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Abstract: Background: Annexin A1 (ANXA1) and cancer appear to be related, based on emerging cell-
based or animal research, but pan-cancer analysis is lacking. Objective: By using bioinformatics, we 
will examine the expression characteristics of the ANXA1 gene in pan-cancers. Methods: In 
collaboration with TCGA and GEO database, ANXA1 gene was analyzed pan-cancer, and through gene 
expression analysis, survival analysis, gene variation, immune infiltration, and enrichment analysis, 
ANXA1 played a role in the pathogenesis of different tumors. Results: A significant correlation has been 
found between ANXA1 expression and prognosis in some patients with tumors. The expression level of 
ANXA1 was correlated with the pathological stage of head and neck squamous cell carcinoma (HNSC) 
and thyroid carcinoma (THCA). The survival rates are related to the expression level of ANXA1 in 
different tumors. There is a strong correlation between the expression of ANXA1 and immune cell 
infiltration in some tumors and patients with sarcoma (SARC) and uterine corpus endometrial carcinoma 
(UCEC) have a higher mutation and amplification rate for the ANXA1 gene. ANXA1 may participate in 
the occurrence and development of tumor through "proteoglycans in cancer" signal pathways. 
Conclusion: The ANXA1 gene is involved in the pathogenesis of multiple kinds of tumors, and the study 
of its pathogenic mechanism may be an effective approach to treating tumors. 
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1. Introduction  

In view of the complexity of tumorigenesis, it is important to analyze the pan-cancer expression of 
any gene of interest and to evaluate its correlation with clinical prognosis and potential molecular 
mechanism. Some studies have found that the content of Annexin in cells is relatively high (accounting 
for 0.5% of cell protein content). Its main function is to participate in membrane transport and a series of 
calmodulin-dependent activities on the membrane surface, including vesicle transport, membrane fusion 
during exocytosis, DNA replication, signal transduction, cell proliferation, apoptosis and ion channel 
formation [1-4]. The Annexin A1 gene (ANXA1) is the first member of the Annexin family, and It is also 
involved in many cellular life activities, such as phagocytosis and clearance of apoptotic cells, regulation 
of cell differentiation and proliferation, and inflammatory response [5-7]. ANXA 1 is abnormally expressed 
in many kinds of tumors and is closely related to the prognosis of tumor patients [8-10]. However, there is 
still no evidence of pan-cancer to show the relationship between ANXA1 and various tumor types, based 
on a large number of clinical data. The existing TCGA and GEO databases contain functional genomics 
data sets for different tumors, thus allowing us to conduct pan-cancer analysis.  

In our study, pan-cancer analysis of ANXA1 was performed using TCGA and GEO databases, 
included a set of factors, such as gene expression, survival analysis, gene variation, immune infiltration 
and enrichment analysis, to explore the potential molecular mechanisms of ANXA1 in different cancer 
pathogenesis or clinical prognosis.  
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2. Materials and methods 

2.1. Gene expression 

Enter ANXA1 into the "Gene DE" module of Exploration in TIMER2 (http://timer.cistrome.org/) 
website and observe the difference of ANXA1 expression between tumors of different tumors or specific 
tumor subtypes and adjacent normal tissues in TCGA database. The correlation between the expression 
of ANXA1 and the clinicopathological stage of the tumor was further explored by using the "Stage Plot" 
module in the "Expression DIY" part of GEPIA2. The expression level of ANXA1 is expressed by Log2 
(TPM+1). 

2.2. Survival analysis 

The "Survival Analysis" module of GEPIA2 website was used to obtain the effects of different 
ANXA1 on tumor patients' overall survival time (overall survival, OS) and disease-free survival time 
(disease-free survival, DFS) in TCGA database. The results were represented by Kaplan-Meier curve 
analysis. 

2.3. Genetic variation analysis 

Using the "Query" section of the cBioPortal website (https://www.cbioportal.org/), TCGA pan-
cancer map analysis was selected to mine the variation of ANXA1 in the TCGA database, including 
mutation frequency, mutation type and copy number changes. The information of ANXA1 gene mutation 
site is displayed by clicking on the "Mutation" module. 

2.4. Immune infiltration analysis 

The TIMER2 tool "Immune" module was used to explore the correlation between the expression of 
ANXA1 and immune infiltration in TCGA database. Macrophage, monocyte, T cell regulatory, cancer-
associated fibroblast (CAF) and endothelial cell were selected as the research objects. Different 
algorithms such as MCPCOUNTER, CIBERSORT, QUANTISEQ, XCELL, EPIC and TIDE were used 
to evaluate immune infiltration, and the results were represented by heat map. 

2.5. In enrichment analysis 

50 ANXA1-binding proteins were screened by STRING (https://string-db.org/) database. In the 
"Protein by name" section, input "ANXA1", species selection "Homo species". In the "settings" section, 
active interaction sources only select "Experiments", and minimum required interaction score select "low 
confidence (0.150)". Max number of interactors to show is no more than 50 interactors. The network 
display options only select "disable structure previews inside network bubbles", and finally, select 
"UPDATE". The first 100 ANXA1-related targeting genes were screened by the "Similar Genes 
Detection" module in the "Expression Analysis" section of GEPIA2 database, and 50 ANXA1 binding 
proteins and the first 100 ANXA1-related targeting genes were cross-analyzed by Jvenn 
(http://bioinformatics.psb.ugent.be/webtools/Venn/) web. R4.1.3 software was used to analyze the 
KEGG pathway, and the results were represented by a bubble diagram. 

3. Result 

3.1. Gene expression 

Gene Compared with normal tissues, the expression of ANXA1 was significantly higher in cervical 
squamous cell carcinoma and endometrial adenocarcinoma (CESC), cholangitis carcinoma (CHOL), 
glioblastoma multiform (GBM), kidney Chromophobe (KIRC), kidney renal clear cell carcinoma (KIRP), 
liver hepatocellular carcinoma (LIHC) and thyroid carcinoma (THCA). However, the expression was 
significantly decreased in invasive breast invasive carcinoma (BRCA), head and neck squamous cell 
carcinoma (HNSC), kidney Chromophobe (KICH), lung adenocarcinoma (LUAD), prostate 
adenocarcinoma (PRAD) and rectum adenocarcinoma (READ) (Figure 1A). Using GEPIA2 database to 
analyze the relationship between the expression level of ANXA1 in different tumor tissues and the 
clinicopathological stage of tumor patients. We found that the expression of ANXA1 protein was closely 
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related to the pathological stages of head and neck squamous cell carcinoma (HNSC) and THCA, but 
there is no obvious correlation to other tumors (Figure 1B). 

 
*:P<0.05, **: P<0.01, ***: P<0.001, ****: P<0.0001, Compared with normal tissue. 

Figure 1: A. Expression of ANXA1mRNA in different tumors and paracancerous tissues. B. 
Relationship between the expression of ANXA14 and different clinical stages of tumor. 

3.2. Survival analysis 

According to the expression level of ANXA1, the patients were divided into high expression group 
and low expression group to further explore the relationship between the expression of ANXA1 and the 
prognosis of tumor patients. We found that the high expression of ANXA1 was closely related to the 
poor prognosis of overall survival (OS) in patients with bladder urogenital carcinoma (BLCA) 
(P=0.0023), Brain lower grade glioma (LGG)(P=2.1e-07) and pancreatic adenocarcinoma (PAAD) 
(P=0.008), while the low expression of ANXA1 was closely related to the poor prognosis of OS in 
patients with skin cutaneous melanoma (SKCM) (P=0.002) and THCA (P=0.0099) (Figure 2A). The 
disease free survival (DFS) data analysis showed that high expression of ANXA1 was associated with 
poor prognosis in patients with LGG (P=7.9e-05) and PAAD (P=0.0063) and uveal melanoma (UVM) 
(P=0.035), while low expression of ANXA1 was associated with poor prognosis in patients with CESC 
(P=0.002) (Figure 2B). 
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Figure 2: A. Correlation between expression of ANXA1 gene and overall survival of patients with 
different tumors. B. Correlation between expression of ANXA1 gene and disease free survival of 

patients with different tumors. 

3.3. Genetic variation analysis 

We found that the mutation frequency of ANXA1 gene is relatively high in patients with SARC and 
uterine corpus endometrial carcinoma (UCEC) with ANXA1 mutation and amplification as the main 
mutation type. ANXA1 mutations are found in patients with SKCM, KICH, KIRC and LGG). ANXA1 
is deeply deleted in patients with lymphoid neoplasm diffuse large B-cell lymphoma (DLBC), thymoma 
(THYM), acute myeloid leukemia (LAML), and THCA (Figure3A). The type, locus and number of cases 
of ANXA1 genetic variation are further displayed. ANXA1 missense mutations were the main type of 
genetic variation, and R188Q alterations were detected in 1 SKCM, 1 colon adenocarcinoma (COAD), 
1 BRCA, and 1 Colorectal Adenocarcinoma (COADREAD) patient (Figure3B). 
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Figure 3: A. Variation types of ANXA1 in tumors. B. The change frequency of ANXA1 mutation site. 

3.4. Immune infiltration analysis 

Immune infiltration analysis We studied the relationship between tumor immune cell infiltration and 
ANXA1 gene expression in TCGA database, and found that in testicular germ cell tumors (TGCT), there 
was a positive correlation between monocyte immune infiltration and ANXA1 expression and the 
difference was statistically significant. In THCA, the expression of ANXA1 was positively correlated 
with the immune infiltration of T cell regulatory, and the difference was statistically significant. In BRCA, 
BRCA-LumA, BRCA-LumB, COAD, LGG, LIHC, PAAD, pheochromocytoma and paraganglioma 
(PCPG), READ, stomach adenocarcinoma (STAD), TGCT and THYM, the expression of ANXA1 was 
positively correlated with CAF, but negatively correlated with CAF infiltration in HNSC, HNSC-HPV- 
and lung squamous cell carcinoma (LUSC). Similarly, in BRCA, BRCA-LumA, COAD, LGG, PCPG 
and TGCT, ANXA1 was positively correlated with endothelial cell infiltration, but negatively correlated 
with endothelial cell infiltration in esophageal carcinoma (ESCA) and THCA (Figure 4A). 

3.5. In enrichment analysis 

Through the STRING tool, we obtained a total of 50 experimentally verified ANXA1-binding 
proteins (Figure 4B). We used the Venn website to intersect 50 binding proteins with the first 100 related 
target genes and screened two common members (S100A8Magi S100A9), as showed in Figure 4C. 
Finally, results of KEGG enrichment analysis showed that "oncoproteoglycan" (proteoglicansincancer) 
may be involved in the role of ANXA1 in tumorigenesis (Figure 4D). 
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Figure 4: A. Correlation between ANXA1 expression and immune cell infiltration. B. 50 ANXA1-

binding proteins verified by experiments. C. Cross analysis of two sets of data. D. Analysis of KEGG 
pathway ofANXA1-related genes. 

4. Discussion 

ANXA1 is a member of the calcium-dependent phospholipid binding protein family, which is widely 
expressed in different human tissues. As a danger-associated molecular pattern (DAMP) ANXA1 alerts 
the innate immune system to tissue disturbances [11,12]. It is an endogenous anti-inflammatory protein that 
mediates the anti-inflammatory effect of glucocorticoids and involved in a variety of physiological 
processes, such as extracellular and extracellular signal transduction, cell differentiation, proliferation 
and apoptosis, as well as inflammatory and immune responses. It has been found that ANXA1 is 
differentially expressed in different tissue types of tumors, which is closely related to the occurrence, 
development, invasion and metastasis of tumors[13,14].  

In this study, we found that the expression of ANXA1 was different in different tumors. For example, 
ANXA1 is up-regulated in cervical squamous cell carcinoma and intracervical carcinoma (CESC), 
cholangiocarcinoma (CHOL), pleomorphic glioma (GBM), renal clear cell carcinoma (KIRC), renal 
papillary cell carcinoma (KIRP), hepatocellular carcinoma (LIHC), and thyroid carcinoma (THCA). It 
was down-regulated in invasive breast carcinoma (BRCA), head and neck squamous cell carcinoma 
(HNSC), renal chromophobe cell carcinoma (KICH), lung cancer (LUAD), prostate cancer (PRAD) and 
rectal cancer (READ). It is reported that the expression of ANXA1 in normal tissues was compared with 
that in normal tissues. It was found that tissues with high expression of ANXA1 showed varying degrees 
of loss of ANXA1 after carcinogenesis, while tissues with no or very low expression of ANXA1 showed 
high expression. This not only suggests that the difference in tissue distribution of ANXA1 may be 
related to the expression of ANXA1 in different tissues during malignant transformation, but also 
indicates that the up-regulation or down-regulation of ANXA1 expression in different tumor tissues is 
closely related to the occurrence and development of tumors. 

In view of the fact that ANXA1 is expressed abnormally in a variety of tumors, we explored in depth 
its variation characteristics. Among the types of variation we found, mutation and amplification are most 
common. Tumor infiltrating immune cells are an important part of complex tumor microenvironment. 
Our study found that in some specific tumors, there is a close correlation between ANXA1 expression 
and monocyte, T cell regulatory, monocytes, endothelial cells and CAF. It is suggested that because of 
the difference in cell types, it may regulate the pathogenic process of the tumor. The results of KEGG 
enrichment analysis showed that proteoglycans in cancer may be involved in the role of ANXA1 in 
tumorigenesis. The growth of cancer cells is driven by abnormal signals and metabolic reprogramming, 
and oncogenes are closely related to metabolic changes in cancer cells. Metabolic reprogramming is 
usually mediated by a variety of carcinogenic signals and controls the metabolism of cancer cells by 
changing the expression and / or activity of some key metabolic enzymes [15-17]. mTOR pathway is related 
to the occurrence and development of tumor. It is the downstream molecule of multiple signal pathways, 
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which is over-activated by upstream molecules such as EGFR, which promotes the progression of tumor. 
The inhibitory effect of ANXA1 on cell proliferation is closely related to EGF through MAPK/ERK 
pathway, and it can also be used as the substrate of EGFR tyrosine kinase [18-21].  

To sum up, the pan-cancerous analysis of ANXA1 shows that ANXA1 is abnormally expressed in 
many tumors and is related to clinical prognosis, gene variation and immune cell infiltration. These 
findings provide a preliminary understanding of the biological function of ANXA1, but further 
experiments are needed to confirm its specific mechanisms and effects. 
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