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Abstract:
In the microenvironment of the tumor, there are two 
subpopulations of tumor associated macrophages 
(TAMs) with opposite functions: proinflammatory M1 
macrophages and immunosuppressive M2 macrophages. 
Among them, M2-like macrophages’ primary function in 
TME is inhibiting immune response and promoting tumor 
progression. In order to combat the immunosuppressive 
effect of M2-like TAMs, this article examines the variables 
linked to TAM polarization as well as possible tactics for 
directing TAM repolarization to the M1 pro-inflammatory 
phenotype for cancer treatment. This article systematically 
expounds how to intervene tumor progression by targeting 
the polarization of M2 macrophages, including: 1) An 
outline of M2 macrophages’ function in the TME; 2) The 
signaling pathways related to TAM polarization (such 
as STAT family signaling pathway, PI3K/Akt signaling 
pathway), the reprogramming of cellular metabolic 
pathways, and the involvement of tumor derived exosomal 
ncRNA were introduced; 3) A variety of methods to 
target TAM’s orientation to the pro-inflammatory M1 
phenotype are discussed, such as signaling pathway 
inhibition, metabolic intervention, exosomes and other 
targeting strategies. Therefore, targeting M2 macrophage 
polarization is an effective strategy to reverse tumor 
progression, providing a new perspective for cancer 
therapy.
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I.  Introduction
Macrophages, an essential component of the innate 

immune system, are vital for controlling the in-
flammatory response and facilitating tissue healing. 
These cells show heterogeneity and can adjust their 
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phenotype and function by sensing the complex signals of 
the microenvironment. This functional diversity is mainly 
achieved through the polarization process. Macrophage 
polarization can be divided into two opposing phenotypes: 
pro-inflammatory M1 type and immunosuppressive M2 
type. In the tumor microenvironment (TME), tumor asso-
ciated macrophages (TAMs) primarily serve an M2-like 
tumor-promoting role, controlling a number of malignant 
outcomes, including angiogenesis, immunosuppression, 
and tumor spreading [1]. Therefore, TAMs have become 
a hot spot in cancer treatment research. In recent years, 
various new therapeutic methods, such as immune check-
point inhibitors (ICIS) and chimeric antigen receptor T 
(CAR-T) cell therapy, have achieved durable clinical 
responses. However, studies have shown that M2 macro-
phages may lead to the failure of CAR-T cell therapy as 
well as immune checkpoint blockade treatment by inhibit-
ing T cell and antigen-specific T cell functions [2]. Due to 
the immunosuppressive effect of M2 like TAMs in TME, 
targeting M2 macrophage polarization to reverse tumor 
progression may provide ideas for cancer treatment.
Based on the immunosuppressive effect of M2 macro-
phages, this review article aims to elaborate the role of 
M2 like TAMs in the TME, introduce the regulatory ele-
ments related to the polarization of TAMs, such as signal-
ing pathways, metabolic reprogramming, tumor derived 
exosomal ncRNAs, and discuss the targeting methods for 
the repolarization of TAMs, such as signaling pathway 
inhibition, metabolic intervention, targeting macrophage 
and cancer cell-derived exosomes and other strategies. 
On this basis, this review also combed the advantages and 
disadvantages of targeting strategies, analyzed the chal-
lenges in clinical translation, and proposed a combination 
treatment strategy combining TAM targeted therapy with 
other antitumor therapies.

II. The role of M2 macrophages in 
TME
M2 macrophages in the TME promote tumor growth and 
exhibit anti-inflammatory properties. Angiogenesis, im-
munosuppression, and metastasis are the three categories 
into which M2 like TAMs’ tumor-promoting functions 
can be separated. M2 like TAMs release matrix metallo-
proteinases (MMPs), growth factors (VEGF), and other 
cytokines that can block T cells and natural killer (NK) 
cells, suppress immunological responses, and encourage 
angiogenesis and cell metastasis. However, other M2-like 
TAM-produced factors, notably heme oxygenase-1 (HO-1) 
and cyclooxygenase-2 (COX-2), improve tumor immuno-
suppression, promote tumor development, and contribute 

in carcinogenesis and angiogenesis through several routes 
[1]. By secreting pro-lymphangiogenic substances and 
undergoing transdifferentiation into lymphoepithelial 
cells, M2 like TAMs can also promote tumor lymphangio-
genesis. Angiogenesis and lymphangiogenesis play key 
roles in metastasis initiation. Malignant cells can spread 
in tissues in vivo through newly formed blood vessels, af-
fecting cancer treatment [3].

III. Related mechanisms of targeting 
TAMs
A research area that has steadily grown is focusing on M2 
macrophage polarization in an effort to disrupt the im-
munosuppressive mechanism of M2 like TAMs. The sig-
naling pathways and other determinants associated with 
TAM polarization are reviewed in this section.
A. Signaling Pathways Linked to the Polarization of Mac-
rophages
Numerous signaling pathways, including as the PI3K/Akt 
signaling pathway, the STAT family, and others, are linked 
to the crucial function that TAMs play in the evolution of 
tumors. Knowing the importance of each pathway in mac-
rophage polarization is essential since it could inspire M2 
to M1 macrophage transformation tactics.
1) STAT family signaling pathway: The various aspects 
of the mammalian immune system are influenced by tran-
scription factors from the JAK (Janus kinase) family and 
STAT (signal transduction and transcriptional activator) 
family. Of them, IFN-γ primarily stimulates the STAT1 
signaling pathway and encourages M1 macrophage po-
larization. Conversely, IL-4/13 and IL-10 promote M2 
macrophage polarization by activating STAT6 and STAT3, 
which is linked to tissue healing and immunological tol-
erance [1]. The STAT6 signaling pathway mediated by 
IL-4/13 is crucial in initiating and maintaining the M2 
phenotype. IL-4/13 initiates signal transduction by bind-
ing to the IL-4 receptor alpha chain on the surface of mac-
rophages. After the receptor formed by binding binds to 
its own ligand, it recruits and activates the coupled Janus 
kinase to phosphorylate it, and these phosphorylated sites 
become the anchoring sites of STAT6. After being recruit-
ed to the receptor complex, STAT6 is also phosphorylated 
by Janus kinase and undergoes dimerization before enter-
ing the nucleus. In the nucleus, STAT6 dimers act as tran-
scription factors that identify and attach to particular DNA 
sequences found in target genes’ enhancer or promoter 
regions, thereby activating transcription of a range of M2 
related genes and polarizing macrophages into the M2 
phenotype. The similar IL-10/STAT3 pathway activates 
JAK1 and TYK2 kinases through IL-10 receptors, leading 
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to phosphorylation of STAT3. Additionally, phosphorylat-
ed STAT3 penetrates the nucleus, where it suppresses the 
production of pro-inflammatory genes linked to M1 and 
promotes the expression of a number of genes connected 
to immunosuppression and anti-inflammatory responses. 
IFN-γ stimulates M1 polarization by triggering the STAT1 
signaling pathway, according to the study of Huffaker TB 
et al. M2 macrophage polarization results from IL-6’s 
activation of the STAT3 signaling pathway in the tumor 
model of colorectal cancer [4,5]. Programmed cell death 
1 (PD-1) increases phosphorylation of STAT6 to pro-
mote M2 polarization while reducing phosphorylation of 
STAT1 to decrease M1 polarization [6].
2) The signaling pathway PI3K/Akt: Phosphatidylinosi-
tol 3-kinase (PI3K) / protein kinase B (Akt) signaling 
pathway is one of the core signaling pathways regulating 
cell growth, proliferation, exercise, metabolism and sur-
vival. Environmental stimuli such as PAMPs, cytokines / 
chemokines, and hormones can activate PI3K. Phosphati-
dylinositol-4,5-bisphosphate (PIP2) on the cell membrane 
is catalyzed by PI3K upon activation to produce phospha-
tidylinositol-3,4,5-trisphosphate (PIP3). As a second mes-
senger, PIP3 recruits and activates the downstream key 
effector kinase Akt. Akt plays a regulatory role by phos-
phorylating its numerous downstream substrates, such as 
promoting the production of anti-inflammatory cytokine 
IL-10. In terms of macrophage polarization, PI3K/Akt 
pathway tends to promote M2 phenotype and inhibit M1 
related inflammatory response. Through the activation of 
the PI3K/Akt signaling pathway, PCSK9 was reported to 
boost colon cancer cell proliferation, motility, and inva-
sion in vitro and to induce the polarization of M2 mac-
rophages [7]. The PI3K-γ pathway inhibitor and CSF-1R 
downregulation in the pancreatic tumor model effectively 
polarized TAMs from the M2 to M1 phenotype, triggering 
the anti-tumor immune response and preventing tumor 
growth [8].The aforementioned indicates that M2 polar-
ization and a poor outcome in cancer treatment are linked 
to the PI3Kγ/Akt signaling pathway.

B. Metabolic Reprogramming Associated with 
Macrophage Polarization
Through metabolic reprogramming, immunological and 
tumor cells can control energy to support cell division and 
growth. M2 macrophages mainly utilize Fatty acid oxida-
tion (FAO) and oxidative phosphorylation (OXPHOS) to 
generate energy and exhibit anti-inflammatory properties. 
The kinase target (mTOR) pathway is a central regulator 
of macrophage metabolism and polarization. Through the 
induction of transcription factor IRF4, mTORC2 works 
in concert with the STAT6 pathway to enhance glucose 

metabolism in order to boost OXPHOS and FAO. This, 
in turn, increases the polarization of M2 macrophages in 
TAMs, resulting in immunosuppression of TME. Further-
more, lipid metabolism also plays a role in macrophage 
polarization. PPARs, part of the nuclear hormone receptor 
superfamily, are key regulators of lipid metabolism and 
can promote M2 polarization. PPAR α and PPAR δ are 
highly expressed in oxidized tissues, controlling OXPHOS 
and energy homeostasis. Adipocyte activity and lipid 
storage are influenced by PPAR γ, which is abundantly 
expressed in white adipose tissue. It has been reported that 
PPAR α and PPAR γ can enhance macrophage polariza-
tion toward M2 phenotype [9]. The above shows that M2 
macrophages can effectively utilize a variety of energy 
substrates (such as fatty acids) to adapt to the TME.

C. Tumor Derived Exosomal ncRNAs Associat-
ed with Macrophage Polarization
Macrophage polarization is induced by exosomal ncRNAs 
generated from tumors. On the contrary, TAM derived 
exosomal ncRNA promotes tumor proliferation, metasta-
sis, and angiogenesis. Tumor derived miR-934 exosomes 
regulate the interaction between colorectal cancer cells 
and TAMs and induce macrophage M2 polarization by 
downregulating PTEN expression and activating PI3K/
AKT signaling pathway [10]. By competitively binding to 
the target miR-1-3p, the exosome circATP8A1 generated 
from gastric cancer cells promoted macrophage M2 polar-
ization and activated the STAT 6 pathway. Overexpression 
of circATP8A1 promotes the proliferation, migration and 
invasion of gastric cancer cells [11]. The above indicates 
that tumor derived exosomal ncRNAs also play a role in 
macrophage polarization.

IV. Targeting TAM to repolarize to M1 
pro-inflammatory phenotype strategy
According to the influencing factors mentioned above, we 
discussed a variety of strategies to target M2 macrophage 
polarization, including signaling pathway inhibitors, met-
abolic interventions, and exosomes.

A. Signaling Pathway Inhibitors
In recent years, the number of new therapeutic drugs 
targeting inhibition of molecular signaling pathways 
has increased significantly. One of the most commonly 
dysregulated signaling pathways in cancer is the PI3K/
AKT pathway, which was previously discussed. Pan PI3K 
inhibitors, isotype selective PI3K inhibitors, dual PI3K/
mTOR inhibitors, and Akt inhibitors are examples of 
small molecule inhibitors that target the PI3K/AKT sig-
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naling pathway and have garnered a lot of interest. Pan 
PI3K inhibitors contain numerous molecular targets and 
can provide a broader range of activities, but the possibil-
ity of both off-target and on-target toxicity may also in-
crease [12]. Clinical trials have shown that BAY 80-6946 
is highly selective and potent, and can induce apoptosis 
of a subpopulation of tumor cells abnormally activated by 
PI3K, showing antitumor activity [13]. Isoform specific 
PI3K inhibitors have stronger precise targeting and lower 
toxicity. The most widely used medication to suppress 
Akt in advanced solid tumors is capivasertib, a strong and 
specific inhibitor of three Akt isoforms [12]. The signaling 
pathway inhibitors mentioned above can effectively inhib-
it the transformation of macrophages to M2 type, and then 
reverse tumor progression.

B. Metabolic Interventions
The immune metabolism and polarization of macrophages 
play an important role in the development of various dis-
eases. Among them, arginine catabolism plays a central 
role in promoting immunosuppression. Through the ac-
tions of arginase (Arg1) and nitric oxide synthase (NOS) 
in cells, arginine primarily generates urea, L-ornithine, 
and nitric oxide. According to the research report, M2 
macrophages may limit T cell use of arginine by breaking 
it down, which would prevent antitumor immunity. This 
is because Arg1 expression has accumulated in the TME. 
Research has indicated that CB-1158, a small molecule 
inhibitor, can inhibit arg1, which in turn inhibits immune 
escape and reduces tumor growth [14]. Furthermore, 
smoke can alter the oral mucosa’s local immune metabolic 
microenvironment, promote abnormal cell proliferation, 
decrease apoptosis, activate glutamine transporters in 
macrophages, promote intracellular transport of gluta-
mine, and result in active glutamine metabolism. It can 
also promote M2 polarization [15]. Therefore, blocking 
arginase and promoting glutamine transport may become 
an effective treatment for a variety of cancers.

C. Targeting Exosomes Produced from Cancer 
Cells and Macrophages
Exosomes can carry various miRNAs and play an im-
portant role in cell communication. After being absorbed 
by recipient cells, exosomes release the cargo they carry 
into the cytoplasm, thus realizing the regulatory effect on 
target cells. Through the inhibition of KDM6B expres-
sion in macrophages, the promotion of M2 polarization, 
and the inhibition of M1 polarization, cancer cell-derived 
miR-138-5p exosomes were able to achieve tailored reg-
ulation of cancer cells in a breast cancer model [16]. As a 
miR-455-5p ceRNA, lncRNA growth inhibition specific 

5 (GAS5) suppresses the STAT3 pathway and causes 
polarization to change from M2 to M1 [17]. The above 
shows that targeting macrophages and cancer cell-derived 
exosomes can realize the transition from M2 type to M1, 
which is a feasible strategy to target M2 repolarization.

V. Discussion
In recent years, the strategy of targeting signaling path-
ways has been widely used. These methods can also 
regulate signaling pathways and provide more regulatory 
targets by directly inhibiting signaling pathways through 
small molecules or indirectly inhibiting post-translational 
modifications such as phosphorylation and acetylation by 
blocking signaling pathways. In addition, some drugs with 
effects on cellular metabolism (such as fatty acid synthe-
sis inhibitors) have shown the potential to regulate TAMs 
function and enhance antitumor immunity in preclinical 
models. However, clinical transformation still faces chal-
lenges. The key lies in the timing and targeting of selec-
tive regulation methods of TAMs metabolism to avoid 
adverse effects on other immune cells or normal tissues. 
In addition, in clinic, targeting macrophages and cancer 
cell-derived exosomes is a promising targeted drug carri-
er. They have the ability to penetrate biological barriers, 
have better biocompatibility and lower immunogenicity, 
and can continuously, efficiently and stably transport the 
contents in the blood. However, the therapeutic efficacy 
of natural exosomes may be poor due to their inadequate 
targeting and ease of clearance in vivo [18]. Meanwhile, 
the manufacture of exosomes also remains a challenge. 
Despite the promising prospect of TAM targeted therapy, 
clinical translation still faces many challenges and limita-
tions.
First, TAMs are heterogeneous and plastic. TAMs are not 
a single group, and their phenotypes and functions vary 
according to tumor type and microenvironment. There-
fore, it is extremely difficult to develop a broad-spectrum 
and effective TAM targeting strategy. For example, the 
highly diverse TME of pancreatic ductal adenocarcinoma 
significantly limits the effectiveness of many therapies 
[19]. Second, there are difficulties in drug delivery and 
targeting. At present, how to effectively deliver drugs 
to tumor sites and selectively act on TAMs while mini-
mizing the impact on other cells is still a major problem. 
For example, limiting arginine metabolism within T cells 
inhibits their cytotoxic functions and induces cell cycle 
arrest [20]. Finally, there are limitations in clinical trans-
lation. Due to the gap between preclinical models and 
human body, many strategies that perform well in preclin-
ical models have poor effect or excessive toxicity after 
entering clinical trials. Therefore, combination therapy -- 
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combining TAM targeted therapy with other anti-tumor 
therapies (such as chemotherapy, radiotherapy, ICIS, etc.) 
is considered as a promising direction to improve cancer 
treatment outcomes. Clinical data indicate that combined 
cancer immunotherapy has enhanced therapeutic efficacy 
and reduced drug resistance compared with monotherapy. 
For example, PI3K γ inhibitors combined with PD-L1 an-
tibody and chemotherapy, CD47 antibody combined with 
other anti-tumor antibodies have shown that combination 
therapy has more potential than monotherapy. Therefore, 
future research needs to pay more attention to: first, using 
advanced technologies such as single-cell omics, we can 
deeply understand the subpopulations, functions, metabol-
ic characteristics and dynamic evolution of TAMs in dif-
ferent tumor types and treatment stages at the single-cell 
level and spatial dimension, and find more specific ther-
apeutic targets. Second, develop drugs that can precisely 
regulate specific TAMs subpopulations. Third, explore the 
best combination of TAM targeted therapy with ICI, che-
motherapy, radiotherapy and other emerging therapies and 
conduct clinical experiments to achieve more effective 
and safer cancer immunotherapy.

VI. Conclusion
Through the analysis of the immunosuppressive effect of 
M2 TAMs in TME, this study systematically combs its 
regulatory mechanism and the targeted intervention strat-
egy of repolarization, and discusses its potential and chal-
lenges in clinical transformation and combination therapy. 
The results showed that M2 macrophages could promote 
angiogenesis, immunosuppression and metastasis in TME; 
The polarization of M2 like TAMs is involved in a variety 
of signaling pathways, metabolic reprogramming, and 
exosomal ncRNA. Regulating these factors can effectively 
change the phenotype of TAMs; Strategies targeting Tam 
repolarization, such as targeted inhibitors of STAT family 
and PI3K/Akt signaling pathways, interventions in argi-
nine catabolism and glutamine metabolism, and strategies 
targeting macrophages and cancer cell-derived exosomes, 
have shown potential in treatment for cancer. However, 
combination therapy may show to be a successful strategy 
to enhance therapeutic effect and overcome drug resis-
tance because of the heterogeneity and adaptability of 
TAMs, problems in clinical transformation, and other ob-
stacles. Future research can pay more attention to finding 
specific therapeutic targets, developing more precise drugs 
and exploring safer and efficient combination treatment 
strategies, providing more possibilities for cancer immu-
notherapy.
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