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Abstract

Objective: M2 macrophages promote gastric cancer (GC) progression
via chemokine secretion, inflammation suppression, and angiogenesis/
lymphangiogenesis. To address low GC survival and the need for
prognostic predictors/therapeutic targets, this study used WGCNA to
screen core genes driving M2 polarization in GC, build a prognostic
model, and explore drug sensitivity.

Methods: 381 STAD samples were obtained from TCGA. CIBERSORT
calculated immune cell infiltration for grouping; Kaplan-Meier analysis
assessed prognosis. WGCNA constructed co-expression modules to
screen key modules and core genes. GO/KEGG enrichment analyses were
performed. Cox regression built and validated a risk model; a nomogram
was developed with clinical data. Cell Miner analyzed drug sensitivity.

Results: High M2 infiltration correlated with poorer prognosis. WGCNA
generated 18 modules, identifying the turquoise module and 160 core
genes. Enrichment analyses clarified their functional pathways. A
validated 3-gene (BCHE, CHRDL1, CNTN1) risk model and a nomogram
were established. High-risk patients showed higher sensitivity to 8 drugs.

Conclusion: M2 infiltration is a poor prognostic marker for GC. The
3-gene model and BCHE (as a drug marker) contribute to GC prognosis
prediction and precision therapy.

Keywords: Gastric Cancer; Tumor-Associated Macrophage (TAM); M2
Macrophage; Weighted Gene Co-Expression Network; Prognostic Model.

Introduction

Gastric cancer (GC) is one of the most prevalent malignant tumors
worldwide, ranking fifth in terms of global incidence and third among the
leading causes of cancer-related deaths [1, 2]. Due to the insidious nature of
carly-stage symptoms, most patients are diagnosed at an advanced stage of
the disease, which results in a median survival time of less than 12 months
for GC patients [3, 4]. In recent years, treatment strategies for GC have been
increasingly diversified; the combined application of multiple approaches,
such as neoadjuvant chemoradiotherapy, molecular targeted therapy, and
immunotherapy, has provided more treatment options for patients [5].
Among these strategies, immunotherapy, particularly treatment with immune
checkpoint inhibitors (ICIs), has become an important therapeutic regimen
for patients with advanced GC [6]. Notably, the tumor microenvironment
(TME) plays a crucial role in GC progression and treatment response [7],
and tumor-associated macrophages (TAMs)—as the most abundant innate
immune cells in the immune microenvironment—have currently emerged as
a research hotspot and key target in the field of immunotherapy [8].
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Tumor-associated macrophages (TAMs) are highly
heterogeneous and mainly polarize into two functional
phenotypes, the classically activated (M 1) and the alternatively
activated (M2) states, in gastric cancer [9], exerting distinct
biological effects on the growth of gastric cancer cells. M1-
type TAMs secrete cytokines such as interleukin-12 (IL-12),
interleukin-23 (IL-23), tumor necrosis factor-a (TNF-a),
and C-X-C motif chemokine ligand 10 (CXCL10). These
cytokines enable M1-type TAMs to phagocytose and kill
bacteria, present antigens, and recruit inflammatory cells to
tumor cells, thereby participating in the immune response to
eliminate tumor cells [10,11]. In contrast, M2 polarization is
induced by interleukin-4 (IL-4) and interleukin-10 (IL-10)
secreted by CD4" T lymphocytes and regulatory T cells, which
activate the signal transducer and activator of transcription
6 (STAT6) signaling pathway and stimulate the production
of arginase-1. M2-type TAMs can be further subdivided
into four subtypes: M2a, M2b, M2c, and M2d. Unlike M1-
type TAMs, M2-type TAMs mainly suppress inflammatory
responses and promote tumor initiation and progression [12,
13]. This study aimed to identify potential biomarkers and
therapeutic targets associated with M2-type macrophages in
gastric cancer using weighted gene co-expression network
analysis (WGCNA) [14], so as to facilitate the early clinical
diagnosis and treatment optimization of gastric cancer.
Additionally, it constructed a prognostic model related to
M2-type macrophages in gastric cancer and screened for
drugs sensitive to key genes. This study not only provides
important molecular markers for the prognostic evaluation of
gastric cancer patients but also offers a new theoretical basis
for revealing the mechanisms underlying the occurrence and
development of gastric cancer.

Methods and Materials

Implementation of Data Preprocessing, Immune
Infiltration, and Survival Analysis

To conduct this study, we first obtained the data of 381
stomach adenocarcinoma (STAD) samples from the TCGA
database. Subsequently, the CIBERSORT immune infiltration
analysis algorithm was applied to these samples to calculate
the infiltration proportions of 22 types of immune cells.
Among the numerous immune cells, M2-type macrophages
were selected as the main research object in this study. To
explore its relationship with prognosis, the 381 STAD sample
data were divided into a high-infiltration group and a low-
infiltration group of M2-type macrophages according to the
optimal cutoff value (survival cutoff =0.1453127) of the
immune infiltration percentage of M2-type macrophages.
The high-infiltration group contained 83 samples, and the
low - infiltration group contained 298 samples. Meanwhile,
the Kaplan-Meier curve analysis method was used to perform
survival analysis on the divided high and low infiltration
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groups, so as to evaluate the prognostic differences between
the two groups.

Construction of Weighted Gene Co-expression
Network (WGCNA) for Identifying Key Gene
Modules Related to M2 Macrophages

Using differentially expressed genes (DEGs) between
high and low M2-type macrophage infiltration groups, a
standardized sample gene expression matrix was constructed,
and STAD samples were systematically clustered by average
gene expression levels with extremely abnormal samples
excluded to reduce interference; via the R WGCNA package,
soft thresholding powers (1-20) were calculated, scale-
free topology fit index plots (correlating fit index with soft
threshold) and mean connectivity plots (showing connectivity
trends) were generated, and the optimal soft threshold (fit
index > 0.8, high average connectivity) was selected; with this
optimal threshold and a module merge cut height of 0.25, the
gene co-expression network was divided into co-expressed
modules using the dynamic tree cut algorithm, followed by
hierarchical clustering of modules, visualization of intra-
module gene correlation and inter-module association,
and generation of a gene clustering tree to present module
division results.

Correlation Analysis of Co-Expressed Modules to
Verify Division Accuracy

To verify 18 co-expressed modules’ accuracy, systematic
correlation analysis assessed inter-module relationships: a
topological overlap adjacency heatmap (for module-specific
DEGs screened by M2-type macrophage infiltration) was
constructed, with axes representing 18 modules, topological
overlap matrix (TOM) quantifying connectivity (higher
values = stronger connectivity), and yellow brightness
reflecting  intra/inter-module  differences; additionally,
a module eigengene (derived from the first principal
component of module gene PCA) adjacency heatmap was
generated, with axes representing 18 modules, Pearson
correlation coefficients quantifying associations, and a blue-
red gradient (red = high positive correlation, blue = high
negative correlation) identifying correlation strengths. Intra/
inter-module connectivity (from the topological overlap
heatmap) and correlation (from the eigengene heatmap) were
cross-validated to judge module division independence and
accuracy.

STAD Sample Data Preprocessing and Key Gene
Module Selection Methods

Data preprocessing of STAD samples was performed
based on CIBERSORT and Kaplan-Meier curves. To select
key gene modules associated with promoting M2-type
macrophage polarization, first, the correlation coefficients
between module eigenvectors and clinical traits as well
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as the module significance P-values were calculated, and
modules meeting the criteria of P < 0.05 and satisfying the
required correlation coefficients were screened out; then, the
Gene Significance (GS) and Module Membership (MM) of
each gene in the selected module were calculated, and the
correlation between MM and GS was analyzed by visualizing
the MM vs GS plots.

GO and KEGG Enrichment Analysis of DEGs

For the 160 DEGs obtained through intersection screening,
bioinformatics analysis tools were used to conduct Gene
Ontology (GO) functional enrichment analysis and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analysis, respectively. During the analysis, "adjust
P < 0.05" was adopted as the statistical significance criterion
to screen out the significantly enriched functional terms in the
GO analysis and the significantly enriched signaling pathways
in the KEGG analysis, to clarify the biological functions and
pathway associations involved in the target genes.

Construction and Validation of Risk Prediction
Model via Univariate Cox Regression and LASSO-
COX Regression

Univariate Cox regression was performed on core genes
to screen out prognosis-related genes. Then, LASSO-COX
regression was used to construct a 3-gene risk prediction
model. Correlation analysis was conducted between the M2
macrophage phenotypes (CD68, CD74, CD163) and the
genes in the model. In the internal and external validation
cohorts (GSE34942, GSE84433), the median risk score of the
training cohort was used as the optimal cut-off value to divide
gastric cancer patients in the training cohort, GSE34942, and
GSE84433 into high-risk and low-risk groups. The model was
validated through scatter plots, risk heatmaps, and Kaplan-
Meier survival analysis.

Nomogram for Predicting Survival Rate of Gastric
Cancer Patients Based on Risk Score and Clinical
Traits

Using the "rms" package in R software, a nomogram
was constructed by combining risk scores with clinical
traits including age, gender, grade, and stage. By calculating
patients' clinical traits and risk scores, accurate prediction
of 1-year, 2-year, and 3-year survival rates of gastric cancer
patients was achieved, so as to evaluate the accuracy of the
model in predicting the survival rate of gastric cancer patients.

Analyzing BCHE Gene Expression and Antitumor
Drug Sensitivity in Gastric Cancer Patients Based
on CellMiner Database

Using the CellMiner database, gastric cancer patients were
divided into high-risk and low-risk groups based on BCHE,
a key gene in the model. Drug sensitivity analysis of the
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two groups was conducted separately for 8 antitumor drugs,
including dabrafenib, dacarbazine, idebenone, narcotine,
okadaic acid, PLX-4720, tipifarnib, and vemurafenib. Scatter
plots and violin plots were drawn to display the correlation
between BCHE gene expression and the drug activity z-scores
of each drug, as well as the inter-group differences in drug
sensitivity. This approach was used to clarify the sensitivity
of high-risk patients to these drugs.

Results

Association Between M2 Macrophage Infiltration
Level and Prognosis in STAD Patients

After performing CIBERSORT immune infiltration
calculation on 381 STAD samples obtained from the TCGA
database, the infiltration proportions of 22 immune cell types
were successfully derived. Taking M2-type macrophages
as the core research object, the samples were divided into
a high-infiltration group (83 cases) and a low-infiltration
group (298 cases) based on the optimal cutoff value (survival
cutoff = 0.1453127) of their immune infiltration percentage,
and this grouping result is presented in (Figure 1A). Further
Kaplan-Meier curve analysis of these two groups showed
that patients in the M2 macrophage high-infiltration group
had worse prognosis than those in the low-infiltration group,
with a statistically significant difference (p = 0.00006), and
the survival analysis result is shown in (Figure 1B).

Identification Results of Key M2-type Macrophage-
Related Gene Modules

After excluding extreme samples through cluster analysis,
the clustering tree of STAD samples showed a clear structure,
with the M2-type macrophage high-infiltration group and low-
infiltration group displaying a significant aggregation trend
(Figure 2). Meanwhile, the correlation heatmap revealed
distinct expression signature clusters between the two groups,
confirming the existence of systematic differences in their
gene expression profiles and laying a reliable foundation for
subsequent co-expression module analysis.

Results from the scale-free topology plot and average
connectivity plot (Figure3A) indicated that when the soft
threshold was set to 4, the scale-free fitting index reached
0.85 (> 0.8), which met the core requirement for constructing
a scale-free network. Additionally, the average connectivity
wasrelatively high (> 100), enabling effective retention of gene
association information. These two indicators collectively
verified the rationality of this soft threshold and provided key
parameter support for building a robust gene co-expression
network. After partitioning via the dynamic tree cutting
algorithm, the gene clustering tree clearly presented the
hierarchical relationships and clustering boundaries among
modules (Figure 3B). The results showed that genes within
each module had relatively high co-expression correlation
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Figure 1: Data Preprocessing A: The infiltration proportions of 22 types of immune cells in STAD samples were calculated by
CIBERSORT, and the M2-type macrophage infiltration was divided into high and low groups. B: The Kaplan-Meier curve shows that the

high M2 macrophage infiltration group has a poor prognosis.
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Figure 2: Hierarchical Clustering Tree of Gastric Cancer Samples and Correlation Heatmap Associated with M2-type Macrophages.

(intramodular correlation coefficient > 0.7), while there
were significant differences in expression patterns between
different modules. Among these modules, three modules
(blue, brown, and cyan-green) accounted for more than
60% of the total genes and exhibited potential associations
with M2-type macrophage infiltration, suggesting that these
modules may contain key gene sets that regulate M2-type
macrophage function.
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Verification Results
Division Accuracy

of Co-Expressed Module

The accuracy of the division of 18 co-expressed modules
can be verified through module correlation analysis. Among
the results, the horizontal and vertical axes of the topological
overlap adjacency heatmap (Figure 4A) both correspond
to the 18 co-expressed modules, and the brightness of
yellow in the heatmap directly reflects the connectivity
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between modules; the non-diagonal positions corresponding
to different modules show pale yellow or even nearly
transparent colors. This visual difference indicates that the
gene connectivity within the same module is strong, while
the connectivity between different modules is extremely
weak, proving that the 18 co-expressed modules have high
scale independence. The horizontal and vertical axes of the
eigengene adjacency heatmap (Figure 4B) also correspond
to the 18 modules, and a blue-red gradient color is used to
represent the correlation between modules; the diagonal
positions (corresponding to the same module) show the
deepest red, and the color intensity gradually decreases from
the diagonal to the non-diagonal positions, with most non-
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diagonal areas appearing light blue or nearly white. This
indicates that the correlation of eigengenes within the same
module is extremely high, further reflecting the strong co-
expression relationship of genes within the module, while
the correlation of eigengenes between different modules is
extremely low, and the gene expression patterns between
modules are significantly different. In conclusion, the 18 co-
expressed modules not only have strong internal connectivity
and high gene correlation but also weak connectivity and low
correlation between modules; they are highly independent
overall with no obvious overlap in expression characteristics,
and the module division results have high accuracy.
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Figure 3: Identification of Key M2 Macrophage-Related Gene Modules via Weighted Gene Co-Expression Analysis. A: Network Independence
(Left) and Average Connectivity (Right) Corresponding to Different Soft Thresholds. B: Gene Clustering Tree Based on Dynamic Cutting Tree

and Module Colors.

Citation: Zidong Zhao, Dandan Zhao, Yu Tan, Satoshi Endo, Yanwen Liu. Screening of Core Genes for Gastric Cancer Promoting M2
Macrophage Polarization by Weighted Gene Co-expression Network Analysis. Journal of Pharmacy and Pharmacology Research. 9 (2025):

144-154.



feﬁune Endo S, et al., J Pharm Pharmacol Res 2025

Journals DOI1026502/prprO117

Ll

>

RUHD FI0M T EIAND R D

TR,

1
TN 1 EO T O D ORI e

Volume 9 ¢ Issue 4 149

i =4
: .
541 J%ii JUNT
il
g 5 é 3
P =< |
-: ... :
- - i :
- =
| | .
m
= J "ml.
| n EE Hm

Figure 4: Correlation Analysis of Co-Expressed Modules. A: Correlation Heatmap of Co-Expression Network. B: Eigengene Adjacency

Heatmap.

Analysis of 22 Immune Cell Infiltration Proportions
in STAD Samples and Association Between M2-type
Macrophage Infiltration and Prognosis

Pearson correlation coefficients and P-values between
module eigengenes and clinical traits were calculated, and a
module-trait correlation heatmap was generated (Figure 5A).
Each cell in the heatmap displays the correlation coefficient
(decimal value) and P-value (decimal value in parentheses),
with red and green indicating positive and negative
correlations, respectively, and the color intensity reflecting
the strength of the correlation Based on the criteria of P <
0.05 and correlation coefficient, the turquoise module was
identified as the key module most relevant to promoting M2-
type macrophage polarization in gastric cancer. Further, GS
and MM were computed for each gene within the turquoise
module, followed by the generation of MM vs GS scatter
plots (Figures 5B and 5C) . The plots, which present MM on
the x-axis and GS on the y-axis along with the corresponding
correlation coefficient and P-value, demonstrated a high
correlation between MM and GS in the turquoise module.

GO and KEGG Enrichment Analysis Results of DEGs

GO enrichment analysis revealed that the 160 DEGs
(DEGs) were mainly enriched in the following terms across
three dimensions: in the biological process dimension, they
were primarily enriched in muscle system process, muscle
contraction, regulation of membrane potential, regulation of
monoatomic ion transmembrane transport, and regulation of
muscle system process; in the molecular function dimension,
they were concentrated in potassium ion transmembrane
transporter activity, metal ion transmembrane transporter
activity, and potassium channel activity; in the cellular

component dimension, neuronal cell body was the most
significantly enriched term (Figure 6A). For KEGG pathway
enrichment analysis, it showed that Neuroactive ligand-
receptor interaction, Arrhythmogenic right ventricular
cardiomyopathy, Calcium signaling pathway, Dilated
cardiomyopathy, and Cell adhesion molecules pathways
were significantly associated with the core genes (Figures
6B, C).

A: GO Enrichment Analysis Shows significantly enriched
terms of DEGsin Biological Process (BP), Cellular Component
(CC), and Molecular Function (MF) B: KEGG Enrichment
Analysis Displays significantly enriched KEGG pathways
of DEGs C: KEGG Enrichment Network Diagram Presents
associations among enriched KEGG pathways of DEGs. First,
15 prognosis-related genes were screened from core genes
via univariate Cox regression, with a forest plot generated
(Figure 7A). Subsequently, a 3-gene risk prediction model
was constructed using LASSO-COX regression coefficients,
and its score was calculated as: (0.00532386812724696 x
BCHE expression) + (0.00218294683707532 x CHRDLI
expression) +(0.000255751973354694 x CNTN1 expression)
(Figures 7B, C).

A: GO Enrichment Analysis Displays significantly
enriched terms of DEGs in BP, CC, and MF.B: KEGG
Enrichment Bubble PlotShows significantly enriched KEGG
pathways. C: KEGG Enrichment Network Diagram Presents
pathway associations. Meanwhile, correlation analysis
between the 3 model genes and established M2 macrophage
phenotypes (CD68, CD74, CD163) showed that BCHE,
CHRDLI, and CNTNI1 had a significant positive correlation
with CD68, CD74, and CD163 (Figure 8).
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Figure 6: Functional Enrichment Analysis of DEGs.
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Figure 7: Construction of Prognostic Model Using Univariate and LASSO-Cox Regression

The same analysis was conducted in internal and external
validation cohorts (GSE34942, GSES84433). Using the
aforementioned formula, risk scores of all samples were
calculated; with the median risk score of the training cohort
as the optimal cut-off value, gastric cancer patients in the
training cohort, GSE34942, and GSE84433 were divided
into high-risk and low-risk groups. Red and blue were used
in Figures 9A-C to distinguish the two groups for intuitive
comparison. Scatter plots (Figures 9D-F) showed the
relationship between risk scores and patients’ survival status
in the three cohorts, showing a positive correlation between
risk scores and deceased patients. Risk heatmaps (Figures 9G-
I) analyzed the expression of the 3 model genes, confirming
BCHE, CHRDLI1, and CNTNI1 as high-risk genes. Kaplan-
Meier survival analysis of the two groups in the three cohorts
generated survival curves, which showed significantly poorer
prognosis in the high-risk group (P < 0.05).

Research Results of Nomogram for Gastric Cancer
Patient Survival Rate Prediction

Theresearchresults showed thatthenomogram constructed
using the "rms" package in R software, which integrates risk
scores with clinical traits such as age, gender, grade, and stage,

exhibited good predictive accuracy for the 1-year, 2-year, and
3-year survival rates of gastric cancer patients. As can be seen
from the precise nomograms in Figures 10A-C, the fitting
degree between the actual survival rate and the predicted
probability of the nomogram was relatively high, indicating
a good consistency between the model's predicted values and
the actual values. The nomograms in Figures 10D-E clearly
showed the association between the scores corresponding
to each indicator (expression levels of BCHE, CNTNI,
CHRDLI, and clinical traits such as age, pathological stage,
and grade), the total score, and the survival probability. By
calculating the patients' clinical traits and risk scores, the
1-year, 2-year, and 3-year survival rates of patients could be
predicted intuitively, which further verified the reliability of
this model in predicting the survival rate of gastric cancer
patients.

A-C: Calibration plots showing the agreement between
predicted and actual 1-year, 2-year, and 3-year survival
probabilities. D: Nomogram integrating BCHE, CNTNI1, and
CHRDLI to predict patient survival risk. E: Cox regression-
based nomogram incorporating pathological and clinical
factors to predict survival outcomes with risk stratification.
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Antitumor Drug Sensitivity Analysis in Gastric
Cancer Patients with High/Low BCHE Gene
Expression Risk Based on CellMiner Database

The research results showed that through the prediction
and analysis of effective antitumor drugs for gastric cancer
patients with high/low risk of BCHE (a key gene in the model)
using the CellMiner database, the high-risk group exhibited
significantly higher sensitivity to 8 drugs (dabrafenib,
dacarbazine, idebenone, narcotine, okadaic acid, PLX-4720,
tipifarnib, and vemurafenib) compared with the low-risk
group. As observed in the scatter plots and violin plots in

oy 1 T - R

Figure 8: BCHE, CHRDL1, and CNTN1 show significant positive correlations with M2 macrophage phenotypes CD68, CD74, and CD163,
respectively, as demonstrated by the scatter plots (A-C for BCHE, D-F for CHRDL1, G-I for CNTN1).

(Figure 11), BCHE gene expression showed a significant
positive correlation with the drug activity z-scores of these
8 drugs (e.g., R=0.55, p=0 for dabrafenib; R=0.32, p=0.012
for dacarbazine). Additionally, the median drug activity
z-score of the high-risk group (BCHE high-expression group)
was significantly higher than that of the low-risk group
(BCHE low-expression group), with a significant statistical
difference (*p<0.05, **p<0.01). This result indicates that
high-risk gastric cancer patients are more sensitive to the
aforementioned 8 antitumor drugs, providing a potential
basis for the selection of individualized drug therapy for these
patients.
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Discussion

The research successfully identified core genes associated
with M2-type macrophage polarization in gastric cancer
using Weighted Gene Co-expression Network Analysis
(WGCNA), providing key insights into the regulatory
mechanisms of the gastric cancer immune microenvironment.
Initially, 381 STAD samples from the TCGA database
were analyzed, and samples were divided into high and
low M2- typemacrophage infiltration groups based on the
optimal cutoff value of M2-type macrophage infiltration
ratio (0.1453127). It was confirmed that patients in the
high-infiltration group had significantly poorer prognosis,
clarifying the pro-tumor role of M2-type macrophages in
gastric cancer progression and laying a phenotypic foundation
for subsequent gene screening. After constructing 18 gene
co-expression modules via WGCNA, the turquoise module
was further identified as the key module most relevant to
M2-type macrophage polarization. Finally, 160 core genes
were obtained through the intersection of DEGs. GO/KEGG
enrichment analysis revealed that these genes were enriched
in pathways such as muscle system regulation, ion transport,
and neuroactive ligand-receptor interaction, offering new
insights into the molecular mechanisms regulating M2
macrophage polarization. The constructed 3-gene (BCHE,
CHRDLI1, CNTNI1) prognostic model and the nomogram
combining clinical traits demonstrate significant clinical
translational value. Validated in both the internal training set
and external validation sets (GSE34942, GSE84433), this
model effectively distinguishes between high-risk and low-
risk gastric cancer patients, with the high-risk group showing
poorer prognosis. Notably, existing literature has identified
butyrylcholinesterase (BCHE) as a potential therapeutic
target for GC [15].

Meanwhile, these three genes exhibit a significant positive
correlation with classic phenotypic markers of M2-type
macrophages (CD68, CD74, CD163) [16], directly linking
their function to the regulation of M2-type macrophage
polarization . Additionally, analysis using the CellMiner
database indicated that high-risk patients with high BCHE
expression were more sensitive to 8 drugs, including dabrafenib
and vemurafenib. This not only provides a quantitative tool
for prognostic assessment in gastric cancer patients but also
offers potential basis for precise drug selection. Notably,
this study has certain limitations that should be addressed in
future research. On one hand, all data were obtained from
public databases, leading to incomplete clinical information
for some samples. Moreover, there is a lack of in vitro and in
vivo experiments to verify the direct regulatory effect of core
genes on M2-type macrophage polarization, leaving the core
mechanism only at the level of bioinformatics correlation. On
the other hand, drug sensitivity analysis was based on tumor
cell line data, without considering the influence of patient-
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derived primary tumor cells and other cells in the tumor
microenvironment, so the clinical applicability of the results
requires further verification. In the future, cell experiments
(such as core gene knockdown/overexpression), animal
models, and prospective clinical sample testing can be used to
further verify the function of core genes and the practicality
of the model, promoting the translation of results into clinical
practice.

Conclusions

This study found high M2 macrophage infiltration
in gastric cancer correlates with poor patient prognosis.
Via Weighted Gene Co-expression Network Analysis
(WGCNA), 18 gene co-expression modules were screened,
with the turquoise module identified as key. Combined with
gastric cancer differential genes, 160 core genes promoting
M2 polarization were obtained, enriched in muscle-related
functions and pathways like neuroactive ligand-receptor
interaction. The 3-gene (BCHE, CHRDLI, CNTNI)
risk model effectively predicts prognosis; the nomogram
integrating clinical traits accurately assesses 1-, 2-, and 3-year
survival rates. Additionally, high-risk patients with high
BCHE expression are more sensitive to 8 anti-tumor drugs,
providing a reference for gastric cancer prognostic evaluation
and precision treatment.
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