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Abstract. Although annexin A1 (ANXA1), a 37 kDa phospho‑
lipid‑binding anti‑inflammatory protein expressed in various 
tissues and cell types, has been investigated extensively for its 
regulatory role in cancer biology, studies have mainly focused 
on its intracellular role. However, cancer cells and stromal 
cells expressing ANXA1 have the ability to transmit signals 
within the tumor microenvironment (TME) through autocrine, 
juxtacrine, or paracrine signaling. This bidirectional crosstalk 
between cancer cells and their environment is also crucial 
for cancer progression, contributing to uncontrolled tumor 
proliferation, invasion, metastasis and resistance to therapy. 
The present review explored the important role of ANXA1 in 
regulating the cell‑specific crosstalk between various compart‑
ments of the TME and analyzed the guiding significance of the 
crosstalk effects in promotion or suppressing cancer progression 
in the development of cancer treatments. The literature shows 
that ANXA1 is critical for the regulation of the TME, indicating 
that ANXA1 signaling between cancer cells and the TME is 
a potential therapeutic target for the development of novel 
therapeutic approaches for impeding cancer development.
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1. Introduction 

The tumor microenvironment (TME) refers to the unique 
environment around the tumor consisting of blood vessels, 
immune cells, fibroblasts and an extracellular matrix, which 
is more conducive for tumor cells than normal cells  (1). 
Reciprocal crosstalk between cancer cells and the TME is a 
complex process contributing to uncontrolled tumor prolif‑
eration, invasion, metastasis and resistance to therapy (2,3). 
Multiple signaling pathways are involved in the crosstalk 
between cancer cells and the TME, and annexin A1 (ANXA1) 
is considered to be an important regulatory protein involved 
in this process.

ANXA1, a Ca2+‑dependent phospholipid‑binding 
protein, consists of a highly conserved C‑terminal region 
and a variable N‑terminal region (4). ANXA1 expression 
is significantly upregulated in various types of cancer, 
including liver cancer, colon cancer and triple negative 
breast cancer, while it is downregulated in other types 
of cancer, such as nasopharyngeal carcinoma, head and 
neck squamous cell carcinoma and laryngeal cancer  (5). 
Therefore, ANXA1 acts with cell‑specificity to promote or 
suppress cancer progression. At present, the discussion on 
the mechanism of action of ANXA1 has mainly focused on 
intracellular activity (6,7); however, cancer progression is 
not accomplished by cancer cells alone but results from the 
various interactions among cells in different compartments 
of the TME. Increasing evidence has shown that extracellular 
ANXA1 expression can interact with specific receptors and 
play a role in the bidirectional crosstalk between different 
compartments of the TME in an autocrine, juxtacrine, or 
paracrine manner (8‑10).

Therefore, the aim of the present review was to 
discuss the mechanism of ANXA1 in each compart‑
ment of the TME. A number of efforts have been made 
to explore how ANXA1 regulates crosstalk in different 
compartments of the TME, thereby regulating tumor cell 
angiogenesis, tumor immune cells infiltration and tumor 
fibroblasts activation (11‑13) (Fig. 1). The conflicting pro‑ 
or anti‑cancer effects of ANXA1 may originate from the 
complex TME and elucidating these mechanisms from a 
therapeutic perspective may lead to the discovery of poten‑
tial anti‑cancer strategies that target cancer cells within 
the TME.
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2. The regulatory mechanisms of ANXA1 expression and 
externalization

ANXA1, a 37  kDa protein containing 346 amino acids 
encoded by a gene located on chromosome 9q21.13 (14), 
is a glucocorticoid anti‑inflammatory mediator that has 
been proven to be induced by glucocorticoids in  vitro 
and in  vivo  (15,16). Glucocorticoids activate ANXA1 
transcription by upregulating glucocorticoid‑induced 
leucine zipper to bind to PU.1 (17). The ANXA1 promoter 
region contains cyclic adenosine monophosphate (cAMP) 
response element‑binding protein (CREB)‑binding sites 
that mediate the expression of ANXA1 induced by cAMP 
and P38 MAPK, which can be upregulated by glucocorti‑
coids (18). Additionally, IL‑6 can upregulate the expression 
of ANXA1 by activating transcription factors C/EBP‑β and 
STAT3 (19,20) (Fig. 2). It is well known that IL‑6, as an 
inflammatory factor, participates in the process of shaping 
the TME (21).

Post‑transcriptional regulatory mechanisms play 
an important role in regulating ANXA1 expression. 
microRNAs (miRNAs/miRs) are noncoding RNA composed 
of ~22 nucleotides that downregulate gene expression by 
recognizing the 3'UTR sequence of the target mRNAs (22). 
miR‑196a can directly target ANXA1 in head and neck 
cancer, laryngeal cancer and triple negative breast cancer to 
promote the proliferation, migration and radioresistance of 
cancer cells (23‑25).

Post‑translational modifications are essential for the 
functional regulation of ANXA1, which when activated 
is externalized or secreted into the extracellular environ‑
ment  (26,27), as shown in Fig. 2. Phosphorylation of the 
Ser27 residue induced by protein kinase C facilitates the 
movement of ANXA1 protein to the cell surface  (28). In 
addition, ANXA1 has been found to be externalized by 
the ATP‑binding cassette (ABC) transporter, with ABC 
family member ABC‑A1 being specifically involved in 
this process (29). However, in neutrophils where ANXA1 
is predominantly localized to gelatin granules, the gelatin 
granules are degranulated, resulting in a high concentra‑
tion of ANXA1 on the cell surface (30). Researchers have 
confirmed another externalization mechanism by which 
ANXA1 is released from cells as a component of the extra‑
cellular vesicles (EVs) (31,32). EVs can be dispersed either in 
the extracellular space near the release point or far away as a 
function of cell‑to‑cell communication.

Externalized ANXA1 can interact with formyl peptide 
receptors (FPRs) in an autocrine, juxtacrine, or para‑
crine manner  (26,33). FPRs belong to the family of G 
protein‑coupled receptors and consist of three members, 
FPR1, FPR2 and FPR3 (4). FPRs can interact with a range 
of ligands, including the N‑terminal peptide of ANXA1, 
lipoxin A4 and serum amyloid A (34). Moreover, FPR2 form 
different complexes, such as monomers or homo/heterodimer 
(in combination with FPR1 or FPR3), that trigger multiple 
downstream signaling pathways to exert the pleiotropic 
function of ANXA1 proteins (35). The ANXA1/FPRs axis is 
an important crosstalk pathway between different compart‑
ments of the TME and plays an important role in remodeling 
the TME.

3. Regulation of the tumor vasculature by ANXA1

Angiogenesis involves the growth of new blood vessels from 
the existing vasculature, which provide oxygen and nutrients 
for tumor growth. Without vascular support, tumor growth is 
difficult to sustain, even during necrosis and apoptosis (36,37). 
Angiogenesis is not only necessary for cancer to invade 
surrounding tissues, but it also supports the development of 
metastatic cancer cells in new location (38). Angiogenesis is a 
vital cancer marker that is associated with poor prognosis in 
patients with various tumors.

ANXA1 is essential for the formation of tumor blood 
vessels. Studies have shown that ANXA1‑knockout mice can 
grow normally without evident vascular defects, but ANXA1 
deficiency impedes the formation of tumor neovascularization, 
thus inhibiting tumor growth and metastasis (39,40). ANXA1 
is highly expressed in the vasculature of various tumor types, 
such as colon cancer, lung cancer and melanoma (41), but the 
specific mechanisms of ANXA1 function have not been deeply 
explored. Researchers have found that activated ANXA1 inter‑
acts with FPR receptors in an autocrine manner in endothelial 
cells to promote the externalization of VEGF (42), which is 
an important angiogenic factor  (43). When externalized, 
VEGF‑A further promotes the angiogenesis of endothelial 
cells by inducing the phosphorylation of ANXA1 mediated by 
p38/MAPKAP kinase‑2/LIMK1 activation (44). Therefore, it 
is possible that VEGF and ANXA1 form a positive feedback 
loop that synergistically promotes tumor angiogenesis.

Angiogenesis can provide favorable conditions for cancer 
cell proliferation. Meanwhile, tumor cells can further regulate 
angiogenesis through ANXA1 by inducing the formation of 
a microenvironment that is conducive to tumor cell growth. 
ANXA1 has been shown to promote tube formation in endo‑
thelial cells by regulating NF‑κB targeted by miR26b* and 
miR56 in MCF‑7 breast cancer cells with low ANXA1 expres‑
sion (45). By constructing ANXA1 knockout cell lines, the 
researchers demonstrated that pancreatic cancer cells secreted 
ANXA1 in the form of EVs, which can regulate the activation 
of endothelial cells and promote angiogenesis in a paracrine 
manner by interacting with FPR receptors (46). In conclusion, 
blocking the signaling of ANXA1 between tumor cells and 
the tumor vasculature may lead to the development of a novel 
therapeutic approach for impeding cancer development.

4. Effects of ANXA1 on different immune cells in the TME

ANXA1 is highly expressed in neutrophils, mast cells and 
monocytes‑macrophages but is lowly expressed in T lympho‑
cytes and B cell subsets (47), playing an immunomodulatory 
role in innate and adaptive immune responses. During the 
innate immune response, ANXA1 can inhibit the rolling, 
adhesion and migration of neutrophils  (48). Meanwhile, 
ANXA1 can also affect the clearance of apoptotic neutrophils 
by macrophages and influence their differentiation, exerting 
anti‑inflammatory and pro‑resolving effects (49).

There have been relatively few studies on the role of 
ANXA1 in the adaptive immune system due to its relatively 
low expression level (48), but it is known that ANXA1 func‑
tions differently in adaptive immune cells. ANXA1 is involved 
in the proliferation and activation of T cells, plays a balancing 
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role in T cell differentiation and may be associated with the 
initiation of T cell receptor (TCR) signaling (50). ANXA1 can 
further strengthen the TCR signaling pathway by binding to 
FPRs and promoting T cell differentiation towards the TH1 
phenotype (47).

However, the function of ANXA1 can be altered by distur‑
bances in the intracellular and extracellular environment under 
different tumor conditions. Therefore, the present study aimed 
to further explore the regulatory effects of ANXA1 on various 
immune cells within the TME and attempted to explain the 
functional pleiotropy of ANXA1 in different TMEs.

Neutrophils. Neutrophils are the first line of defense against 
infection, but their role in tumor progression is highly 
controversial because of the ability of tumor‑associated 
neutrophils (TANs) to differentiate into different phenotypes 
in distinct microenvironments. TANs can differentiate into 
N2 immunosuppressive phenotypes following transforming 
growth factor‑β (TGF‑β) treatment to promote tumor progres‑
sion, while N1 phenotypes are formed through blocking 
TGF‑β to exert an anti‑tumor immune response (51).

It has been indicated that ANXA1 can stimulate TGF‑β 
expression to promote the development of neutrophils into 
the N2 phenotype in melanoma. ANXA1 secreted by neutro‑
phils can promote melanoma invasion and metastasis via 
the FPR pathway (52). Moreover, in the ANXA1‑knockown 
glioblastoma animal model, inhibition of tumor growth and 
infiltration of myeloid cells dominated by Ly6G+ granulocytes 
were observed (53). The findings suggest that ANXA1 may 
promote the deterioration of tumors by inducing neutrophil 
infiltration and differentiation.

Macrophages. Macrophages are heterogeneous cells that can 
differentiate into two subsets of classically activated macro‑
phages  (M1) and selectively activated macrophages  (M2) 
according to different molecular signals in the TME. M1 
macrophages responding to interferon‑γ (INF‑γ) can produce 
a number of pro‑inflammatory cytokines, including IL1β, 
TNF‑α, IL‑6, or IL‑12, to induce the subsequent TH1 response, 
consequently showing pro‑inflammatory activity. By contrast, 
M2 macrophages can drive the TH2 response by secreting 
TGF‑β1 and IL‑10  (54,55). Therefore, the macrophage 

Figure 1. Model of ANXA1 regulating different compartments of the TME. (A) Cancer cells produce ANXA1 to activate NFs into CAFs. CAFs secrete 
ANXA1 to promote angiogenesis and maintain stem cell stemness properties of cancer cells. (B) ANXA1 released by cancer cells reaches infiltration of M2 
macrophages, Tregs, MDSCs and iDCs and inhibits T cells to mediate tumor immune escape. (C) Cancer cells release ANXA1 to promote transendothelial 
migration and increase angiogenesis, supporting cancer progression. (D) ANXA1 produced by cancer cells enter blood vessels, contributing to colonization 
in distant organs of cancer cells. ANXA1, annexin A1; TME, tumor microenvironment; NF, normal fibroblast; CAF, cancer‑associated fibroblasts; Treg, 
T regulatory lymphocyte; MDSC, myeloid‑derived suppressor cell; iDC, immature dendritic cell.
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polarization phenotype plays a crucial role in shaping the 
tumor immune microenvironment.

ANXA1 can mediate the polarization of macrophages 
towards the M2 phenotype to exert immunosuppressive 
effects (Fig. 3). In triple negative breast cancer 4T1 cells, 
ANXA1 perform a critical role by inducing the differ‑
entiation of macrophages into the M2 phenotype, which 
enhances activation of ERK and NF‑κB following ANXA1 
communication with FPR2, subsequently enhancing the 
invasiveness of 4T1 cells  (56). A similar concept was 
described for ERα‑positive breast cells, where the presence 
of Ac2‑26 successfully reversed the M1 phenotypic polar‑
ization of macrophages induced by JMJD6 knockdown and 
JMJD6 promoted the expression and secretion of ANXA1 
in a lipid drop dependent manner, thereby promoting tumor 

growth (57). Moreover, ANXA1 is secreted extracellularly 
in the form of exosomes from pancreatic cancer cells and 
was observed to enhance the differentiation and recruitment 
of macrophages into the M2 phenotype and support the 
formation of liver metastases (11).

The latest study found ANXA1 to be overexpressed in the 
macrophages of hepatocellular carcinoma (HCC) patients, 
exhibiting a loop between macrophages and tumor cells (58). 
The N‑terminal of ANXA1 binding to FPR2 might promote 
macrophage M2 polarization and infiltration to sustain an 
immunosuppressive TME by downregulating the NF‑κB and 
NOTCH1 pathways and upregulating the JAK/STAT, AKT 
and ERK pathways, while ANXA1 generated by macro‑
phages might promote HCC cell proliferation and migration 
by activating the PI3K/AKT and MEK/ERK pathways to 

Figure 2. Expression and externalization mechanisms of ANXA1. Expression mechanisms, including glucocorticoids, indirectly induce ANXA1 expression 
by activating MAPK and cAMP, subsequently upregulating CREB to bind to the ANXA1 promoter; ANXA1 upregulation by glucocorticoids that induce the 
combination GILZ with PU.1. IL‑6 induces ANXA1 expression by activating the transcription factors STAT3 and C/EBP‑β. miR‑196a binds to the 3'UTR of 
ANXA1 mRNA to downregulate ANXA1 expression. Externalization mechanisms are: ① Activation of the ATP‑binding (ABC) transporter; ② fusion of 
ANXA1‑containing granules to the plasma membrane; ③ phosphorylation of ANXA1 of Ser27 by PKC; ④ secretion of ANXA1‑loaded EVs. Externalized 
ANXA1 interact with FPRs in an autocrine, juxtacrine, or paracrine manner. ANXA1, annexin A1; cAMP, cyclic adenosine monophosphate; CREB, cAMP 
response element‑binding protein; GILZ, glucocorticoid‑induced leucine zipper; miR, microRNA; FPRs, formyl peptide receptors; PKC, protein kinase C; 
p, phosphorylated.
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negatively regulate FOXO3 (58). The dynamic regulation of 
macrophages by ANXA1 promotes disease progression (59). 
The HIF1A/FOSL2/ANXA1 axis is involved in the natural 
evolution of tumors in glioblastoma (GBM). As the disease 
progresses, ANXA1 secretion can increase the aggregation 
of M2 macrophages, thereby reducing the proliferation of 
CD8+T cells, which exerts an immunosuppressive effect (59). 
At the same time, polarized M2 macrophages produce CCL2 
to further accelerate tumor progression (59). These data indi‑
cate that ANXA1 is also involved in bidirectional crosstalk 
between macrophages and tumor cells and is involved in the 
activation of multiple signaling pathways.

As members of the mononuclear macrophage family, 
microglia are involved in the innate immunity of the central 
nervous system (60) and can migrate to the pre‑metastatic niche 
to produce a wide range of anti‑inflammatory factors, forming 
a microenvironment that supports brain metastasis  (61). It 
is noteworthy that when released, ANXA1 induced brain 
metastasis and colonization of breast cancer cells by recruiting 
microglia mediated by the FPR1/2‑STAT3 axis in a model of 
brain metastasis of breast cancer (9). Therefore, it is possible 
to delay the brain metastasis of breast cancer cells by blocking 
the function of ANXA1.

Dendritic cells. Dendritic cells (DCs) are specialized 
antigen‑presenting cells (APCs). Mature DCs can perform an 
anti‑tumor immunity role by processing tumor cell antigens 
and presenting co‑stimulatory molecules to CD4+ and CD8+ 
T cells. DCs can also differentiate into tolerant DCs (tDCs) 
and immature DCs (iDCs) during differentiation to hinder 
immune responses (62).

The exposed ANXA1 observed in on the apoptotic 
cell‑surface supports a tolerogenic phenotype in DCs (63), 
which can be mediated through the interaction between the 
core region of ANXA1 and Dectin‑1  (64). Similarly, high 
ANXA1 expression was found to be positively correlated 
with the infiltration of tDCs and iDC in GBM patients (65). 
However, during breast cancer chemotherapy, the loss of 
ANXA1 caused dying cells to fail to interact with FPR1 
expressed on DCs, further activating the anti‑cancer immune 
response (66). Low ANXA1 expression was hardly infiltrated 
by DCs and cytotoxic T lymphocytes, suggesting that ANXA1 
deficiency might contribute to the immune escape of breast, 
colorectal and lung cancer cells  (67). It was hypothesized 
that the paradoxical immunomodulatory effects of ANXA1 
in DCs might be caused by the different release modes and 
functional domains of ANXA1. When ANXA1 interacts with 
receptors on the surface of DCs through the core region, it 
can enhance the secretion of anti‑inflammatory factors and 
mediate immune tolerance. However, the immune function 
was enhanced by the interaction of FPRs expressed in DCs 
within the N‑terminal of ANXA1.

T lymphocytes. Naive T cells receive co‑stimulation through the 
combination of CD28 expressed on T cells, with B7 expressed 
on APCs, which activates their proliferation and differentia‑
tion into effector T cells. Effector T cells can be divided into 
CD4+ T helper cells (TH1, TH2 and TH17), regulatory T cells 
(Tregs) and cytotoxic T lymphocytes (CTLs) (68). TH1 cells 
can produce IFN‑γ, which is involved in the elimination of 
pathogens and the destruction of cancer cells (69). TH2 cells 
can secrete cytokines, such as IL‑4, IL‑10 and TGF‑α, which 

Figure 3. Bidirectional crosstalk of ANXA1 between cancer cells and macrophages. The release of ANXA1 mediated by the HIF1A/FOSL2 and JMJD6 
signaling pathways in ERα‑positive breast cancer and GBM, respectively. ANXA1 released by cancer cells can bind to the FPRs of macrophages, subsequently 
activating the JAK/STAT3, PI3K/AKT, ERK and NF‑κB signaling pathways to induce macrophage polarization towards the M2 phenotype. ANXA1 released 
by M2 macrophages can communicate with FPRs of cancer cells, which enhances the PI3K/AKT, MEK/ERK axis to promote cancer progression. ANXA1, 
annexin A1; ERα, estrogen receptor alpha; GBM, glioblastoma; FPRs, formyl peptide receptors.
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suppress the anti‑tumor immune microenvironment to promote 
immune escape (70). Tregs have anti‑inflammatory properties 
via the generation of cytokines, including IL‑10, IL‑35 and 
TGF‑β, which can mitigate the occurrence of autoimmune 
and allergic diseases (71). However, in the context of cancer, 
Tregs can hinder the anti‑tumor T cell response for fighting 
cancer (72).

Other studies have highlighted the role of ANXA1 in 
promoting the differentiation of TH1 cells (48,73). However, 
researchers have observed that ANXA1 can induce the 
infiltration of TH2 cells, which is positively correlated with 
the poor prognosis of patients with pancreatic cancer (74). 
The authors suspected that the opposite phenomenon may be 
related to the different activation status of the TCR in T cells. 
When T cells are in an activated state, ANXA1 tends to induce 
T cell differentiation into the TH1 phenotype (47). Conversely, 
ANXA1 can induce T cells toward the TH2 phenotype in an 
immunosuppressive state. This hypothesis can explain why 
ANXA1 acting directly on T cells could increase INF‑γ secre‑
tion, but could inhibit INF‑γ secretion when DCs exhibit a 
tolerant phenotype (75).

In addition, the regulatory effects of ANXA1 on Tregs 
were observed in triple negative breast patients  (76). 
ANXA1 promoted the immunosuppressive function of 
Tregs through FPR2, which led to poor prognosis in breast 
cancer patients. ANXA1 blocked by FPR2 inhibitor 
N‑tert‑butyloxycarbonyl‑Met‑Leu‑Phe (Boc1) can damage 
the function of Tregs, resulting in tumor volume reduction 
in mice (76); therefore, ANXA1/FPR2 may be a potential 
target for breast cancer treatment. A number of studies have 
demonstrated that ANXA1 is a central regulator of various 
immune cells, capable of synergistically shaping the immune 
microenvironment of tumor cells  (57,65,67). However, the 
specific mechanism by which ANXA1 signaling plays a role 
in immune infiltration remains controversial and elucidating 
the role of ANXA1 signaling in tumor immune regulation is 
crucial for cancer treatment.

5. ANXA1‑mediated interaction with fibroblasts

Cancer‑associated fibroblasts (CAFs) are the most dominant 
components of the TME, participating in multiple processes, 
including tumor cell extracellular matrix (ECM) remodeling, 
immune escape, angiogenesis and therapy resistance  (77). 
CAFs mainly include three subtypes; myofibroblasts (myCAFs) 
that directly interact with cancer cells, inflammatory CAFs 
(iCAFs) that regulate the microenvironment by secreting cyto‑
kines and antigen‑presenting CAFs with antigen‑presenting 
ability (78). The origin and function of CAFs are heteroge‑
neous  (77), mainly characterized by the upregulation of 
proteins such as fibroblast specific protein 1, vimentin (VIM), 
α‑smooth muscle actin (α‑SMA), fibroblast‑activated protein 
and platelet‑derived growth factor receptor (79,80).

ANXA1 is expressed and secreted in fibroblasts, 
where it modulates fibroblast function in the TME (81,82). 
ANXA1 secretion is significantly higher in prostate‑derived 
cancer‑associated fibroblasts (CAFs) than in normal prostate 
fibroblasts (NPFs). Secreted ANXA1 could increase the 
activation of pERK1/2 and TGF‑β1 and has been shown to 
support the prostate cancer stem cell niche by maintaining 

and de novo inducing basal stem‑like cancer cells through 
two independent but complementary pathways, in vitro and 
in vivo (13). CAFs‑specific miR‑196a directly targets ANXA1, 
which not only promotes the inflammatory characteristics of 
CAFs to activate cancer cells by accumulating the inflamma‑
tory cytokine CCL2, but also by upregulating the expression of 
αSMA and FAP to induce the myofibroblast activity of CAFs, 
which promotes the invasion of lung cancer cells through 
direct interaction (82).

ANXA1 produced by tumor cells also affects the activity 
of fibroblasts. In pancreatic cancer cells, Ac2‑26 or containing 
ANXA1‑EVs accelerates fibroblast migration and upregulates 
MMP‑9, FAP1α and F‑actin expression to acquire CAFs prop‑
erties (11). A similar conclusion was found in triple‑negative 
breast cancer, where the supernatant of ANXA1 wild‑type 
breast cancer cells promotes fibroblast migration, possibly 
through an interplay with FPR1 receptors, to create a micro‑
environment conducive to tumor growth (20). By contrast, loss 
of the ANXA1 protein leads to a cut‑off of the ANXA1‑FPR2 
signaling pathway, which improves the phosphorylation levels 
of AKT, ERK and SMAD3 accompanied by the upregula‑
tion of FAP, VIM, MMP1 and α‑SMA expression, ultimately 
inducing normal fibroblasts to transform into myCAFs with 
the evolution of esophageal squamous cell carcinoma (83). 
The complexity of ANXA1‑mediated fibroblast functions may 
be attributed to the heterogeneity of CAFs origins and the 
different receptor subtypes in which ANXA1 acts.

6. Therapeutic significance and future prospects

Externalized ANXA1 as a clinical marker. More attention 
has been paid to ANXA1 expression in tumor cells because 
of the differential expression of ANXA1 in normal and tumor 
samples, but the role of externalized ANXA1 in extracellular 
fluid cannot be ignored. The expression of ANXA1 in the serum 
of lung cancer and melanoma patients is significantly higher 
than that of normal controls (52,84) and high serum ANXA1 
levels are closely correlated with the pathological grade and 
clinical stage of lung cancer patients (84). Therefore, ANXA1 
may develop into a novel blood marker for tumor detection. 
However, serum ANXA1 levels are tumor‑specific, so their 
expression varies among patients with different types of cancer. 
ANXA1 expression levels in peripheral blood samples from 
patients with oral squamous cell carcinoma and esophageal 
squamous cell carcinoma (ESCC) are reduced relative to those 
of healthy individuals (85,86). However, ANXA1 concentration 
in serum increases following chemoradiotherapy in patients 
with ESCC and is related to poor prognosis (86). Therefore, 
it may be beneficial to develop serum ANXA1 as a predictive 
marker of treatment outcomes in patients with chemoradio‑
therapy. Furthermore, upregulated secretion of ANXA1 into 
the extracellular environment could promote brain metastasis 
of small cell lung cancer (SCLC) (87). ANXA1 expression 
levels in the serum of patients with brain metastases were 
significantly higher than those of SCLC patients without brain 
metastases, suggesting that ANXA1 might be a diagnostic 
marker for patients with brain metastases (87). Compared with 
traditional invasive cancer detection methods, serum ANXA1 
content assessment offers the advantages of convenient acquisi‑
tion, less trauma and convenient operation, which can open up 
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a new perspective for the differential diagnosis and prognostic 
evaluation of cancer.

Application of ANXA1 in tumor vasculature. ANXA1 is 
specifically induced on the luminal surface of tumor vascular 
endothelial cells, serving as a specific tumor vascular 
marker (88). In response to this characteristic, researchers 
screened a peptide that binds specifically to the N‑terminal 
of ANXA1, IF7 (IFLLWQR), which can be designed as a 
tumor‑specific drug delivery vehicle (41). IF7 combined with 
different anticancer drugs can not only slow the growth of 
colon cancer, lung cancer, bladder cancer, melanoma and other 
tumors in mouse models (41,89,90), but can even overcome the 
blood‑brain barrier to further damage brain tumors (91). The 
anti‑tumor drug delivery system designed for ANXA1 has the 
characteristics of strong specificity, high cytotoxicity and low 
side effects, thus offering a new direction for the design of 
anti‑tumor drugs.

In addition, conjugating imaging agents, such as Alexa 
Fluor 488, to the targeted binding peptide of ANXA1 can be 
constructed for non‑invasive tumor imaging detection (41), 
which can be developed into a new imaging probe for clinical 
application in the diagnosis of the tumor vascular system 
because of strong tumor targeting, high plasma clearance rate 
and low background.

Role of ANXA1 in immunotherapy. Considering the function of 
ANXA1 in immune regulation, it is highly promising to apply it 
to immunotherapy for tumors. ANXA1 as damage‑associated 
molecular patterns should not be ignored in immunogenic cell 
death (ICD) (92). Several chemotherapeutic drugs can trigger 
the activation of CTLs by inducing ICD, thereby leading to the 
continuous elimination of tumor cells (93). Loss of ANXA1 
in cancer cells or lack of host FPRs function may lead to 
weakened chemotherapeutic capacity and shortened patient 
overall survival (66,94). Therefore, the functions of ANXA1 
and FPRs can be evaluated to predict the therapeutic effects of 
chemotherapy drugs, leading to the development of personal‑
ized treatment plans for patients.

In addition, ANXA1 has been confirmed to mediate 
increased expression of programmed cell death ligand 1 (PD‑L1) 
by upregulating the phosphorylation of AKT and STAT3 in 
cancer cells (95,96). As an immune checkpoint, PD‑L1 can 
interact with programmed cell death 1 (PD‑1) to inactivate 
CTLs and trigger the immune escape of tumor cells  (97). 
ANXA1‑derived peptide A11 could compete with the deubiqui‑
tinating enzyme USP7 for binding to PD‑L1, thereby reducing 
the stability of PD‑L1 in breast, lung and melanoma cells (98). 
The completely opposite effect of ANXA1 in immunotherapy 
might be primarily responsible for different intracellular local‑
izations, thereby activating different signaling pathways.

Application of the ANXA1/FPRs axis blocker in cancer 
treatment. The ANXA1/FPRs axis is an important pathway 
for communication between various compartments in TME. 
Therefore, blocking the effects of ANXA1 and FPRs can 
provide a new avenue for targeted cancer therapy. Boc1, a 
non‑selective FPRs antagonist (99), plays an anti‑tumor role in 
breast cancer animal models (76). However, it is difficult to use 
in clinical research because of its poor specificity. At present, 

studies on FPRs inhibitors are mainly limited to inflammatory 
cells (100,101). Therefore, more research is needed to expand 
the development of FPRs inhibitors for clinical applications in 
cancer treatment.

7. Conclusion

ANXA1 is critical for the regulation of the TME; however, 
its reported roles in cancer are contradictory because of 
its different origins and temporal and spatial dynamics. 
Therefore, the collective study of ANXA1 should be based on 
a comprehensive understanding of its diverse biological func‑
tions specific to each compartment of the TME and according 
to specific cancer types, as this will eventually lead to the 
development of more accurate clinical treatment strategies.
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