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Abstract: Gastric Carcinoma (GC) is one of the most common and lethal digestive tract malignancies worldwide, with clinical
manifestations including abdominal pain, anorexia, weight loss and fatigue. Despite continuous advancements in diagnosis and treatment
methods, the survival rate of patients remains unsatisfactory, and the complex pathogenesis has not been fully elucidated. In recent years,
the role of macrophage polarization in tumorigenesis and development has received increasing attention. Studies have shown that
macrophage polarization imbalance (particularly the transition from M1 type to M2 type) is closely related to the occurrence, progression
and poor prognosis of gastric cancer. Targeting and regulating macrophage polarization, especially reversing the tumor-promoting M2
phenotype of Tumor-Associated Macrophages (TAMs), has become an emerging strategy for the treatment of gastric cancer. This article
aims to systematically review the concept of macrophage polarization, its mechanism of action at different stages of the
“inflammation-cancer” transformation of gastric cancer, and the research progress and challenges of targeted therapy strategies for

gastric cancer based on the regulation of macrophage polarization.
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1. Introduction

Gastric Carcinoma (GC) is the fifth most common malignant
tumor worldwide and the third leading cause of cancer-related
deaths. There were approximately 950,000 new cases and
680,000 deaths worldwide in 2024 [1]. China is a country with
a high incidence of gastric cancer, accounting for about half of
the global cases and deaths, with a male-to-female ratio of
approximately (2.3-3.6): 1, and it is more prevalent among
people aged 40-60. The occurrence of gastric cancer is the
result of the long-term combined effects of multiple factors
such as genetics, diet (high salt, pickled foods), environment
(such as Helicobacter pylori infection). Helicobacter pylori
(HP) infection is recognized as an important risk factor for
gastric cancer, but the exact carcinogenic mechanism still
needs to be further explored. Although progress has been
made in the early diagnosis and drug treatment of gastric
cancer, the prognosis for patients with advanced gastric
cancer remains poor. Studies have shown that immune cells in
the Tumor Microenvironment (TME), especially TAMs and
their polarization states, play a key role in the occurrence,
development, metastasis and drug resistance of gastric cancer
[2]. Targeting and regulating TAMSs polarization, particularly
promoting their transition from immunosuppressive M2 type
to anti-tumor M1 type, has emerged as a promising new
direction for gastric cancer treatment.

2. The concept of Macrophage Polarization

Macrophages originate from blood monocytes and are
important innate immune cells with functions such as
phagocytosis and clearance of foreign substances, pathogens,
immunomodulation, anti-inflammation, and promoting tissue
repair. Macrophage polarization refers to the differentiation of
macrophages into activated states with different functional
phenotypes under the stimulation of different
microenvironmental signals, which reflects their high

heterogeneity and plasticity. The classical polarization states
are mainly divided into pro-inflammatory M1 type and
anti-inflammatory/pro-repair M2 type. The cytokines secreted
by macrophages after polarization are crucial in the immune
response, and their dysfunction or imbalance of M1/M2 can
lead to a variety of diseases, including tumors [3].

2.1 M1-type Polarization

M1-type  polarization is mainly  caused by

pathogen-associated molecular patterns (PAMPS), Such as

bacterial lipopolysaccharide LPS) or Thl-type cytokines

(such as IFN-y, TNF-a) induce signaling pathways by

activating Toll-like receptors (TLR), nuclear factor «B

(NF-kB), and the STAT family (such as STAT1) [4]. M1-type

macrophages highly express inducible nitric oxide synthase

(iNOS) and secrete pro-inflammatory cytokines such as IL-10,
IL-6, IL-12, IL-23, TNF-a and chemokines CXCL9, CXCL10,
CXCL11. Its main functions include: potent bactericidal and

pro-inflammatory (directly killing pathogens such as HP by

generating reactive oxygen species (ROS) and reactive

nitrogen species (RNS, such as nitric oxide NO) [5]; Secreted

cytokines recruit and activate other immune cells such as

neutrophils and Thl cells, amplifying the inflammatory

response); Enhanced antigen-presenting ability (high

expression of MHC-class Il molecules and co-stimulatory

molecules CD80/CD86, effectively activating T-cell immune

responses); Involved in “inflammation-cancer transformation”
(in the context of gastric cancer) Excessive activation of

M1-type macrophages and their secreted pro-inflammatory

factors such as IL-1pB, TNF-a, and IL-6 can cause persistent

damage to the gastric mucosa (inhibiting mucin expression,

disrupting tight junctions, promoting DNA damage/mutation),
inducing intestinal metaplasia of the gastric epithelium such

as activating CDX2 through STATS3, inhibiting gastric acid

secretion and promoting HP colonization, Creating a

microenvironment for gastric cancer occurrence.
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2.2 M2-type Polarization

M2-type polarization is mainly triggered by signals such as
Th2-type cytokines (IL-4, IL-13), immunomodulatory factors
(IL-10, TGF-B), glucocorticoids, or vitamin D3 through
activation of STAT6 (IL-4R/IL-13R pathway), STAT3
(IL-10R pathway), or SMAD (TG) Pathways such as the F-B
pathway are induced. M2-type macrophages highly express
arginase-1 (Arg-1), mannose receptor (CD206), scavenger
receptor (CD163) and secrete IL-10, TGF-B. Its main
functions include: anti-inflammatory and tissue repair
(inhibiting excessive inflammatory response, promoting
angiogenesis, matrix remodeling and wound healing);
Immunosuppressive and tumor-promoting (secreting 1L-10,
TGF-B to inhibit T cell function; Expression of immune
checkpoint molecules such as PD-L1/PD-L2 induces T cell
exhaustion; Secreting chemokines such as CCL17 and CCL22
to recruit immunosuppressive cells such as Tregs and MDSCs
to jointly shape the immunosuppressive TME; Promoting
tumor progression (M2-type TAMs are the main subgroup of
gastric cancer TME by secreting angiogenic factor (VEGF,
FGF, PDGF), matrix metalloproteinase (MMPs), growth
factor (EGF, HGF), and epithelial-mesenchymal transition
(EMT) factor (TGF-), Promote tumor angiogenesis, invasion,
and metastasis [6]. The increase in density was significantly
associated with larger tumor volume of gastric cancer, diffuse
type (Lauren classification), low differentiation, deep
invasion, lymph node metastasis, advanced TNM stage, and
poor prognosis. A reduced M1/M2 ratio (M2 dominant) is an
independent poor prognostic factor for gastric cancer [7]. M2
subtypes can be further subdivided into M2a, M2b, M2c, and
M2d subtypes, which are involved in different pathological
processes [8]. Notably, M2 type macrophages can undergo
reprogramming to M1 type under specific stimuli such as
IFN-y, TLR ligands [9].

3. The Role of Macrophage Polarization in the
“inflammation-cancer” Transformation of
Gastric Cancer

Gastric cancer follows the evolution pattern of “chronic
non-atrophic gastritis — chronic atrophic gastritis —
intestinal metaplasia — dysplasia — gastric cancer”. During
this process, the polarization state of macrophages shows
dynamic changes:

3.1 Early Stage of Canceration (chronic gastritis —
atrophic gastritis)

At this stage, endoscopic superficial erosion or small
ulcer-like depressions of the mucosa (depth not exceeding the
submucosa) can be seen, covered with white moss or with
petechiae on the surface, with irregular margins, worm-eroded,
nodular protrusions or breaks. At this stage, macrophage
polarization is mainly M1 type. The key mechanism lies in
pathogen (HP) -related molecules (such as LPS) and
pro-inflammatory factors (such as IFN-y, TNF-a) activating
NF-xB and STATI1 signaling pathways [10]. M1-type
macrophages have a dual role: on the one hand, they clear the
pathogen (HP) by generating ROS/RNS for oxidative killing,
secreting pro-inflammatory factors (IL-8, IL-12) to recruit
neutrophils for synergistic killing, and releasing lysosomal
enzymes (such as pepsin B/D) to degrade the outer membrane

proteins of HP [11]. On the other hand, mediating glandular
destruction and atrophy: ROS/RNS storms cause gastric
mucosal epithelial DNA damage (such as the generation of
8-OHdG); Pro-inflammatory factors such as IL-1p inhibit the
expression of gastric mucin MUC5AC, exposing the
epithelium directly to damaging factors; TNF-a disrupts tight
junction  proteins  (occludin/claudin-4) and increases
carcinogenic penetration; 1L-6 activates the STAT3 pathway
to induce CDX2 transcription factor, promoting the
transformation of gastric epithelium into intestinal form
(intestinal metaplasia). These factors work together to disrupt
the gastric mucosal barrier and promote “inflammation-
cancer transformation”.

3.2 Transition Period (intestinal metaplasia — dysplasia)

This stage is characterized endoscopically by pale yellow or
grayish-white patchy lesions on the mucosa, with fine
granular or micronodular changes on the surface, uneven base
with erosion or nodular hyperplasia, irregular margin with
dike protrusion, and significant congestion and abnormal
microvascular morphology. During this period, the immune
microenvironment presents a coexistence of M1/M2 type
macrophages, with a significant reduction in the proportion of
M1 type, and the polarization phenotype shifts to M2
dominant [12]. The key pathways driving this shift include: 1.
TGF-B/SMAD pathway: TGF-f secreted by damaged
epithelial cells and fibroblasts activates SMAD signaling,
inhibits the expression of M1 markers (such as iNOS), and
induces the expression of M2 markers (such as Argl). 2.
IL-4/IL-13/JAK-STAT6 pathway: IL-4 and IL-13 secreted by
Th2 cells activate JAK-STAT®6 signaling and upregulate the
expression of M2 characteristic genes (such as Argl, Fizzl,
Yml/2, Mrcl), endowing macrophages with anti-
inflammatory and tissue repair functions [8]. 3. Hypoxia
/HIF-1a.  pathway: The hypoxia microenvironment
upregulates hypoxia-inducible factor-1 o (HIF-1a), enhances
the glycolytic ability of macrophages, and maintains their
pro-repair M2 phenotype.

3.3 Cancerous Phase (intraepithelial neoplasia — invasive
carcinoma)

At this stage, endoscopically, the mucosal color is often
grayish-white, pale or dark red, with extensive superficial
erosion, microulcers or scattered petechiae visible on the
surface. If an ulcer is formed, the margin is a “dam-like” bulge,
the texture is hard, brittle and prone to bleeding, the mucosa is
stiff and inelastic, the folds are interrupted or clubbed, and the

boundary is indistinct. At this stage, M2-type
tumor-associated macrophages (TAMSs) are significantly
enriched and functionally dominant in the tumor

microenvironment (TME). M2-type TAMs drive tumor
progression through multiple mechanisms:

3.3.1 Mediating immunosuppression

Secreting immunosuppressive  factors IL-10, TGF-B,
arginase-1 (Arg-1), inducing T cell exhaustion; Expressing
immune checkpoint molecules PD-L1/PD-L2, inducing
apoptosis of T cells by binding to PD-1 [13]; Secrete
chemokines such as CCL17 and CCL22, recruit regulatory T
cells (Tregs) and myeloid-derived suppressor cells (MDSCs),
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and strengthen the immunosuppressive microenvironment.
3.3.2 Promote angiogenesis

Paracrine vascular endothelial growth factor (VEGF),
fibroblast growth factor (FGF), platelet-derived growth factor
(PDGF), and matrix metalloproteinases (MMPSs) promote
endothelial cell proliferation, migration, and lumen formation,
induce abnormal tumor neovascularization, and provide
nutrients and oxygen for tumors [14]. Secrete tumor-derived
Angiopoietin-1 further stabilizes neovascularization.

3.3.3 Drive tumor proliferation, invasion and metastasis

Secreting TGF-f, epidermal growth factor (EGF), etc. Induce
epithelial-mesenchymal transition (EMT) in tumor cells,
enhancing migration and invasion ability [15]; Secrete MMPs
and cathepsin to degrade the basement membrane and
extracellular matrix (ECM), opening up pathways for tumor
cell invasion and metastasis; Secrete specific chemokines
(such as CCL2, CCL18, CCL22) to mediate the metastasis
and colonization of gastric cancer cells to the peritoneum,
liver and other sites.

3.3.4 Mediating therapeutic resistance

Chemotherapy/immunotherapy resistance: Secretion of 1L-10
and TGF-B activates pro-survival signaling pathways such as
PI3K/Akt and NF-xB within tumor cells, enhancing resistance
to chemotherapy drugs such as 5-fluorouracil and cisplatin, as
well as PD-1/PD-L1 inhibitors. Secretion of hepatocyte
growth factor (HGF) activates the MET pathway in tumor
cells, leading to escape from targeted therapies such as EGFR
inhibitors.

Radiotherapy resistance: Eliminate apoptotic cell debris
produced by radiotherapy, reduce the release of
pro-inflammatory mediators such as high mobility group
protein B1 (HMGB1), and weaken the anti-tumor immune
activation induced by radiotherapy.

Specific targeted resistance: Such as HER2-positive gastric
cancer cells secreting microbubbles carrying glutaminase 1
(GLS1) through the CDC42-dependent  pathway,
reprogramming glutamine metabolism in macrophages,
promoting their polarization to M2 and enhancing angiogenic
function, leading to resistance to trastuzumab.

4. The Core Strategy of Gastric Cancer
Treatment

Targeting macrophage polarization is to inhibit macrophage
polarization to pro-tumor M2 type or reprogram them to
anti-tumor M1 type, mainly targeting key signaling pathways
that regulate the positive feedback loop between GC cells and
TAMs (such as CXCL8/CXCR1/2, JAK/STAT1, IL-10,
NF-«B).

4.1 Inhibition of the pro-M2 Polarization Signaling
Pathway

4.1.1 CSF-1/CSF-1R axis blockade

Colony-stimulating factor-1 (CSF-1) and its receptor
(CSF-1R) signals promote the recruitment, survival, and M2
polarization of TAMs [16]. Block the pathway using small
molecule inhibitors (such as Pexidartinib/PLX3397, BLZ945,
PLX7486) or monoclonal antibodies (such as Emactuzumab/
RG7155, Cabiralizumab/FPA008) Effective reduction of
TAMs, inhibition of M2 polarization, enhancement of T-cell
immunity in preclinical gastric cancer models. Clinical
studies have shown its potential. For example, a Phase Il study
in combination with PD-1 inhibitors for gastric cancer showed
an objective response rate (ORR) of 34%, significantly higher
than 18% with PD-1 monotherapy.

4.1.2 CCL2/CCR? axis blockade

CCL2 (MCP-1) mediates the recruitment of monocytes to the
TME by binding to the CCR2 receptor, which then
differentiates into tumor-promoting M2-type TAMs [17]. The
application of CCR2 small molecule antagonists (such as
PF-04136309, CCX872) or anti-CCL2 /CCR2 antibodies can
inhibit monocyte infiltration, reduce TAMSs density and
reverse immunosuppression. In preclinical models of gastric
cancer, it has shown effects of inhibiting tumor growth and
improving prognosis. CCX872 also shows potential in clinical
studies of other cancer types, such as pancreatic cancer
(NCT02345408, NCT03778879).

4.1.3 Inhibition of the IL-4/IL-13/STAT6 pathway

IL-4 and IL-13 are classic M2 polarization factors that exert
their effects by binding to IL-4Ra and activating STAT6 [18].
Targeting inhibition of this pathway (such as the application
of IL-4Ra -blocking monoclonal antibody Dupilumab or
STATG6-specific inhibitor AS1517499) can interfere with the
M2 polarization signal of TAMSs. Although direct research on
gastric cancer is insufficient, preliminary results of
AS1517499 in gastric cancer models suggest that it can inhibit
M2-TAMs and enhance anti-tumor immunity.

4.1.4 Inhibition of IL-10/STAT3 pathway

IL-10 is a potent immunosuppressant that promotes M2
polarization and  immunosuppressive  function  of
macrophages by activating STAT3 [19]. The use of STAT3
inhibitors (such as WP1066, Napabucasin) or antibodies/
antagonists targeting IL-10/IL-10R can suppress the
immunosuppressive activity of TAMs and may facilitate their
transition to a pro-inflammatory phenotype. STAT3 inhibitors
have shown efficacy in preclinical studies of a variety of
tumors, including gastric cancer [20].

4.2 Reprogramming the TAMs Phenotype
4.2.1 CD40 agonists

CD40 is a member of the TNF receptor superfamily, and its
agonists (such as Selicrelumab/RO7009789, APX005M) can
activate antigen-presenting cells (including macrophages),
induce their differentiation into M1-like phenotypes, enhance
antigen-presenting ability and pro-inflammatory factor
secretion, and activate T-cell responses [21]. It has shown
potential in gastric cancer models and early clinical trials
(often in combination with other immunotherapies), such as
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Selicrelumab combined with chemotherapy achieving a
disease control rate (DCR) of 58% in patients with advanced
gastric cancer.

4.2.2 TLR receptor agonists

Targeting Toll-like receptors (such as TLR3, 4, 7/8, 9) can
induce TAMs to polarize towards pro-inflammatory M1
phenotypes [22]. Synthetic agonists (such as TLR3 agonist
Poly I:C, TLR4 agonist MPLA, TLR7/8 agonist Imiquimod,
TLR9 agonist CpG ODN like SD-101) can prompt TAMs to
secrete pro-inflammatory factors such as TNF-a, IL-12, 1L-6,
etc. It enhances its ability to phagocytize tumor cells and
activates adaptive immunity. Often administered intratumoral
or systemic, and in combination with other therapies. A phase
Il study of gastric cancer showed that the TLR9 agonist CpG
ODN effectively promotes M1 polarization in TAMs by
inducing IFN-a..

4.3 Combination Therapy Strategies
4.3.1 Combination of immune checkpoint inhibitors
(1) PD-1/PD-L1 inhibitors + M2-type TAM inhibitors

For example, PD-1/PD-L1 antibodies (like Pembrolizumab,
Atezolizumab) relieve T-cell suppressive signaling, combined
with CSF-1R inhibitors (such as Pexidartinib) reduce the
number or function of immunosuppressive TAMs and
remodel the TME [23]. Clinical trials of Pexidartinib in
combination with Atezolizumab have been conducted in
multiple solid tumors to explore synergistic effects.

(2) PD-1/PD-L1 inhibitors + TAMSs reprogramming agonists

Such as PD-1 antibody Pembrolizumab in combination with
TLR9 agonist SD-101. Agonists induce TAMs to shift from
M2 to M1. Clinical studies showed that the combination
therapy had an objective response rate (ORR) of up to 44%,
significantly better than Pembrolizumab monotherapy (ORR
24%).

4.3.2 Chemotherapy-synergistic
1) M2 inhibitors + chemotherapy

CSF-1R inhibitors (such as Pexidartinib) weaken TAMSs
mediated immunosuppression in combination with standard
chemotherapy drugs (such as Cisplatin) directly kill tumor
cells and improve the immune microenvironment.

2) Signaling pathway inhibitors + chemotherapy

STAT3 inhibitors (such as Napabucasin) target
survival-promoting and immunosuppressive signaling nodes,
combined with chemotherapy drugs (such as Paclitaxel), aim
to enhance the effect of chemotherapy.

3) Immune agonists + chemotherapy (inducing immunogenic
cell death, ICD)

TLR agonists (such as CpG ODN) or CD40 agonists activate
innate  immune/antigen-presenting  cells  (APCs) in

combination with chemotherapy drugs that induce ICD to
release tumor antigens (such as Oxaliplatin). This strategy
takes advantage of chemotherapy-releasing antigens and the
strong activation of APCs (including DCS and some TAMS)
by immune agonists, significantly enhancing their
antigen-presenting ability and co-stimulatory signaling,
thereby more effectively initiating T-cell anti-tumor immune
responses and generating strong synergies.

4.3.3 Radiotherapy combination

In addition to directly killing tumor cells, local radiotherapy
induces the release of factors such as CCL2, recruiting
monocytes to differentiate into tumor-promoting M2-type
TAMs at the tumor site, a process that may weaken the effect
of radiotherapy or even promote metastasis [3]. Therefore,
radiotherapy combined with CSF-1R inhibitors or CCR2
antagonists aims to block radiotherapy-induced TAMSs
recruitment and enhancement of the immunosuppressive
microenvironment, and may suppress distant metastasis
(abscopal effect).

4.3.4 Nanotechnology enhances drug targeting and efficacy

Nanocarriers (such as supramolecular nanoparticles DSN,
nanocomplexes) have unique advantages in improving drug
targeting, solubility, stability, and tumor tissue enrichment
[24]. Strategies include targeted delivery and combined
inhibition (e.g., DSN loaded with dual-kinase inhibitors that
can simultaneously target and inhibit the CSF1R and MAPK
signaling pathways, which can efficiently and persistently
vertically suppress key tumor-promoting signals and
significantly enhance the repolarization efficiency of M2-type
TAMSs to the anti-tumor M1 phenotype); Remodeling the
tumor microenvironment like designing nanoplatforms that
can co-deliver multiple therapeutic agents (such as the natural
active molecule baicalin, tumor antigens, immunostimulants)
to M2-like TAMs, which can not only effectively induce the
reversal of M2 to M1 phenotype, but also actively reshape the
immunosuppressive TME, relieve immunosuppression and
promote tumor clearance).

4.3.5 Targeted therapy of Traditional Chinese medicine

Traditional Chinese medicine has unique value in preventing
tumorigenesis, reducing the toxicity of radiotherapy and
chemotherapy, enhancing efficacy, and reducing recurrence
and metastasis, and its anti-cancer mechanism is closely
related to regulating macrophage polarization. A variety of
traditional Chinese medicine components and compound
prescriptions regulate polarization by influencing different
signaling pathways: Promoting M1 polarization/inhibiting
M2 polarization: Single drug component: Baicalin (activating
the JAK2-STAT1 pathway to promote M1); Atractylodes Il
(reduces p-PI3K to promote M1) [25]; Dendrophenol (inhibits
M2 polarization); Polygonatum (inhibits AMPK/PDH
pathway, inhibits M2 polarization and ATP production);
Sinomenine (inhibits STAT6/C/EBPf phosphorylation and
IL-6, inhibits M2 polarization) [26]; Curcumin (inhibits the
TLR4-MAPK/NF-kB pathway, inhibits overactivation of M 1)
[27]. Compound preparation: Linggui Zhugan Decoction
drug-containing serum (promotes M2 polarization, reduces
inflammation) [28]; Spleen-strengthening, stasis-resolving
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and Detoxifying Formula (regulating the PKA/NLRP3
pathway, inhibiting pyroptosis of macrophages, reducing
infiltration) [29]. TCM offers a multi-target intervention
strategy for the prevention and treatment of gastric cancer, but
its specific mechanism of action, active ingredients and
clinical efficacy need to be studied in depth.

5. Prospects and Challenges
5.1 Future Outlook
5.1.1 Optimize combination strategies

Explore the best combinations of TAMs targeted therapy with
immune checkpoint blockade, chemotherapy, radiotherapy,
targeted therapy, and different mechanism of action
immunomodulators (such as other agonists/inhibitors, cell
therapy) in order to generate synergistic effects and overcome
drug resistance.

5.1.2 Precision medicine and biomarkers

Discover specific biomarkers (such as TAMSs surface markers,
specific gene/protein expression profiles, circulating factors,
radiomics features) that can predict TAMs polarization status,
function, treatment response, and prognosis for patient
stratification and individualized treatment decisions.

5.1.3 Artificial Intelligence and multi-omics Integration

Applying artificial intelligence (Al) and machine learning
techniques to integrate multi-dimensional data such as
genomics, transcriptomics, proteomics, metabolomics,
microbiome, and radiomics to construct models for predicting
TAMs polarization dynamics, TME status, and treatment
response to guide precise intervention.

5.1.4 Novel Targets and drug development

Continuously delve into the TAMs polarization regulatory
network, identify new key targets and signaling pathways, and
develop more selective and potent drugs (such as bispecific
antibodies, PROTAC degraders).

5.2 Existing Challenges

5.2.1 Tumor and TME heterogeneity

The high heterogeneity (intratumoral/intratumoral) of gastric
cancer and the spatiotemporal dynamics of TAMs
polarization state increase the complexity and difficulty of
targeted therapy.

5.2.2 Drug Delivery and targeting Efficiency

How to deliver drugs efficiently and specifically to specific
TAMs subpopulations within the TME and overcome
immunosuppressive barriers remains a technical bottleneck.

5.2.3 Preclinical model limitations

Existing models (cell lines, mouse models) have difficulty
fully simulating the complexity of human gastric cancer TME

and the interaction between TAMs and the host immune
system. Optimizing organoid co-culture models, humanized
mouse models, etc. is crucial for improving the predictability
of clinical translation.

5.2.4 Safety considerations

Systemic regulation of macrophage function may affect
systemic immune homeostasis, and potential side effects
(such as excessive inflammation, autoimmune responses,
tissue damage) need to be closely monitored.

5.2.5 Depth and standardization of mechanisms in Traditional
Chinese medicine

Traditional Chinese medicine has complex components, and
its specific molecular mechanisms for regulating macrophage
polarization, active ingredients, optimal doses, and
standardized preparations require more in-depth basic and
clinical research for verification.

6. Conclusion

Macrophage polarization is a core immune event in the
occurrence and development of gastric cancer. During the
progression from chronic inflammation to gastric cancer, the
state of macrophage polarization shows a dynamic change
from M1 dominance to M1/M2 coexistence, and eventually to
M2-type TAMs. M2-type TAMs are a key driver of gastric
cancer progression by mediating immunosuppression,
promoting angiogenesis, driving tumor invasion and
metastasis, and inducing therapy resistance. Targeting and
regulating macrophage polarization, particularly by
suppressing pro-M2 signaling or inducing repolarization to
anti-tumor M1 type, offers a promising new strategy for
gastric cancer treatment. The current research has involved
blocking key pathways (CSF-1R, CCL2/CCR2,
IL-4R/STATS, IL-10/STATS3), using immunoagonists (CD40,
TLR), developing nanodelivery systems, and tapping into the
treasure trove of traditional Chinese medicine, and has shown
potential in preclinical and early clinical studies. Combination
therapy strategies (especially in combination with immune
checkpoint inhibitors, chemotherapy, and radiotherapy) are
expected to overcome the limitations of monotherapy and
improve efficacy. However, issues such as tumor
heterogeneity, drug delivery efficiency, limitations of
preclinical models, and the depth of mechanisms of traditional
Chinese medicine remain current challenges. Future research
needs to focus on developing more precise and efficient
targeting strategies, exploring reliable biomarkers, using Al to
integrate multi-omics data to guide individualized treatment,
and clarifying the mechanisms of action of traditional Chinese
medicine. A deeper understanding of the mechanism of
macrophage polarization in gastric cancer not only enriches
the theory of gastric cancer pathogenesis but also lays a solid
foundation for the development of new and effective
prevention and treatment strategies.

References
[1] WUY, HE S, CAO M, et al. Comparative analysis of

cancer statistics in China and the United States in 2024
[J]. Chinese medical journal, 2024, 137(24): 3093-3100.

Volume 7 Issue 7 2025

236

http://www.bryanhousepub.com



Journal of Contemporary Medical Practice (JCMP)

ISSN: 2006-2745

[2]

[3]

[4]

[5]

[6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

J. P A H. O D, YIPING Y, et al. Targeting
Tumor-Associated Macrophages in Cancer
Immunotherapy [J]. Cancers, 2021, 13(21): 5318.
ANTONIO M, GIULIA G, CRISTINA C M, et al. Role
of M1-polarized tumor-associated macrophages in the
prognosis of advanced ovarian cancer patients [J].
Scientific reports, 2020, 10(1): 6096.

OSTUNI R, KRATOCHVILL F, MURRAY P J, et al.
Macrophages and cancer: from mechanisms to
therapeutic implications [J]. Trends in Immunology,
2015, 36(4): 229-239.

PIETER R, PAUL P, JO V D, et al. Chemokine-Induced
Macrophage Polarization in Inflammatory Conditions
[J]. Frontiers in immunology, 2018, 9: 1930.

BAC WLTM,LSH, etal Use of integrated
metabolomics, transcriptomics, and signal protein
profile to characterize the effector function and
associated metabotype of polarized macrophage
phenotypes [J]. Journal of leukocyte biology, 2021,
111(3): 667-693.

SONGCHENG Y, JINYU H, ZHAN L, et al. The
Prognostic and Clinicopathological Significance of
Tumor-Associated Macrophages in Patients with Gastric
Cancer: A Meta-Analysis [J]. PloS one, 2017, 12(1):
€0170042.

J B A, F E S. Macrophage Polarization States in the
Tumor Microenvironment [J]. International journal of
molecular sciences, 2021, 22(13): 6995.

ANKE Z, YUANZHI X, HOUSHI X, et al.
Lactate-induced M2 polarization of tumor-associated
macrophages promotes the invasion of pituitary
adenoma by secreting CCL17 [J]. Theranostics, 2021,
11(8): 3839-3852.

Melaiu Ombretta, , Lucarini Valeria, et al. Influence of
the Tumor Microenvironment on NK Cell Function in
Solid Tumors. [J]. Frontiers in immunology, 2019,
10:3038.

J WM, A VPD,J MS, et al. Metabolic support of
tumour-infiltrating regulatory T cells by lactic acid [J].
Nature, 2021, 591(7851): 645-651.

BOSSCHE J V D, BAARDMAN J, OTTO N A, et al.
Mitochondrial Dysfunction Prevents Repolarization of
Inflammatory Macrophages [J]. Cell Reports, 2016,
17(3): 684-696.

LU W, QI L, WENWEN G, et al. Recent advancement
on development of drug-induced macrophage
polarization in control of human diseases [J]. Life
sciences, 2021, 284: 119914.

RUSSELL H, BINZHI Q, CHARLOTTE R, et al.
Perivascular M2 Macrophages Stimulate Tumor Relapse
after Chemotherapy [J]. Cancer research, 2015, 75(17):
3479-3491.

YUQIAN L, RUOYAO W, QIANQIAN G. The Roles
and Targeting of Tumor-Associated Macrophages [J].
Frontiers in bioscience (Landmark edition), 2023, 28(9):
207.

SHANG Q, ZHANG P, LEI X, et al. Insights into
CSF-1/CSF-1R signaling: the role of macrophage in
radiotherapy [J]. Frontiers in Immunology, 2025, 16:
1530890.

CHUNXIAO L, XIAOFEI X, SHUHUA W, et al.
Tumor-associated macrophages: potential therapeutic

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

strategies and future prospects in cancer [J]. Journal for
immunotherapy of cancer, 2021, 9(1).

BAXTER E W, GRAHAM A E, RE N A, et al.
Standardized protocols for differentiation of THP-1 cells
to macrophages with distinct M(IFNy+LPS), M(IL-4)
and M(IL-10) phenotypes [J]. Journal of Immunological
Methods, 2020, 478: 112721.

RUFFELL B, CHANG-STRACHAN D, CHAN V, et al.
Macrophage 1L-10 Blocks CD8 + T Cell-Dependent
Responses to Chemotherapy by Suppressing IL-12
Expression in Intratumoral Dendritic Cells [J]. Cancer
Cell, 2014, 26(5): 623-637.

HAOBIN L, MAOHUA C, FEI C, et al. S3I-201
derivative incorporating naphthoquinone unit as
effective STAT3 inhibitors: Design, synthesis and
anti-gastric cancer evaluation [J]. Bioorganic &
medicinal chemistry, 2022, 71: 116941.

MCVEY J C, BEATTY G L. Facts and hopes of CD40
agonists as a cancer immunotherapy [J]. Clinical cancer
research: an official journal of the American Association
for Cancer Research, 2025.

ARSHPREET K, JEREMY B, DESHKANWAR B, et al.
Toll-like receptor (TLR) agonists as a driving force
behind next-generation vaccine adjuvants and cancer
therapeutics [J]. Current opinion in chemical biology,
2022, 70: 102172.

FUJIWARA T, YAKOUB M A, CHANDLER A, et al.
CSF1/CSFIR  Signaling  Inhibitor  Pexidartinib
(PLX3397) Reprograms Tumor-Associated
Macrophages and Stimulates T-cell Infiltration in the
Sarcoma Microenvironment [J]. Molecular Cancer
Therapeutics, 2021, 20(8): 1388-1399.

ANDON F T, DIGIFICO E, MAEDA A, et al. Targeting
tumor associated macrophages: The new challenge for
nanomedicine [J]. Seminars in Immunology, 2017, 34:
103-113.

YUAN MENG-YUN Z X-X, XIE XIAO-DONG, et al.
Observation on Effect of Atractylodesin II on Gastric
Cancer Cells Based on Macrophage Polarization [J].
Chinese Journal of Experimental Traditional Medical
Formulae, 2020: 26(1):100-108.

LIU XINYING C M, LAN YAN, et al. Effects of
Sinomenine on a7nAChR-Involved M2 Polarization of
Macrophages and TAM Polarization in Hepatoma
Ascitic Tumor Mouse Model [J]. Traditional Chinese
Drug Research and Clinical Pharmacology, 2022:
33(12):1645-1653.

TANG BIAO Z Y. Effect of curcumin on macrophage
polarization and inflammatory  response  via
TLR4-MAPK/NF-xB  pathways [J]. Journal of
Electrocardiology and Circulation, 2019: 38(05):
389-394.

ZHAO XIAOYUN L X, ZHOU CHUNXIANG.
Mechanism of Linggui Zhugan decoction on
polarization of microglia from M2 to M1 induced by
lipopolysaccharide [J]. Shaanxi Journal of Traditional
Chinese Medicine, 2023: 44(11):1503-1508.

ZHANG DAN N J, ZHANG XI, et al. Mechanism of
Jianpi Huayu Jiedu Formula on alleviating gastric
precancerous lesion via regulating PKA/NLRP3
signaling pathway [J]. China Journal of Traditional
Chinese Medicine and Pharmacy, 2024: 39(9):
4605-4611.

Volume 7 Issue 7 2025

http://www.bryanhousepub.com

237



