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Abstract: This study investigates the therapeutic mechanisms of modified Wumei pills in colon cancer treatment,
utilizing network pharmacology and bioinformatics to uncover the active ingredients and their corresponding tar-
gets that intersect with colon cancer-related genes.We identified the active components of Wumei pills using the
TCMSP database and predicted their targets with Swiss Target Prediction. Disease-related targets were identified
through GeneCards and Disgenet. Network analysis, GO, KEGG, and PPI network construction were performed.
Immunohistochemical assessments validated gene expression patterns, and ROC curve and Cox regression analy-
ses evaluated the prognostic significance and patient prognosis correlation.The study revealed 112 common tar-
gets associated with colon cancer, with six key genes (ADRA2B, CXCR3, CYP19A1, NR1HZ, PAPPA, PGR) prioritized.
Functional enrichment analyses indicated significant associations with biological processes and pathways related
to colon cancer. Immunohistochemical assessments confirmed the expression patterns of these genes within colon
cancer tissues. ROC curve analysis highlighted the prognostic significance of the PGR gene, while molecular dock-
ing and molecular dynamics simulation studies demonstrated robust binding affinity of active components to their
targets, particularly Diop with CXCR3.The research provides a scientific framework for the application of modified
Wumei pills in colon cancer management, identifying potential key genes and pathways. The findings suggest that
these pills could influence tumor growth and the immune microenvironment, offering novel insights for targeted
therapy and immunotherapy in colon cancer treatment.
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1. Introduction

Colorectal cancer (CRC) represents one of the most prevalent malignant tumors globally, posing a significant
threat to human health due to its high incidence and mortality rates. Despite advancements in modern medical
interventions, including surgery, chemotherapy, and targeted therapy, the prognosis for patients diagnosed at ad-
vanced stages remains unfavorable. Consequently, the identification of novel therapeutic approaches is crucial for
enhancing the quality of life and extending the survival of affected individuals. Traditional Chinese Medicine (TCM)
has increasingly emerged as a focal point of research, owing to its distinctive treatment philosophy and demon-
strated efficacy [1, 2].
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Jiawei Wumei Wan (JWWMW) is a compound formulation derived from the traditional Chinese herbal formula
Wumei Wan, which has demonstrated potential efficacy in the treatment of colorectal diseases. However, there is a
notable deficiency in systematic research and detailed exploration regarding the specific mechanisms by which the
modified Wumei pill exerts its effects in the treatment of colorectal cancer [3, 4].

Network pharmacology, as an emerging research methodology, offers a novel perspective for the treatment of
complex diseases by elucidating the network relationships among drugs, targets, and diseases. When integrated
with bioinformatics tools and methodologies, it facilitates a comprehensive analysis and prediction of the mecha-
nisms of action of the active constituents of drugs, thereby uncovering their potential pathways for disease treat-
ment [5, 6]. The objective of this study was to investigate the molecular mechanisms underlying the efficacy of
the modified Wumei pill in the treatment of colorectal cancer, utilizing network pharmacology and bioinformatics
approaches. This research aims to contribute additional insights and strategies for the management of colorectal
cancer [4, 7].

This study aims to investigate the mechanisms by which modified Wumei pills exert their therapeutic effects
in the treatment of colorectal cancer. The research methodology comprises several key steps: First, the active
components of modified Wumei pills were identified using the Traditional Chinese Medicine System Pharmaco-
logical Database and Analysis Platform (TCMSP), followed by the prediction of their corresponding biological tar-
gets. Second, disease-related targets associated with colon cancer were identified through various disease-related
databases, including GeneCards and Disgenet. A “drug-active ingredient-target-disease” network was subsequently
constructed to elucidate common targets. The network was visualized using Cytoscape software, which facilitated
the identification of key target genes based on network topology parameters. Additionally, Gene Ontology (GO)
functional annotation and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses demon-
strated significant enrichment of these target genes across biological processes, cellular components, molecular
functions, and signaling pathways pertinent to colorectal cancer [3]. Prognostic analyses of target genes, survival
mapping, and assessments of immune-associated cells and their microenvironments were conducted using bioin-
formatics approaches. Finally, molecular docking techniques were employed to predict the binding affinities of the
active ingredients with target proteins, thereby providing a scientific basis for understanding the mechanisms of
action of modified Wumei pills in the treatment of colorectal cancer [4, 8].

2. Methodology

2.1. Screening of Active Ingredients of Supplemented Wumei Pills and Prediction of Correspond-
ing Targets

To conduct a comprehensive analysis, input the following herbal names into the Herb Name field of the TCMSP
database and analysis platform (https://0ld.tcmsp-e.com/tcmsp.php): “Wumei, asylum, dried ginger, angelica
siriasis, Aconitum Aconitum, laurel twigs, Phellodendron Phellodendron, Coptis chinensis, and ginseng. The ADME
parameters to the following criteria: Oral bioavailability (OB) greater than 30% and drug-likeness (DL) greater
than 0.18, in order to screen for effective active ingredients. Subsequently, access the PubChem database (https:
//pubchem.ncbi.nlm.nih.gov/) to search for the SMILES representations corresponding to the active ingredients
of Paeony. Finally, utilize the Swiss Target Prediction database (http://swisstargetprediction.ch/) to forecast
the corresponding targets of the effective active ingredients found in the flavored plum pill.

2.2. Colon Cancer Disease-Related Target Screening

Using GeneCards (https://www.genecards.org/) data library, screening liver fiber Disgenet database corre-
sponding targets, filtered “colon cancer” as keywords.

2.3. “Drug - Active Ingredient - Target - Disease” Network Construction

Utilizing the Venny Venny platform (https://bioinfogp.cnb.csic.es/tools/), a mapping of common tar-
gets associated with cherry and plum pills in relation to colon disease was conducted. The data pertaining to the
shared targets were imported into Cytoscape version 3.9.0 to construct a network diagram illustrating the relation-
ships among the “Supplemented Wumei Pill, active ingredients, targets, and colon cancer” for further analysis. The
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size of the nodes in the network was differentiated based on the Degree value; nodes with higher Degree values
were deemed more significant within the network.

2.4. PPI Network Construction

The data pertaining to the common target of the aforementioned supplemented Wumei pill and colon cancer
were imported into the STRING database (https://cn.string-db.org/), utilizing Homo sapiens as the organ-
ism and setting the confidence level to medium (0.400) to construct the protein-protein interaction (PPI) network.
Subsequently, the TSV file was downloaded and imported into Cytoscape version 3.9.0 for topological parameter
analysis. The node sizes were selected based on the Degree value, with higher Degree values indicating a more
prominent position of the node within the network.

2.5. GO Functional Annotation and KEGG Pathway Enrichment Analysis

The analysis of cherry and plum extracts in relation to common targets associated with colon cancer was con-
ducted using the DAVID database (https://david.ncifcrf.gov/). The analysis focused on species with a signifi-
cance threshold set at P < 0.01, encompassing Biological Processes (BP), Cellular Components (CC), and Molecular
Functions (MF) as defined in Gene Ontology (GO) analysis, as well as pathways identified in the KEGG database.
Following the removal of non-significant results, a visual representation of the data was generated using a Micro-
scopic Application Letter (http://www.bioinformatics.com.cn/), which included a bubble chart. In this chart,
the color variations of the P-values correspond to each node, while the size of the bubbles reflects the number of as-
sociated genes. Additionally, a pathway network diagram was constructed, indicating that pathways with a greater
number of intersecting genes are deemed more significant, thereby increasing the likelihood of their occurrence.
The top ten pathways enriched in GO categories of BP, CC, and MF were illustrated in a bar graph format, where
larger bars indicate greater significance of the respective pathways.

2.6. Immunohistochemistry Based on HPA Database

The six critical target genes were input into the HPA database, and the immunohistochemical images of the six
target genes in colon cancer were obtained through HPA database.

2.7. ROC Curve

The analysis was conducted using R version 4.2.1, employing the pROC package (version 1.18.0) for Receiver
Operating Characteristic (ROC) analysis and the ggplot2 package (version 3.4.4) for data visualization. The pROC
package automatically adjusts the outcome order of the data to ensure that the results are convex. The selected
molecules were derived from gene expression data corresponding to six target points, which were obtained from the
TCGA database (https://portal.gdc.cancer.gov). Specifically, the analysis focused on the TCGA-COAD (colon)
project, utilizing STAR-processed RNA sequencing data and extracting it in Transcripts Per Million (TPM) format.
The data filtering strategy employed was minimal, and the data processing method utilized was log2(value + 1).

2.8. KM Curve

The analysis was performed utilizing R version 4.2.1, in conjunction with several R packages: survival (version
3.3.1), curvilinear (version 0.4.9), and ggplot2 (version 3.4.4). Specifically, the survival package was employed to
evaluate the proportional hazards assumption and to conduct a survival regression analysis, with the results being
visualized through the integration of both the survival and ggplot2 packages. When the optimal grouping method
was required, the surv_cutpoint function from the survival package was used to determine the optimal cut-off points
for grouping. The Cox regression model was applied, focusing on six target genes. The prognostic outcomes exam-
ined encompassed Progression-Free Interval (PFI), Disease-Specific Survival (DSS), and Overall Survival (0S).

The expression data were sourced from the TCGA database (available at https://portal.gdc.cancer.gov).
RNA sequencing data from the TCGA colon project were specifically downloaded and organized, with the data ex-
tracted in Transcripts Per Million (TPM) format. During data extraction, samples lacking clinical information were
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discarded, while those relevant to colon cancer types were retained. The data filtering strategy involved the re-
moval of normal samples and those lacking quantifiable information. The data processing method employed was
log2(value + 1).

2.9. Expression Difference between Disease and Non-Disease, Heat Map of Gene Expression

The analysis was conducted using R software version 4.2.1. Data were obtained from the TCGA database
(https://portal.gdc.cancer.gov), specifically focusing on the TCGA colon cancer project. The STAR process
was employed to download and organize RNA sequencing data, with the aim of extracting data in Transcripts Per
Million (TPM) format. During the data extraction process, samples lacking clinical information were excluded, while
those corresponding to colon cancer types with quantifiable data were retained in the quantifiable information.
Data filtering strategy: Remove routine + remove no clinical information. Data processing method: log2(value+1),
input genes were six target genes, sample size was divided into scatter points, and results were generated by violin
graph, where asterisks represented significant differences. Use ComplexHeatmap package for heat map visualiza-
tion, normalization processing: row normalization, row clustering: euclidean, column clustering: non-clustering,
expression data acquisition: From TCGA database (https://portal.gdc.cancer.gov) to download and organize
TCGA - COAD (colon) project STAR process RNAseq data and extract the TPM data format, data filtering strategy:
no, the data processing methods: log2(value+1).

2.10. Lollipop Chart of Immune Infiltration Correlation

The analysis was executed using R version 4.2.1, with the ggplot2 package (version 3.4.4) employed to conduct
a correlation analysis between the primary variable in the dataset and the immune infiltration matrix data. The
results were visualized using the ggplot2 package. The statistical method utilized was Spearman’s correlation, while
immune infiltration was assessed using the ssGSEA algorithm provided by the GSVA package (version 1.46.0). This
study employed markers for 24 distinct types of immune cells, to calculate the immune infiltration corresponding
to the cloud data. The specific 24 immune cell types were identified, and the data were sourced from the TCGA
database (available at https://portal.gdc.cancer.go).

The RNA-seq data from the TCGA-COAD (colon) project were downloaded and organized, with the TPM format
of the data and clinical data extracted. The data filtering strategy involved the removal of normal samples, and the
data processing method applied was log2(value + 1).

2.11. Immunoinfiltration Correlation Heat Map

The analysis was carried out using R version 4.2.1 in conjunction with the ggplot2 package (version 3.4.4). A
correlation analysis was conducted to examine the relationship between the variables within the dataset and the
immune infiltration matrix data. The results were subsequently visualized via a heatmap. Spearman’s correlation
was employed as the statistical method. The immune infiltration was evaluated using the ssGSEA algorithm from
the GSVA package (version 1.46.0) [10]. This study specifically utilized markers for 24 distinct types of immune
cells, to calculate the immune infiltration corresponding to the cloud data for these 24 immune cell types.

2.12. COX Regression Results

The analysis was executed using R version 4.2.1, integrated with several R packages: survival (version 3.3.1),
curvilinear (version 0.4.9), and ggplot2 (version 3.4.4). Specifically, the survival package was utilized to evaluate
the proportional hazards assumption and to conduct a survival regression analysis. The results were visualized
through the combined use of the survival and ggplot2 packages. When the optimal grouping method was required,
the surv_cutpoint function from the survival package was employed to determine the optimal cut-off points for
grouping. The statistical method applied was Cox regression, with a focus on six target genes.

The expression data were sourced from the TCGA database (available at https://portal.gdc.cancer.gov).
RNA sequencing data from the TCGA colon project were specifically downloaded and organized in STAR process
format, with the data extracted in Transcripts Per Million (TPM) format. During data extraction, samples lacking
clinical information were excluded, while those corresponding to colon cancer types with quantifiable data were
retained.
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2.13. Immune Stack Bar Chart

The analysis was conducted using R version 4.2.1, along with the ggplot2 package (version 3.4.4) and the gradu-
ation package (version 0.12.3). Following the grouping of the principal variables, relevant statistical analyses were
performed to determine the proportion of each group within each classification. The resulting statistics were visual-
ized using superimposed bar charts generated by the ggplot2 package. The immune infiltration analysis was based
on the core algorithm of CIBERSORT, utilizing the CIBERSORTx website (https://cibersortx.stanford.edu/)
to provide markers for 22 distinct types of immune cells, which were employed to calculate immune infiltration
from the uploaded data.

2.14. Single Cell Enrichment Map

Access the Human Protein Atlas (HPA) database, a comprehensive resource that consolidates protein expres-
sion data across various tissues and cell types. Within the HPA database, the expression data for proteins in dis-
tinct cell types were generated by selecting individual cell columns. Subsequently, users should input the names
or identifiers of the targeted genes to query their expression across different cell types and gather the relevant
data. Utilizing this data, it is possible to create enrichment maps, such as heat maps or scatter plots, to visualize
the expression levels of genes in various cell types. Furthermore, statistical analyses were conducted, including
the calculation of statistical differences in expression levels and correlation analyses, to assess the significance of
gene expression. Ultimately, based on the results of the enrichment maps and statistical analyses, the expression
patterns of the target genes in single cells were elucidated, and their biological significance was discussed.

2.15. Screening Drug Targets and Target Gene Docking

To identify the appropriate compound, access the PubChem database using either the Compound Identifier
(CID) or the name of the drug ingredient. Once on the compound details page, download the Structure Data File
(SDF). Subsequently, convert the SDF file into Protein Data Bank (PDB) format utilizing Open Babel software. Next,
navigate to the UniProt database to locate the corresponding protein entry by searching with the name or identifier
of the target gene. On the protein entry page, download the file in PDB format. Employ UCSF Chimera to eliminate
water molecules and extraneous heteroatoms from the protein PDB file, thereby retaining only the protein struc-
ture. The atomic charge of the protein was estimated using the AMBER99SB force field, and the pKa values of the
amino acids were calculated and assigned using the H++3 online tool. For small molecules, RDKit was utilized to
generate three-dimensional structures, followed by conformation sampling. The conformations were optimized us-
ing the MMFF94 force field, and low-energy conformations were outputted. Finally, UCSF Chimera was employed
to assign AM1-BCC local charges. Molecular docking experiments were conducted using AutoDock Vina software.
SiteMap software was used to predict the optimal binding site and to define the docking center and box size. The
conformations were ranked based on the docking score, and the best conformation was selected. The binding in-
teractions between small molecule drug components and protein targets were analyzed. A negative binding energy
indicated a significant interaction, whereas a positive value suggested a lack of meaningful binding. The calculation
of binding energy is based on the scoring function of the molecular docking software, which reflects the strength of
the interaction between the ligand and the receptor.

3. Results
3.1. Target Screening and Network Construction Diagram

As illustrated in Figure 1, a total of 126 chemical components from supplemented Wumei pills were identified
in the Traditional Chinese Medicine Systems Pharmacology (TCMSP) database. The parameters for Absorption, Dis-
tribution, Metabolism, and Excretion (ADME) were established with a threshold of oral bioavailability (OB) greater
than 30% and drug-likeness (DL) exceeding 0.18. The screening process yielded 8 chemical components from
Wumei, 8 from Asylum, 5 from dried ginger, and 2 from Angelica. Additionally, 22 chemical components were iden-
tified from Aconite, 7 from Cassia twig, 39 from Phellodendron, 13 from Coptis, and 21 from Ginseng. Ultimately, 8
chemical components were selected as active ingredients based on an oral bioavailability (OB) threshold of greater
than 36%, which included compounds such as Diop, Stigmasterol, Beta-sitosterol, Inermin, Chrysanthemaxanthin,
Celabenzine, Deoxyharringtonine, and Dianthramine. These 8 effective active ingredients were subsequently en-
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tered into the Swiss Target Prediction database to identify the corresponding targets associated with the active
ingredients of modified Wumei pills, resulting in the identification of 305 relevant genes.
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Figure 1. Network analysis of modified Wumei pills and colon cancer targets. This figure displays the network
analysis results, including the Genemania network (A) showing the intersection of input prescriptions and disease-
related genes, the protein-protein interaction (PPI) network map (B) of the intersection genes, a network diagram
(C) for colon cancer highlighting the active ingredients of supplemented Wumei pills and their corresponding inter-
section targets, and a Venn diagram (D) representing the drug targets associated with the diseases under consider-
ation.

A comprehensive search of the GeneCards database yielded a total of 2,155 targets associated with colon can-
cer. Subsequently, an inquiry into the drag-net database identified an additional 30 genes. The disease targets
retrieved from both databases were consolidated and de-weighted, resulting in a cumulative total of 2,156 targets.
By intersecting the disease targets with drug targets, it was determined that 112 disease targets related to colon
cancer can be effectively targeted by the modified Wumei pill.

The Cytoscape 3.9.0 software was employed to create a network diagram illustrating the relationship between
“Supplemented Wumei Pills, effective ingredients, and the intersection targets related to colon cancer. Based on
the degree of intersection and the interactions among the targets, six target genes were selected, each exhibiting
an interaction value greater than 6. The primary therapeutic targets identified for colon cancer in relation to the
Cherry and Plum Pill include ADRA2B, CXCR3, CYP19A1, NR1H2, PAPPA, and PGR.

The dual focus of the supplemented Wumei pill and colon cancer was analyzed using the String database, with
Homo sapiens selected as the species of interest. A medium confidence threshold of 0.400 was established, result-
ing in the identification of 49 nodes. The analysis revealed a total of 328 edges, an average node degree of 13.4,
and an average local clustering coefficient of 0.633. The protein-protein interaction (PPI) rich set exhibited a sig-
nificance level of P < 107-16. This data was utilized to construct a protein interaction network diagram illustrating
the common targets associated with modified Wumei pills and colon cancer.

The input will be utilized to construct the Genemania network intersection diagram, which will allow for the
identification of the genes ADRA2B, CXCR3, CYP19A1, NR1H2, PAPPA, and PGR, exhibiting the highest degree of
crosslinking among all intersecting genes.
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3.2. GO Enrichment and KEGG Enrichment Diagram

As depicted in Figure 2, the Gene Ontology (GO) enrichment analysis of the intersection genes identified via
the Venn diagram reveals significant enrichment in multiple biological processes. Notably, these processes encom-
pass “intracellular receptor signaling pathway,” “response to chemical stress,” and “response to oxidative stress.” In
terms of cellular components (CC), the enrichment analysis indicates that these genes are predominantly associated
with “membrane rafts,” “membrane microdomains,” and “membrane regions.” Regarding molecular function (MF),
the results demonstrate that these genes are primarily linked to “nuclear receptor activity,” “ligand-activated tran-
scription factor activity,” and “DNA-binding transcription factor binding.” Furthermore, the gene pathway network
interaction map elucidates the relationships of these genes with various pathways, including the “TNF signaling
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Figure 2. GO enrichment and KEGG enrichment analysis. The figure presents a functional bubble diagram for (A)
Biological Processes (BP); (B) Cellular Components (CC); (C) a histogram of Gene Ontology (GO) enrichment
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pathways; (D) a functional bubble diagram for molecular function (MF); (E) a network diagram illustrating gene-
pathway construction; (F) a bubble diagram for KEGG pathways.

3.3. Immunohistochemical Images

The immunohistochemical results presented in Figure 3 indicate that the genes ADRA2B, CXCR3, CYP19A1,
NR1H2, PAPPA, and PGR are significantly expressed in the colon tissues of patients with colon cancer. Notably, the
ADRAZ2B gene exhibits high expression levels in both tumor cells and immune cells within the tumor microenviron-
ment, including macrophages and chromaffin cells. The expression of the CYP19A1 gene in colon cancer tissues
appears to involve both tumor cells and endothelial cells. Furthermore, the expression of the NR1H2 gene is ob-
served in tumor cells associated with colon cancer as well as in immune cells within the tumor microenvironment.
The expression of the PAPPA gene in colon cancer tumor cells is linked to tumor growth and metastasis, whereas
the expression of the PGR gene is primarily confined to tumor cells. Additionally, the CXCR3 gene is predominantly
expressed in activated T cells and natural killer cells.

ADRA2B CXCR3 CYP19A1 NRIH2 PAPPA PRG

Figure 3. Immunohistochemical images. (A,B) Inmunohistochemical staining of ADRA2B in tissue samples; (C,D)
Immunohistochemical staining of CXCR3 in tissue samples; (E,F) Immunohistochemical staining of CYP19A1 in tis-
sue samples; (G,H) Immunohistochemical staining of NR1H2 in tissue samples; (I,]) Immunohistochemical staining
of PAPPA in tissue samples; (K,L) Immunohistochemical staining of PRG in tissue samples. This figure shows im-
munohistochemical results indicating the expression of genes ADRA2B, CXCR3, CYP19A1, NR1HZ, PAPPA, and PGR

in colon tissues of patients with colon cancer.

3.4. ROC Curve

Supported by the information presented in the Receiver Operating Characteristic (ROC) curve depicted in Fig-
ure 4, we can assess the prognostic significance of these six genes in colon cancer. The ROC curve serves as a
valuable tool for evaluating the performance of a binary classification model by comparing the true positive rate
(sensitivity) with the false positive rate (1-specificity), thereby illustrating the model’s classification ability across
various thresholds. The area under the curve (AUC) quantifies the overall performance of the ROC curve, with
values ranging from 0 to 1. A value approaching 1 signifies superior classification capability, while a value of 0.5
indicates a lack of classification ability. In the context of the six genes analyzed, the ADRA2B gene exhibits an AUC
value of 0.609, suggesting a moderate capacity to differentiate between colon cancer and non-colon cancer samples.
The CXCR3 gene presents an AUC value of 0.529, which implies limited prognostic efficacy in distinguishing colon
cancer from non-colon cancer samples. Conversely, the CYP19A1 gene demonstrates a relatively high AUC value of
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0.777, indicating strong efficacy in prognostic assessment for colon cancer. The NR1H2 gene has an AUC value of
0.698, reflecting its potential prognostic value in differentiating colon cancer patients. The PAPPA gene shows an
AUC value of 0.581, suggesting a moderate prognostic capability. Finally, the PGR gene achieves an AUC value of
0.904, indicating that it possesses the strongest prognostic correlation among the six genes evaluated.
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Figure 4. ROC curve analysis. (A) Receiver Operating Characteristic (ROC) curve of ADRA2B with an area under the
curve (AUC) of 0.609 and confidence interval (CI) of 0.526-0.692; (B) ROC curve of CXCR3 with an AUC of 0.529 and
CI of 0.462-0.597; (C) ROC curve of CYP19A1 with an AUC of 0.777 and CI of 0.715-0.838; (D) ROC curve of NR1H2
with an AUC of 0.698 and CI of 0.638-0.757; (E) ROC curve of PAPPA with an AUC of 0.581 and CI of 0.510-0.653; (F)
ROC curve of PGR with an AUC of 0.904 and CI of 0.873-0.935. The Receiver Operating Characteristic (ROC) curve
analysis is depicted, evaluating the prognostic significance of the six genes in colon cancer, with the area under the
curve (AUC) values indicated for each gene.

3.5. KM Curve Diagram

As illustrated in Figure 5, the PFI curve for ADRA2B exhibits a small p-value; however, no significant difference
is observed (p > 0.05). For CXCR3, the PFI and OS curves show no significant differences (p > 0.05), whereas the DSS
curve demonstrates a significant difference with a p-value of 0.039, indicating a notable variation in DSS staging.
The DSS, 0S, and PFI curves for CYP19A1, PAPPA, and PGR all show no significant differences (p > 0.05). In contrast,
the DSS and PFI curves for NR1H2 reveal significant differences (p < 0.05).
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Figure 5. KM curve analysis. (A) Progression-free survival (PFS) curve of ADRA2B; (B) Disease-specific survival
(DSS) curve of ADRA2B; (C) Overall survival (OS) curve of ADRA2B; (D) PFS curve of CXCR3; (E) DSS curve of CXCR3;
(F) OS curve of CXCR3; (G) PFS curve of CYP19A1; (H) DSS curve of CYP19A1; (I) OS curve of CYP19A1; (J) PFS curve
of PAPPA; (K) DSS curve of PAPPA; (L) OS curve of PAPPA; (M) PFS curve of PGR; (N) DSS curve of PGR; (0) OS curve
of PGR; (P) PFS curve of NR1H2; (Q) DSS curve of NR1H2; (R) OS curve of NR1H2. Kaplan-Meier (KM) survival
curves are depicted for the genes ADRA2B, CXCR3, CYP19A1, NR1HZ, PAPPA, and PGR, highlighting their prognostic
significance in terms of Progression-Free Interval (PFI), Disease-Specific Survival (DSS), and Overall Survival (0S).

3.6. Comparison of Differences between Disease and Non-Disease

According to the data presented in Figure 6, a comparative analysis of gene expression between colon cancer
tissues and normal tissues reveals several noteworthy findings. Firstly, the expression level of the ADRA2B gene
was significantly elevated in colon cancer tissues compared to normal tissues (p < 0.05). This increase suggests
that ADRA2B may play a critical role in the development or progression of colon cancer, with its up-regulation po-
tentially linked to various tumor biological behaviors, including growth, invasion, and metastasis. Conversely, the
expression level of the CXCR3 gene did not exhibit a statistically significant difference between normal and colon
cancer tissues (p > 0.05). This finding implies that CXCR3 may not be a major contributor to the onset of colon
cancer, or its involvement may be restricted to specific subtypes or stages of the disease, necessitating further in-
vestigation to elucidate its role in colon cancer. Additionally, the expression level of the CYP19A1 gene in colon
cancer tissues demonstrated a statistically significant increase (p < 0.05), indicating its potential involvement in
the pathogenesis of colon cancer, particularly concerning the proliferation and survival of tumor cells. The NR1H2
gene also showed a significant difference in expression between normal and colon cancer tissues (p < 0.05), sug-
gesting that NR1H2 may be implicated in critical biological processes associated with colon cancer; including cell
signaling, metabolic regulation, and immune response. In contrast, the expression of the PAPPA gene did not reveal
a significant difference between normal and colon cancer tissues (p > 0.05). Notably, the expression level of the PGR
gene was found to be higher in normal tissues than in colon cancer tissues, with this difference being statistically
significant (p < 0.05). This observation may indicate that the down-regulation of PGR in colon cancer is associated
with tumor inhibition or progression, warranting further investigation into its specific mechanisms of action within
the context of colon cancer.
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Figure 6. Gene expression comparison between disease and non-disease tissues. (A) The expression of ADRA2B
in normal and tumor tissues; (B) The expression of CXCR3 in normal and tumor tissues; (C) The expression of
CYP19A1 in normal and tumor tissues; (D) The expression of NR1H2 in normal and tumor tissues; (E) The expres-
sion of PAPPA in normal and tumor tissues; (F) The expression of PGR in normal and tumor tissues; (G) Heatmap of
differentially expressed genes between normal and tumor tissues. Comparative analysis of gene expression levels
between colon cancer tissues and normal tissues for ADRA2B, CXCR3, CYP19A1, NR1H2, PAPPA, and PGR genes.

CXCR3

3.7. Immune Cell Lollipop Chart

As illustrated in Figure 7, a correlation analysis was performed between the principal variable in the dataset
and the immune infiltration matrix data. The findings indicate that when NR1H2 serves as the primary variable,
immune cells such as natural killer (NK) cells, NK CD56bright cells, and immature dendritic cells (iDC) exhibit sig-
nificant differences and a positive correlation with both normal and tumor tissues. Conversely, these immune cells
demonstrate a negative correlation with central memory T cells (Tcm), Th2 cells, and T helper cells. In instances
where progesterone receptor (PGR) is the dominant variable, macrophages, mast cells, iDC, and other immune
cells show significant differences and a positive correlation in both normal and tumor tissues, while Th2 cells, NK
CD56bright cells, and Th17 cells are negatively correlated. Furthermore, when CYP19A1 is the primary variable,
Tcm, macrophages, T helper cells, and other immune cells display considerable differences and a positive correla-
tion with normal and tumor tissues, while they are negatively correlated with activated dendritic cells (aDC), NK
CD56bright cells, and Th17 cells. When adrenoceptor alpha 2B (ADRA2B) is the main variable, NK cells, T follicular
helper (TFH) cells, iDC, and other immune cells are markedly different and positively correlated with both normal
and tumor tissues, while they exhibit a negative correlation with Th2 cells. In the case of C-X-C chemokine receptor
type 3 (CXCR3) as the primary variable, regulatory T cells (Treg), NK CD56dim cells, dendritic cells (DC), and other
immune cells show significant differences and a positive correlation with normal and tumor tissues, while they are
negatively correlated with Th2 cells and Tcm. Lastly, when pregnancy-associated plasma protein A (PAPPA) is the
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dominant variable, macrophages, neutrophils, Th1 cells, and other immune cells are notably different and positively
correlated with both normal and tumor tissues, while they exhibit a negative correlation with NK CD56bright cells

and Th17 cells.
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Figure 7. Immune cell lollipop chart. (A) Correlation between NR1H2 expression and immune cell infiltration; (B)
Correlation between PGR expression and immune cell infiltration; (C) Correlation between CYP19A1 expression
and immune cell infiltration; (D) Correlation between ADRA2B expression and immune cell infiltration; (E) Cor-
relation between CXCR3 expression and immune cell infiltration; (F) Correlation between PAPPA expression and
immune cell infiltration. The figure illustrates the correlation between the primary variable in the dataset and the
immune infiltration matrix data, showing significant differences and correlations with specific immune cell types.

3.8. Comparison of Immune Cell Groups and Heat Map

As illustrated in Figure 8, the immune expression difference map and correlation heat map indicate that when
NR1H2 serves as the primary variable, there are significant differences observed in natural killer (NK) cells, NK
CD56bright cells, and immature dendritic cells (iDC), among others. Conversely, when progesterone receptor (PGR)
is the primary variable, notable differences are evident in macrophages, mast cells, iDC, and other immune cell types
between normal and tumor tissues. Additionally, when CYP19A1 is identified as the dominant variable, significant
differences are observed in central memory T cells (Tcm), macrophages, T helper cells, and other immune cells
in normal versus tumor tissues. Furthermore, when ADRA2B is the principal variable, significant differences are
noted in NK cells, T follicular helper (TFH) cells, iDC, and other immune cells between normal and tumor tissues.
Lastly, when CXCR3 is the most prominent variable, regulatory T cells (Treg), NK CD56dim cells, dendritic cells (DC),
and other immune cells exhibit significant differences between normal and tumor tissues.
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Figure 8. Comparison of immune cell groups and heat map. (A) Correlation between ADRA2B expression and
immune cell infiltration levels; (B) Correlation between CXCR3 expression and immune cell infiltration levels; (C)
Correlation between CYP19A1 expression and immune cell infiltration levels; (D) Correlation between NR1H2 ex-
pression and immune cell infiltration levels; (E) Correlation between PAPPA expression and immune cell infiltration
levels; (F) Correlation between PGR expression and immune cell infiltration levels; (G) Heatmap showing the corre-
lation between gene expression and immune cell infiltration. This figure presents an immune expression difference
map and correlation heat map, indicating significant differences in immune cell populations between normal and
tumor tissues for various genes.

3.9. COX Regression

As illustrated in Table 1, the results from the COX analysis indicate significant differences in the pathologic
node stage among patients with no lymph node metastasis (NO) compared to those with 1-3 lymph node metas-
tases (N1) and those with more than 4 lymph node metastases (N2), with p-values of 0.042 and less than 0.001,
respectively. These findings suggest that the prognosis for patients with colorectal cancer deteriorates markedly
with the advancement of pathological N stages, highlighting a strong association between the presence of lymph
node metastasis and poor prognosis. Regarding the Pathologic M stage, a significant difference was observed be-
tween patients without distant metastasis (M0) and those with distant metastasis (M1), with a p-value of less than
0.001. This indicates that the presence of distant metastasis significantly adversely affects the prognosis of colorec-
tal cancer patients. In terms of primary therapy outcomes, the distinction between disease progression and disease
stabilization (PD&SD) versus partial and complete response (PR&CR) was highly significant, with a p-value of less
than 0.001. This underscores the strong correlation between treatment response and prognosis in colorectal can-
cer patients, as those achieving a partial or complete response exhibit a markedly better prognosis compared to
those whose disease either progresses or remains stable. Furthermore, the analysis of CYP19A1 gene expression
levels revealed a statistically significant difference between low and high expression levels, with a p-value of 0.009.
This finding suggests that variations in CYP19A1 gene expression may be closely linked to the prognosis of colorec-
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tal cancer patients, with high expression potentially correlating with poorer outcomes. This relationship may be
attributed to the role of CYP19A1 in tumor growth, metastasis, and hormone synthesis.

Table 1. COX regression analysis.

Total HR(95% CI) Univariate P Value Univariate HR(95% CI) Multivariate P Value Multivariate

Characteristics (N) Analysis Analysis Analysis Analysis
Pathologic T stage

T1&T2 94 Reference Reference

T3 322 2.576 (1.183-5.612) 0.017 0.598 (0.113-3.162) 0.545
T4 60 7.021 (2.993-16.473) <0.001 2.971(0.502-17.582) 0.230
Pathologic N stage

NO 283 Reference Reference

N1 108 1.681 (1.019-2.771) 0.042 0.016 (0.002-0.149) <0.001
N2 86 4.051 (2.593-6.329) <0.001 0.071 (0.012-0.434) 0.004
Pathologic M stage

MO 348 Reference Reference

M1 66 4.193 (2.683-6.554) <0.001 0.750 (0.212-2.652) 0.655
Pathologic stage

Stage [&Stage 11 267 Reference Reference

Stage I11&Stage IV 199  2.947 (1.942-4.471) <0.001 111.677 (10.466-1191.655)  <0.001
Primary therapy

outcome

PD&SD 29 Reference Reference

PR&CR 221 0.094 (0.049-0.182) <0.001 0.100 (0.036-0.278) <0.001
PAPPA 477

Low 239 Reference Reference

High 238 1.158 (0.785-1.708) 0.460

NR1H2 477

Low 239 Reference Reference

High 238 1.545 (1.042-2.289) 0.030 1.474 (0.637-3.414) 0.365
PGR 477

Low 239 Reference Reference

High 238 1.038 (0.703-1.533) 0.849

CYP19A1 477

Low 239 Reference Reference

High 238 1.702 (1.141-2.537) 0.009 1.154 (0.430-3.092) 0.776
ADRA2B 477

Low 239 Reference Reference

High 238 1.307 (0.886-1.927) 0.177

CXCR3 477

Low 239 Reference Reference

High 238 1.026 (0.697-1.511) 0.895

The table shows the results of the COX regression analysis, indicating significant differences in pathological stages and CYP19A1 gene expression levels in colorectal
cancer patients.

3.10. Stacking Diagram of Immune Infiltration

As illustrated in Figure 9, the immune stacked bar chart indicates that under conditions of high expression
of target genes, there is an increase in the number of specific immune cell types, including M2 macrophages, CD8
T cells, MO macrophages, resting CD4 memory T cells, resting dendritic cells, and neutrophils, when compared to
conditions of low expression of target genes. This observation suggests that these particular populations of im-
mune cells may play a crucial role in the immune response and in the defense against disease. M2 macrophages
are significant in anti-inflammatory processes and tissue repair, contributing to the formation of immune mem-
ory through the secretion of anti-inflammatory cytokines and the promotion of immune regulation. CD8+ T cells,
also referred to as cytotoxic T cells, are essential for recognizing and eliminating virally infected or malignant cells,
thereby serving as a vital component of immune surveillance and memory. MO macrophages represent unactivated
or initial-state macrophages that can rapidly activate to perform phagocytosis and antigen presentation upon detect-
ing pathogen-associated molecular patterns (PAMPs) and damage-associated molecular patterns (DAMPs). Resting
CD4+ memory T cells are critical for long-term immune memory, as they can respond swiftly to previously encoun-
tered antigens, thereby initiating a more rapid and robust immune response. As professional antigen-presenting
cells, resting dendritic cells are responsible for capturing, processing, and presenting antigens to T cells, thereby
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activating specific immune responses. Neutrophils serve as the frontline defenders of the innate immune system,
capable of rapidly migrating to sites of infection or inflammation to eliminate pathogens through phagocytosis and
the release of toxic substances.
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Figure 9. Stacking diagram of immune infiltration. (A) Comparison of immune cell composition between low and
high NR1H2 expression groups; (B) Comparison of immune cell composition between low and high PGR expression
groups; (C) Comparison of immune cell composition between low and high CYP19A1 expression groups; (D) Com-
parison of immune cell composition between low and high ADRA2B expression groups; (E) Comparison of immune
cell composition between low and high CXCR3 expression groups; (F) Comparison of immune cell composition be-
tween low and high PAPPA expression groups. The immune stacked bar chart indicates the increase in specific
immune cell types under conditions of high expression of target genes compared to low expression conditions.

3.11. Single Cell Cluster Map

As illustrated in Figure 10, the analysis of a single cell indicates that the expression levels of genes such as
ADRAZ2B, CXCR3, CYP19A1, NR1H2, PAPPA, and PGR are significantly elevated in various cell types, including blood
and immune cells, endothelial cells, muscle cells, and trophoblast cells. These genes are closely associated with the
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functional and pathological processes of colon tissue, thereby exerting a substantial impact on the immune defense
mechanisms of the colon. In blood and immune cells, the heightened expression of these genes may be linked to
immune surveillance, the regulation of inflammatory responses, and the migration and activation of immune cells.
Notably, the ADRA2B and CXCR3 genes may play pivotal roles in the transmission of immune signals and cell-cell in-
teractions, which are essential for the timely initiation and effective regulation of immune responses. Furthermore,
as a critical component of the intestinal barrier, the elevated expression of genes such as CYP19A1 and NR1H2 in
endothelial cells may contribute to the maintenance of intestinal barrier integrity, the regulation of local hormone
levels, and the response to inflammatory signals. This, in turn, supports the maintenance of intestinal homeosta-
sis and provides defense against pathogen invasion. The highly expressed genes in muscle cells, including PAPPA
and PGR, may be implicated in the regulation of intestinal motility, thereby influencing intestinal peristalsis and
secretion, which are crucial for nutrient absorption and waste excretion. Additionally, trophoblast cells play a vital
role in nutrient supply and immune regulation during embryonic development. In the context of colon cancer, these
cells may be associated with mechanisms of immune evasion and angiogenesis within the tumor microenvironment,
thereby influencing tumor progression and prognosis.
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Figure 10. Single cell cluster map. The figure illustrates the expression patterns of (A) ADRA2B; (B) CXCR3; (C)
CYP19A1; (D) NR1H2; (E) PAPPA; and (F) PGR genes across various cell types, highlighting their roles in immune
defense mechanisms and tumor development.

3.12. Molecular Docking and Molecular Dynamics Simulation

As illustrated in Figure 11, the results of the molecular docking studies offer a quantitative evaluation of the
binding affinity of the active pharmaceutical ingredient Diop to various target proteins. The data indicate that the
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binding energies of Diop with the proteins ADRA2B, CXCR3, CYP19A1, NR1H2, PAPPA, and PGR are -9.5, -34.6,
-10.8, -10.2, -9.2, and -10.0 kcal/mol, respectively. In the context of molecular docking, binding energy serves
as a critical parameter for assessing the strength and stability of the interaction between the ligand (the active
substance) and the receptor (the target protein). The findings of this study reveal that the binding energy of Diop
to all aforementioned target proteins is less than zero, suggesting that the interaction between Diop and these
proteins is stable and indicative of potential pharmacological activity. Notably, the binding energy of Diop with
CXCR3 is -34.6 kcal/mol, representing the strongest interaction among those analyzed, which implies a significant
interaction between Diop and CXCR3. This robust interaction may have substantial implications for drug design
and optimization, as stronger binding is often correlated with enhanced drug potency and selectivity.
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Figure 11. Molecular docking analysis. (A) Molecular docking analysis of Diop with ADRA2B; (B) Molecular dock-
ing analysis of Diop with CXCR3; (C) Molecular docking analysis of Diop with CYP19A1; (D) Molecular docking
analysis of Diop with NR1H2; (E) Molecular docking analysis of Diop with PAPPA; (F) Molecular docking analysis
of Diop with PGR. Molecular docking results are presented, offering a quantitative evaluation of the binding affinity
of the active pharmaceutical ingredient Diop to various target proteins, with binding energies indicated.

As shown in Figure 12, each RMSD value represents the degree of structural change of DIOP molecule and
specific protein (ADRA2B, CXCR3, CYP19A1, NR1H2, PAPPA, PGR) complex in the simulation process is stable, and
the complex structure of DIOP molecule and these proteins changes little. May indicate strong binding stability;
A higher RMSD value may indicate a larger structural change, possibly related to ligand binding dynamics or the
flexible region of the protein.
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Figure 12. RMSD (root mean square deviation) value.

4. Discussion

The pathological progression of colon cancer is primarily attributed to the damage sustained by colon epithe-
lial cells, coupled with the proliferation and activation of colon stem cells (CSCs), which subsequently differenti-
ate into tumor cells. This process results in an excessive accumulation of extracellular matrix (ECM) components
and inflammatory factors within the tumor microenvironment (TME) [12, 13]. Initially normal colon stem cells
undergo genetic and epigenetic alterations, as well as modifications in inflammatory factors, growth factors, and
ECM components present in the microenvironment, ultimately acquiring malignant phenotypes [14, 15]. These
activated colon stem cells exhibit enhanced proliferative capabilities and acquire the ability to undergo epithelial-
mesenchymal transition (EMT), facilitating metastasis and tumor formation within colon tissue. As tumors con-
tinue to grow, the ECM within the TME becomes excessively deposited, creating a physical barrier that not only
supports tumor growth and invasion but also provides essential nutrients and protection for tumor cells, thereby
promoting tumor progression and deterioration of tumors. Some studies have shown that Chinese medicine is ef-
fective in delaying and treating colon cancer [16, 17]. Chinese medicine prescription supplemented Wumei Pill is
a Chinese medicine prescription that adds medicinal materials on the basis of traditional Wumei pill. Plum: As a
splendid medicine, has the effect of acid to collect ascaris. Asarum: warm viscera, dispel cold, dispel insects and
relieve pain. Dried ginger: warm viscera and dispel cold. Coptis: bitter down ascaris, clearing heat and drying
dampness. Yellow cedar: clearing heat and drying dampness. Aconite (preparation): warming viscera and dis-
pelling cold. Cassia twig: warm viscera and dispel cold. Ginseng: invigorating qi and nourishing blood. Angelica:
invigorating Qi and nourishing blood. Shu pepper: warm viscera, dispel cold, dispel insects and relieve pain. Honey
(refining): Used to make honey pellets. It is operational in the treatment of colon cancer.In this study, the chemical
components of 126 supplemented Wumei pills were screened through TCMSP database, and the ADME parameters
were set as oral bioavailability (OB) > 30% and pharmacologist (DL) > 0.18.

Among them, 8 chemical components of Wumei, 8 chemical components of asylum, 5 chemical components of
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dried ginger and 2 chemical components of angelica sentences were screened. There are 22 chemical components
of aconite, 7 chemical components of cassia twig, 39 chemical components of Phellodendron rhododendron, 13
chemical components of Coptis coptis, 21 chemical components of ginseng, and a total of 8 chemical components are
screened as active ingredients according to oral bioavailability (OB) > 36% (Diop, Stigmasterol, stigmasterol, etc.).
beta-sitosterol, Inermin, Chrysanthemaxanthin, Celabenzine, Deoxyharringtonine, Dianthramine) [1, 18]. The 8
effective active ingredients after screening were imported into the Swiss Target Prediction database to predict the
target corresponding to the applicable active ingredients of modified Wumei pills, and 305 genes of the ingredients
were screened. By searching the GeneCards database, a total of 2155 colon cancer targets were obtained, and then
searching the drag-net database, a total of 30 genes were obtained [3, 19].

The disease targets obtained from the two databases were summarized and de-weighted, and a total of 2156
targets were obtained. The intersection of disease targets and drug targets can obtain 112 disease targets of Sup-
plemented Wumei pill for the treatment of colon cancer by using Cytoscape3.9.0 software to construct the network
diagram of “Supplemented Wumei pill - Active ingredients - Intersection targets - colon cancer”. According to the
degree of overlap and targets related to screen available (interactive value is greater than 6) six target gene analysis
results show that the cherry and plum pill for colon cancer six before the main therapeutic targets for the ADRA2B,
CXCR3, CYP19A1, NR1H2, PAPPA, PGR. ADRA2B is a G-protein-coupled receptor that is associated with a variety
of physiological processes, including the regulation of immune responses and cell proliferation. In the treatment
of colon cancer, ADRA2B may serve as a target to modulate the tumor microenvironment and immune response.
CXCR3 is a chemokine receptor that is associated with tumor immune surveillance and inflammatory response.

In colon cancer, CXCR3 may be involved in regulating the tumor immune microenvironment and promoting
chemotaxis of immune cells. CYP19A1 is an enzyme involved in the biosynthesis of estrogen. Studies have shown
that CYP19A1 may inhibit the proliferation and effector function of CD8+ T cells in colon cancer by up-regulating PD-
L1, IL-6 and TGF-B, thereby promoting tumor immune escape. NR1H2 is a nuclear receptor involved in regulating
lipid metabolism and inflammatory responses. In colon cancer, NR1H2 may serve as a target for regulating lipid
metabolism and anti-inflammatory effects. PAPPA is a metalloproteinase, which is associated with tumor invasion
and metastasis. In colon cancer, PAPPA may be involved in regulating the aggressiveness and ability of tumor cells to
metastasize. PGR is a nuclear receptor that is associated with regulating a variety of biological processes, including
cell proliferation and differentiation. In colon cancer, PGR may act as a target that regulates tumor cell proliferation
and differentiation. It is in line with the current research and can be used as a drug target [8, 20].

As illustrated in Figure 2, the Gene Ontology (GO) enrichment analysis of the intersection genes identified
through the Venn diagram indicates significant enrichment in various biological processes. Notably, these pro-
cesses include “intracellular receptor signaling pathway, “cell response to chemical stress, and “response to ox-
idative stress. These biological processes are fundamental for cellular perception and response to external stimuli,
involving intricate molecular events and regulatory mechanisms within cells. The intracellular receptor signal-
ing pathway is particularly critical, as it encompasses the binding of signaling molecules to intracellular receptors,
which subsequently initiates a cascade of downstream events, including alterations in gene expression and mod-
ulation of cellular behavior. The cellular response to chemical stress pertains to the mechanisms by which cells
detect and manage harmful chemicals, potentially involving detoxification processes and the activation of protec-
tive cellular mechanisms. Furthermore, the response to oxidative stress is associated with the cellular defense
against damage caused by reactive oxygen species, which is vital for maintaining the redox balance and preventing
oxidative injury. In terms of cellular components (CC), the enrichment analysis revealed that these genes are pre-
dominantly associated with “membrane raft, “membrane microdomain, and “membrane region. These membrane-
associated structures represent critical functional areas of the cell surface that engage in a variety of cellular pro-
cesses, including signaling, material transport, and intercellular interactions. Membrane rafts are microdomains
within the cell membrane that are enriched in specific lipids and proteins, playing a crucial role in cell signaling. In
contrast, membrane microdomains and membrane regions contribute to the local architecture and functionality of
the cell membrane, with variations in these structures potentially linked to the onset and progression of various
diseases. The enrichment results pertaining to molecular function (MF) indicated that these genes are primarily
related to “nuclear receptor activity, “ligand-activated transcription factor activity, and “DNA-binding transcription
factor binding. These functions are intricately connected to the regulation of gene expression. Nuclear receptors
and transcription factors are central components of the intracellular gene expression regulatory network, modulat-
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ing the expression of target genes by binding to specific DNA sequences or ligands, thereby influencing the physio-
logical and pathological states of cells. The findings from the gene-pathway interaction network further elucidate
the associations of these genes with pathways such as the “TNF signaling pathway, “endocrine resistance, “chem-
ical carcinogen-receptor activation, and “lipid and atherosclerosis. These pathways are implicated in the onset
and progression of various diseases, including inflammatory responses, cancer development, metabolic disorders,
and cardiovascular diseases [21]. The TNF signaling pathway is integral to inflammation and immune responses,
while endocrine resistance pertains to the inhibition of hormone signaling, which has been observed in numerous
metabolic diseases. The chemical carcinogen-receptor activation pathway elucidates the role of chemicals in can-
cer development through receptor activation, whereas the lipid-atherosclerosis pathway is significantly associated
with the pathogenesis of cardiovascular disease [5, 22].

The data presented in Figure 3 indicate that the ADRA2B gene exhibits high expression levels in both tumor
cells and immune cells within the tumor microenvironment, including macrophages and pheochromocytomas. This
suggests that ADRA2B may play a significant role in the regulation of tumor growth and angiogenesis. Furthermore,
the expression of the CYP19A1 gene in colon cancer tissues appears to involve both tumor cells and endothelial
cells, with its function being closely associated with estrogen synthesis, which may directly influence the growth
and metastatic potential of tumor cells. Additionally, NR1H2 gene expression is observed in both colon cancer
tumor cells and immune cells within the tumor microenvironment, where it is critical for the regulation of lipid
metabolism and the inflammatory response, potentially affecting tumor development and progression. The PAPPA
gene expression in colon cancer cells is correlated with tumor growth and metastasis, while the expression of the
PGR gene appears to be predominantly confined to tumor cells. The CXCR3 gene is frequently expressed in activated
T cells and natural killer cells, suggesting a connection to immune cell activity within the tumor immune microen-
vironment. The expression patterns of these genes underscore their complex roles in the development of colon
cancer, encompassing aspects of cell signaling, metabolic regulation, immune response, and the formation of the
tumor microenvironment [12, 23].

Figure 6 illustrates that the upregulation of ADRA2B gene expression in colon cancer may be associated with
various biological behaviors of the tumor, including growth, invasion, and metastasis. ADRA2B, a G-protein-coupled
receptor, has the potential to influence cell cycle progression and apoptosis through multiple signaling pathways,
thereby facilitating tumor advancement. Additionally, the increased expression of the CYP19A1 gene may be linked
to the pathogenesis of colon cancer, particularly in relation to the proliferation and survival of tumor cells. CYP19A1
is known to inhibit the proliferation and effector functions of CD8+ T cells by upregulating PD-L1, IL-6, and TGF-
B, which may promote tumor immune evasion. Furthermore, NR1H2 gene expression in colon cancer may play a
role in critical biological processes, including but not limited to cell signaling, metabolic regulation, and immune
response. As a nuclear receptor, NR1H2’s activation may impact lipid metabolism and inflammatory responses,
subsequently influencing tumor development and progression. Notably, the expression level of the PGR gene in
normal tissues was found to be significantly higher than that in colon cancer tissues (p < 0.05), suggesting that PGR
expression is downregulated in colon cancer, which may be associated with tumor inhibition or progression. As a
nuclear receptor, PGR is implicated in the regulation of various biological processes, including cell proliferation and
differentiation, and may represent a potential target for modulating tumor cell proliferation and differentiation in
colon cancer [7, 24].

Figure 7 illustrates that the CXCR3 gene is significantly expressed on the surface of certain malignant tumor
cells, facilitating tumor metastasis and invasion through receptor-ligand interactions. CXCR3 has the capacity to
modulate the functions of immune effector cells and can exert an anti-tumor effect by binding to its specific ligand at
the tumor site. Conversely, the chemotaxis of immune cells to the tumor site mediated by CXCR3 may also enhance
the proliferation and migration of tumor cells, which is intricately associated with tumor growth and metastasis.
The expression of the NR1H2 gene may be detected in both colon cancer tumor cells and immune cells within the
tumor microenvironment, playing a pivotal role in the regulation of lipid metabolism and inflammatory responses,
which may influence tumor development and progression. As a nuclear receptor, the PGR gene is implicated in
the regulation of various biological processes, including cell proliferation and differentiation, and may serve as a
potential target for modulating tumor cell proliferation and differentiation in colon cancer [25, 26]. The immune ex-
pression difference map and correlation heat map presented in Figure 8 further corroborate the findings depicted
in Figure 7. When NR1H2, PGR, CYP19A1, and ADRA2B were analyzed as primary variables, significant differences
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in the expression of specific immune cell populations were observed between normal and tumor tissues, underscor-
ing the relevance of these genes in the immune microenvironment of colon cancer. These genes may affect tumor
development and immune evasion by modulating the infiltration and functionality of immune cells [27, 28].

The results of the COX regression analysis presented in Table 1 indicate a significant impact of both the patho-
logical lymph node stage and the pathological distant metastasis stage on the prognosis of patients diagnosed with
colorectal cancer. Furthermore, the analysis of CYP19A1 gene expression levels demonstrated a statistically sig-
nificant difference between low and high expression groups (p = 0.009). This finding suggests that variations in
CYP19A1 gene expression may be closely associated with the prognosis of colorectal cancer patients. An increased
expression of CYP19A1 may correlate with tumor aggressiveness and a poorer prognosis, potentially due to its
involvement in the tumor immune microenvironment.

The stacked bar chart depicting immune cell populations in Figure 9 illustrates that, in instances of high ex-
pression of target genes, there is a notable increase in the prevalence of specific immune cell types, such as M2
macrophages and CD8+ T cells, compared to conditions characterized by low expression of target genes. This ob-
servation implies that these particular immune cell populations may play a pivotal role in the immune response and
in the defense against disease. M2 macrophages are crucial for anti-inflammatory processes and tissue repair, and
they contribute to the establishment of immune memory by secreting anti-inflammatory cytokines and facilitating
immune regulation. CD8+ T cells, commonly referred to as cytotoxic T cells, possess the capability to recognize
and eliminate virally infected or neoplastic cells, thereby serving as a vital component of immune surveillance and
memory [6].

The single-cell cluster depicted in Figure 10 illustrates the expression patterns of the ADRA2B, CXCR3, CYP19A1,
NR1H2, PAPPA, and PGR genes across various cell types. Notably, the expression levels of these genes were signif-
icantly elevated in blood and immune cells, endothelial cells, muscle cells, and trophoblast cells. This observation
suggests that these genes may play a critical role in the immune defense mechanisms of the colon as well as in
tumor development. Furthermore, the expression of these genes may be associated with the activation, prolifera-
tion, and differentiation of immune cells, thereby influencing the tumor microenvironment and the overall immune
response.

The results of the molecular docking studies presented in Figure 11 offer a quantitative evaluation of the bind-
ing affinity of the drug-active compound Diop to various target proteins. The binding energies of Diop with ADRA2B,
CXCR3, CYP19A1, NR1H2, PAPPA, PGR, and other proteins are all less than zero, suggesting that the interactions be-
tween Diop and these proteins are stable and indicative of potential pharmacological activity. Notably, the binding
energy of Diop with CXCR3 is —34.6 kcal/mol, representing the most robust interaction among those analyzed.
This significant interaction may have important implications for drug design and optimization, as stronger binding
is often correlated with enhanced drug potency and selectivity.

According to Figure 12, we can conclude that in this molecular dynamics simulation study, we have paid atten-
tion to the stability and dynamic changes of the complexes of DIOP molecules with six different proteins (ADRA2B,
CXCR3, CYP19A1, NR1H2, PAPPA, PGR). By analyzing RMSD values, we were able to assess the structural stability
and possible functional effects of these complexes during simulation. The RMSD values of DIOP and ADRA2B pro-
vide information on the overall structural changes of the complex during the simulation. The lower RMSD value
indicated that the complex maintained high structural stability during the simulation, which may be related to the
tight binding of the DIOP molecule to the ADRA2B receptor. The RMSD value of CXCR3 complex reveals its struc-
tural dynamics during simulation. CXCR3 is a key immunomodulatory receptor, and its interaction with DIOP may
have important effects on its functional status. The RMSD value of CYP19A1 complex reflects the structural changes
of the complex during simulation. CYP19A1 plays a key role in hormone synthesis, and its structural stability may
have a direct effect on enzyme activity. The RMSD value of the NR1H2 complex provides us with insights into the
structural stability of the complex. NR1H2 plays an important role in lipid metabolism, and its interaction with
DIOP may affect its regulatory function. The RMSD value of PAPPA complex reveals its structural changes during
simulation. The expression and function of PAPPA during pregnancy are closely related to fetal development, and
the stability of PAPPA structure may have an important influence on the pregnancy process. The RMSD value of
the PGR complex gives us information about the structural stability of the complex. PGR plays a central role in the
reproductive system and pregnancy maintenance, and its structural stability is essential for its function.
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5. Conclusions

This study employed network pharmacology and bioinformatics methodologies to elucidate the potential mech-

anisms by which modified Wumei pills may contribute to the treatment of colon cancer. Key target genes, including
ADRAZ2B, CXCR3, CYP19A1, NR1H2, PAPPA, and PGR, were identified, highlighting their significant roles in the pro-
gression of colon cancer. The findings suggest that modified Wumei pills may influence tumor growth, the immune
microenvironment, and prognosis through the regulation of these genes, thereby offering novel insights for targeted
therapy and immunotherapy in the management of colon cancer.
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