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The function and effect on prognosis of ANXA2 in 
gastric cancer peritoneal metastasis patients in cold 
region
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1 Introduction

Gastric cancer is one of the most common malignant tumors. 
In recent years, its incidence has gradually decreased due to 
improved living conditions. In Heilongjiang Province, one of the 
coldest regions in China, the incidence of gastric cancer has 
dropped to sixth place. However, high rates of alcohol consump-
tion and lifestyle habits, such as a preference for pickled foods, 
have contributed to a mortality rate that remains the fourth 
highest among all cancers in the province. Peritoneal metas-
tasis is common in gastric cancer patients, with its prevalence 
increasing as the disease progresses.

Through exome sequencing of patients with peritoneal metas-
tases who underwent tumor subtraction, we identified ANXA2 

(Annexin A2, also known as Annexin II) as a calcium-regulated 
phospholipid-binding protein that plays a crucial role in various 
biological processes[1-4], including key tumor-related mechanisms 
such as cell proliferation, apoptosis, migration and invasion . The 
role of ANXA2 in tumors has been extensively studied, revealing 
that its expression level is often elevated in tumor cells and 
correlates with tumor progression and prognosis[5].

ANXA2 is implicated in the regulation of cell proliferation and 
growth by activating multiple signaling pathways[6-11]. Moreover, 
it plays a crucial role in invasion and metastasis[12-19], as well 
as tumor angiogenesis. ANXA2-activated fibrinolytic enzymes 
can initiate neovascularization, providing nutrients to tumor 
cells[15-16,19-21], which may promote the formation of peritoneal 
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metastases. Furthermore, ANXA2 is closely associated with drug 
resistance in tumor cells[22-26], posing significant challenges for 
cancer treatment.

ANXA2 has been shown to be aberrantly expressed in various 
tumor tissues, with approximately 30% of gastric cancer patients 
exhibiting high levels of ANXA2 protein[27]. Elevated levels of 
ANXA2 DNA have also been detected in the peripheral blood 
of some gastric cancer patients[28]. At the cellular level, studies 
indicate that ANXA2 expression promotes gastric cancer metas-
tasis and increases resistance to chemotherapy[26,29]. More-
over, abnormal phosphorylation of ANXA2 has been found to 
significantly influence tumor growth[30]. However, research on 
ANXA2 in gastric cancer specific to cold regions remains limited, 
primarily focusing on cellular mechanisms without robust clinical 
evidence, particularly regarding its role in peritoneal implantation 
and prognostic data in patient populations. Therefore, this study 
aims to comprehensively analyze the role of ANXA2 in gastric 
cancer using bioinformatics and basic research approaches, as 
well as to evaluate the impact of ANXA2 expression on the prog-
nosis of gastric cancer patients.

2 Materials and Methods

2.1 Specimen collection

We conducted comprehensive preoperative assessments and 
gathered baseline clinical data. Then, we performed laparoscopic 
exploration and peritoneal lavage, including patients with peritoneal 
metastases identified during the procedure. We collected primary 
tumor tissue during the initial laparoscopic intervention. The tissue 
samples were promptly frozen and stored at -80°C. All participating 
patients provided informed consent and the study procedures 
adhered to medical ethics requirements (2023-200-QX). 

2.2 Bioinformatics analyses

Analysis of The Cancer Genome Atlas (TCGA) database via 
The University of Alabama at Birmingham (UALCAN) showed 
ANXA2 mRNA expression between gastric cancer and normal 
tissues, with gene expression analyzed by cancer stage using 
t-tests (P < 0.05)[31-37]. The Kaplan-Meier plotter was employed 
to assess the prognostic value of overall survival (OS) related 
to ANXA2 in gastric cancer[32]. The Human Protein Atlas (HPA) 

provided immunohistochemistry images comparing ANXA2 
protein expression in normal human gastric tissues and gastric 
cancer tissue [33]. The Gene Expression Profiling Interactive 
Analysis (GEPIA) 2 platform identified the top 100 genes 
closely associated with ANXA2[34].Multi-protein analysis using 
the Search Tool for the Retrieval of Interaction Gene/Proteins 
(STRING) platform, with a minimum interaction score of 0.4, 
identified 10 proteins interacting with ANXA2 in the primary 
group[35]. Metascape and R 4.1.3 enriched Kyoto Encyclopedia of 
Genes and Genomes (KEGG) and Gene Ontology (GO) pathways 
to elucidate the biological roles of ANXA2 co-expressed genes, 
focusing on GO terms (biological process, cellular component, 
molecular function) and KEGG pathways (P < 0.05)[36]. The Star-
base database (https://rnasysu.com/encori/) was used to assess 
the impact of predicted miRNAs and TFs on ANXA2 expression 
and gastric cancer prognosis[37].

2.3 In vitro and in vivo experiments

The gastric cancer cell lines HGC27 and MKN45 were cultured 
in RPMI1640 medium. All cells were maintained in a constant 
temperature and humidity incubator at 37°C with 5% CO2. For 
these gastric cancer cell lines, shRNA lentivirus transfection was 
performed (Table 1).

QRT-PCR and Western Blot experiments were performed to 
verify gene expression. Cell proliferation was assessed using 
the CCK-8 assay, while flow cytometry was employed to analyze 
cell cycle changes. Cell invasion was evaluated using Transwell 
and Scratch assays. In vivo tumor proliferation and peritoneal 
metastasis were assessed using a subcutaneous tumor and 
peritoneal implantation model in nude mice. ANXA2 expression 
was verified using immunohistochemistry in various tissues.

2.4 Statistical analyses

We used the Mann-Whitney test for continuous variable data and 
Fisher’s exact test for categorical variable data. The chi-square 
test was used to analyze the relationship between mRNA expres-
sion and immunohistochemical expression characteristics. For 
survival analysis, we conducted the log-rank test and Kaplan-
Meier analysis. Hazard ratios (HR) and 95% confidence intervals 
(CI) were estimated using Cox regression models. Spearman 
correlation analysis was used to assess the correlation between 

Table 1 ShRNA sequence of NC and ANXA2
ShRNA Strand
ShNC Top GATCCGTTCTCCGAACGTGTCACGTAATTCAAGAGATTACGTGACACGTTCGGAGAATTTTT

ShNC Bottom AATTGAAAAAATTCTCCGAACGTGTCACGTAATCTCTTGAATTACGTGACACGTTCGGAGAA

ShANXA2 Top CCGGCGGGATGCTTTGAACATTGAATTCAAGAGATTCAATGTTCAAAGCATCCCGTTTTTTG

ShANXA2 Bottom AATTCAAAAAACGGGATGCTTTGAACATTGAATCTCTTGAATTCAATGTTCAAAGCATCCCG 
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two continuously related variables. All statistical analyses were 
performed using SPSS 22.0 (USA), with P-values < 0.05 consid-
ered statistically significant.

3 Results

3.1 Whole-exome sequencing and bioinformatics 
analyses

After conduct ing whole-exome sequencing and variant 
screening, we found that patients with poorer prognosis had a 
significantly higher number of mutations in the ANXA2 gene. 
Fig. 1 demonstrates that the mRNA expression level of ANXA2 
in gastric cancer samples was markedly higher than that in 
healthy samples, with expression levels of ANXA2 showing an 
increasing trend correlating with clinical stage. The HPA results 
suggest that ANXA2 protein levels are also elevated in gastric 
cancer, although the findings were not statistically significant. 
Additionally, the KM plotter database revealed that patients with 
high ANXA2 mRNA expression had significantly shorter survival 
times compared to those with low expression (P < 0.001).

The enriched pathways for GO and KEGG analyses are shown 
in Fig. 2. The most relevant KEGG-enriched pathway identi-
fied is the PI3K-AKT signaling pathway. GO analysis indicated 
that ANXA2 is primarily localized to the cell membrane and is 
mainly involved in protein synthesis functions. We identified the 
10 proteins most associated with ANXA2, which include DYSF, 
AHNAK, S100A11, S100A10, PLAT, PLG, CTSB, S100A4, 
SNAP23, and SLP1. In addition, the expression of CD274, the 
gene coding the PD-L1 protein, was found to be closely related 
to ANXA2, revealing a positive correlation between the two 
groups (Fig. 2).

The results show that four miRNAs may have a regulatory rela-
tionship with ANXA2. Validation using the Starbase database 
revealed that two of these miRNAs, miR-1-3p and miR-9-5p, 
exhibited a low expression in tumors, with their levels inversely 
correlating with ANXA2 mRNA expression. For transcrip-
tion factor prediction, PPARG and SMAD3 were both highly 
expressed in tumors, showing a proportional relationship with 
ANXA2 expression. However, further prognostic analyses 
revealed that only SMAD3 overexpression was associated with 
poor patient prognosis (Fig. 3). 

Fig. 1 Bioinformatics results of ANXA2

(A) Changes of ANXA2 mRNA expression levels in gastric cancer and normal gastric tissues; (B) Expression levels of ANXA2 mRNA in the tissues of gastric cancer 

patients at different clinical stages; (C) Immunohistochemical analysis of ANXA2 protein expression in gastric cancer and normal tissues; (D) Relationship between 

ANXA2 mRNA levels and the survival of gastric cancer patients.
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Fig. 2 Enrichment results and relationship with PDL1 and ANXA2

(A-B) Enrichment analysis of Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene Ontology (GO) related to ANXA2; (C) The PI3K-AKT pathway in KEGG data-

base; (D) Protein interaction network of ANXA2; (E) Relationship between mRNA expression of ANXA2 and PDL1; (F) mRNA expression of PDL1 in gastric cancer and 

normal tissues. (E) Relationship between mRNA expression of ANXA2 and PDL1; (F) Expression of PDL1 mRNA in gastric cancer and normal tissues.
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Fig. 3 miRNAs and TF of ANXA2

(A) Predicted Wayne diagram results of miRNAs; (B) Predicted miRNA expression in gastric cancer and normal tissues and the correlation with ANXA2 expression; (C) 

Predicted Wayne diagram results of transcription factors; (D) Predicted transcription factor expression in gastric cancer and normal tissues and the correlation with 

ANXA2 expression; (E) mRNA of SMAD3 expression in relation to the prognosis of gastric cancer patients; (F) Overall relationship among various factors.
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3.2 In vitro and in vivo results

shANXA2 was transfected into HGC27 and MKN45 cells where 
it markedly downregulated ANXA2 expression (Fig. 4). 

The CCK-8 results showed that at 24 h, 48 h, and 72 h, the 
proliferative ability of both ANXA2 knockdown cell lines was 
inhibited to different degrees (Fig. 5A, B). The flow cytom-
etry experiments results showed a significant increase in the 
percentage of G2/M phase cells in the two knockdown cell lines, 
and the difference was statistically significant (Fig. 5C-H).

The results from the Transwell and scratch assays demonstrated 
that the metastatic ability of tumors was significantly decreased 
in ANXA2 knockdown cell lines compared with the negative 
controls (P < 0.001) (Fig. 6). 

The results indicated that the tumor formation in mice implanted 
with HGC27 cells with ANXA2 knockdown was slower, with both 
tumor volume and weight significantly smaller than those in the 
negative control group. Proteins extracted from the tumor tissues 
were analyzed using Western blotting, revealing a significant 
increase in E-cadherin, a protein associated with epithelial-mes-
enchymal transition, alongside a marked decrease in N-cadherin 
with the reduction of ANXA2. Additionally, we constructed an 

Fig. 4 ANXA2 expresson levels in different cell lines

(A) ANXA2 mRNA expression levels in HGC27 cell line; (B) ANXA2 mRNA expres-

sion levels in MKN45 cell line; (C) ANXA2 protein levels in different cell lines. 
****P < 0.0001, ***P < 0.001.

Fig. 5 Cell proliferation and Flowcytometric results of different cell lines

(A) Cell proliferation in the HGC27 cell line; (B) Cell proliferation in the MKN45 cell line; (C) Flow cytometric analysis of cell cycle in HGC27 NC cells; (D) Flow cytometric 

analysis of cell cycle in ANXA2- HGC27 cells; (E) Flow cytometric analysis of cell cycle in HGC27 cell line; (F) Flow cytometric analysis of cell cycle in MKN45 NC cells; (G) 

Plot of flow cytometric analysis of cell cycle of ANXA2- MKN45 cells; (H) Proportion of various cell cycles in MKN45 cells. *P < 0.05, ****P < 0.0001.
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Fig. 6 Metastatic ability of different cell lines

(A) Images of scratch experiments (100×) for different cell lines; (B) Representative images showing the results from Transwell experiments for various cell lines as 

specified; (C-D) Bar graphs of statistical results from 24-hour scratch experiments; (E-F) Bar graphs of statistical results from Transwell experiments. **P < 0.01, ***P < 0.001, 
****P < 0.0001.

intraperitoneal implantation model of gastric cancer in mice. 
Tumor metastasis was monitored using an IVIS (In vivo imaging 
system) imaging system, and it was found that five days after 
tumor injection, the mice in the knockdown group exhibited lower 
abdominal luminescence and fewer metastatic foci of abdominal 
implantation compared to those in the negative control group, 
with the difference being statistically significant (Fig. 7). 

4 Discussion

The family of calcium-dependent membrane-bound proteins 
plays an important role in various cellular processes, with 
ANXA2 being a significant member of this family. Previous 
studies have suggested that ANXA2 contributes to multiple 
tumor types. Our analysis of sequencing results suggests that 
ANXA2 has potential prognostic implications for patients with 
peritoneal metastasis of gastric cancer, prompting us to focus 
our study on this protein.

Initially, we conducted bioinformatics analyses to explore the 

multifaceted role of ANXA2. Our findings indicate that ANXA2 
is critically involved in gastric cancer with its RNA expression 
levels closely correlating with patient prognosis, aligning with 
earlier studies. Enrichment analysis of ANXA2-related genes 
confirmed its pivotal role in the PI3K-AKT signaling pathway, 
which is essential for tumor proliferation, invasion, metastasis, 
and immune evasion. Notably, our study highlighted ANXA2’s 
potential to regulate PD-L1 expression via this pathway, which 
could influence tumor responses to immunotherapy.

Next, we investigated potential upstream regulators of ANXA2. 
Through the prediction of miRNAs and TFs, we identified six 
candidates, with SMAD3 emerging as the most likely regulator 
affecting ANXA2 expression. Previous research has shown 
that SMAD3 plays a dual role in oncogenesis, underscoring its 
connection to ANXA2 as a critical pathway in promoting cancer 
progression. Future studies will further investigate this interac-
tion to deepen our understanding of its implications in cancer 
development.
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To confirm the role of ANXA2 in gastric cancer, particularly in 
peritoneal metastasis, we initiated basic research. While earlier 
studies have established ANXA2’s pro-cancer role at the cellular 
level, in vitro experiments have provided limited evidence. 
Therefore, we innovatively constructed a mouse intraperito-
neal implantation model using cell lines with varying ANXA2 
expression levels. The results demonstrated that ANXA2 not 
only significantly influences tumor formation but also promotes 
peritoneal metastatic implantation of gastric cancer. Several 
companies have developed targeted inhibitors against ANXA2, 
and we hope these can be actively translated into clinical in the 

near future, facilitating early intervention for patients with gastric 
cancer, particularly in cold regions.

5 Conclusion

ANXA2 plays a crucial role in the development of gastric cancer, 
primarily through the PI3K-AKT signaling pathway. Reduced 
expression of ANXA2 can inhibit peritoneal implantation metas-
tasis of gastric cancer. These findings suggest that ANXA2 may 
be a potential risk factor affecting the survival probability of 
gastric cancer patients, particularly in cold regions.

Fig. 7 In vivo results of different cell lines

(A) Photographs of HGC27 cell-implanted mice and the control littermate; (B) Photographs showing the relative tumor sizes between HGC27 cell-implanted mice and 

the control counterparts; (C) Statistical results of tumor weight between the two groups; (D) Time-dependent changes of tumor volume between the two groups; (E) 

Relative protein levels in tumor tissues; (F) Luminescence images showing abdominal implantation in mice; (G) Statistical data of luminescence intensity on abdominal 

implantation tumors. *P < 0.05, ***P < 0.001.
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