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Abstract: Objectives: Uveal melanoma (UVM), the leading type of intraocular malignant tumor in adults, has an 
aggressive course with poor prognoses, high mortality, and lacking effective therapeutic targets and prognostic 
markers. Annexins are well known as dysregulated and correlated with aggressiveness and prognosis of various 
cancers. However, little is known about the expression pattern of Annexins in UVM and their prognostic value. This 
study aimed to investigate and verify the role of Annexins in the pathogenesis of metastatic UVM. Methods: The 
mRNA expression of Annexins in UVM was analyzed from The Cancer Genome Atlas (TCGA) database and validated 
in three independent datasets (GSE22138, GSE27831, and GSE156877). The bioinformatics analysis and experi-
mental verification of ANXA2 expression in UVM were performed to evaluate its influence on clinical prognosis, cell 
proliferation, migration, and invasion. Results: Prognostic analysis suggested that high ANXA2/4 expression levels 
were significantly correlated with worse overall survival (OS), progress-free interval (PFI), and metastasis-free sur-
vival (MFS) prognoses. Meanwhile, the prognostic model (ANXA2/4) was built using the PFI-based LASSO analysis 
in TCGA-UVM and validated in GSE22138 and GSE27831. Multivariate Cox regression analyses indicated that the 
ANXA2/4 model is an independent prognostic factor associated with UVM. The expression analysis confirmed that 
ANXA2 was upregulated in metastatic patients. Then, ANXA2 mRNA was confirmed positive and expressed higher 
in four human UVM cell lines compared with ARPE19 cells, especially in two highly invasive metastatic types (C918 
and MUM2B). Moreover, silencing ANXA2 blocked cell proliferation, migration, and invasion abilities of C918 and 
MUM2B while upregulating ANXA2 enhanced these cell functions remarkably in vitro, suggesting that ANXA2 had a 
positive effect on malignant biological properties of UVM cells. In addition, flow cytometry analysis showed that the 
knockdown of ANXA2 had a higher apoptotic rate than the control groups in C918 and MUM2B cells. ANXA2 over-
expression had a lower apoptotic rate than those in the control group in OCM-1. In addition, ANXA2 expression had 
significant correlations with the tumor microenvironment and multiple tumor-infiltrating immune cells. Conclusions: 
ANXA2 is a novel potential prognostic biomarker for the metastatic diagnosis of UVM. 
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Introduction

Uveal melanoma (UVM) is a highly malignant 
intraocular tumor in the adult population. It is 
derived from the melanocytes in the choroid 
layer of the eye and accounts for 5-6% of  
primary systemic melanoma cases [1-4]. Nu- 
merous studies have shown that UVM is an 
aggressive tumor with a high tendency to early 
metastasis [1-4]. Approximately 50% mortality 
rate was reported, and the liver is the first and 
most commonly affected site [2]. Despite some 

advances in the diagnosis and local control,  
the prognosis of UVM patients remains poor, 
with a median overall survival (OS) of only 5 to  
7 months after diagnosis of metastasis [1-4]. 
Given this context, there is an urgent need to 
extend our understanding of the molecular 
mechanisms underlying UVM, identify more 
effective biomarkers and therapeutic targets, 
facilitate early clinical diagnosis, and develop 
prevention and treatment strategies to extend 
patients’ survival ultimately.

http://www.ajtr.org
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Annexins are a group of calcium-dependent 
phospholipid-binding proteins, consisting of  
12 members in humans (ANXA1-ANXA11 and 
ANXA13) [5]. Annexins are known to participate 
in a range of cellular functions, such as cyto-
skeletal organization, exocytosis, endocytosis, 
cell division, and apoptosis [5, 6]. Furthermore, 
Annexins are also known to play essential roles 
in various tumor cell activities, including prolif-
eration, invasion, metastasis, angiogenesis, 
and drug resistance [7-14]. ANXA1 was report-
ed to be highly expressed in various can- 
cers, including nasopharyngeal carcinoma [15], 
prostate cancer [16], and breast cancer [17], 
facilitating the growth and metastasis of tumor 
cells. Several studies have demonstrated that 
ANXA2 is an important oncogene in numerous 
tumors via regulation of the malignant biologi-
cal behaviors of cancer cells, including prolifer-
ation, migration, invasion, apoptosis, and vas-
cular tissue remodeling [18-20]. ANXA3 and 
ANXA4 have been reported dysregulated and 
closely associated with poor prognosis of 
tumors in many malignant cancers, such as 
hepatocellular carcinoma [21, 22]. Increased 
expression of ANXA5 could suppress the prolif-
eration and metastasis of tumor cells in hu- 
man uterine cervical carcinoma and cutane- 
ous squamous cell carcinomas [23, 24]. 
Additionally, while ANXA6 is known to act as a 
suppressor in cervical cancer [25], ANXA10 is 
overexpressed and related to the poor pro- 
gnosis of cholangiocarcinoma patients [26]. 
However, the correlation of Annexins expres-
sion with the tumorigenesis and progression of 
UVM and the role of Annexins in UVM prognosis 
remain to be determined.

In the present study, we comprehensively ana-
lyzed the expression of Annexins in UVM and 
evaluated its correlation with clinicopathologi-
cal characteristics and prognoses of affected 
patients. Overexpression and short hairpin  
RNA (shRNA) interference experiments we per-
formed to investigate the effect of ANXA2 on 
cell proliferation, migration, and invasion in 
vitro.

Materials and methods 

Datasets collection

The mRNAseq data in Fregments Per Kilobase 
per Million (FPKM) format of 80 TCGA-UVM 
samples and the corresponding clinical traits 

were downloaded from the Genomic Data 
Commons Data Portal (https://portal.gdc.can-
cer.gov/). Two additional mRNA expression 
datasets along with the clinical characteristics 
were extracted from the Gene Expression 
Omnibus (GEO; https://www.ncbi.nlm.nih.gov/
gds/) database and merged as a validation 
cohort, including GSE27831 (Platform: GPL- 
570; Affymetrix Human Genome U133 Plus  
2.0 Array; 18 no-metastatic and 11 metastatic 
UVM samples) [27] and GSE22138 (Platform: 
GPL570; Affymetrix Human Genome U133 Plus 
2.0 Array; 28 no-metastatic and 35 metastatic 
UVM samples) [28]. Another independent ge- 
ne expression dataset, GSE156877 (Platform: 
GPL23126; Affymetrix Human Clariom D Assa), 
was also downloaded from the GEO to evaluate 
the expressive patterns of key Annexins in the 
early-metastatic UVM [29].

Survival analysis of Annexins in UVM

The OS and PFI prognostic value of 12 Anne- 
xins in UVM samples from TCGA were calculat-
ed using the “survival” package in R (version 
3.6.3). Based on gene expression levels via  
the log-rank and Mantel-Cox test, the group 
cutoff threshold was determined as “median”. 
Moreover, the information on Cox proportional 
hazard ratio (HR) and the corresponding 95% 
confidence interval was also obtained in the 
survival plot. 

In addition, the online tool OSuvm (https://bio-
info.henu.edu.cn/UVM/UVMList.jsp) [30] was 
utilized to explore the OS prognostic value of 
12 Annexins in 28 UVM samples from the 
GSE84976 and MFS in the GSE22138. The cut-
off value in ‘splitting the patients’ was set as 
“Upper 50%”.

LASSO Cox regression analysis of Annexins in 
TCGA-UVM

Twelve Annexins genes were entered into OS- 
and PFI-based least absolute shrinkage and 
selection operator (LASSO) Cox regression mo- 
del to restrict the potential outcome-related 
genes in the TCGA-UVM cohort. The LASSO 
analysis was conducted using the “glmnet” 
package in R, and the best penalty parameter 
lambda was determined by applying 10-fold 
cross-validation. The risk score of each patient 
was calculated according to the following for-
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mula: risk score = (expression level of each 
gene × corresponding coefficient) [31]. 

Independent prognostic performance analysis 
of the Annexin signature

The median risk score was used to split the 
patients equally into low- and high-risk sub-
groups. And the Kaplan-Meier survival curves 
were drawn to evaluate the predictive ability of 
the prognostic Annexin signature using the 
“survival” package in R. Further, to verify the 
independent prognostic value of the Annexin 
signature, we constructed the nomograms of 
the 1-, 3-, and 5-year MFS in the validation 
cohort. P-values less than 0.05 were consid-
ered statistically significant. Meanwhile, the 
calibration curves were drawn to assess the 
prognostic performance of the nomogram. 
Thereafter, the dependent and time-depen- 
dent (1- and 3-years) receiver operating charac-
teristic (ROC) curve analysis was performed to 
measure the potential prognostic role of genes 
in the TCGA-UVM and validation cohort.

Expression analysis of Annexins between no-
metastatic and metastatic UVM

The differential expression analysis of 12 
Annexins genes between no-metastatic and 
metastatic patient-derived UVM tissues was 
detected using the “limma” package in R soft-
ware. The criterion of statistical significance 
was selected as a p-value < 0.05 using Welch’s 
t-test.

Gene set enrichment analysis (GSEA)

Then we conducted a targeted GSEA in the 
TCGA-UVM using the “clusterProfiler” package 
in R to explore the possible influence of ANXA2. 
Samples were divided into the high- (top 50%) 
and the low-expressive group (last 50%) ac- 
cording to the median expression of ANXA2. 
The “c2.cp.v7.2.symbols.gmt” was download- 
ed from the Molecular Signature Database 
(MSigDB, https://www.gsea-msigdb.org/gsea/
msigdb/index.jsp) and selected as a reference 
gene collection for the GSEA analysis [32]. The 
process was repeated 1,000 times for each 
analysis, and the terms that met the statistical 
threshold false discovery rate (FDR) < 0.25 and 
adjusted p-value (p.adjust) < 0.05 were visual-
ized by the ggplot2 package in R software. 

Estimation of the tumor microenvironment 
(TME) in UVM

The immune score, stromal score, and 
ESTIMATE score were calculated in each TCGA-
UVM sample using the “ESTIMATE” package in 
R and compared between the high and the low 
ANXA2 expression groups. The three scores 
were used to represent the level of immune 
infiltration, the level of stromal cell infiltration, 
and the purity of tumors, respectively [33].

Moreover, we utilized the gene set variation 
analysis (GSVA) package in R to analyze the cor-
relation between ANXA2 expression and 23 
types of tumor-infiltrating immune cells [34]. 
The single sample gene set enrichment analy-
sis was carried out via the GSVA package to 
conduct the enrichment scores of each 
immune-related term, while the statistical 
threshold of the Spearman correlation test was 
set at a p-value < 0.05. We also analyzed the 
correlation between ANXA2 expression and 28 
types of tumor-infiltrating lymphocytes (TILs) 
across human cancers using the Tumor-
Immune System Interaction Database (TISIDB), 
which is a comprehensive repository online 
toolkit for tumor-immune system interaction 
[35]. The Spearman correlation test estimated 
the correlation between ANXA2 expression and 
TILs (p-value < 0.05).

Cell lines and culture

The human normal retinal pigment epithelium 
cell line ARPE19 and four UVM cell lines (C918, 
MUM2B, OCM-1A, and OCM-1) were purchased 
from the Cell Bank of Type Culture Collection of 
the Chinese Academy of Sciences (Shanghai, 
China) and maintained at 37°C in a humidified 
5% CO2 atmosphere. ARPE19 cells were cul-
tured in F12-Dulbecco’s modified eagle medi-
um (F-12/DMEM, Gibco, Carlsbad, CA, USA). 
MUM2B and C918 cells were cultured in 
Roswell Park Memorial Institute medium (RPMI-
1640, Gibco, Carlsbad, CA, USA), while OCM-1 
and OCM-1A were cultured in DMEM medium 
(Gibco, Carlsbad, CA, USA). All culture media 
were supplemented with 10% fetal bovine 
serum (FBS; Gibco, Carlsbad, CA, USA) and 1% 
penicillin/streptomycin/Amphotericin B (Beyo- 
time, China). 
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Cell transfection 

Three shRNAs used to silence ANXA2 and its 
negative control vector (sh-NC) were synthe-
sized by RiboBio (Shanghai, China) and trans-
fected into C918 and MUM2B cells. The ANXA2 
overexpressing vector (pANXA2) and its con- 
trol vector (pNC) were synthesized by RiboBio 
(Shanghai, China) and transfected into OCM-1 
cells. According to the manufacturer’s instruc-
tions, cell transfection was performed using 
lipofectamine 3000 reagents (Invitrogen, Carl- 
sbad, CA, USA). The transfection efficiency was 
confirmed through quantitative real-time poly-
merase chain reaction (qRT-PCR) and Western 
blotting analysis. The target sequences of  
siRNAs were listed below: siANXA2#1 (5’-CG- 
GCTGTATGACTCCATGA-3’), siANXA2#2 (5’-GA- 
CCAACCGCAGCAATGCA-3’), and siANXA2#3 
(5’-GTCTGTCAAAGCCTATACT-3’).

RNA extraction, qRT-PCR, and WB analyses

Total RNA from cell lines was extracted using 
TRIzol reagent (Invitrogen, CA, USA) and fur- 
ther reverse transcribed into cDNA using the 
PrimeScript RT Reagent Kit (Takara, Japan) 
according to the manufacturer’s protocols. The 
qRT-PCR was performed using the SYBR Green 
Kit (Takara, Japan) with a StepOnePlus Real-
Time PCR System (Applied Biosystems, USA). 
The 2-Delta Delta (ΔΔ) CT method was used to 
evaluate the mRNA transcription levels and the 
mRNA of ANXA2 was normalized to the mRNA 
of. The PCR primer sequences are shown as  
follows: ANXA2: forward 5’-GTGAAGCGGGCT- 
TGGGATT-3’, reverse 5’-CAAGGGCTGGAAAGC- 
AGTC-3’; beta-tublin gene TUBB: forward 5’- 
TGGACTCTGTTCGCTCAGGT-3’, reverse 5’-TGC- 
CTCCTTCCGTACCACAT-3’.

The total cellular proteins were extracted using 
RIPA lysis buffer (Beyotime, Shanghai, China) 
with 1% phenylmethanesulfonyl fluoride, and 
the protein concentration was determined by 
the BCA kit (Vazyme, Nanjing, China) accord- 
ing to the manufacturer’s instructions. Then, 
the proteins were separated using electropho-
resis in SDS-PAGE gels and transferred to PVDF 
membranes. After being blocked with 5% milk 
for 2 h at room temperature, the membranes 
were incubated with different primary antibod-
ies overnight at 4°C for 12 h. And the corre-
sponding species-specific secondary antibod-

ies were incubated for approximately 2 h at 
room temperature. Finally, the protein bands 
were detected and visualized by the electro- 
chemiluminescence (ECL) reagents (Vazyme, 
China) using the Bio-Rad Gel Doc XR infrared 
imaging system (Bio-Rad, USA). The following 
antibodies were used for western blotting anal-
ysis: anti-Annexin-2 (#ab185957, 1:1,000 dilu-
tion, Abcam) and anti-GAPDH (#60004-1-Ig, 
1:2,000 dilution, Proteintech).

Cell proliferation assay

Cell proliferation was analyzed by applying the 
Cell Counting Kit-8 kit (Dojindo, Kumamoto, 
Japan) and plate colony assays. Cells (2 × 103/
well) were seeded into 96-well plates with 0.2 
mL cell suspension. Cells of each well were  
cultivated with 0.01 mL CCK-8 solution for 2 
hours before cell harvest. Cell proliferation was 
assessed at five-time points (0, 24, 48, 72, and 
96 hours) by analyzing the absorbance at 450 
nm by a microplate reader (Bio-Rad, USA). For 
the colony formation assay, the treated cells 
were seeded onto 6-well plates (1000/well). 
After 10 days, each well was processed with 
the following procedure: 3 × washing with phos-
phate buffer saline (PBS, Gibco, Carlsbad, CA, 
USA) and subsequently stained with 0.25% 
crystal violet. Then, Colonies (> 50 cells) visible 
to the naked eyes were counted after being 
rinsed by PBS (Gibco, Carlsbad, CA, USA).

5-Ethynyl-2’-deoxyuridine assay

EdU assay kit (RiboBio, Guangzhou, China) was 
used to measure cell proliferation. After seed-
ed into 96-well plates (104 cells/well) and cul-
tured for 24 hours. Cells were then exposed to 
50 μM of EDU reagent for additional 2 hours at 
37°C. Then, the cells were fixed in 4% formalde-
hyde for 30 minutes and permeabilized with 
0.5% TritonX-100 for 10 minutes. After 3 × 
washing with PBS (Gibco, Carlsbad, CA, USA), 
an ApolloR reaction cocktail (400 μL) was 
added to react with the EdU for 30 minutes. 
Subsequently, Hoechest33342 (400 μL) was 
added for 30 minutes to visualize the nuclei. 
Images of cells were obtained under a fluores-
cence microscope (at the magnification of 100 
×, Nikon, Japan). Proliferation was analyzed 
using the mean number of cells from three ran-
dom fields for each sample.
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Cell migration and invasion assays

Cell migration abilities were carried out and 
measured in vitro by using 24-well Transwell 
chambers (BD Biosciences) and wound healing 
assay. Cells (1 × 105 cells/well) infected with 
different lentivirus vectors were cultured in the 
top chamber and incubated with 5% CO2 at 
37°C. After incubating for 24 hours, the cells on 
the bottom of the filter were fixed in 4% para- 
formaldehyde for 30 mins and stained with 1% 
crystal violet solution (Solarbio) for 30 mins at 
room temperature. Then, the migrated cells 
were counted with a microscope (at the magni-
fication of 100 ×, Olympus, Osaka, Japan). For 
wound healing assay, transferred cells (5 × 
105/well) were seeded into 6-well culture 
plates, and vertical scratches were performed 
in the middle slides using a 200 ul pipette tip 
after incubation for 24 hours (at the magnifica-
tion of 40 ×, Olympus, Osaka, Japan). Pictures 
of the wound were taken at the same position 
under a microscope after 24 hours. Migration 
ability was analyzed by quantitatively evaluat-
ing the closure of gap distance with Image J 
software.

Apoptosis assays

For cell apoptosis assays, an Annexin V-APC/7-
AAD Apoptosis Detection Kit (KeyGEN, Jiangsu, 
China) was used to detect the percentage of 
cells actively undergoing apoptosis, according 
to the manufacturer’s protocol. Briefly, treated 
cells were incubated with H2O2 (1 mM) for 4 
hours before sample collection, and then the 
cells were stained with Annexin V-APC and 
7-AAD staining solution on ice for 5 minutes. 
Apoptotic rates were determined by flow cytom-
etry (CytoFLEX; Beckman Coulter, Inc.) and  
analyzed with Flowjo 7.6.1 software.

Statistical analysis 

Each experiment has been repeated a mini-
mum of three times. Data were expressed as 
mean ± standard deviation (SD). SPSS 20.0 
software was used for a student T-test to ana-
lyze the data between groups. A P-value < 0.05 
was set as a signature.

Results

Survival analysis of Annexins members in UVM

To explore the prognostic potential of 12 
Annexins expression in UVM, we evaluated the 

OS and PFI prognoses based on the clinical 
data in TCGA-UVM using the R project. 
According to the median expression level of 
each Annexin, we divided the 80 UVM cases 
into high-expression and low-expression gr- 
oups to investigate the relationship between 
Annexin expression and patient prognosis. Due 
to the expression values of ANXA8 and ANXA10 
being in zero in more than half of the samples, 
they could not be divided into high and low 
expression groups for further analysis. As 
shown in Figure 1A-J, patients with higher 
ANXA1/2/4/13 expression have worse OS pro- 
gnoses than those with lower ANXA1/2/4/13 
expression in UVM, with ANXA1 (P = 0.023; HR 
= 2.81), ANXA2 (P < 0.001; HR = 6.27), ANXA4 
(P = 0.006; HR = 4.06), and ANXA13 (P = 0.012; 
HR = 3.15). Furthermore, higher expression lev-
els of ANXA1 (P = 0.005; HR = 3.34), ANXA2 (P 
= 0.013; HR = 2.73), ANXA4 (P = 0.008; HR = 
3.04), and ANXA13 (P = 0.049; HR = 2.20) were 
significantly corrected with worse PFI progno-
ses (Figure 1K-T). 

In addition, based on the analysis results from 
the OSuvm web, overexpression of ANXA2/4/6 
was significantly associated with poor OS prog-
noses in the GSE84976 dataset, and patients 
with higher ANXA2/4/11 expression have wor- 
se MFS prognoses while higher ANXA9 ex- 
pression has better MFS prognoses in the 
GSE22138 dataset. These findings are pre-
sented in detail in Figure 2A-I and 2J-T.

Construction of the prognostic risk model and 
validated analyses

Concurrently, we implemented a LASSO Cox 
regression model, using the OS and PFI end-
points respectively, on the TCGA-UVM cohort  
to assess the prognostic potential of 12 
Annexins. The OS-based regression model at- 
tained optimal performance, with four Anne- 
xins (ANXA2/4/8/9) selected as depicted in 
Supplementary Figure 1, whereas only ANXA2 
and ANXA4 were chosen in the PFI-based 
model (Figure 3A). Based on these results, we 
selected the PFI-based model (ANXA2/4) fur-
ther to predict the tumor progression and sur-
vival of UVM patients in the validation cohort 
merged by GSE27831 and GSE22138 from  
the GEO. The risk score of each sample was  
calculated as follows: risk score = (ANXA2 
expression × 0.260545) + (ANXA4 expression 
× 0.481061). The median risk score was used 
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Figure 1. Prognostic potential of 12 Annexins in TCGA-UVM patients. A-J. Patients with higher ANXA1/2/4/13 ex-
pression have worse OS prognoses than those with lower ANXA1/2/4/13 expression. K-T. Patients with higher 
ANXA1/2/4/13 expression have worse PFI prognoses than those with lower ANXA1/2/4/13 expression. Uveal 
melanoma (UVM).

to split the patients equally into low- and high-
risk subgroups.

As plotted in Figure 3B, the Kaplan-Meier plot 
demonstrated that UVM patients in the high-
risk group had a shorter PFI time than those in 
the low-risk group (P = 0.001; HR = 4.34). 
Similarly, the high-risk score of ANXA2/4 was 
consistently related to worse MFS in the vali- 
dation cohort (P < 0.001; HR = 3.37), see in 
Figure 3C. Moreover, the heatmaps indicated 
that both ANXA2 and ANXA4 were likely upre- 
gulated in the high-risk group (Figure 3B, 3C).

Further, we constructed the nomograms of the 
1-, 3-, and 5-year MFS of UVM patients to eva- 
luate the predictive value of the prognostic  
risk model (ANXA2/4) in the validation cohort 
(Figure 4A). As shown in Figure 4B, the calibra-
tion curve indicated that this prognostic risk 
model was accurate for predicting the likeli-
hood of metastasis event according to its con-
sistency with the actual observations. The PCA 
plots showed that the patients could be distrib-
uted well between the high- and low-risk group 
based on the median cutoff value of risk score 
(Figure 4C).

Finally, we performed the time-dependent ROC 
analysis to evaluate the sensitivity and speci- 
ficity of the prognostic model, with area under 
the ROC curve (AUC) of 0.742 for 1-year, 0.680 
for 3-year, and 0.855 for 5-year survival in 
TCGA-UVM (Figure 4D). In addition, the AUC of 
ANXA2/4 prognostic model in the validated 
cohort was 0.731 for 1-year, 0.779 for 3-year, 
and 0.695 for 5-year survival (Figure 4E).

Expression validation between the metastatic 
and no-metastatic groups in UVM

To gain a better understanding of the relation-
ship between Annexins and UVM metastasis, 
we analyzed the gene expression levels in the 
TCGA-UVM, the validation cohort, and another 
independent set (GSE156877). The results are 
presented in Figure 5A, where it can be seen 
that the expression levels of both ANXA2 and 
ANXA4 were significantly higher in the meta-
static group compared to the non-metastatic 

group in the validation cohort. However, in the 
TCGA-UVM dataset, only ANXA2 was upregu-
lated in metastatic samples, as shown in Figure 
5B. 

The gene expression dataset GSE156877 con-
tained 4 no-metastatic and 4 early-metastatic 
UVM samples. The differential expression anal-
ysis was detected using the “limma” package in 
R, with the cut-off criterion selected as an 
absolute value of fold change (|log2FC|) ≥ 1 
and p.adjust value (adj.p.val) < 0.05 (Supple- 
mentary Table 1). Intriguingly, we found similar 
results in the GSE156877 dataset. Specifically, 
the mRNA level of ANXA2 (|log2FC| = 2.171, 
adj.p.val = 0.013) was increased in the early-
metastatic UVM tissues, but ANXA4 (|log2FC| 
= 0.314, adj.p.val = 0.593) was not significant- 
ly upregulated, as depicted in Figure 5C, 5D. 
Given that ANXA2 was more significantly elevat-
ed in early metastatic tissues, we chose to con-
duct further cytological verification of ANXA2 in 
UVM cells.

Expression of ANXA2 in different UVM cell 
lines

To investigate the potential role of ANXA2 in 
UVM, we assessed ANXA2 mRNA expression 
levels in four human UVM cell lines and ARPE19 
cells. The results showed that ANXA2 mRNA 
was more highly expressed in four human UVM 
cells (C918, MUM2B, OCM-1A, and OCM-1 
cells) than in ARPE19 cells, particularly in the 
two highly invasive metastatic types (C918 and 
MUM2B; Figure 6A and Supplementary Figure 
2). To further investigate the function of ANXA2 
in UVM cells, C918 and MUM2Bcells were 
selected to silence ANXA2 (siANXA2#2, siAN-
XA2#3), while OCM-1 cells were selected  
to undergo ANXA2 overexpression using a 
pANXA2 vector or an empty plasmid as a con-
trol (pVector). Knock-down and overexpression 
efficiency were verified by qRT-PCR and anti-
Annexin-2 monoclonal antibody (Supplemen- 
tary Figure 3). 

ANXA2 promotes UVM cell proliferation in vitro

The impact of ANXA2 silencing and overexpres-
sion on the in vitro cell proliferation ability of 
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Figure 2. Prognostic potential of 12 Annexins in UVM patients from the OSuvm online databases. A-I. Overexpres-
sion of ANXA2/4/6 was significantly correlated with poor OS prognoses in the GSE84976. J-T. Patients with higher 
ANXA2/4/11 expression have worse MFS prognoses, while higher ANXA9 expression has better MFS prognoses in 
the GSE22138. Uveal melanoma (UVM).

Figure 3. Construction of the prognostic risk model and validated analyses. A. The PFI-based LASSO Cox regression 
model reached the optimal ability while two Annexins (ANXA2/4) were gathered. B. The Kaplan-Meier survival curve 
demonstrated that the high-risk group had a shorter PFI time than those in the low-risk group in TCGA-UVM. C. The 
high-risk score of ANXA2/4 was consistently related to worse MFS in the validation cohort merged by GSE22138 
and GSE27831. Uveal melanoma (UVM).
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C918 and MUM2B cells was assessed using 
the CCK-8 assay (Figure 6B, 6C), colony forma-
tion assay (Figure 6E), and EDU assay (Figure 
6G, 6H). The results of these experiments dem-
onstrated that silencing ANXA2 blocked cell 
proliferation ability of both C918 and MUM2B 
in vitro while upregulating ANXA2 remarkably 
enhanced cell proliferation (Figure 6D, 6F, 6I, 
6J). 

ANXA2 enhanced the metastatic capacity of 
UVM in vitro

Furthermore, we investigated the effect of 
ANXA2 on the metastasis of UVM cells using 
scratch wound-healing and transwell assays. 
Transwell assay results demonstrated that inhi-
bition of ANXA2 markedly impeded the invasion 
ability of C918 and MUM2B cells compared to 
the control groups (Figure 7A), which was con-

sistent with the results of the scratch wound 
healing assays (Figure 7B). Conversely, under 
the induction of ANXA2, the migration and inva-
sion abilities of the cells were prominently 
enhanced (Figure 7C, 7D). These findings indi-
cate that ANXA2 upregulation could enhanced 
the metastatic potential of UVM cells in vitro.

ANXA2 inhibited the apoptosis of UVM cells

In addition, we analyzed the effect of ANXA2 on 
cell apoptosis by performing flow cytometry on 
C918, MUM2B, and OCM-1 cells. Under H2O2 
stimulation, knockdown of ANXA2 led to a high-
er apoptosis in both C918 and MUM2B cells 
when compared to the control group (Figure 
8A, 8B). On the other hand, the overexpression 
of ANXA2 led to a lower apoptotic rate in OCM-1 
cells compared to the control group (Figure 8A, 
8C).

Figure 4. Validation and evaluation of the prognostic risk model. A. The nomograms show the 1-, 3-, and 5-year MFS 
of UVM patients in the validation cohort. B. The calibration curve of the nomogram to predict the MFS at 1, 3, and 
5 years. C. The PCA plot showed the distribution of patients in the high- and low-risk groups. D. The ROC curves at 
1, 3, and 5 years in the TCGA-UVM. E. The ROC curves at 1, 3, and 5 years in the validated cohort. Uveal melanoma 
(UVM), metastasis-free survival (MFS).
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Figure 5. Expression validation between the metastatic and no-metastatic groups in different UVM cohorts. (A) Com-
parison of the ANXA2 and ANXA4 expression levels between the metastatic group and the non-metastatic group. 
(B) The expression levels of ANXA2 and ANXA4 between the clinic metastatic group and the non-metastatic group in 
TCGA-UVM patients. The expression levels of ANXA2 (C) and ANXA4 (D) between the early metastatic group and non-
metastatic group in GSE156877. (*: p-value < 0.05; **: p-value < 0.01; ***: p-value < 0.001). Uveal melanoma 
(UVM).

GSEA of ANXA2-related partners

To further investigate the molecular mecha-
nism of the ANXA2 gene in tumorigenesis, we 
divided the 80 TCGA-UVM samples into high-
expression (top 50%) and low-expression 
groups (last 50%) based the median expres-
sion level. A total of 361 signature terms were 
screened out according to the predefined sta-
tistical threshold (Supplementary Table 2). 
Among these, the top 6 signature terms were 
determined according to the absolute normal-
ized enrichment scores (NES), and their details 
are shown in Figure 9A-F. 

Correlation between ANXA2 expression and 
TME in UVM

Based on the ESTIMATE algorithm, we found 
that a high ANXA2 expression level was posi-

tively correlated with a higher immune score, 
stromal score, and estimate score (Figure  
10A). Next, we utilized the GSVA package in R 
to analyze the correlation between ANXA2 
expression and 23 types of tumor-infiltrating 
immune cells. As plotted in Figure 10B and 
Supplementary Table 3, ANXA2 expression  
had significant and positive correlations with 
Natural killer (NK) CD56dim cells, Eosinophils, 
T gamma delta (Tgd), T cells, Cytotoxic cells, T 
follicular helper (TFH), Th2 cells, activated DC 
(aDC), immature DC (iDC), Th1 cells, T effector 
memory (Tem), Macrophages, Neutrophils, DC, 
B cells, NK CD56 bright cells, Mast cells, and 
NK cells; and negative correlations with Th17 
cells. In addition, we analyzed the correlation 
between ANXA2 expression and 28 types of 
TILs across human cancers using the TISIDB 
online database (Figure 10C), the details of the 

http://www.ajtr.org/files/ajtr0148531suppltab2.xlsx
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Figure 6. The expression of ANXA2 in different UVM cell lines and its function in 
cell proliferation. (A) The ANXA2 mRNA expression level in four human UVM cell 
lines and ARPE19 cells. Using the CCK8 assays (B-D), colony formation (E, F), and 
EDU assays (G-J) to determine the cell proliferation ability of ANXA2 knockdown or 
overexpression cells (magnification, ×100). (*: p-value < 0.05; **: p-value < 0.01; 
***: p-value < 0.001). Uveal melanoma (UVM).

Figure 7. ANXA2 enhanced the metastatic capacity of UVM in vitro. A, B. Transwell assays were applied to evaluate the migration and invasion abilities of UVM cells 
(magnification, ×100). C, D. Cell migration ability was assessed by wound healing assay (magnification, ×40). (*: p-value < 0.05; **: p-value < 0.01; ***: p-value 
< 0.001). Uveal melanoma (UVM).
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Figure 8. ANXA2 inhibited the apoptosis of UVM cells. The apoptotic rates were performed and analyzed in ANXA2 
knockdown (A, B) or overexpression (A, C) UVM cells under H2O2 stimulation. (*: p-value < 0.05; **: p-value < 0.01; 
***: p-value < 0.001). Uveal melanoma (UVM).
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Figure 9. GSEA of ANXA2-related partners. A-F. Top 6 signature terms according to the NES. (*: p-value < 0.05; **: p-value < 0.01; ***: p-value < 0.001). Gene set 
enrichment analysis (GSEA).
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Figure 10. Correlation between ANXA2 expression and TME in TCGA-UVM. (A) The immune score, stromal score, and 
estimate score were evaluated between high ANXA2 expression and low ANXA2 expression groups. (B) The correla-
tion between ANXA2 expression and 23 types of tumor-infiltrating immune cells using the GSVA package in R. (C) 
The correlation between ANXA2 expression and 28 types of TILs across human cancers and (D-R) the significant 
results using the TISIDB online database. (*: p-value < 0.05; **: p-value < 0.01; ***: p-value < 0.001).

significant results are shown in Figure 10D-R. 
Our results indicate that ANXA2 may play a criti-
cal role in immune infiltration in UVM.

Discussion 

UVM is an aggressive intraocular malignancy 
with a dismal prognosis, primarily due to its 
propensity for infiltration and metastasis. Al- 
though many studies on UVM have increased 
our understanding of this cancer, the patho- 
genesis of UVM remains unclear, and effective 
therapeutic targets and prognostic markers are 
still lacking. Thus, it is imperative to conduct 
comprehensive investigations to identify genes 
that may serve as potential prognostic indica-
tors and modulators of invasion and metasta-
sis in UVM. 

Annexins are well-known as dysregulated and 
correlated with aggressiveness and prognosis 
of various malignancies [6, 7]. However, there 
lacks information regarding the expression 
level and prognostic value of Annexins in UVM. 
In the present study, we investigated the prog-
nostic value of Annexin and validated the pos-
sible biological functions of ANXA2 in UVM 
cells. Survival analysis results suggested that 
expression levels of ANXA1/2/4/13 were  
correlated with OS and PFI prognoses in  
TCGA patients, ANXA2/4/6 were correlated 
with OS prognoses in the GSE84976, and 
ANXA2/4/9/11 were correlated with MFS prog-
noses in the GSE22138. Synchronously, the 
machine learning algorithm LASSO demon-
strated that patients in the high-risk group 
(ANXA2/4) had shorter PFI in TCGA-UVM and 
MFS in validated cohorts from GEO than those 
with low risk. Multivariate Cox regression analy-
sis confirmed that the model was an indepen-
dent prognostic predictor in the validation 
cohorts from GEO. Next, the time-dependent 
ROC analysis showed that the model (ANXA2/4) 
had a strong predictive power for 1-, 3-, and 
5-year survival in two cohorts. Additionally, the 
expression analysis confirmed that ANXA2 and 
ANXA4 were upregulated in the metastatic gr- 
oup compared with the non-metastatic group 
in the validation cohort, while only ANXA2 was 

expressed at higher levels in metastatic sam-
ples in TCGA-UVM and GSE156877. Our results 
suggest that ANXA2 may serve as a potential 
biomarker in the tumorigenesis and progres-
sion of UVM. 

The ANXA2 (Annexin A2; also named Annexin II) 
is a 36-kDa calcium-dependent and phospho-
lipid-binding protein, which expresses in many 
cell types, such as endothelial cells, macro-
phages, and mononuclear cells, as well as vari-
ous cancer cells [36, 37]. Prior studies have 
reported that ANXA2 is aberrantly expressed  
in various cancers and serves as a crucial regu-
lator of tumor progression, including cell sur-
vival, proliferation, invasion, and metastasis 
[36]. Overexpression of ANXA2 is observed in 
an extensive range of tumor cells compared to 
the corresponding adjacent normal tissues, 
including colorectal carcinoma [38], pancreatic 
cancer [39], oral squamous cell carcinoma 
[19], gastric cancer [18], hepatocellular carci-
noma [40], epithelial ovarian cancer [41], bre- 
ast cancer [42], glioma [20], and acute promy-
elocytic leukemia [43]. Following these stu- 
dies, increased ANXA2 was associated with 
poor prognosis in such aggressive cancer via 
promoting the invasion and metastasis capa- 
bility of tumor cells. Therefore, due to its prog-
nostic and diagnostic significance, ANXA2 has 
emerged as a useful biomarker for the progno-
sis of different cancers. However, the physio-
logical functions of ANXA2 in UVM remain 
elusive.

Growing evidence has shown that ANXA2 
upregulation could be a key contributor to pro-
mote cancer progression by affecting the tu- 
mor immune microenvironment. In patients 
with hepatocellular carcinoma, the high-ANXA2 
group exhibited a higher proportion of Treg cells 
and lower proportions of activated NK cells and 
DCs compared with the low-ANXA2 group [44]. 
Similar results were also found in glioma; TILs 
such as TAMs, Tregs, and MDSCs were signifi-
cantly correlated with the expression of ANXA2, 
supporting that ANXA2 may participate in the 
immunosuppression process in glioma [45]. In 
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this study, we observed that high ANXA2 
expression could increase immune score, stro-
mal score, and estimate score in UVM. The 
ANXA2 targeted GSEA enrichment analysis also 
enriched in multiple immune-related pathways. 
Furthermore, the expression of ANXA2 was sig-
nificantly and positively correlated with several 
TILs in UVM, as evidenced by the GSVA analysis 
results. Taken together, these findings suggest 
that ANXA2 is positively correlated with immune 
infiltration in UVM.

Previous research has demonstrated the cru-
cial role of ANXA2 in various cancerous cells, 
such as increasing invasion and migration, pro-
moting proliferation progression, and enhanc-
ing metastasis [19, 20, 46-48]. Despite these 
findings, there is a lack of understanding 
regarding the biological characteristics of 
ANXA2 in UVM cells. We have shown that 
ANXA2 is upregulated in four human UVM ce- 
lls lines (C918, MUM2B, OCM-1A, and OCM-1 
cells) compared with ARPE19 cells, which was 
consistent with the differential expression an- 
alysis results in the TCGA-UVM, the cohort 
merged by GSE22138 and GSE27831, and 
GSE157866 datasets. According to the follow-
ing experiments, silencing ANXA2 blocked cell 
proliferation, migration, and invasion abilities 
of C918 and MUM2B while overexpressing 
ANXA2 could remarkably enhance these cell 
functions in vitro, suggesting that ANXA2 had a 
positive effect on malignant biological proper-
ties of UVM cells. Moreover, flow cytometry 
analysis showed that silencing ANXA2 had a 
higher apoptotic rate than the control groups in 
C918 and MUM2B cells. In comparison, the 
ANXA2 overexpression had a lower apoptotic 
rate than those in the control group in OCM-1. 
Given that dysregulation of the cell cycle and 
inhibition of apoptosis is important hall mark-
ers for tumor cell growth, these results in vitro 
demonstrate that ANXA2 upregulation might 
promote UVM cell proliferation via affecting the 
cell cycle and suppressing cell apoptosis. 
Similar results have been reported in gastric 
[49] and lung cancer cells [46, 47]. Whereas 
ANXA2 downregulation significantly reduced 
the proliferation capacity of tumor cells by 
arresting the cell cycle.

Our study has revealed the novel findings that 
ANXA2 is upregulated in the metastasizing 
UVM and it could promote the proliferation, 

migration, and invasion abilities of UVM cells in 
vitro. However, our study has some limitations. 
Firstly, the evidence of upregulated ANXA2 in 
metastasizing UVM tissues is based on public 
data analysis, and therefore, the results need 
to be validated using a large number of clinical 
samples. Secondly, although the effects of 
ANXA2 overexpression and knockdown on UVM 
cell proliferation, migration, invasion, and apop-
tosis were investigated in our study, it needs to 
be validated in vivo using an appropriate metas-
tasis animal model.

Conclusions

In the present study, we investigated the prog-
nostic value of Annexins in UVM. Several 
Annexins were found to be associated with 
prognosis in UVM through public tools. LASSO 
and Cox regression analyses were constructed 
and validated the ANXA2/4 model as an inde-
pendent prognostic factor in two individual 
UVM cohorts. Next, the time-dependent ROC 
analysis showed that the model (ANXA2/4) 
showed a strong predictive power for 1-, 3-, and 
5-year survival in two cohorts. According to the 
expression analysis results, ANXA2 was select-
ed and verified the possible biological functions 
in UVM cells. We found that upregulating ANXA2 
enhanced the cell proliferation, migration, and 
invasion abilities of UVM cells while silencing 
ANXA2 decreased these cell functions remark-
ably in vitro. In addition, abnormal expression 
of ANXA2 also affects the apoptotic rate of 
UVM cells. These findings suggest that ANXA2 
is a novel potential prognostic biomarker for 
the early diagnosis of UVM.
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Supplementary Figure 1. The OS-based regression model reached the optimal ability while four Annexins 
(ANXA2/4/8/9) were gathered.

Supplemental Table S1. The differential expression analysis was detected between the early meta-
static group and the non-metastatic group in GSE156877 using the “limma” in R
id logFC AveExpr t P.Value adj.P.Val B
ANXA1 -0.25772 3.794994 -0.70466 0.492412 0.879324 -5.82438
ANXA10 -0.1258 3.607985 -0.63594 0.534923 0.892722 -5.8696
ANXA11 -0.61398 6.923033 -2.33215 0.034895 0.447306 -3.75753
ANXA13 -0.18789 3.231136 -1.04941 0.311513 0.80246 -5.53477
ANXA2 -2.17125 6.576645 -7.56119 2.40E-06 0.01337 4.753758
ANXA2P1 -0.60832 3.970329 -2.54661 0.023066 0.386474 -3.39158
ANXA2P2 -1.10619 6.183495 -4.65563 0.000357 0.07819 0.390747
ANXA2P3 0.086735 4.913025 0.460813 0.651907 0.926522 -5.96486
ANXA2R -0.00714 4.030699 -0.03149 0.975317 0.995879 -6.07123
ANXA3 0.06099 3.421768 0.268452 0.79221 0.961216 -6.03528
ANXA4 -0.31436 5.070473 -1.82418 0.089224 0.592992 -4.56398
ANXA5 -0.9329 5.825091 -3.71272 0.002266 0.16402 -1.29072
ANXA6 -0.40773 3.254649 -2.33095 0.034975 0.447306 -3.75954
ANXA7 0.14935 5.30968 0.722939 0.481449 0.875906 -5.81162
ANXA8 -0.00915 2.912046 -0.05134 0.959771 0.99383 -6.0704
ANXA8L1 -0.12791 3.85022 -0.74627 0.467673 0.871316 -5.79491
ANXA9 -0.23804 4.801191 -1.22477 0.24058 0.756221 -5.3503
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Supplementary Figure 2. The ANXA2 protein expression level and statistics analysis in four human UVM cell lines 
and ARPE19 cells.

Supplementary Figure 3. Knock-down and overexpression efficiency of ANXA2 targeted shRNAs and overexpressing 
vector. (A, B, D, E) C918 and MUM2B cells were selected to silence ANXA2 (siANXA2#1, siANXA2#2, and siANXA2#3) 
and the control (si-NC). (C, F) OCM-1 cells were chosen for transfer with ANXA2 overexpressing vector (pANXA2) and 
the empty control (pVector). (*: p-value < 0.05; **: p-value < 0.01; ***: p-value < 0.001).
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Supplemental Table S3. Correlation between ANXA2 expression and immune cell infiltration in TCGA-
UVM

Tumor-infiltrating immune cells
Pearson Spearman

Correlation p-value Correlation p-value
aDC 0.382 <0.001 0.464 <0.001
B cells 0.293 0.008 0.341 0.002
CD8 T cells 0.162 0.151 0.12 0.288
Cytotoxic cells 0.429 <0.001 0.48 <0.001
DC 0.364 <0.001 0.35 0.002
Eosinophils 0.483 <0.001 0.554 <0.001
iDC 0.395 <0.001 0.456 <0.001
Macrophages 0.403 <0.001 0.432 <0.001
Mast cells 0.202 0.072 0.274 0.014
Neutrophils 0.404 <0.001 0.421 <0.001
NK CD56bright cells 0.184 0.103 0.278 0.013
NK CD56dim cells 0.481 <0.001 0.571 <0.001
NK cells 0.302 0.007 0.251 0.025
pDC -0.176 0.118 -0.113 0.317
T cells 0.413 <0.001 0.489 <0.001
T helper cells 0.236 0.035 0.193 0.086
Tcm 0.119 0.291 0.12 0.288
Tem 0.429 <0.001 0.445 <0.001
TFH 0.389 <0.001 0.472 <0.001
Tgd 0.415 <0.001 0.5 <0.001
Th1 cells 0.398 <0.001 0.456 <0.001
Th17 cells -0.515 <0.001 -0.454 <0.001
Th2 cells 0.461 <0.001 0.468 <0.001
TReg 0.161 0.154 0.183 0.105


