) processing of
tissue microarrays (TMAs) made from normal human and tumor tissues, which can locate how much of the
target protein is expressed in the diseased/normal tissues and exactly where it is expressed [25]. Expression
levels of four key target proteins were compared by HPA database analysis. As shown in Figure 7, compared
with normal prostate tissues, the expression levels of H3-3B and AKT1 were elevated in the prostate tissues of
PCa patients, while the expression levels of BCL2 were decreased in the prostate tissues of PCa patients. It can
be seen that H3-3B, AKT1, and BCL2 are the key targets of ginsenoside Rd interactions for prostate cancer

obtained from the final screening

Normal

Antibody:CAB037221

Prostate cancer

Antibody:CAB037221

BCL2

Antibody:CAB000003

Antibody:CAB000003

Antibody:HPA001238

Figure 7: Immunohistochemical images of protein expression levels of core target genes in PCa tissue and
normal prostate tissue.

Antibody:HPA002891
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IV. CONCLUSION

Eight targets were obtained from 496 intersecting targets of ginsenoside Rd with prostate cancer by
network pharmacology and molecular docking. GSK3B, PARP1, H3-3B, GAPDH, ALB, BCL2, MMP9, and
AKT1 were involved in the PI3K-Akt signaling pathway, the negative regulation of cell population proliferation,
the positive regulation of programmed cell death, and the influence of related enzyme activities, etc. They
affected the proliferation and apoptosis of tumor cells. Ginsenoside Rd exerted its anticancer effects by binding
well to these eight targets. Bioinformatic analysis of transcript levels, protein expression of the targets in normal
human tissues and PCa tumor tissues, while immune cell infiltration further identified H3-3B, AKT1, and BCL2
as the core targets of ginsenoside Rd in prostate cancer. These systematically elucidated the potential
mechanism of ginsenoside Rd against prostate cancer. This study provides a new perspective for ginsenoside Rd
against prostate cancer, and provides some theoretical support for further experimental validation of ginsenoside
Rd in adjuvant treatment of prostate cancer.
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