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Abstract 

Tumor immunotherapy, which targets immune checkpoints, presents a promising strategy for the treatment of vari-
ous cancer types. However, current clinical data indicate challenges in its application to solid tumors. Recent studies 
have revealed a significant correlation between the degree of immune response in immunotherapy and the tumor 
microenvironment, particularly with regard to tumor-infiltrating immune cells. Among these immune cells, mac-
rophages, a critical component, are playing an increasingly vital role in tumor immunotherapy. This review focuses 
on elucidating the role of macrophages within solid tumors and provides an overview of the progress in immuno-
therapy approaches centered around modulating macrophage responses through various immune factors.
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Introduction
Macrophages are a type of white blood cells in the 
immune system that play an important role in the 
body, mainly responsible for phagocytosis and diges-
tion of pathogens, cell debris, and other foreign 
objects. They also participate in the regulation of 
inflammatory reactions and tissue repair. Their origin 
can be traced back to the differentiation and develop-
ment of hematopoietic stem cells. Tumor associated 
macrophages (TAMs) typically refer to macrophages 
in the microenvironment of solid tumors, which 

account for the largest proportion of myeloid cell 
infiltration in solid tumors and are closely related to 
poor prognosis in cancer patients [1]. Relevant stud-
ies have demonstrated that TAMs exhibit considerable 
plasticity, being easily polarized into distinct types 
in response to environmental factors [2]. Within the 
tumor microenvironment, TAMs exert certain tumor-
promoting effects, including the stimulation of tumor 
cell proliferation, metastasis, and angiogenesis [3, 4]. It 
is worth noting that existing research has underscored 
the efficacy of tumor immunotherapy in emphasiz-
ing the immune system’s pivotal role in thwarting 
tumor progression. This therapeutic approach has 
evolved into a significant treatment modality fol-
lowing surgery, radiotherapy, and chemotherapy, 
thereby substantially transforming the landscape of 
cancer treatment [5]. The normal human immune 
system is equipped with immune surveillance capa-
bilities. In the presence of tumors within the body, 
the immune system can recognize and specifically 
target these “non-self ” cells through immune mecha-
nisms to counteract the initiation and progression of 
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cancer. However, it is important to note that many 
tumors possess the capacity for evolutionary selec-
tion to evade the immune system’s responses, which 
manifest in three distinct phases: elimination, equilib-
rium, and escape. This process is commonly referred 
to as “immune editing” [6]. By modifying the internal 
state of tumor cells, manipulating the tumor micro-
environment, and employing other mechanisms, 
tumors can thwart immune-mediated rejection. This 
subsequently leads to a weakened immune response 
against the tumor, ultimately enabling the tumor to 
evade immune surveillance and progress [7]. This 
dynamic interplay between tumor cells and immune 
cells induces a state of metabolic competition within 
the tumor immune microenvironment. Consequently, 
the effective supply of nutrients is restricted, and 
the microenvironment’s cellular pH becomes acidic, 
hampering the functionality of immune cells. Since 
the early twenty-first century, a diverse array of anti-
tumor immune drugs, including immune checkpoint 
inhibitors and tumor vaccines, has emerged through 
clinical studies focused on unraveling the mechanisms 
of immune escape employed by tumors [8]. In recent 
years, targeted immunotherapy has gained significant 
prominence in the realm of cancer treatment. Spe-
cific immunotargeting of macrophages and molecules 
associated with the regulation of macrophage func-
tion have garnered widespread attention. Macrophages 
are integral components of the immune system, and 
their functions extend beyond immune responses, 
playing crucial roles in tissue repair, malignancy con-
trol, and immune regulation. Studies have indicated 
that the use of specific immunotargeting techniques 
allows for the targeted delivery of drugs or therapeu-
tic agents to macrophages, thereby enhancing treat-
ment efficacy and reducing unnecessary side effects 
[9]. This strategy offers a novel approach to cancer 
therapy, bringing new hope for patients with advanced 
and metastatic cancers. Furthermore, the regulation of 
macrophage function is closely linked to the success of 
tumor immunotherapy. Various cytokines, receptors, 
and molecular signaling pathways participate in the 
activation and suppression of macrophages, thereby 
influencing the effectiveness of immune responses 
[10]. Understanding the mechanisms of action of these 
molecules and how to precisely regulate macrophage 
function is pivotal for the success of immunotherapy. 
For instance, by inhibiting inflammatory responses 
or activating immune checkpoint molecules, we can 
enhance treatment efficacy, reduce side effects, and 
ultimately improve patient survival and quality of life. 
Consequently, tumor immunotherapy has garnered 

mounting interest among scholars both domestically 
and internationally.

Immunosuppression of macrophages and tumor 
microenvironment
As widely acknowledged, macrophages constitute the 
principal effector cells in the later stages of the innate 
immune response. They also partake in antigen presenta-
tion within the realm of adaptive immunity. Originating 
from bone marrow stem cells, monocytes undergo dif-
ferentiation into mature macrophages within specific tis-
sues. These mature macrophages demonstrate substantial 
plasticity in their biological attributes. Upon encounter-
ing different microenvironments or activation stimuli, 
such as toll-like receptor (TLR), lipopolysaccharide (LPS), 
interferon factor-γ (IFN-γ), and TNF-α, macrophages 
adopt the M1-type activation state, also known as clas-
sical activated macrophages. M1-type macrophages are 
characterized by their secretion of significant quantities 
of proinflammatory cytokines (IL-6 and IL-1β), induc-
ible nitric oxide synthase (iNOS), and cyclooxygenase 2 
(COX2), all of which exert proinflammatory effects and 
are pivotal in the clearance of invading microorganisms. 
Conversely, stimulation by IL-4 or IL-13 results in the 
activation of macrophages into the M2-type, or alter-
natively activated macrophages. M2-type macrophages 
are known for their ability to secrete anti-inflammatory 
cytokines, such as IL-10 and IL-1 receptor antagonists, 
and they highly express arginase 1 (ARG1) and COX1, 
which have anti-inflammatory properties. These mac-
rophages are instrumental in facilitating tissue repair and 
remodeling following damage [11].

It is imperative to acknowledge that macrophages are 
profoundly influenced by the dynamic microenviron-
ment, rendering their phenotype and function highly 
heterogeneous. Achieving the clear polarization of 
macrophages into the ideal M1 or M2 type is indeed 
challenging [12]. TAMs exhibit a remarkable ability 
to swiftly adapt to changes within the tumor micro-
environment. While functionally similar to M2-type 
macrophages, TAMs do not align entirely with this 
classification, instead displaying characteristics that 
promote microenvironmental immunosuppression 
and tumor progression [13]. The immunosuppres-
sive role of TAMs is primarily intertwined with the 
types and functions of infiltrating T cells within the 
microenvironment. TAMs can directly impede the 
immune functions of cytotoxic T lymphocytes (CTL) 
through at least three distinct mechanisms: 1. Expres-
sion of immune checkpoints, including programmed 
cell death 1 ligand 1 (PD-L1) and B7-H4, with subse-
quent interaction with CTL. This interaction negatively 
regulates CTL immune function, thereby diminishing 
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its anti-tumor effectiveness. 2. The secretion of immu-
nosuppressive factors such as IL-10 and TGF-β, lead-
ing to CTL functional impairment. 3. The regulation 
of the expression of certain metabolites that can influ-
ence CTL activity via metabolic pathways. For instance, 
TAMs, which overexpress ARG1, lead to the break-
down of L-arginine, a critical component for CTL anti-
tumor activity [14]. Furthermore, TAMs can affect CTL 
immune function by recruiting immunosuppressive 
cells like Treg cells, limiting the capacity of dendritic 
cells for antigen presentation, and influencing vascular 
structures. These actions collectively contribute to the 
immune escape of tumor cells and the establishment 
of an immunosuppressive microenvironment [15]. The 

two polarized macrophage subtypes are illustrated in 
Fig. 1 and Table 1.

Effects of various immune factors on macrophages
In the context of immune cells’ specific recognition and 
elimination of tumor cells, the mechanisms underlying 
the recognition and clearance of tumor cells are intri-
cate, given the participation of various components of 
the immune system. Among these components, mac-
rophages stand out as one of the pivotal elements. TAMs 
are extensively present in the stromal regions of vari-
ous tumors, playing a significant role in the progression 
of malignancies and the evasion of immune responses. 
The examination of the intricate interplay between 
TAMs and diverse cell types during tumor progression 

Fig. 1  Two polarized subtypes of macrophages (It’s worth noting that macrophage polarization is a dynamic process, allowing macrophages 
to maintain tissue homeostasis and overall physiological balance in response to changing microenvironments)

Table 1  Immune factors and macrophages

Immune factors Effects Biological effects

CD68 Macrophage markers Used for macrophage identification and recognition

CD163 Macrophage specific receptor, chemokine Clearing free hemoglobin in the body, maintaining tissue homeostasis

PD-L1 Immune checkpoint molecule Inhibiting T cell immune responses, regulating immune reactions

CD47 Antigen, which interacts with macrophage receptors Inhibiting macrophage phagocytosis, assisting cells in evading phagocytosis

CD24-Siglec-10 CD24 and Siglec-10, surface molecules, and immu-
nosuppressive receptors

Siglec-10 interacts with CD24 to inhibit macrophage activity and regulate 
immune responses
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has established a groundwork for innovative approaches 
to tumor therapy centered around TAMs. While it is 
widely accepted that TAMs, when present in proximity 
to malignant tumor cells, can foster tumor proliferation 
and metastasis, it’s essential to recognize that only spe-
cific subtypes of macrophages exhibit anti-tumor activi-
ties Fig. 2.

CD68 and macrophages
TAMs present in the tumor microenvironment pri-
marily originate from peripheral blood mononuclear 
cells, accumulating in tumor sites under the influence 
of chemokines. The presence of CD68, recognized as 
a marker reflecting the overall infiltration of TAMs in 
tumors, is associated with a tumor-promoting role of 
CD68 + TAMs in the context of tumor progression. CD68 
plays a crucial role in the immune system and inflamma-
tory responses, aiding macrophages in their phagocytic 
and debris-clearing functions. The expression of CD68 
is regulated by various factors, including cytokines and 
immune modulatory molecules. One of the primary 
functions of CD68 is its involvement in phagocytosis. It 
can interact with surface molecules on other cells and 
secreted substances, thereby assisting macrophages in 
recognizing, engulfing, and digesting pathogens, dead 
cells, or other cellular materials. This function is of 

paramount importance in tumor immune responses and 
the activity of tumor-associated macrophages. Inves-
tigations have revealed that CD68 + TAMs are linked 
to lymph node metastasis and poor histological grades 
in breast cancer cases. Additionally, pancreatic cancer 
patients with a high density of CD68 + TAMs within the 
tumor stroma tend to exhibit significantly reduced over-
all survival rates. Subsequent research has unveiled the 
heterogeneity of CD68 + TAMs, constituting distinct 
subgroups capable of adapting to various stimuli in the 
tumor microenvironment, thereby polarizing into differ-
ent phenotypes [16]. CD68 + TAMs can undergo polari-
zation into M1 and M2 types. The M1 subtype represents 
the classical activation phenotype, characterized by an 
enhanced secretion of cytokines like IL-1β, IL-6, and 
TNF-α, ultimately contributing to an anti-tumor inflam-
matory response. Conversely, the M2 subtype exhibits an 
alternative activation phenotype, characterized by an ele-
vated secretion of inflammatory factors, fostering tumor 
progression [17].

CD163 and macrophages
CD163 recognizes and binds to free hemoglobin in the 
bloodstream, initiating signaling pathways, including 
STAT3, NF-κB, and Akt, among others, to regulate cell 
survival, proliferation, and differentiation. The activation 

Fig. 2  TAMs affect tumor progression through a variety of cytokines and signaling pathways (TAMs can secrete growth factors and chemicals 
that promote angiogenesis, promoting tumor growth and proliferation. This can include inhibiting T cell activity, hindering immune cell infiltration, 
and weakening anti-tumor immune responses. Then, it can promote inflammatory response, increase cytokine secretion, and thus affect 
the microenvironment around tumors)
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of these signaling pathways can lead to changes in cel-
lular responses, including cell cycle regulation and gene 
expression control, thereby influencing tumor devel-
opment. It’s important to note that the role and signifi-
cance of CD163 may vary in different types of cancers, 
and its physiological effects are influenced by the tumor 
type and individual variations. CD163, recognized as a 
specific marker for M2-type TAMs, serves the purpose 
of distinguishing the M2-type TAMs subgroup from the 
overall TAM population. Several studies have indicated a 
predilection for TAMs in tumors to exhibit the M2 phe-
notype (CD163), with a heightened density of M2-type 
TAMs being linked to unfavorable patient prognosis. 
In a bid to further elucidate the role of TAMs in tumo-
rigenesis and progression, several investigations have 
concurrently assessed the infiltration of CD68 + TAMs 
and CD163 + TAMs within tumors [18]. A study focused 
on ovarian cancer, for instance, unveiled a significant 
increase in both CD68 + TAMs and CD163 + TAMs 
density in advanced ovarian cancer, with CD163 + TAM 
infiltration being associated with an adverse prognosis in 
ovarian cancer patients [19]. In a separate examination of 
triple-negative breast cancer, CD163 + TAMs emerged as 
an independent prognostic factor. It is essential to note 
that TAMs are dynamic cells, and their polarization into 
M1 or M2 phenotypes does not signify terminal differen-
tiation. In response to the influence of various cytokines 
within the tumor microenvironment, TAMs exhibit a 
capacity for functional plasticity. They can transition 
from a pro-inflammatory phenotype to a suppressive 
one, and their polarization can also shift, with M1-type 
TAMs capable of converting into M0 or M2 subtypes. 
Currently, the differentiation of TAMs into subtypes that 
impede tumor progression represents a prominent area 
of interest in the field of cancer therapy.

PD‑L1 and macrophages
PD-L1, also known as B7-H1 or CD274, belongs to the 
cell surface glycoproteins of the B7 family. Under physi-
ological conditions, PD-L1 is expressed in tissue cells and 
interacts with the programmed death receptor-1 (PD-1) 
on the surface of lymphocytes. This interaction serves to 
protect the body from damage resulting from an exces-
sive inflammatory response, and it also plays a crucial 
role in autoimmune tolerance and the prevention and 
treatment of autoimmune diseases. When a tumor devel-
ops, tumor cells that exhibit high levels of PD-L1 expres-
sion hinder lymphocyte function and cytokine release, 
induce lymphocyte apoptosis, and thereby evade lympho-
cyte-mediated destruction. This immune evasion leads to 
the progression of the tumor [20]. In addition to tumor 
cells, TAMs also display elevated levels of PD-L1 expres-
sion and mediate immune regulation through various 

mechanisms. TAMs with high PD-L1 expression pre-
dominantly engage in immune regulation by binding to 
the PD-1 receptor on CD8+ T lymphocytes, eliciting the 
recruitment and activation of phosphatase SHP2. This 
results in the dephosphorylation of downstream protein 
kinases such as Syk and PI3K, subsequently down-reg-
ulating signaling pathways including mTOR, AKT, and 
ERK2. This downregulation inhibits the proliferation and 
survival of effector T cells, reduces the secretion of IFN-γ 
and TNF-α, negatively regulates T cell activity, and medi-
ates T cell apoptosis. Consequently, this leads to a decline 
in the number of tumor-killing lymphocytes and dimin-
ishes the anti-tumor efficacy of the immune system [21].

Lim et  al. [22] demonstrated that tumor necrosis fac-
tor-alpha (TNF-α) secreted by macrophages leads to 
increased PD-L1 expression in breast cancer through 
TNF-α-mediated NF-κB activation. Recent investigations 
into hepatocellular carcinoma [23] have revealed that 
osteopontin (OPN) facilitates the M2-like polarization 
of macrophages and induces PD-L1 expression in hepa-
tocellular carcinoma by activating the colony-stimulating 
factor-1 (CSF1)/CSF1 receptor (CSF1R) pathway. This 
process amplifies the production of immunosuppres-
sive cytokines and drives liver cancer cell metastasis by 
successfully evading Th1-dependent tumor elimination. 
Furthermore, analysis of clinical data from liver cancer 
patients supported a positive correlation between OPN, 
PD-L1, and TAMs infiltration. The foamy appearance 
of PD-L1+ TAMs is partially attributed to the accumu-
lation of substantial uncleared phagocytic substances 
and lysosomes in the cytoplasm. Researchers speculated 
that PD-L1 might influence the phagocytosis capacity of 
TAMs. To validate this hypothesis, PD-L1+ TAMs and 
PD-L1- TAMs were categorized, and in  vitro phagocy-
tosis assays were conducted using GFP+ Staphylococcus 
aureus biologics. Comparatively, the phagocytic func-
tion of Staphylococcus aureus by PD-L1+ TAMs was 
impaired when contrasted with PD-L1-TAMs, signify-
ing that PD-L1+ TAMs were under a state of phagocytic 
inhibition. This hypothesis has also been substantiated 
by in  vivo studies. The expression of PD-L1 in TAMs 
adversely modulates their phagocytic capacity against 
tumor cells. It has been observed that PD-L1+ TAMs 
express F4/80 and CD11b at similar levels to PD-
L1-TAMs. However, PD-L1+ TAMs exhibit a higher 
expression of the M2-related scavenger receptor CD206, 
increased CD11c, and reduced MHC II expression [24]. 
This observation suggests that PD-L1 can enhance the 
differentiation of macrophages into M2 phenotypes. Fur-
thermore, studies with PD-L1 knockout mice revealed 
the development of severe peritonitis with prominent 
infiltration of M1 macrophages and an upregulation of 
pro-inflammatory molecules. This indicates that PD-L1 
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deficiency promotes the differentiation of macrophages 
towards the M1 phenotype and intensifies the enzyme-
polysaccharides induced inflammatory response by 
enhancing STAT1/p-NF-κB p65 phosphorylation [25].

CD47 and macrophages
CD47, also known as integrin-associated protein (IAP), 
is an immunoglobulin-like protein extensively expressed 
on cell membranes, encompassing both normal cells and 
various types of tumor cells, including leukemia, lym-
phoma, and a diverse array of solid tumors. CD47’s ligand 
is the signal regulatory protein alpha chain (SIRPα), pri-
marily present on the surface of macrophages, dendritic 
cells, and nerve cells. The interaction between cell surface 
receptors and ligands governs cell migration, phagocyto-
sis activity, immune homeostasis, and neuronal network 
regulation. CD47 on the surface of normal cells interacts 
with SIRP-α on macrophages’ surface, thereby inhibiting 
the phagocytosis of normal cells by macrophages. Vari-
ous tumor cells suppress TAMs’ phagocytosis by elevat-
ing the expression of CD47 protein, ultimately enabling 
immune escape. Research has indicated that diminish-
ing the expression of CD47 on tumor cells significantly 
enhances TAMs’ ability to eliminate tumor cells [26].

CD47 expression restricts macrophage activity and 
suppresses the non-specific immune system by binding to 
SIRPα. For example, decreased CD47 expression on the 
surface of red blood cells enhances erythrocyte phago-
cytosis by macrophages in the red pulp of the spleen, a 
critical pathogenic factor in hemolytic anemia [27]. Stud-
ies of malignancies such as leukemia, non-Hodgkin’s lym-
phoma, bladder cancer, and breast cancer have revealed 
elevated CD47 levels in tumor cells, with high CD47 
expression correlating with poor clinical prognosis [28]. 
Cancer stem cells, characterized by high genomic insta-
bility and drug resistance, underlie tumor dissemination 
and metastasis. Several types of cancer stem cells also 
exhibit CD47 overexpression. Blocking the CD47-SIRPα 
pathway with anti-CD47 antibodies enhances phagocyto-
sis of tumor cells. Published phase I clinical results show 
varying safety profiles for Hu5F9-G4 and TTI-621 [29]. 
All 16 patients treated with Hu5F9-G4 developed vary-
ing degrees of anemia, and some experienced hyperbili-
rubinemia, although no cases of low platelet count were 
reported. In contrast, in the group receiving 0.3 mg/
kg TD-621, 4 out of 5 patients developed severe (Grade 
3 and 4) thrombocytopenia, but all 11 patients main-
tained stable hemoglobin levels with no anemia. The 
critical difference in these outcomes may be attributed 
to the active utilization of CD47’s aggregation effect to 
mitigate adverse reactions related to red blood cells [30]. 
The fusion protein TTI-621 specifically recognizes aggre-
gated CD47. It has been reported that the hemoshadotin 

skeleton restricts CD47 aggregation on the surface of 
human erythrocytes. Therefore, TTI-621 capitalizes on 
the challenge of aggregating erythrocyte CD47 to achieve 
tolerance to human erythrocytes, thus averting adverse 
reactions that could lead to anemia [31]. As mentioned 
earlier, preclinical models of anti-CD47 therapy may have 
overestimated efficacy, and the response to treatment can 
greatly vary among different tumor types. Consequently, 
real clinical outcomes might not directly align with the 
results from animal experiments, underscoring the need 
for careful patient selection based on CD47 expression 
and aggregation levels. Notably, ovarian cancer repre-
sents an ideal candidate for CD47 antibody therapy due 
to its unique anatomical structure and pathophysiologi-
cal characteristics.

MHC class I component β2‑microglobulin /LILRb1 signal
Researchers have observed that even after inhibiting the 
expression of CD47, certain tumor cells can still evade 
macrophage phagocytosis. Another recognition mecha-
nism between tumor cells and macrophages has been 
identified, involving the signaling molecule on the sur-
face of tumor cells that shields them from macrophage 
phagocytosis, known as the major histocompatibility 
complex I (MHC I) class component β2-microglobulin 
[32]. Blocking or reducing the expression of this mol-
ecule can activate macrophages in vivo and enhance their 
phagocytic activity. This, in turn, leads to the elimination 
of tumor cells and a significant extension in the survival 
of tumor-bearing mice by up to 70%. Furthermore, when 
researchers knocked out leukocyte immunoglobulin-like 
receptor subfamily B1 (LILRB1) on the macrophage sur-
face, which is recognized by MHC I, macrophages transi-
tion from promoting tumor growth to inhibiting it [33]. 
Current research indicates that the inhibitory LILRB1 
protein often features a common clone, GHI/75, which, 
when combined with anti-CD47 monoclonal antibodies, 
significantly boosts macrophages’ ability to engulf and 
kill tumor cells. Importantly, the inhibition of LILRB1 
does not harm normal tissue cells in vivo [34, 35].

CD24‑Siglec‑10 signal transduction
CD24 exerts a crucial role in the immune system by regu-
lating inflammatory responses and immune cell activ-
ity, contributing to the maintenance of immune balance. 
However, CD24 is also overexpressed in various cancers 
and is associated with cancer cell invasion, migration, 
and drug resistance. Its interaction within the tumor 
microenvironment can inhibit immune cell attacks, pro-
moting cancer cell survival. Additionally, high CD24 
expression may be linked to the formation of cancer stem 
cells, which are more resistant to treatment, making can-
cer more challenging to cure. Therefore, CD24 not only 
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plays a regulatory role in normal immune function but 
also serves as a key player in cancer development, making 
it a potential target for cancer treatment and research. 
In addition to the previously mentioned “do not eat me” 
signal, researchers have identified additional potential 
escape signals during investigations into the strength and 
durability of responses to therapeutics like monoclonal 
antibodies. In studies involving breast and ovarian can-
cer, BARKAL et al. [36] discovered that CD24 serves as 
a prominent innate immune checkpoint and a promising 
target for tumor immunotherapy. Their research illus-
trated that CD24-expressing tumors facilitate immune 
evasion by interacting with the inhibitory receptor sialic 
acid-binding Ig-like lectin 10 (Siglec-10) expressed on 
TAMs. Subsequent investigations revealed that CD24 
overexpression occurs in other types of tumors, not lim-
ited to breast and ovarian cancer, and that TAMs exhibit 
high levels of Siglec-10 [37]. Disrupting the interaction 
between CD24 and Siglec-10 using monoclonal antibod-
ies or eliminating CD24 or Siglec-10 led to enhanced 
phagocytosis of CD24-expressing human tumors by 
TAMs. These findings introduce novel concepts to the 
field of tumor immunotherapy.

Anti‑tumor therapy targeting macrophages
In recent years, tumor immunotherapy has garnered 
significant attention and witnessed substantial advance-
ments. Immunotherapy aims to restore the equilibrium 
between the immune system and tumors by modulating 

the body’s immune defense mechanisms, reprogram-
ming immune cells, or utilizing diverse immunomodula-
tory agents. Notably, both CAR-T cell therapy and PD-1/
PD-L1 inhibition have demonstrated remarkable clinical 
efficacy. Given their pivotal role in the tumor microen-
vironment, macrophages have emerged as promising tar-
gets for the development of tumor immunotherapeutic 
agents, capitalizing on their intrinsic characteristics. In 
the following sections, we will provide a comprehensive 
overview of various tumor immunotherapy strategies 
that specifically target macrophages, along with their 
prospective applications. An overview of relevant drugs 
is presented in Table 2 for reference.

The CCL2 and CCL5
Activated macrophages, monocytes, and dendritic 
cells exhibit heightened secretion of CCL2, also known 
as monocyte chemoattractant protein-1 (MCP-1), 
in response to stimulation by proinflammatory fac-
tors like IL-8 and TNF-α. M2-type TAMs collaborate 
with CCL2 to facilitate tumor progression by attract-
ing macrophages. Due to its role in promoting cancer, 
CCL2 has been recognized as a potential target for 
impeding TAM recruitment to tumors [53]. Recent 
studies have shown that zoledronic acid can downreg-
ulate the expression of CCL2, resulting in a reduction 
in macrophage recruitment and exhibiting antitumor 
effects [54]. Furthermore, increased secretion of CCL5 

Table 2  Tumor immunotherapy strategies and their application prospects

Category Substance Target site Mechanisms of action

Inhibitor Zoledronic acid CCL2 Suppress the expression of CCL2 [38]

Gefitinib CCL5 Decrease the secretion of CCL5 [39]

PLX3397 CSF1R Inhibit the expression of CSF1R [40]

GW2580 CSF1 Inhibit the expression of CSF1 [41]

Wortmannin PI3K Decrease serum cytokine levels by inhibiting PI3K 
[42]

Monoclonal antibody or blocker HAC PD-LI Block human PD-LI [43]

BMS-936558 PD-1 Block the interaction between PD-1 and PD-L1 [44]

Hu5F9-G4 CD47 Block CD47 that induces tumor-cell phagocytosis 
[45]

KWAR23 SIRPa Combine with tumor-opsonizing antibodies to aug-
ment neutrophils and TAMs antitumor activity [46]

Biological response modifier GHI/75 LILRB 1 Block the MHC /LILRB1 signaling way [47]

Trabectedin Macrophages Block the immunosuppressive effect [48]

Immunomodulator linemode Macrophages Block the activity of macrophages in tumor angio-
genesis [49]

DNMTi AZA (5-Azacytidine) Macrophages Regulate of macrophages polarization [50]

DFMO (a-Difluoromethylornithine) Macrophages Regulate of macrophages polarization [51]

DNTs (dual-inhibitor-loaded nanoparticles) M2 macrophages Make M2 macrophages repolarize to active MI mac-
rophages and inhibit CSF IR and SHP-2 [52]
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in certain instances can also attract TAMs by binding 
to CCR2 on the surface of monocytes [55].

Colony‑stimulating factor‑1 (CSF‑1)
Tumor cells secrete CSF-1, which binds to CSF1R 
on macrophages, initiating downstream pathways 
to recruit and polarize TAMs. Therefore, the pri-
mary approach to targeting TAMs involves inhibiting 
TAM polarization, recruitment, and cytokine secre-
tion by blocking the CSF1/CSF1R pathway. A study 
[56] demonstrated that the tyrosine kinase inhibitor 
PLX3397 substantially reduces CSF1R expression in a 
BrAFV00E-driven mouse melanoma model. This drug, 
with its CSF1R inhibition, has been employed in the 
treatment of patients with glioblastoma and breast 
cancer. Research has indicated that the proportion of 
M2 TAMs decreases significantly with the reduction 
of TAMs. Similarly, in MMTV neu transgenic mice, 
GW2580 (a specific CSF1 inhibitor) led to a consider-
able reduction in TAM infiltration in tumor tissue [57]. 
It is generally accepted that the loss of the CSF1/CSF1R 
signal specifically depletes M2 TAMs while having min-
imal impact on M1 TAMs [58].

Signal transduction blockade of related kinases
IL-10 enhances tumor growth and metastasis by upregu-
lating CIP2A expression via the PI3K signaling pathway. 
It has been demonstrated [59] that the phosphorylation 
of cAMP response element-binding protein (CREB) can 
also regulate IL-10 secretion by E6-positive lung cancer 
cells through PI3K pathways. The feedback loop involv-
ing IL-10, CIP2A, and CREB phosphorylation may 
impact tumor progression. Targeted therapy can inter-
rupt this signaling pathway using specific inhibitors like 
wortmannin or LY294002 (PI3K inhibitor). Wortman-
nin, a frequently employed cell biology agent, has been 
used to impede DNA damage repair, receptor-mediated 
endocytosis, and cell proliferation [60]. Wortman-
nin has been shown to lower serum levels of certain 
cytokines by inhibiting PI3K/Akt pathway activation, 
consequently hindering tumor invasion [61]. In a recent 
study, Halaby et al. [62] discovered that serine-threonine 
kinases can influence the maturation and polarization 
of macrophages and myeloid-derived suppressor cells 
by regulating the translation of non-repressor 2 into the 
transcription factor CREB-2/activating transcription 
factor 4. Targeting ATF4 with small interfering RNA 
effectively disrupted GCN2-related signaling pathways, 
leading to the inhibition of tumor growth. These findings 
suggest that blocking GCN2-related signaling pathways 
can enhance anti-tumor immunity.

PD‑1/PD‑L1 signal transduction blockade
In one study, immunodeficient mice were treated with 
either a PD-L1 blocker (HAC, a small molecule protein 
that blocks human PD-L1) or a PD-1 blocker (anti-mouse 
PD-1 antibody BMS-936558). The results demonstrated 
that both mouse and human TAMs expressed high lev-
els of PD-1, and the PD-1 levels increased progressively 
with tumor development [39]. Inhibition of PD-1/PD-L1 
led to an enhancement in the phagocytic activity of 
TAMs, resulting in tumor cell destruction. Furthermore, 
in macrophage-mediated immunotherapy, PD-1/PD-L1 
may interact with CD47 mab, and combination therapy 
showed a higher survival rate compared to monotherapy 
[63]. PD-1 mab has received FDA approval for clini-
cal use due to its remarkable efficacy in treating certain 
advanced malignancies, even though it is effective in only 
a small subset of cancer patients [64].

Macrophage polarization regulation
In recent years, with the profound advancements in the 
molecular biology of liver cancer, molecular targeted 
therapies have achieved significant breakthroughs in 
hepatocellular carcinoma (HCC) treatment. Therapeu-
tic strategies targeting macrophages within the HCC 
microenvironment aim to induce the conversion of M2 
macrophages into M1 macrophages and to counter-
act immune suppression. Trabectedin, a macrophage-
targeted drug initially designed for the treatment of 
soft tissue sarcomas [65], is a marine bioactive extract 
known for its specific cytotoxicity against macrophages. 
Other potential drugs, such as the immunomodulator 
LineMode, act to inhibit macrophage activity in tumor 
angiogenesis. Furthermore, the use of a CCL2 antibody 
has the potential to reduce macrophage aggregation 
and may be explored as a treatment option. C-fms, a 
CSF receptor that plays a pivotal role in regulating mac-
rophage function, is an emerging focus of clinical studies. 
Combinations of drugs aimed at modulating TAM polar-
ization could influence the interaction between C-FMS 
and other immune cells, thereby altering macrophage 
phenotypes and reshaping the microenvironment to limit 
the prevalence of M2-type TAMs [66].

The inhibition of TAM polarization through combined 
drug therapy holds significant promise in clinical applica-
tions. A recent study by Travers [67] demonstrated that 
the combination of DNMTI 5-azacytidine (AZA) and 
α-difluoromethylornithine (DFMO) significantly enhanced 
survival rates and reduced tumor burden in mice with 
ovarian cancer. When applied to an ovarian cancer mouse 
model with normal immune function, this combined 
drug treatment substantially extended the survival of 
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tumor-bearing mice. Notably, the combination therapy led 
to a significant reduction in M2 TAMs, concomitant with 
a marked increase in M1 TAMs. These findings under-
score the potential of combined treatment in influencing 
macrophage polarization within the tumor microenviron-
ment, recruiting M1 macrophages, and prolonging the 
survival of individuals with tumors. Furthermore, a recent 
study by RAMESH [68] introduced self-assembled dual 
inhibitor-loaded nanoparticles (DNTs) designed to target 
M2-type TAMs and transform them into active M1-type 
TAMs. This approach also involved the simultaneous inhi-
bition of the CSF1R and SHP-2 signaling pathways. The 
findings from this study present an innovative avenue for 
anti-tumor therapy focused on targeting macrophages, 
and DNTs exhibit promising potential for clinical transla-
tion as a personalized therapeutic option.

Conclusion
In conclusion, a comprehensive understanding and effec-
tive utilization of the intricate interactions within the 
tumor immune microenvironment hold the potential to 
enhance the efficacy of tumor immunotherapy and address 
the challenges posed by the low response rates observed in 
immunotherapy. As precision medicine gains prominence, 
the focus of anti-tumor treatments has shifted towards 
precise targeted therapy. In light of the growing signifi-
cance of anti-tumor immunity, there has been a surge in 
research efforts aimed at overcoming longstanding chal-
lenges in traditional tumor therapy. However, it is essential 
to acknowledge that recent years have seen limited pro-
gress in the realm of adaptive immunity. Previous studies 
have illustrated the multifaceted impact of macrophages 
on tumor cells, elevating this field to a prominent posi-
tion within immunotherapy research. Researchers have 
identified specific cytokines secreted or modified by mac-
rophages, demonstrating their potential in combatting 
tumor cells. The relentless commitment of scholars in the 
medical field to conduct in-depth investigations has led to 
the discovery of diverse mechanisms governing the rec-
ognition of TAMs. Various targeted therapies, including 
the utilization of monoclonal antibodies, inhibitors, gene 
modifications, and the adoptive transfer of immune cells, 
are subjects of in-depth investigation. This underscores 
the considerable promise of macrophages in the realm of 
targeted tumor therapy. Presently, there exists a plethora 
of therapeutic approaches; however, their technological 
maturity is still evolving, and clinical trials are relatively 
scarce. Consequently, numerous unidentified molecular 
mechanisms may wield significant influence over the regu-
lation of tumor growth and progression. Some prospective 
targets warrant further extensive research and attention. 
A more profound examination of the intricate interplay 
between macrophages and tumor cells is imperative.
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