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Gastric cancer (GC) is one of the most common cancer types and the fourth leading cause of cancer-related mortality 
among all malignant tumors worldwide. Due to insidious onset and lack of reliable early diagnostic markers, most GC 
patients are at an advanced stage at the time of diagnosis. Annexin is an evolutionally-conserved Ca2+-dependent phospho-
lipid-binding protein superfamily, including five members (A, B, C, D, and E). Annexins in the cells of vertebrates comprised 
the annexin A family, consisting of 12 members in humans. The biological functions of annexin A are Ca2+-signal transduc-
tion, vesicle transport, cell proliferation, cell division, cell apoptosis, signal transduction, anti-inflammatory, proangiogen-
esis, and anticoagulation, most of which overlap with the basic characteristics of tumors. Accumulating evidence indicated 
that members of the annexin A family are correlated with tumorigenesis and chemoresistance and can be used as potential 
tumor prognostic factors and targets for biological therapy. Thus, the current review focused on the role and relative mecha-
nisms of the annexin A family in GC. 
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According to the latest GLOBOCAN statistics from the 
World Health Organization, GC ranks fifth in incidence and 
fourth in mortality globally, with approximately 1,080,000 
new cases and 769,000 deaths in 2020 [2]. Due to the insid-
ious onset and lack of reliable early diagnostic markers, only 
10% of patients are diagnosed at the early stage [3]. Most 
GC patients are already at an advanced stage at the time 
of diagnosis and have missed the opportunity of radical 
surgery, rendering the 5-year survival rate was only 10–30% 
[4, 5]. Despite recent advances in molecular targeting and 
immunotherapy therapies directed against GC, such as 
human epidermal growth factor receptor 2 (HER2) [6, 7], 
immune checkpoints, and other related pathways and targets 
[8, 9], most of them are in the stage of clinical experiments. 
Thus, in-depth investigation in the pathogenesis of GC and 
exploration of potential therapeutic targets at the molecular 
level are crucial for screening out new molecular biomarkers 

on the early diagnosis and evaluation of prognosis of GC to 
optimize treatment regimens.

Annexin is an evolutionally-conserved Ca2+-dependent 
phospholipid-binding protein superfamily widely distributed 
in eukaryotes cells. It is also known as a calcium-phospho-
lipid binding protein and consists of five members: A, B, C, 
D, and E [10]. Annexins in the vertebrate cells are defined 
as annexin A family that comprises 12 members in humans, 
Annexin A 1–11 and A 13 [11, 12]. The abnormal expression 
of annexin A family members is closely related to the occur-
rence and development of many diseases, such as autoim-
mune diseases, acute and chronic inflammation [13–15]. 
Accumulating studies have shown that the abnormal expres-
sion levels of annexin A family members are strongly corre-
lated to tumor formation, thereby serving as potential tumor 
prognostic factors and effective targets for biological therapy 
[16–18]. In this review, we summarized the proposed roles of 
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the annexin A family in GC tumorigenesis, chemoresistance, 
and as potential molecular markers for the early diagnosis 
and as therapeutic targets.

Structure and function of annexin A family

Each member of the annexin A family has been verified to 
possess two structural domains: C-terminal and N-terminal 
[19]. The C-terminal domain, also known as the core region, 
is a highly helical and tightly folded protein center consisting 
of four repeat units, each containing 70 conserved amino 
acids that exist as five tight helices, forming the annexin 
domain. This domain binds to calcium-ion phospholipid and 
fibrin protein [20, 21]. It also contains biofilm-binding sites 
and proteolysis sites that promote the interaction between 
the annexin and cell membrane, which in turn plays a crucial 
role in cytoskeleton reassembly and modulation [10]. The 
N-terminal domain, also termed the tail domain, is a variable 
region consisting of 10 or 20 amino acid residues. The struc-
ture includes the post-translational modification sites, the 
proteolysis site, and binding sites with other proteins; these 
belong to the regulatory domains of the molecule involved in 
the bioactivity of multitude proteins [22].

Hitherto, the members of the annexin A family are impli-
cated in several physiological functions in humans, such 
as vesicle transport, cell proliferation, cell division, cell 
apoptosis, cell invasion and metastasis, signal transduc-
tion, anti-inflammation, proangiogenesis, and anticoagula-
tion [10, 22–24]. The hallmarks of cancer harbor six basic 
biological capabilities, including sustaining proliferative 
signaling, evading growth suppressors, resisting cell death, 
enabling replicative immortality, inducing angiogenesis, 
and activating invasion and metastasis [25]. As seen from 
the above accounts, the partial biological functions of the 
annexin A family overlap with the basic characteristics of 
tumors. Therefore, a large number of studies have focused 
on annexin A family members and tumors in recent years. 
ANXA3 and ANXA9 can promote migration and invasion 
while suppressing the apoptosis of colorectal cancer cells, 
they may be potential biomarkers for predicting poor 
prognosis in colorectal cancer patients [26–28]. ANXA1 
can facilitate the growth and migration of breast cancer by 
modulating the function of Treg cells and tumor-associated 
macrophages in the tumor microenvironment [29, 30]. 
Herein, we primarily reviewed the advances of the clinical 
significance and the molecular mechanism of the annexin A 
family in GC (Table 1, Table 2).

ANXA1 in GC. ANXA1 is the first member discovered 
of the annexin superfamily, which primarily localizes in the 
cytoplasmic membrane and is connected to the cytoskeleton. 
It is a major inflammatory regulatory protein that exerts 
an anti-inflammatory effect via glucocorticoids [31] and 
inhibits the synthesis and release of inflammatory cytokines, 
such as cyclooxidase 2 (COX-2) and nitric oxide synthase 
(NOX) [32]. In recent years, ANXA1 has been reported 

to be involved in a variety of tumor biological processes, 
including proliferation, apoptosis, migration, and angiogen-
esis [33–36].

As an anti-inflammatory mediator, ANXA1 repairs the 
damaged gastric mucosa in mice with stomach ulcers [37]. 
Compared to normal gastric mucosa, ANXA1 protein was 
significantly increased in human intestinal metaplasia and 
gastric ulcer [38], chronic gastritis, and gastric polyps, and 
a positive correlation was established between ANXA1 and 
COX-2 in chronic gastritis [39]. Cristina et al. [40] reported 
that the expression of ANXA1 at the mRNA and protein 
level was overexpressed in both gastritis and GC. The above 
results suggested that the continuous inflammatory process 
of gastric mucosa might lead to an uncontrolled expres-
sion of ANXA1, which might play a significant role in 
precancerous lesions of GC. However, the effect of ANXA1 
in advanced GC is yet controversial. Zhang et al. [41] and 
Wang et al. [42] screened out the differentially expressed 
proteins in GC and adjacent tissues by proteomics and 
further verified by immunohistochemistry. The findings 
suggested that ANXA1 was upregulated in GC tissue 
compared to normal adjacent tissues, and high ANXA1 
expression was associated with high tumor node metastasis 
(TNM) classification [41]. ANXA1 staining was also related 
to serosal invasion, peritoneal metastasis [43], vascular 
metastasis, Union for International Cancer Control (UICC) 
staging [44], and poor overall survival in GC patients [43, 
44]. Furthermore, ANXA1 was found to promote the migra-
tion and invasion of GC cells by gain- and lost-of-function 
strategies [42]. The underlying mechanism may be mediated 
through the activation of formyl peptide receptor (FPRs)/
extracellular signal-regulated kinase (ERK)/integrin beta-
1-binding protein 1 (ITGB1BP1) signaling pathway [43]. 
Unlike the aforementioned reports, some researchers 
constructed tissue microarray blocks containing primary 
GC, lymph node metastasis, and adjacent normal mucosa 
specimens obtained from 1072 Chinese patients; a complete 
loss of ANXA1 expression was observed in 691/1072 (64%) 
primary tumors and 146/169 (86%) nodal metastasis by 
immunohistochemistry [45]. The loss of ANXA1 expression 
was significantly relevant to the advanced TNM stage and 
poor histological differentiation [45]. In addition, Gao et al. 
[46] detected the expression of ANXA1 mRNA and protein 
in GC and adjacent tissues using quantitative real-time PCR 
(qRT-PCR), immunohistochemistry, and western blotting 
assay, and all the methods indicated that ANXA1 was 
downregulated in GC. Moreover, the forced ANXA1 expres-
sion in GC cells inhibits cell proliferation and migration 
[46]. Notably, a study revealed that ANXA1 was expressed 
in both the cytoplasm and nucleus of gastric adenocarci-
noma (GA) tissues, while the positive nuclear staining is 
correlated with serosal invasion, peritoneal dissemination, 
and high TNM stage. These phenomena suggested that the 
subcellular localization of ANXA1 in GC is related to the 
prognosis [47]. Although the functional research results 
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of ANXA1 in advanced GC are not uniform, the study on 
the targeted therapy of ANXA1 has been reported in GC. 
Recently, Feng et al. [48] demonstrated that ANXA1 binds 
to and stabilizes erythropoietin-producing hepatocellular 
receptor tyrosine kinase subtype A2 (EphA2) in GC cells. 
Strikingly, the ANXA1-EphA2 interaction is disrupted by 
the two ANXA1-derived peptides that inhibit the growth of 

GC cells by targeting EphA2 degradation, proposing a novel 
idea for the targeted therapeutic strategy of GC.

In summary, previous studies about ANXA1 in GC have 
provided the following interpretations: the high expression 
of ANXA1 in precancerous lesions of GC was uniform and 
its high expression may be associated with tumorigenesis, 
whereas the large difference in ANXA1 was observed in 

Table 1. Clinical significance of annexin A family in gastric cancer.

Member 
name

Molecular mass 
(Da) Expression Clinicopathological features Ref

ANXA1 38714 Up-regulation [40]
ANXA1 38714 Up-regulation Deeper invasive depth (T stage)

More lymph node metastasis (N stage) 
More distant metastasis (M stage) 
High tumor-lymph node metastasis stage

[41] 

ANXA1 38714 Up-regulation More cancer invasion
More lymph node metastasis Advanced UICC stage
Poor OS

[44]

ANXA1 38714 Up-regulation More peritoneal metastasis
More serosal invasion 
Poor OS

[43]

ANXA1 38714 Down-regulation Advanced T stage
Lymph node metastasis
Advanced disease stage
Poor histological differentiation
Poor survival rates

[45]

ANXA2 38604 Up-regulation Larger tumor size
Poor histological differentiation 
High TNM staging
More lymph node metastasis

[59]

ANXA2 38604 Up-regulation Location of tumor
Larger size of tumor
Poor differentiation
Histological type
Deeper depth of invasion
vessel invasion
More lymph node metastasis
More distant metastasis
High TNM stage
Poor cumulative five-year survival rates

[51]

ANXA3 36375 Up-regulation Inferior differentiation degree [82]
ANXA7 52739 Up-regulation High pathological stage

More lymphatic metastasis
Poor clinical outcomes

[97]

ANXA8 36881 Up-regulation High TNM stage
Poor differentiation grades
Poor OS
Poor DFS

[104]

ANXA10 37278 Down-regulation High TNM stage
Advanced gastric carcinoma
More lymph node metastasis
Poor survival

[110]

ANXA10 37278 Down-regulation in early 
GC

Poor OS
Poor PFS

[113]

ANXA11 54390 Up-regulation Larger tumor size
Deeper tumor infiltration
More local lymph node metastasis 
High TNM staging
More vascular invasion

[121]

Abbreviations: OS-Overall survival; DFS-Disease-free survival; PFS-progression-free survival rate; TNM-Tumor node metastasis; UICC-Union for Interna-
tional Cancer Control
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ANXA2 in GC. ANXA2 is the most extensively inves-
tigated member of the annexin A family. It plays a major 
role in vascular tissue remodeling, proliferation, apoptosis, 
migration, adhesion, and other biological functions [50], 
and it is also involved in maintaining the physiological 
function of embryonic and mesenchymal stem cells [51, 
52]. Several studies have demonstrated that the abnormal 
expression of ANXA2 in numerous tumors is associated 
with biological behaviors, including cell cycle regulation, 
neoangiogenesis, growth, and invasion [16, 53, 54]. These 
findings could render ANXA2 as the promising biomarker 

progressive GC. The possible interpretations for the differ-
ences were subcellular localization and nuclear translocation 
of ANXA1 in GC, tissue specimens from different ethnic 
groups and disease stages. In addition, a new molecular classi-
fication of GC based on The Cancer Genome Atlas (TCGA), 
defined the major genomic subtypes of GC: Epstein-Barr 
virus (EBV) infected tumors, microsatellite unstable (MSI) 
tumors, genomically stable tumors, and chromosomally 
unstable tumors [49]. Therefore, we speculated that different 
molecular subtypes are also involved in the differential 
expression of ANXA1.

Table 2. Mechanism of annexin A family in gastric cancer.
Member 
name Dysregulation Biological function Specific mechanism Ref

ANXA1 Up-regulation Promotes migration and invasion Activates FPRs/ERK/ITGB1BP1 Pathway [43]
ANXA1 Up-regulation Promotes migration and invasion [42]
ANXA1 Down-regulation Inhibits proliferation and migration Abrogates COX-2 expression [46]
ANXA2 Up-regulation Promotes proliferation, invasion and 

migration
Inhibits apoptosis rates

[58]

ANXA2 Up-regulation Promotes invasion and metastasis Up-regulates MMP-2, MMP-9 [59]
ANXA3 Up-regulation Promotes proliferation, invasion and 

metastasis
Down-regulates p21, p27, TIMP-1, TIMP-2 
Up-regulates PCNA, cyclin D1, MMP-1, MMP-2 

[67]

ANXA4 Up-regulation Promotes proliferation Activation of RHAMM, AKT and CDK1
Suppression of p21

[81]

ANXA4 Up-regulation Promotes tumor angiogenesis Induces IL-8 secretion [79]
ANXA4 Up-regulation Promotes the invasion and EMT miR-203-ANXA4 axis [82]
ANXA6 Down-regulation Inhibits proliferation Methylation of the typical CpG island (CGI) in the promoter region 

of ANXA6
Inhibition of Ras/MAPK signaling

[88]

ANXA6 Down-regulation Inhibits proliferation Repressed by EZH2-mediated H3K27me3 [90]
ANXA7 Up-regulation Promotes proliferation, migration and 

invasion
Down-regulates p16, p21, p27 
Up-regulates PCNA, Cyclin A, Cyclin D1, Cyclin E1, MMP-2, MMP-
9, ICAM-1 

[99]

ANXA7 Up-regulation Inhibits cell apoptosis Up-regulates Bcl-2
Down-regulates Bax, Caspase-3, Caspase-9

[100]

ANXA10 Down-regulation Inhibits proliferation
Increases apoptosis

[114]

ANXA11 Up-regulation Promotes proliferation, migration and 
invasion

Activates AKT/GSK-3b pathway [121]

Abbreviations: FPR-ERK-ITGB1BP1-Formyl peptide receptor- extracellular signal-regulated kinase- integrin beta-1-binding protein 1; RHAMM-Hyaluro-
nan mediated motility receptor; H3K27me3-Trimethylation of histone H3 lysine 27

Table 3. The role of annexin A family in chemotherapy resistance of GC.

Member name Chemotherapeutics Effects on  
chemosensitivity Specific mechanism Ref

ANXA2 Doxorubicin, 5-Fu, Cisplatin Decrease Up-regulated P-gp, MRP1 and Bcl-2
Down-regulated Bax
Regulated p38-Mark and Akt signaling pathways

[124]

ANXA2 Cisplatin or vincristine Decrease miR-101-ANXA2-P-pg axis [129]
ANXA2 5-Fu, Cisplatin, Mitomycin C Decrease ZNF139-ANXA2/fascin-PDXK axis [130]
ANXA5 5-Fu, Cisplatin, Paclitaxel Decrease Up-regulated MRP1 [136]
ANXA5 Docetaxel+Cisplatin+S-1 (DCS) Decrease [137]
ANXA6 in CAF-EV of GC Cisplatin Decrease Activated FAK-YAP signaling pathway by

stabilizing β1 integrin
[138]

Abbreviations: MRP1-Multidrug resistance protein 1; CAF-EV-cancer-associated fibroblast exosomes; FAK-Focal adhesion kinase; PDXK-pyridoxal kinase
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for tumor diagnosis and prognosis and a candidate target 
for tumor therapy [55–57]. Unlike ANXA1, the expres-
sion level of ANXA2 in GC and paracarcinoma tissue 
was consistent [58–60]. High ANXA2 expression in GC 
was significantly correlated with tumor size, histological 
differentiation, TNM stage, lymph node metastasis, depth 
of invasion, distant metastasis, and high S100A6 expres-
sion; S100A6 combined with ANXA2 proteins is a valuable 
marker predicting GC progression and prognosis [59, 60]. 
Furthermore, ANXA2 silencing weakens the proliferation, 
invasion, and migration in GC cells [58], and promotes the 
invasion and metastasis of GC by increasing the secretion 
of matrix metalloproteinases (MMPs) [60]. ANXA2 exists 
as a part of the heterotetrameric complex with S100A10, 
AHNAK, and actin proteins involved in the transport of ion 
channels and membrane receptors to the plasma membrane 
and from the plasma membrane to the intracellular region 
[12, 61]. A recent study reported that S100A10 activated the 
Akt/mTOR signaling pathway by interacting with ANXA2 
to accelerate tumor glycolysis, resulting in the malignant 
progression of GC [62]. In conclusion, the high expression 
of ANXA2 is correlated to the proliferation, invasion, metas-
tasis, and prognosis of GC, thereby necessitating the verifi-
cation of ANXA2 in the prognosis, diagnosis, and target 
validity of GC.

ANXA3 in GC. ANXA3 is also known as a lipid cortical 
protein or placental anticoagulant protein 3 [63]. Previous 
studies have shown that ANXA3 has a role in multiple 
aspects of cell differentiation, cell migration, immune 
regulation of bone formation, and calcification [22, 64]. 
In recent years, ANXA3 has been successively reported 
to plays different roles in various tumors [24, 26, 65, 66]. 
It might be a tumor-suppressor in thyroid carcinoma [65] 
and prostate cancer [66] or a tumor-promoter in breast 
cancer [24] and colorectal cancer [26], depending on the 
type of tumor cells and tissues. The expression of ANXA3 
was significantly upregulated in GC tissues and negatively 
correlated with the differentiation degree. Downregulating 
the expression of ANXA3 in GC cells significantly inhib-
ited proliferation, migration, and invasion. The underlying 
mechanism may be associated with the altered expression 
level of p21, p27, tissue inhibitor of metalloproteinase-1 
(TIMP-1), TIMP-2, proliferating Cell Nuclear Antigen 
(PCNA), cyclin D1, MMP-1, and MMP-2 proteins, involved 
in classical proliferation, invasion, and cell cycle-related 
proteins in tumors [67]. Ochratoxin A (OTA) is one of the 
most abundant food-contaminating mycotoxins. A recent 
study showed that OTA exposure induces malignant trans-
formation of human gastric mucosal epithelial cells (GES-1) 
in vitro, while inhibition of ANXA3 by siRNA effectively 
prevents the proliferation, migration, and invasion abilities 
of GES-1 cells [68]. Therefore, ANXA3 may be involved in 
the mycotoxin-induced malignant transformation of normal 
gastric mucosa cells, and the specific mechanism requires 
further exploration and investigation.

ANXA4 in GC. ANXA4 is speculated to be involved in 
exocytosis and regulation of epithelial Cl- secretion [20]. 
Recent studies showed that ANXA4 is upregulated in a 
variety of malignant tumors and tightly associated with 
tumor differentiation, clinical stage, and clinical prognosis 
of colorectal cancer [69], ovarian clear cell carcinoma [70, 
71], kidney cancer [72], and prostate cancer [73]. Moreover, 
it could mediate tumor cell apoptosis, proliferation, invasion, 
and metastasis and participate in resistance to chemothera-
peutic drugs, playing a significant role in tumor progres-
sion [74–78]. Li et al. [79] reported that ANXA4 was 
overexpressed in both Helicobacter pylori (Hp)-infected 
GC tissues and SCM-1 cells. Ca2+ is induced by Hp and 
interacts with ANXA4 Ca2+ binding site to attenuate the 
calmodulin-activated chloride conductance, creating a new 
environment that benefits the malignant existence of Hp 
[79]. Meanwhile, due to the translocation to the plasma 
membrane, the structure and localization of ANXA4 were 
altered, thereby enhancing the cell plasma membrane repair 
response induced by Hp and increasing the risk of GC [80]. 
Moreover, the overexpression of ANXA4 in SCM-1 cells with 
Hp infection may subsequently induce interleukin-8 (IL-8), 
which could further cause tumor angiogenesis, thereby 
deeming ANXA4 as a potential novel molecular marker 
for GC with Hp infection [79]. Another study revealed 
that ANXA4 promotes gastric tumor cell proliferation; the 
underlying mechanism may be associated with the activation 
of the hyaluronic acid-mediated motor receptor (RHAMM), 
protein kinase B(PKT), cyclin-dependent kinase 1 (CDK1), 
and inhibition of p21 [81]. Importantly, miRNA negatively 
regulates the target genes in GC. microRNA-203 also inhib-
ited the invasion and epithelial-mesenchymal transition 
(EMT) of GC cells by targeting ANXA4, and the reactiva-
tion of the micro-203/ANXA4 axis may represent a novel 
strategy for suppressing the metastasis of GC [82]. Overall, 
ANXA4 promotes GC malignant progression by triggering 
the inflammatory cascades of Hp infection and oncogenic 
signaling.

ANXA6 in GC. ANXA6 is the largest molecular weight 
protein in the annexin A family [83]. It structurally varies 
from the other members of the annexin A family, consisting 
of eight rather than four repeats [84]. Previous studies have 
shown that ANXA6 plays opposite roles in different tumor 
tissues and cells. In melanoma [85], squamous carcinoma 
[86], ANXA6 shows a tumor-suppressive effect while exerting 
the role of an oncogene in cervical cancer [87]. Wang et al. 
[88] showed that the mRNA level of ANXA6 was downregu-
lated in GC cell lines and tissues compared to gastric mucosa 
epithelial cells and normal adjacent tissues. Interestingly, the 
methylation of the typical CpG island (CGI) in the promoter 
region of the ANXA6 gene in GC cells is the main reason 
for its downregulation, and Yin Yang 1 (YY1) may initiate 
or maintain ANXA6 promoter methylation in GC cells 
[88]. Conversely, the ectopic ANXA6 expression inhibited 
the growth of cells and the activity of Ras/MAPK (mitogen-



256 Rong-Rong ZHAO, et al.

activated protein kinase) signaling, exerting an antitumor role 
in GC [88]. A histone methyltransferase enhancer of zeste 
homolog 2 (EZH2) is frequently overexpressed in GC, and 
its high expression is closely related to tumor size, depth of 
invasion, vessel invasion, lymph node metastasis, and clinical 
stages [89]. Qi et al. [90] utilized genome-wide transcrip-
tional profiling analysis to identify ANXA6 as the target 
gene of EZH2 in GC cells. The study also found that ANXA6 
mRNA was downregulated in five GC cell lines compared to 
the normal gastric mucosa epithelial cell, whereas the overex-
pression of ANXA6 inhibits the proliferation ability of GC 
cells [90]. The underlying mechanism may be connected to 
the targeting of EZH2 to ANXA6 by catalyzing the trimeth-
ylation of histone H3 lysine 27 (H3K27Me3) [90]. In conclu-
sion, low ANXA6 expression of GC is implicated in the 
epigenetic modifications, especially DNA methylation, and 
may be a novel therapeutic target for inhibiting GC.

ANXA7 in GC. ANXA7 is an important member of the 
annexin A family. Several studies demonstrated that the 
aberrant expression of ANXA7 plays a major role in the occur-
rence and development of a variety of tumors, such as hepato-
cellular carcinoma [91], multiple myeloma [92], glioma [93], 
prostate cancer [94], and breast cancer [95]. In 2008, a study 
reported a striking correlation between ANXA7 expression 
and the differentiated degree of GC, and the ANXA7 expres-
sion was higher in intestinal-type than in diffuse-type tumor. 
The loss of ANXA7 expression was significantly related 
to distant metastasis [96]. Another study found that high 
ANXA7 expression was associated with poor differentiation 
in GC patients, and it may be a predictor for lymphatic metas-
tasis of GC [97]. The primary GC specimens with lymph 
node metastasis (LNM) showed 25% higher ANXA7 expres-
sion relative to the primary GC tissue without LNM [98]. The 
silencing of endogenous ANXA7 suppressed the prolifera-
tion, migration, and invasion abilities of the BGC823 cells via 
cell cycle regulators (including p16, p21, p27, cyclin A, cyclin 
D1, and cyclin E1) and the expression of MMP-1, MMP-2, 
and intercellular cell adhesion molecule-1 (ICAM-1) [99]. 
Moreover, inhibiting the expression of ANXA7 in BGC823 
cells induced a more than five-fold increase in apoptosis, 
significantly decreased the expression of anti-apoptotic 
protein Bcl-2, and increased the expression of pro-apoptotic 
proteins, Bax, Caspase-3, and Caspase-9 [100]. Overall, the 
high expression of ANXA7 was useful for the determination 
of LNM and the pathological types of GC and served as an 
indicator to predict the poor prognosis of patients with GC. 
Regarding the biological function, ANXA7 might promote 
the growth and metastasis of GC by affecting the prolifera-
tion, apoptosis, and invasion and regulating the cell cycle.

ANXA8 in GC. ANXA8 has been explored in only a few 
studies. It regulates late endosome organization and function, 
which would affect the lysosomal targeting of EGFR and 
signal output, while the EGFR/Ras/MAPK pathway is one 
of the most important signaling cascades involved in the 
development of various tumors [101, 102]. ANXA8 is also 

reported to be involved in maintaining immune homeostasis 
[103]. To date, only a single study has assessed the expres-
sion of ANXA8 in GC. Also, elevated expression of ANXA8 
was detected in GC tumor tissues [104]. The overexpression 
of ANXA8 was significantly correlated with TNM stages and 
tumor differentiation grades. The increased expression of 
ANXA8 was strongly associated with overall survival (OS) 
and disease-free survival (DFS) in GC patients. Moreover, 
ANXA8 is an independent prognostic factor of OS and DFS 
of GC patients [104]. ANXA8 could be used as an oncogene 
and a potential prognostic biomarker for GC; however, the 
specific molecular mechanism needs to be delineated further.

ANXA10 in GC. ANXA10 is a newly identified member 
of the annexin A family, and hence, its physiological function 
in humans remains unclear. Only a few studies have been 
reported about ANXA10 and its varied role in different 
types of tumors [105]. Furthermore, ANXA10 is mapped on 
chromosome 4q33, while the variation of chromosome 4q 
was a prominent feature of hepatocellular carcinoma (HCC), 
which is lowly expressed in hepatoma tissues and acted as a 
tumor suppressor in HCC [106–108]. Contrarily, ANXA10 
plays an oncogenic role in extrahepatic cholangiocarcinoma 
and promotes distance metastasis by EMT [109]. Several 
studies have reported about ANXA10 in GC. Kim et al. [110] 
utilized oligonucleotide microarray analysis and array-based 
comparative genomic hybridization (CGH) to show that the 
expression of ANXA10 was decreased in several GC cell lines 
due to DNA loss at the ANXA10 locus in chromosome 4q33. 
On the other hand, the lack of ANXA10 expression in GC 
patients was related to disease progression and poor survival 
[110–112]. A recent study from Japan reported that the loss 
of ANXA10 expression was detected in 61.2% of early GC 
patients and also significantly associated with poor OS [113]. 
ANXA10 may affect the development of GC by inhibiting 
the malignant phenotype [114]. When an ANXA10 overex-
pressing plasmid was introduced into MKN-1 GC cells, the 
cell growth was suppressed, and apoptosis was augmented 
[114]. In addition, ANXA10 was also involved in the induc-
tion of pancreatic duodenal homeobox 1 (PDX1) expres-
sion in GC [112]. The aberrant expression of PDX1 has been 
reported mainly in the cancers of the digestive organs and 
served as a tumor suppressor in GC [115]. Taken together, 
ANXA10 could serve as a tumor suppressor in the progres-
sion of GC, while ANXA10 inactivation and absence in GC 
might be due to chromosomal deletion. Moreover, it might 
also be used as a novel decision-making biomarker in early 
GC. Another study showed that the expression profiles of 
ANXA10 proteins might vary among different tissue types 
[111]. The expression level of ANXA10 in diffuse-type 
gastric carcinoma (DGC) was significantly higher than that 
in intestinal gastric carcinoma (IGC) and had a better 5-year 
patient survival, whereas IGC with ANXA10 expression had 
a lower 5-year survival [111]. These results implied that the 
effect of ANXA10 in the progression of GC might depend on 
the morphological subtypes.
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ANXA11 in GC. ANXA11 is a member of the annexin 
A family with the longest N-terminal domain, which 
contains binding sites that bind to S100 A6 and apoptotic 
link gene 2 protein (ALG-2) [116]. The dysregulation of 
ANXA11 expression is closely correlated to the development, 
prognosis, and chemoresistance of tumors [69, 117, 118]. The 
high ANXA11 expression of colorectal cancer tissues showed 
a significant correlation with increasing tumor stage and 
poor survival [69]. The knockdown of Annexin A11 expres-
sion inhibited the proliferation and colony formation ability 
of ovarian cancer cells while increasing cisplatin resistance 
to ovarian cancer cells [118]. The low ANXA11 expression 
may be a potential marker for earlier recurrence of ovarian 
cancer patients [117]. Notably, ANXA11 could also be 
used as a target for the lncRNAs-miRNAs-ANXA11 axis to 
promote the malignant progression of HCC and glioma [119, 
120]. Although one study illustrated the oncogenic effect of 
ANXA11 in GC [121], studies on the potential of ANXA11 in 
the progression of GC are still scarce. Hua et al. [121] found 
that ANXA11 was higher in GC tissues than in adjacent 
mucosa at mRNA and protein levels; it plays significant roles 
in regulating GC proliferation, migration, and invasion via 
the AKT/GSK-3β pathway and may be a potential prognostic 
factor and therapeutic target for GC patients. Nonetheless, 
a single study is not sufficient for certifying the tumorigenic 
role in GC, and further investigations are required to explore 
the specific biological role and molecular mechanism of 
ANXA11 in GC and other cancers.

Annexin A family in chemotherapy resistance of GC

Nowadays, surgical resection combined with chemo-
therapy is the main clinical treatment strategy of GC. However, 
the characteristics of the rapid proliferation of GC cells and 
chemotherapy resistance are two major factors leading to the 
poor prognosis of patients [122, 123]. Several members of the 
annexin A family are involved in the chemotherapy resistance 
of GC. Higher ANXA2 expression was detected in SGC7901/
DDP cells (a drug-resistant GC cell line) compared to parent 
SGC7901 cells. After the knockdown of ANXA2 expression 
in SGC7901/DDP cells, the drug sensitivity of doxorubicin, 
5-fluorouracil (5-Fu), and cisplatin (DDP) was boosted [124]. 
ANXA2 may confer chemotherapeutic resistance in GC by 
regulating MAPK and PI3K/Akt signaling pathways and the 
expression levels of multiple drug resistance (MDR)-related 
factors and apoptosis-related proteins [124]. microRNAs 
have been reported to participate in the regulation of drug 
resistance in various cancers, including GC [125–128]. 
miR-101 can alleviate chemoresistance to DDP or vincristine 
(VCR) of GC cells via inhibiting drug resistance-related gene 
P-gp by targeting ANXA2 [129]. In addition, ZNF139 may 
participate in the occurrence, development, and chemosen-
sitivity of GC by promoting the expression of ANXA2 and 
fascin, while inhibiting the expression of pyridoxal kinase 
(PDXK) [130]. Japanese scholars [131] proposed a prediction 

model based on the combination of epidermal growth factor 
receptor (EGFR) and ANXA3 gene polymorphisms, which 
could be used to predict the resistance of patients with GC 
to fluorouracil chemotherapy, providing a theoretical basis 
for the optimization of chemotherapy regimens for patients 
before therapy.

ANXA5 is a member of the most abundant and widely 
distributed annexin A family [132]. The abnormal expres-
sion of ANXA5 is associated with drug resistance in various 
cancers, such as nasopharyngeal carcinoma and glioblas-
toma [133, 134]. MPR1 has been considered an energy-
dependent membrane protein transporter that causes tumor 
resistance by transporting chemotherapeutic agents extra-
cellularly and is highly associated with the poor prognosis 
of tumor chemotherapy [135]. Wu et al. [136] identified 
MRP1-interacting proteins in GC through immunoprecip-
itation-coupled with mass spectrometry, and ANXA5 was 
the highest scored among a total of 14 interacting proteins. 
The knockdown of ANXA5 in SGC-7901/DDP signifi-
cantly increased the sensitivity to chemotherapeutic drugs 
by decreasing the expression of MRP1 [136]. A Japanese 
study [137] identified an efficient biomarker for predicting 
the efficacy of docetaxel, cisplatin, and S-1 (DCS) therapy 
for advanced GC by microarray assays of biopsy specimens 
before chemotherapy. The results showed that the expression 
of ANXA5 was significantly higher in GC tissues of patients 
without response than in patients with early response, 
suggesting that ANXA5 may serve as an efficient biomarker 
for personalized cancer-targeted therapy [137]. In addition 
to ANXA2 and ANXA5, few studies have been reported 
the correlation among other members of the annexin A 
family and chemotherapy resistance in GC. A recent study 
[138] conducted a comprehensive proteomic analysis of 
GC-associated fibroblast exosomes (CAF-EV) and found 
that ANXA6 in CAF-EV activates the focal adhesion kinase 
(FAK)-YAP. FAK-YAP signaling pathway by the stabilizing 
β1 integrin at the cell surface of GC cells and subsequently 
induces chemotherapeutics resistance.

Taken together, ANXA2 and ANXA5 are associated with 
the chemotherapeutic resistance for GC, and the mechanism 
may be related to the dysexpression of drug-resistant related 
factors and the abnormal activation of drug-resistant related 
pathways; these are anticipated to become effective molecular 
markers to judge the efficacy of GC patients before chemo-
therapy. Moreover, ANXA6 in CAF-EV plays a crucial role 
in the network formation and drug resistance of GC cells, 
providing a novel insight for overcoming GC chemothera-
peutic resistance, the role of annexin A family in chemo-
therapy resistance of GC are outlined in Table 3.

Summary and perspective

This article summarizes the biological functions and struc-
tural characteristics of the annexin A family and reviews the 
current status of the annexin A family members in GC. The 
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putative role of family members in the GC chemotherapeutic 
resistance is also described in detail. The annexin A family 
is a polygenic family of Ca2+-regulated phospholipid-binding 
proteins with functions in Ca2+ signal transduction, cell 
growth regulation, division, apoptosis, and tumor progression 
and metastasis. Previous studies have confirmed that several 
members of the annexin A family are closely linked to the 
occurrence and development and chemotherapy resistance of 
GC. Most members of the annexin A family, such as ANXA2, 
ANXA3, ANXA4, ANXA7, ANXA8, and ANXA11 are 
highly expressed in GC, which promote the invasion, migra-
tion, and metastasis of tumors and influence the prognosis of 
GC; hence, they can be used as oncogenes in the malignant 
progression and prognostic markers for GC (Table 1, Table 2). 
Other family members, including ANXA6 and ANXA10, 
are lowly expressed in GC, preventing the occurrence and 
development of GC by inhibiting the proliferation of GC 
cells (Table 1, Table 2). Moreover, as an anti-inflammatory 
mediator, ANXA1 is highly expressed in precancerous lesions 
of gastric mucosa, such as chronic gastritis, which might be 
involved in the early events of GC. However, in advanced GC, 
there are discrepancies and contradictions between different 
studies on the expression level of ANXA1 and prognosis 
judgment, which might be associated with the tissue origin 
and specificity of the tumor. Subsequently, ANXA2, ANXA5, 
and ANXA6 are also involved in the chemotherapeutic resis-
tance of GC via the regulation of drug resistance-related 
genes and signal transduction pathways (Table3). Therefore, 
the annexin A family is a prospective novel target for GC 
therapy and reversal of chemotherapy drug resistance.

In conclusion, annexin A family members might be poten-
tial targets for the diagnosis and treatment of GC; however, the 
underlying mechanisms have not yet been elucidated. With 
the rapid advancements in science and technology, in-depth 
investigations are required on annexin A family members in 
GC and other tumors to provide a theoretical basis and new 
insights for diagnosing, treating, and preventing the disease.
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