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A B S T R A C T   

Despite growing evidence suggesting an important contribution of Tumor Protein P53 Inducible 
Protein 11 (TP53I11) in cancer progression, the role of TP53I11 remains unclear. Our first pan- 
cancer analysis of TP53I11 showed some tumor tissues displayed reduced TP53I11 expression 
compared to normal tissues, while others exhibited high TP53I11 expression. Meanwhile, 
TP53I11 expression carries a particular pan-cancer risk, as high TP53I11 expression levels are 
detrimental to survival for BRCA, KIRP, MESO, and UVM, but to beneficial survival for KIRC. We 
demonstrated that TP53I11 expression negatively correlates with DNA methylation in most 
cancers, and the S14 residue of TP53I11 is phosphorylated in several cancer types. Additionally, 
TP53I11 was found to be associated with endothelial cells in pan-cancer, and functional 
enrichment analysis provided strong evidence for its role in tumor angiogenesis. In vitro angio-
genesis assays confirmed that TP53I11 can promote angiogenic function of human umbilical vein 
endothelial cells (HUVECs) in vitro. Mechanistic investigations reveal that TP53I11 is tran-
scriptionally up-regulated by HIF2A under hypoxia.   

1. Introduction 

The successful implementation of human genome projects in recent years has made people realize that a deeper understanding of 
human genetics is required because of the complexity of various forms of cancer [1,2]. A comprehensive cross-cancer examination of 
genes is crucial for determining their clinical prognostic value and identifying potential targets for cancer therapy. The value of 
pan-cancer analysis lies in its ability to uncover correlations between a particular gene and its clinical outcome, as well as its potential 
molecular mechanisms across a wide range of cancers [3,4]. Furthermore, this type of analysis enables the comprehensive examination 
of human cancers and helps identify similarities, disparities, and emerging trends [5,6]. 

The Tumor Protein P53 Inducible Protein 11 (TP53I11), also known as PIG11, is located on the human chromosome 11p11.2 [7]. In 
1997, Polyak et al. first discovered that high p53 expression significantly induced multiple genes using Serial Analysis of Gene 
Expression technology when studying the mechanism of p53-dependent apoptosis in human colon cancer cells [8]. TP53I11 was one of 
the genes identified in the study. Studies have shown that TP53I11 is primarily expressed in the mammary gland, liver, and gastro-
intestinal tract, as well as in the corresponding cancer tissues [9]. Research has also linked TP53I11 to the development and 
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progression of various types of tumors, including non-small cell lung, breast, liver, and gastric cancers. However, the role of TP53I11 in 
cancer remains a topic of ongoing research and debate in the scientific community. Some studies suggest that TP53I11, a downstream 
target gene of p53, may act as a tumor suppressor [10–13]. In vitro experiments have indicated the suppression of 
epithelial-mesenchymal transition and metastasis in breast cancer cells [12] and enhanced apoptosis in liver cancer cells [10,11]. 
Conversely, other studies have suggested that TP53I11 may play a role in promoting the development and progression of certain 
cancers [9,14]. In a recent bioinformatics study, it was found that breast cancer has a considerably elevated expression of TP53I11, and 
patients with low levels of expression tend to have a better survival rate [14]. High levels of TP53I11 have also been found to be 
prevalent in gastric cancer and have been shown to be strongly correlated with increased invasive depth, lymph node metastasis, 
distant metastasis, advanced staging [tumor (T), nodes (N), and metastases (M) (TNM)], and decreased overall survival in patients with 
gastric cancer [9]. Elevated levels of TP53I11 have also been linked to elevated serum levels of carcinoembryonic antigens [9]. Thus, 
further research is needed to clarify the role of TP53I11 in cellular processes and determine its potential as a therapeutic target for 
cancer treatment. 

In summary, TP53I11 is a noteworthy gene that may significantly affect cancer biology and treatment. Further investigations are 
required to completely understand its involvement in the development and progression of diseases. In this study, we conducted a 
thorough assessment of TP53I11 with regard to transcription, clinical prognosis, DNA methylation, protein phosphorylation, immune 
infiltration, and functional enrichment in various cancer types, as well as an experimental validation in HUVECs. 

2. Materials and methods 

2.1. TP53I11 gene expression analysis 

TP53I11 expression data in pan-cancer tissues and corresponding adjacent tissues were downloaded from the Human Protein Atlas 
(HPA) database (http://www.proteinatlas.org/) [15] and Gene Expression Profiling Interactive Analysis 2 (GEPIA2) database (http:// 
gepia2.cancer-pku.cn/) [16]. The HPA database is publicly available and provides comprehensive information on the localization and 
expression of human proteins in different tissues and organs. The database was created with the goal of mapping the entire human 
proteome and contains information on over 20,000 proteins, including their tissue-specific expression patterns, antibody validation, 
and cellular localization. The GEPIA2 database provides a user-friendly interface that allows researchers to easily visualize and analyze 
gene expression data for various cancer types. This database contains over 20,000 samples from The Cancer Genome Atlas (TCGA) and 

Table 1 
Abbreviations and corresponding full names of various cancers.  

Abbreviation Full Name 

ACC Adrenocortical carcinoma 
BLCA Bladder urothelial carcinoma 
BRCA Breast invasive carcinoma 
CESC Cervical squamous cell carcinoma and endocervical adenocarcinoma 
CHOL Cholangio carcinoma 
COAD Colon adenocarcinoma 
DLBC Lymphoid neoplasm diffuse large B-cell lymphoma 
ESCA Oesophageal carcinoma 
GBM Glioblastoma multiforme 
HNSC Head and neck squamous cell carcinoma 
KICH Kidney chromophobe 
KIRC Kidney renal clear cell carcinoma 
KIRP Kidney renal papillary cell carcinoma 
LAML Acute myeloid leukaemia 
LGG Brain lower grade glioma 
LIHC Liver hepatocellular carcinoma 
LUAD Lung adenocarcinoma 
LUSC Lung squamous cell carcinoma 
MESO Mesothelioma 
OV Ovarian serous cystadenocarcinoma 
PAAD Pancreatic adenocarcinoma 
PCPG Pheochromocytoma and paraganglioma 
PRAD Prostate adenocarcinoma 
READ Rectum adenocarcinoma 
SARC Sarcoma 
SKCM Skin cutaneous melanoma 
STAD Stomach adenocarcinoma 
TGCT Testicular germ cell tumors 
THCA Thyroid carcinoma 
THYM Thymoma 
UCEC Uterine corpus endometrial carcinoma 
UCS Uterine carcinosarcoma 
UVM Uveal melanoma  

W. Bai et al.                                                                                                                                                                                                            

http://www.proteinatlas.org/
http://gepia2.cancer-pku.cn/
http://gepia2.cancer-pku.cn/


Heliyon 10 (2024) e29504

3

the Chinese Cancer Genome Atlas (CGGA), making it one of the largest public transcriptome data resources; abbreviations and cor-
responding full names of various cancers are listed in Table 1. 

2.2. Survival and prognosis analysis 

Overall survival (OS), disease-free survival (DFS), and disease-specific survival (DSS) data were downloaded from the GEPIA2 and 
Gene Set Cancer Analysis (GSCA) databases (http://bioinfo.life.hust.edu.cn/GSCA/#/) [17]. In the context of survival curves, the 
GEPIA2 database was used to explore the relationship between gene expression patterns and patient outcomes, such as OS or DFS. The 
GSCA database was used to explore the relationship between gene methylation patterns and patient outcomes, such as OS, DFS, and 
DSS. In the context of the GEPIA2 or GSCA databases, the analysis of survival curves typically involves the use of statistical methods, 
such as Cox proportional hazards regression or Kaplan-Meier analysis. The results of the analyses were visualized using survival plots. 

2.3. DNA methylation analysis 

The DNA methylation levels were obtained from the GSCA database. The GSCA database provides a comprehensive collection of 
DNA methylation data from a wide range of samples, including tissues from different organisms and cell lines. 

2.4. Protein phosphorylation analysis 

Specific phosphorylation sites were identified using the UALCAN web portal (http://ualcan.path.uab.edu/). UALCAN is a web 
portal that provides a platform for exploring and analyzing proteomic data. The portal contains raw data from the Clinical Proteomic 
Tumor Analysis Consortium (CPTAC) dataset—a large repository of proteomic data on various types of cancer. These data include both 
total protein and phosphoprotein data, which can be used to study the phosphorylation status of proteins in cancer. These data are 
generated by the Clinical Proteomic Tumor Analysis Consortium (NCI/NIH). Upstream kinases were predicted via Kinase Enrichment 
Analysis (KEA) using the ARCHS4 database (available at https://maayanlab.cloud/archs4/) [18]. 

2.5. Single-cell sequencing data analysis 

CancerSEA (http://biocc.hrbmu.edu.cn/CancerSEA/home.jsp) [12] is a specialized database for single-cell sequencing data related 
to cancer. It provides functional information at the single-cell level. We obtained correlation data for TP53I11 expression and various 
functional statuses of tumors from CancerSEA using single-cell sequencing data and generated a heatmap. Single-cell gene expression 
analysis in cancer tissues was performed using the IMMUcan SingleCell RNAseq database (https://immucanscdb.vital-it.ch/) [19]. 
IMMUcan can provide single-cell analysis of the tumor microenvironment (TME), which allows for the characterization of specific 
molecular profiles in individual cells rather than in bulk tissues. Single-cell gene expression analysis in normal tissues was performed 
using the EC Atlas database [20] (https://endotheliomics.shinyapps.io/ec_atlas/) and Murine ECTax database [21] (https:// 
endotheliomics.shinyapps.io/murine_ectax/). The EC Atlas database contains the single cell transcriptome of murine ECs from 11 
normal tissues (including brain, colon, extensor digitorum longus (EDL), heart, kidney, liver, lung, small intestine, soleus, spleen and 
testis) and Murine ECTax database contains the single cell transcriptome of murine ECs from choroid. The two-dim diagrams of all the 
individual ECs were obtained directly from the EC Atlas and Murine ECTax database. Single-cell gene expression analysis in lung 
tumors was analyzed with Seurat (v4.0) based on the Lung Tumor ECTax database [22](https://ccb.sites.vib.be/software-tools/ 
lungTumor_ECTax). 

2.6. Immune infiltration analysis 

The TCGA data for the infiltration of 22 immune cells was obtained from the TIMER database (http://timer.cistrome.org/ 
infiltration_estimation_for_tcga.csv.gz), which was then used to examine the relationship between TP53I11 expression and immune 
cell infiltration levels across different cancer types, as determined by XCELL algorithms. Additionally, the TIMER2 database (http:// 
timer.cistrome.org/) [23], a comprehensive resource for analyzing immune cell infiltration, was used to confirm the correlation be-
tween TP53I11 expression and EC infiltration in different cancer types. 

2.7. TP53I11-related functional enrichment analysis 

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) are two commonly used databases for the functional 
analysis of specific genes. GO provides information on the biological role of a gene set, whereas KEGG provides information on the 
molecular pathways and interactions in which a gene set is involved. The top 100 TP53I11-related genes were retrieved by utilizing the 
“Similar Gene Detection” module from the GEPIA2 database and subsequently inputted into the Enrichr web tool (https://maayanlab. 
cloud/Enrichr/) [24]for GO analysis. Gene Set Enrichment Analysis (GSEA) [25] is another computational approach that identifies 
biologically significant processes by evaluating a gene list that has been pre-ranked based on Log2FC values from a limma analysis 
[26]. The normalized enrichment score (NES) was calculated. A high NES score suggested that the gene set was significantly enriched 
among the top- or bottom-ranked genes, whereas a low NES score suggested that the gene set was not enriched. Gene functions were 
predicted using the ARCHS4 database, which is based on machine learning algorithms and provides a quick and reliable method for 
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estimating gene functions. 

2.8. Cell culture and transfection 

Human umbilical vein endothelial cells (HUVECs/TERT 2) were obtained from ATCC and were cultured in complete medium (i.e. 
EBM-2 medium plus EGM-2 Bullet Kit supplements, Lonza) containing 10 % fetal bovine serum (FBS). The cells were maintained in an 
environment containing 5 % CO2 at 37 ◦C to mimic the conditions found in the human body. In vitro angiogenesis assays, including 
fibrin bead angiogenesis assay, tube formation assay, 5-ethynyl-2′-deoxyuridine (EdU) assay and Transwell assay, were performed on 
HUVECs following a 24-h exposure to either hypoxic conditions (1 % O2) or normoxic conditions (21 % O2). All images were recorded 
using an inverted microscope (Olympus Corp, IX73P1F). For overexpression, overexpression plasmids pEX-4 (pGCMV/MCS/T2A/ 
EGFP/Neo) for TP53I11(oeTP53I11), and mock control (vector) were obtained from GenePharma (Shanghai, China). For knocking 
down, siRNA against HIF-1α and HIF-2α were obtained from Genechem (Shanghai, China). The target sequence was as follows: siHIF- 
1α: 5′-GGGAUUAACUCAGUUUGAATT-3′, siHIF-2α: 5′- GGAGCUAACAGGACAUAGUTT-3′, siNC: 5′-GCGCGATAGCGCTAATAATTT-3’. 
For knocking out, CRISPR/Cas9-TP53I11–KO lentiviral constructs were obtained from Genechem (Shanghai, China). The sgRNA was 
as follows: koTP53I11 #1: 5′-ACCCGCAAGATCCTCGGCGT-3′, koTP53I11#2: 5′-ACCGCCGTAGAGGCGGATGG-3′, koNC: 5′- 
CGCTTCCGCGGCCCGTTCAA-3’. HUVECs were incubated with lentiviral particles for 24 h and selected with 2.5 mg/mL puromycin. 

2.9. Fibrin bead angiogenesis assay 

According to the manufacturer’s protocol, bead solution (Sigma-Aldrich, C3275-10G), fibrinogen (Sigma-Aldrich, F8630-1G), 
aprotinin (Sigma-Aldrich, A1153), and thrombin stock solutions (Sigma-Aldrich, T4648-1KU) were prepared separately. HUVECs 
were trypsinized and mixed with bead solution by inverting the tube every 20 min for 4 h and cultured overnight. On day 2, beads 
coated with HUVECs were transferred to a conical tube, washed and dispersed in a fibrinogen/aprotinin mixture, and added to a pre- 
coated 24-well plate with thrombin solution. We randomly captured six fields per sample on day 7 and calculated the average bead 
sprouting length per sample using the Sprout Morphology plugin in Fiji (ImageJ). 

2.10. Tube formation assay 

Briefly, 4 × 104 HUVECs were seeded into a 24-well plate per well that was pre-coated with BD Matrigel Matrix (Corning, 356234). 
Following an overnight incubation period, the tube-like structures were photographed. The tube formation length was analyzed using 
the Fiji (ImageJ) Angiogenesis Analyzer plugin. 

2.11. EdU assay 

According to the manufacturer’s instructions, HUVECs were incubated with EdU solutions at 20 μM for 4 h, and then stained using 
the EdU Assay kit (Biotime, C0071). The EDU positive cells (proliferating cells) were manually counted using the Fiji (ImageJ) 
software. 

2.12. Transwell assay 

Briefly, 4 × 104 HUVECs were placed in the top part of a specialized insert with small holes (8 μm PET, 24-well Millicell) containing 
serum-free medium. Meanwhile, the lower chambers were filled with 10 % FBS DMEM medium to encourage the cells to move through 
the holes. After 16 h, the cells on the bottom of the plate were fixed and stained in 0.05 % crystal violet solution (Sigma-Aldrich, 548- 
62-9) for 40 min. For photography, the cells on the top were removed by a cotton swab. The number of cells that migrated through the 
holes was manually counted using the Fiji (ImageJ) software. 

2.13. Immunofluorescence 

Immunofluorescent labeling of HUVECs was conducted using an anti-TP53I11 primary antibody (Abcam, ab234860, IF 1:50) 
followed by an Alexa 488-conjugated secondary antibody (Abcam, ab150077, IF 1:400). Subsequently, HUVECs were stained with 
rhodamine-conjugated phalloidin (Abcam, ab235138, 1:1000) and DAPI (Abcam, ab228549, 1:1000) to visualize the actin cyto-
skeleton and nuclei, respectively. 

2.14. Western blot 

Proteins from HUVECs were extracted using RIPA lysis buffer (Beyotime, P0013B) with a protease inhibitor mixture (Roche, 
11697498001), and their concentration was determined using the Pierce BCA Protein Assay Kit (Thermo Fisher Scientific, 23225). The 
protein concentration was adjusted to 1 mg/ml using 5x SDS-PAGE sample loading buffer and then separated by SDS-PAGE in 1x 
running buffer (14.4g glycine, 2.9g tris base, and 1g SDS per 1 L distilled water). The separated proteins were transferred to a 0.45 μm 
PVDF membrane (Millipore, IPVH0010) using 1x transfer buffer (7.2g glycine, 1.45g tris base, and 20 % methanol per 1 L distilled 
water) and blocked with 5 % skim milk. The appropriate primary antibodies and secondary antibodies ere used to detect the target 
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protein bands, which were visualized using an Enhanced Chemiluminescence kit (Thermo Fisher Scientific, 32132). The following 
primary antibodies were used: rabbit anti-TP53I11 antibody (ABclonal, A12855, 1:500), mouse anti-HIF1A antibody (Novus, NB100- 
105,1:1000), rabbit anti-HIF2A antibody (Novus, NB100-122,1:1000). The mouse anti-β-actin (Millipore, A5441, 1:1000) was used as 
a protein loading control. The following secondary antibodies were used: goat anti-mouse HRP-conjugated antibodies (Beyotime, 
A0216; 1:1000) and goat anti-rabbit HRP-conjugated antibodies (Beyotime, A0208; 1:1000). 

Fig. 1. The pan-cancer landscape of TP53I11 expression. (A) Using data from the HPA dataset, we analyzed the mRNA expression of TP53I11 
across various human tissues. (B) The GTEx dataset provided us with information on the mRNA expression of TP53I11 in different human tissues. 
(C) Using the GEPIA2 web tool, we examined the mRNA expression of TP53I11 in multiple normal tissues and cancers. Columns labeled with colors 
signify statistically significant differences compared to normal tissues, with red indicating upregulation and green indicating downregulation. 
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2.15. Co-immunoprecipitation (CoIP) 

To obtain whole cell extract containing stabilized F-actin, we lysed HUVECs cells at 4 ◦C with actin stabilizing buffer (1 % Triton-X 
100, 10 mM EDTA, 0.1 % SDS, 1 % sodium deoxycholate, 50 mM NaCl, 5 mM MgCl2,1 mM ATP and 10 mM Tris-HCl, pH 7.5) sup-
plemented with a protease inhibitor mixture (Roche, 11697498001). After centrifugation at 12000 rpm for 30min, the supernatant 
fraction was harvested as the total cellular protein extract and then incubated with SureBeads (BioRad, 161–4833) previously coated 
with anti F-actin antibody (Abcam, ab205) or control IgG antibody (Abcam, ab276304) at room temperature for 1 h protein complexes 
were eluted from the beads by boiling in 2x SDS-PAGE sample loading buffer for 10 min (Beyotime, P0288), and analyzed by Western 
blot as described above. 

2.16. Luciferase reporter assays 

The hypoxia response element (HRE) binding sites within a 2000 bp region upstream of the human TP53I11 sequence were 
scrutinized using the Jasper website [27] (http://jaspar.genereg.net/). Transcription factor sequences (HIF-1α, HIF-2α, TP53) were 
incorporated into the transient expression vector, pCDNA3.1. Following this, the promoter region sequences, either wild-type or 
mutated, spanning 2000 base pairs upstream of the TP53I11 transcription start site (TSS), were introduced upstream of the reporter 
vector, pGL-SV40-RLuc-△Pro-Luc vector. HEK293T cells underwent transfection with pCDNA3.1 (NC, HIF-1, HIF-2α, or TP53) 
alongside the luciferase plasmid driven by either the wild-type HRE promoter (wHRE) or the mutated HRE promoter (mHRE) in 
TP53I11. Subsequently, luciferase activity was quantified using the Dual-Lumi Luciferase Reporter Gene Assay Kit (Beyotime, China) 

Fig. 2. Association of TP53I11 mRNA expression with overall survival (OS) in pan-cancer. (A) The GEPIA2 web tool was used to assess the 
prognostic significance of TP53I11 across several types of human cancers. (B–F) Kaplan-Meier survival curves were generated to compare the overall 
survival (OS) rates between TP53I11 high- and low-expression groups in five different types of cancers: breast invasive carcinoma (BRCA), kidney 
renal clear cell carcinoma (KIRC), kidney renal papillary cell carcinoma (KIRP), mesothelioma (MESO), and uveal melanoma (UVM). 
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on the GloMax Luminometer (Promega), following the manufacturer’s instructions. Finally, data from luciferase reporter assay were 
analyzed based on the Renilla/firefly luciferase ratio. 

2.17. Statistical analysis 

Statistical analyses were conducted using R statistical package. When comparing two groups, two-tailed Student’s t-test, or Mann- 
Whitney U test was employed. To determine the differences between more than two groups, one-way ANOVA with Bonferroni’s post- 

Fig. 3. Analysis of protein phosphorylation of TP53I11 in pan-caner. (A–F) The UALCAN web tool, using the CPTAC dataset, was utilized to 
investigate protein phosphorylation of TP53I11 across multiple cancers. Box plots were generated to display the variations in SHROOM4 phos-
phoprotein (specifically, phosphorylation sites S14) between normal tissue and primary tumor for (A) GBM, (B) LIHC, (C) HNSC, (D) LUAD, (E) OV, 
and (F) PAAD. P-values were determined via unpaired t-tests. (G) The ARCHS4 database was utilized for Kinase Enrichment Analysis (KEA) to 
predict the upstream kinases involved in the phosphorylation of TP53I11 protein. 
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Fig. 4. TP53I11 is associated with vascular endothelial features in cancer. (A) The heatmap illustrates the correlation between TP53I11 
expression and the level of immune infiltration in various cancer types, as determined by XCELL algorithms. (B) Using TIMER2 web tool based on 
EPIC, MCPCOUNTER, and XCELL algorithms, the heatmap displays the correlation between SHROOM4 expression and the infiltration of immune 
cells in ECs across different types of cancer. (C) Using TIMER2 web tool, the heatmap shows the expression correlation between TP53I11 and several 
known markers of vascular ECs (including ANGPT1, ANGPT2, CD34, CDH5, ERG, ESAM, ETS1, FLT1, KDR, MMRN2, PDGFB, PECAM1, RHOJ, TEK, 
and TIE1) in diverse cancer types. 
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hoc test was performed. All experiments were repeated at least three times to ensure reliability. Statistical significance was set at P <
0.05. 

3. Results 

3.1. Expression of TP53I11 in normal tissues and various cancers 

The expression of TP53I11 mRNA in normal tissues was examined using the HPA database. Both the HPA and GTEx data showed 
that TP53I11 was expressed in a wide range of tissues and organs, including the integumentary, digestive, respiratory, genital, 
endocrine, urinary, nervous, musculoskeletal, cardiovascular, and immune systems (Fig. 1A and B). TP53I11 expression has low tissue 
specificity. To investigate the expression of TP53I11 mRNA in human cancers, we used the GEPIA2 database (accessed on February 15, 
2023). A comparison of mRNA expression between tumor and normal tissues revealed that TP53I11 was abnormally expressed in many 
human cancer types (Fig. 1C). Notably, TP53I11 expression was significantly downregulated in five cancer types, namely, DLBC, KIRP, 
SKCM, THCA, and THYM, while it was significantly upregulated in six cancer types, namely, ESCA, KIRC, LAML, OV, PAAD, and STAD 
(Fig. 1C). 

3.2. Prognostic analysis of TP53I11 expression in various cancers 

The relationship between TP53I11 expression and pan-cancer prognosis was analyzed using both log-rank analysis and univariate 
Cox regression analysis using the GEPIA2 database. As shown in Fig. 2A, high TP53I11 expression was significantly associated with 
better overall survival (OS) in KIRC (HR = 0.64, p = 0.0041, Fig. 2C) and poor OS in BRCA (HR = 1.9, p = 0.0002, Fig. 2B), KIRP (HR =
2, p = 0.034, Fig. 2D), MESO (HR = 1.7, p = 0.042, Fig. 2E), and UVM (HR = 3.1, p = 0.019, Fig. 2F). As shown in Fig. S1A, high 
TP53I11 expression was significantly associated with better disease-free survival (DFS) in KIRC (HR = 0.7; p = 0.049, Fig. S1D) and 
poor DFS in ACC (HR = 2; p = 0.046, Fig. S1B), BLCA (HR = 1.4; p = 0.038, Fig. S1C), KIRP (HR = 2.2; p = 0.0087, Fig. S1E), UCEC 
(HR = 2; p = 0.042, Fig. S1F), and UVM (HR = 3.5; p = 0.017, Fig. S1G). 

3.3. DNA methylation of TP53I11 in various cancers 

DNA methylation, a process that marks changes in DNA molecules, can be dynamically altered in response to external stimuli, such 
as stress and dietary changes, and DNA methylation patterns can be passed down from one generation to the next. Aberrant changes in 
DNA methylation patterns have been linked to several types of cancer. As shown in Fig. S2A, the GSCA database revealed DNA 
methylation patterns of TP53I11 across 33 cancers. An inverse relationship was observed between DNA methylation and mRNA 
expression in most cancer types (Fig. S2B), including KIRC (Fig. S2C), LGG (Fig. S2D), and UVM (Fig. S2E). Furthermore, based on the 
TP53I11 DNA methylation levels, the survival curves revealed that high methylation of TP53I11 resulted in poor OS, DFS, and DSS in 
KIRC (Figs. S3A, S3D, and S3G), as well as better OS, DFS, and DSS in LGG (Figs. S3B, S3E, and S3H) and UVM (Figs. S3C, S3F, and S3I). 

3.4. Phosphorylation of TP53I11 protein in various cancers 

Phosphorylation is a post-translational modification that significantly affects protein function and activity. During phosphoryla-
tion, a phosphate group is added to the protein molecule through transfer from adenosine triphosphate (ATP) to a specific amino acid 
residue (phosphorylation site) on the protein. The S14 site refers to a specific serine residue, Ser14, on TP53I11 that is phosphorylated. 
The levels of protein phosphorylation at S14 were compared between normal and primary tumor tissues using data from the CPTAC 
database available on the UALCAN website. The results indicated an increase in the phosphorylation level of S14 in several cancers, 
including GBM (Fig. 3A), LIHC (Fig. 3B), LUAD (Fig. 3D), and PAAD (Fig. 3F). However, no significant differences were observed 
between HNSC (Fig. 3C) and OV (Fig. 3E). To facilitate future research, as shown in Fig. 3G, the upstream kinases of TP53I11 
phosphorylation were predicted through Kinase Enrichment Analysis (KEA) using the ARCHS4 database. The upstream kinase with the 
highest predicted score is TIE1. 

3.5. Positive correlation between TP53I11 expression and ECs in various cancers 

The tumor microenvironment comprises four key elements, namely, immune, vascular, extracellular, and stromal, which facilitate 
communication between tumor cells and their microenvironment. As shown in Fig. 4A, the XCELL algorithm was used to analyze the 
correlation between TP53I11 expression and the TME components. The results showed that TP53I11 expression significantly and 
positively correlated with ECs, hematopoietic stem cells, and stroma scores in various cancers. Furthermore, the TIMER2 website was 
used to analyze the correlation between TP53I11 expression and ECs in all cancers. We obtained results using the EPIC, 
MCPCOUNTER, and XCELL algorithms and found that in some cancers, TP53I11 expression was positively correlated with ECs 
(Fig. 4B). To gather further evidence on the relationship between TP53I11 and ECs, correlation analysis was performed using the 
TIMER2 database and by selecting EC-specific markers, such as ANGPT1, ANGPT2, CD34, CDH5, ERG, ESAM, ETS1, FLT1, KDR, 
MMRN2, PDGFB, PECAM1, RHOJ, TEK, and TIE1. Our data indicated a strong positive correlation, suggesting that TP53I11 may have 
phenotypic characteristics similar to those of EC-specific markers (Fig. 4C). 
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3.6. Single-cell analysis of TP53I11 expression pattern in normal tissues and various cancers 

Single-cell analysis is particularly useful for studying the molecular diversity of different cell types. First, single-cell analysis was 
conducted for cancer using the MMUcan and CancerSEA databases. As shown in Fig. 5A, the IMMUcan database presents a heatmap of 

Fig. 5. Single-cell analysis of TP53I11 expression pattern in pan-cancer. (A) Single-cell analysis of TP53I11 subcellular localization in tumor 
microenvironment (TME) using the MMUcan database. (B–D) Clustering is conducted based on cell type (B), sources (C), and tumor types (D), 
visualized using the UMAP algorithm from the Lung Tumor ECTax database through the Seurat package. (E) Validation of PECAM1, VWF, CXCR4 
and TP53I11 in the UMAP projection. (F) Grouped bar chart shows the expression of TP53I11 in endothelial cells across total and different lung 
cancer types. (G) Stacked bar chart shows the expression pattern of TP53I11 in distinct lung cancer types and varied endothelial cell subtypes. 
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the average expression of TP53I11 in each cell type in 32 cancer datasets, showing that TP53I11 is predominantly expressed in 
endothelial cells (ECs) in the tumor microenvironment. As shown in Fig. S4, the CancerSEA database revealed that TP53I11 expression 
in retinoblastoma (RB) was significantly positively correlated with angiogenesis and differentiation. These results suggest that 

Fig. 6. TP53I11-related enrichment analysis. (A–C) We obtained the top 100 genes related to TP53I11 using the GEPIA2 web tool and conducted 
GO analysis on these genes for (A) biological processes, (B) molecular functions, (C) cellular components, and. (D) HUVECs were fluorescence 
stained for TP53I11(turquoise), F-Actin/phalloidin (red) and DAPI (blue). (E) CoIP experiments using F-actin as the bait. Representative gel of one 
out of three independent experiments. Protein lysates were treated with actin stabilizing buffer prior to CoIP. (F) Based on the differentially 
expressed genes between TP53I11 high- and low-expression groups across 33 cancers from the TCGA database, GSEA analysis shows the top 25 
upregulated enriched biological processes. The enriched biological processes, ranked based on normalized enrichment score (NES), are shown in 
a heatmap. 
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TP53I11 is a novel angiogenic factor in ECs. 
To elucidate the correlation between TP53I11 and vascular endothelial cells, we employed the Lung Tumor ECTax database [28], a 

robust resource facilitating the exploration of gene expression within endothelial cell subtypes. Utilizing the clustering and grouping 
annotations from the original author, we reconfigured visualizations to depict the distribution of vascular endothelial cell subtypes 
(Fig. 5B), categorized by both source and tumor type (Fig. 5C). To delineate the spatial distribution of TP53I11 within endothelial cell 
subtypes, we utilized well-established endothelial cell marker genes (PECAM1 and VWF) and tip cell marker genes (CXCR4). The 
results indicated a congruent distribution pattern between TP53I11 and CXCR4 (Fig. 5D). Furthermore, we conducted an in-depth 
exploration of TP53I11 expression in ECs across various lung cancer types. The outcomes showcased significant expression of 
TP53I11 in all three subtypes of lung cancer (adenocarcinoma, large-cell carcinoma, and squamous cell carcinoma), as well as in the 
overall lung cancer patient cohort (Fig. 5E), with the apex of expression observed in tip cells (Fig. 5F). 

Next, a single-cell analysis was performed using the EC Atlas and Murine ECTax database for several normal murine tissues. Ac-
cording to the two-dimensional diagrams in Fig. S5, TP53I11 is expressed in ECs across various tissues, including the brain, colon, 
extensor digitorum longus (EDL), heart, kidney, liver, lung, small intestine, soleus, spleen, testis, and choroid. Its expression in ECs is 
particularly pronounced in the colon (Fig. S5B), heart (Fig. S5D), soleus (Fig. S4I), spleen (Fig. S5J), and choroid (Fig. S5L), while being 

Fig. 7. Validation of angiogenic function of TP53I11 in vitro. (A) Western blot of TP53I11 in HUVECs transfected with TP53I11 overexpression 
plasmids (oeTP53I11) and a mock control (vector). (B–I) The micro-vessel sprouting, tube formation, proliferative, and migratory abilities of cells in 
each group were evaluated using the fibrin bead angiogenesis assay, tube formation assay, EdU assay, and Transwell assay, respectively (n = 4 
samples for each group). Error bars represent mean ± SEM; One-way ANOVA with Bonferroni’s post hoc test (C, E, G, I). 
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comparatively lower in the brain (Fig. S5A), kidney (Fig. S5E), and lung (Fig. S5G). These findings strongly suggest a notable 
connection between TP53I11 and endothelial cells, particularly tip cells, implying a potential impact on their physiological or 
pathological functions. 

Fig. 8. HIF-2α upregulates TP53I11 expression upon hypoxia in ECs. (A) TP53I11 mRNA levels were assessed in endothelial cells (ECs) sub-
jected to hypoxic conditions (1 % O2) for the specified durations (n = 4 independent experiments). (B–E) Western blot analysis and the quantitation 
of TP53I11, HIF-1α, and HIF-2α proteins was conducted in ECs exposed to hypoxia (1 % O2) for the indicated time points (n = 4 independent 
experiments). (F–G) Volcano plots for the overexpression of either HIF-1α or HIF-2α in HUVECs. (H–I) Western blot analysis and quantitation of 
TP53I11, HIF-1α, and HIF-2α proteins were conducted in ECs either untreated or exposed to hypoxia (1 % O2) for 4 h, along with transfection using 
siNC, siHIF-1α, or siHIF-2α (n = 4 independent experiments). (J) Luciferase reporter assays were performed to evaluate TP53I11 promoter activity in 
HEK293T cells transfected with control vector, HIF-1α overexpression, or HIF-2α overexpression plasmids (n = 3 independent experiments). (K) A 
diagrammatic representation of hypoxia response element (HRE) sequences in the human TP53I11 promoter was derived from the JASPAR data-
base. (L) A schematic diagram depicting mutated HRE (mHRE) introduced into the human TP53I11 promoter. (M) Luciferase reporter assays were 
conducted to assess TP53I11 promoter activity in HEK293T cells following transfection of wild-type HRE (wHRE) or mHRE vectors under HIF-2α 
overexpression (n = 3 independent experiments). Error bars represent mean ± SEM; One-way ANOVA with Bonferroni’s post hoc test (A, C, D, E, I, 
J, M). TSS, transcription start site. 
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3.7. Enrichment analysis of TP53I11 in various cancers 

To investigate the possible mechanisms underlying the role of TP53I11 in pan-cancer, we analyzed the top 100 genes that exhibited 
expression patterns similar to those of TP53I11, as shown in Table S1. GO analyses were performed. The results of the BP analysis 
showed significantly related biological processes, including vesicle transport along actin filaments, actin filament-based transport, 
regulation of actin nucleation, apical protein localization, amino sugar metabolic processes, and activation of GTPase activity 
(Fig. 6A). MF showed significantly related molecular functions, including GTPase regulatory activity and GTPase binding (Fig. 6B). 
The CC results showed significantly related cellular components, including the Golgi trans-cisterna, Golgi stack, Golgi membrane, and 
Golgi cisterna (Fig. 6C). An immunofluorescence assay revealed the co-localization of TP53I11 with the actin cytoskeleton, indicating a 
possible interaction between TP53I11 and the actin cytoskeleton (Fig. 6D). Besides, actin binding of TP53I11 was verified by co- 
immunoprecipitation (CoIP) from HUVECs cellular extracts (Fig. 6E). 

Next, GSEA was conducted across 33 cancer types, utilizing the differential expression patterns of the TP53I11 gene between the 
high- and low-expression groups for each type of cancer. A heatmap was used to display the 25 most enriched biological processes 
sorted by their normalized enrichment score (NES) (Fig. 6F). The GSEA result showed that TP53I11 high expression group had good 
enrichment score and significance in heart valve morphogenesis, Hippo signaling, positive regulation of BMP signaling pathway, 
protein localization of cell-cell junction, regulation of Notch signaling pathway, angiogenesis involved in wound healing, sprouting 
angiogenesis, branching involved in blood vessel morphogenesis, platelet-derived growth factor receptor beta (PDGFB) signaling 
pathway, semaphoring-plexin signaling pathway, positive regulation of fibroblast migration, EC development, establishment of 
endothelial barrier, and regulation of calcium ion-dependent exocytosis (Fig. 6F). 

Additionally, ARCHS4 database predicted the function of TP53I11, including in endothelium development, vascular endothelial 
growth factor signaling pathway, semaphoring-plexin signaling pathway, cellular response to vascular endothelial growth factor 
stimulus, and basement membrane organization, as well as possible KEGG pathways, including Notch signaling pathway and axon 
guidance (Fig. S6). 

3.8. TP53I11 affects endothelial cell function in vitro 

To validate the angiogenic role of TP53I11 in ECs, in vitro angiogenesis assays were conducted using HUVECs. HUVECs were 
transfected with the TP53I11 overexpression plasmid, and the transfection efficiency was assessed by eGFP (approximately 75 %, 
Fig. S7). As demonstrated in Fig. 7A, Western blot revealed the successful transfection of the TP53I11 overexpression plasmid into 
HUVECs. Through in vitro angiogenesis assays, we found that exposure to hypoxia in vitro had the potential to enhance the angiogenic 
capacity of endothelial cells (Fig. 7B–I). We observed that overexpression of TP53I11 significantly increased microvessel sprouting 
(Fig. 7B–C), tube formation (Fig. 7D–E), proliferation (Fig. 7F–G), and migration (Fig. 7H–I) in HUVECs under normoxia or hypoxia 
condition. 

Furthermore, we generated a lentiviral CRISPR/Cas9 knockout of TP53I11 in HUVECs to enhance understanding of TP53I11 
function. The knockout efficiency was confirmed by Western blot analysis (Fig. S8A). Among the generated knockout lines, koTP53I11 
#1 exhibited a superior knockout effect (Fig. S8A). Contrary to the results observed with TP53I11 overexpression, the knockout of 
TP53I11 significantly attenuated microvessel sprouting (Figs. S8B–C), tube formation (Figs. S8D–E), proliferation (Figs. S8F–G), and 
migration (Figs. S8H–I) in HUVECs under both normoxic and hypoxic conditions. These experimental findings align with conclusions 
drawn from bioinformatic analysis, collectively suggesting that TP53I11 plays a crucial role in angiogenesis. 

3.9. TP53I11 is transcriptionally up-regulated by HIF2A under hypoxia 

Hypoxia in the tumor microenvironment (TME) acts as a potent catalyst for tumor angiogenesis [29]. We aimed to investigate 
whether hypoxia induces alterations in TP53I11 expression. Our observations unveiled a progressive increase in both TP53I11 mRNA 
and protein levels with extended hypoxic exposure (Fig. 8A–C). Notably, a similar trend was noted compared to that of HIF-2α 
(Fig. 8B–E). We hypothesize that HIF-2α may serve as an upstream inducer of TP53I11 transcription. 

To validate these hypotheses, initially, we utilized publicly accessible data from the GEO database (GSE98060) [30]. This dataset 
involved RNA-seq on HUVECs subjected to overexpression of either HIF-1α or HIF-2α. The volcano plot analysis indicated a significant 
upregulation of TP53I11 mRNA expression in HUVECs with HIF-2α overexpression (p-value <0.05, log2FoldChange = 1.497), in 
contrast to HIF-1α overexpression (Fig. 8F–G). To assess whether HIF-2α is crucial for TP53I11 expression, we utilized siRNA to silence 
HIF-2α expression following a 4-h hypoxic treatment. Our findings demonstrated that IRF1 siRNA treatment blunted the induction of 
TP53I11 upon hypoxia stimulation, while the knockdown of HIF-1α had no impact (Fig. 8H–I). Furthermore, the Luciferase reporter 
assay illustrated that the HIF-2α transcription factor enhanced the activity of the TP53I11 promoter, while HIF-1α and TP53 tran-
scription factors showed no significant impact (Fig. 8J). Additionally, using the JASPAR database, we identfied a singular hypoxia 
response element (HRE) site (5′-TCGTG-3′, 13bp relative to the TSS) and mutated it (Fig. 8K-L). The Luciferase reporter assay revealed 
that the mutation disrupted the transcriptional activation effect of HIF-2α (Fig. 8M). In summary, it can be concluded that in endo-
thelial cells, HIF-2α is the key mediating factor in the hypoxia-induced elevation of TP53I11 expression levels. 

4. Discussion 

It is important to understand the role of angiogenesis in tumor development because malignant tumors require a constant supply of 
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oxygen and nutrients to survive and grow [31]. The initiation of tumor angiogenesis is a crucial factor in this process, as it allows the 
tumor to access the bloodstream and receive essential supplies [32]. Several angiogenic factors have been identified, and their in-
hibitors, shown to be effective in cancer treatment, have been developed [33,34]. Hence, to tackle cancer more effectively and un-
derstand tumor growth, it is crucial to have a thorough understanding of angiogenesis in relation to cancer. 

The discovery of TP53I11 dates back over 20 years; however, limited information is available regarding its structure and function. 
To our knowledge, this is the first report to identify the angiogenic role of TP53I11 in cancer. Several studies have suggested that 
TP53I11 plays an important role in angiogenesis. Due to recent rapid progress in single-cell sequencing technology, multiple bio-
informatic studies have predicted the discovery of a novel EC marker, TP53I11, expressed in the tip cells of the vascular endothelium 
[35,36].Through bioinformatics analysis of lung cancer, our study yielded identical conclusions. During angiogenesis, tip cells initiate 
the formation of new vessels by sprouting from existing vessels and forming the leading edge of the sprout [37].Thus, it is not sur-
prising that TP53I11 participates in cancer angiogenesis. 

The genomic characteristics of TP53I11 have not been described in pan-cancer analyses. Elevated TP53I11 expression has been 
detected in several cancer types, including ESCA, KIRC, LAML, OV, PAAD, and STAD, indicating its potential role in cancer initiation 
and progression. Moreover, high TP53I11 expression levels have been linked to poor outcomes in patients with tumors, such as BRCA, 
MESO, ACC, BLCA, KIRP, UCEC, and UVM. However, notably, KIRC exhibited a more favorable prognosis. Che et al. conducted 
bioinformatics research to explore the relationship between angiogenesis-related genes and KIRC [28]. They observed that, unlike in 
other tumors (such as UCEC and KICH), most angiogenesis-related genes in patients with KIRC acted as protective factors [28]. This 
suggests that the data for KIRC may be unique, although the reasons for this phenomenon remain unclear. Considering the correlation 
between TP53I11 and angiogenesis uncovered in this study, it is plausible that this association contributes to the observed more 
favorable prognosis in KIRC. 

DNA methylation is an epigenetic modification that involves the covalent addition of a methyl group (-CH3) to the cytosine res-
idues of DNA [38]. This modification can regulate gene expression by blocking the access of the transcriptional machinery to the 
underlying DNA sequence [39], thereby preventing the transcription of genes into RNA and the subsequent synthesis of protein 
products. In accordance with the repression of transcription through DNA methylation, we found a significant inverse relationship 
between DNA methylation and gene expression of TP53I11 across most cancer types. We also found that patients with KIRC presented 
a better prognosis with TP53I11 hypomethylation, whereas patients with LGG and UVM showed a better prognosis with TP53I11 
hypermethylation. These findings suggest that TP53I11 may serve as a predictive marker for the prognosis of patients with tumors. 

Phosphorylation is the post-translational modification of proteins in which a phosphate group is added to a specific amino acid 
residue in the protein molecule [40]. Although TP53I11 phosphorylation has not been reported, a significant enhancement was found 
in pan-cancer; the S14 site was phosphorylated in multiple cancer types, including GBM, LIHC, LUAD, and PAAD. Phosphorylation 
may lead to changes in activity, localization, and interactions of modified proteins, and in turn, may regulate various cellular pro-
cesses, such as gene expression, cell division, and metabolism [41]. Thus, phosphorylated TP53I11 is hypothesized to be the active 
form of the angiogenic factor. However, this warrants further investigation for corroborative elucidations. 

The role of ECs in cancer biology is to supply tumors with vital nutrients and oxygen and serve as pathways for the spread of cancer 
cells [42,43]. This ultimately contributes to tumor progression. Single-cell analysis revealed that TP53I11 was mainly expressed in the 
ECs of various cancers and normal tissues. Immune cell infiltration analysis revealed that TP53I11 expression was strongly and 
positively correlated with EC infiltration. We also observed a significant positive association between TP53I11 and multiple 
EC-specific pan-cancer markers. Our study demonstrates that ECs actively produce the TP53I11 protein and, therefore, play a sig-
nificant role in cellular processes. 

To further identify the main role of TP53I11, a functional enrichment analysis was performed to reveal its biological processes (BP), 
molecular functions (MF), cellular components (CC), and pathways. 1) In angiogenesis, small sprouts are formed from the ECs of pre- 
existing blood vessels and migrate to the site of angiogenesis [44]. These sprouts then differentiate, branch, and form new blood 
vessels, which eventually mature and stabilise via endothelial barrier formation [45]. BP results, such as angiogenesis involved in 
wound healing, sprouting angiogenesis, branching involved in blood vessel morphogenesis, EC development, and the establishment of 
an endothelial barrier, were correlated with angiogenesis. 2) Actin filaments—key elements of the cytoskeleton—are vital for 
numerous cellular processes related to angiogenesis, including vesicle transport, cell shape, movement, and division, as they constantly 
assemble and disassemble dynamically [46]. The BP results, such as vesicle transport along actin filaments, actin filament-based 
transport, and regulation of actin nucleation, were correlated with actin filament activity. Immunofluorescence and 
co-immunoprecipitation also confirmed that TP53I11 exhibits a binding affinity for actin, suggesting that TP53I11 may play a role in 
the development of blood vessels by modulating the actin cytoskeleton. 3) In angiogenesis, GTPases play a key role in regulating the 
migration and proliferation of ECs. For example, the Rho GTPase family, which includes RhoA, Rac1, and Cdc42, regulates the for-
mation of filopodia and lamellipodia and promotes cell migration and proliferation [47,48]. MF results, such as GTPase regulator 
activity and GTPase binding, were correlated with GTPase activity, suggesting that the TP53I11 protein may participate in angio-
genesis by controlling the activity of GTPases. 4) The HPA database provided evidence that TP53I11 is located within the Endoplasmic 
Reticulum and Golgi Apparatus [15]. CC results, such as Golgi trans-cisterna, Golgi stack, Golgi membrane, and Golgi cisterna, were 
consistent with the results from the HPA database. (5) During sprouting angiogenesis, multiple signalling pathways are activated, 
including the Hedgehog [49], Notch [30], Hippo [50], and PDGFB [51] signalling pathways. These signalling pathways trigger a series 
of events that promote sprouting angiogenesis, such as the proliferation and migration of ECs, formation of tip cells, and the 
recruitment and maturation of pericytes [30,49–51]. The TP53I11 gene is believed to play a crucial role in angiogenesis, as indicated 
by the pathway results, and participates in various signalling pathways, such as Hedgehog, Notch, Hippo, and PDGFB. Overall, these 
results suggest that TP53I11 actively participates in the angiogenic activity of ECs. 
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We verified the impact of TP53I11 on endothelial cell function using in vitro angiogenesis assays. It is worth noting that over-
expression of TP53I11 in HUVECs led to a significant increase in proliferation, migration, tube formation, and micro-vessel sprouting. 
These effects were also observed under hypoxic conditions. Knocking out TP53I11 in HUVECs manifests an opposing impact to that 
mentioned above. Additionally, we demonstrated that TP53I11 increases in response to hypoxic conditions. As reported by Zhao et al., 
during hypoxic stress induced by anti-angiogenic drug therapy, TP53I11 exhibits elevated expression levels in vascular endothelial 
cells [52]. This discovery provides additional substantiation for the regulatory effect of hypoxia on TP53I11 expression. 
Hypoxia-inducible factors (HIFs) represent pivotal helix-loop-helix-PAS domain transcription factors that play a crucial role in cellular 
responses to hypoxia [53]. A considerable body of evidence suggests that the inhibition of either HIF-1α or HIF-2α can impede the 
formation of tumor blood vessels [29,54]. In our study, we unveiled that HIF-2α stimulates enhanced TP53I11 expression by directly 
binding to the TP53I11 promoter, thereby facilitating angiogenesis. Consequently, the interaction between HIF-2α and TP53I11 
further underscores TP53I11 as a pivotal regulatory factor with broad implications in hypoxia-induced angiogenesis. Further inves-
tigation is required to elucidate the downstream mechanisms through which TP53I11 promotes angiogenesis. 

Our study’s limitation includes the use of immortalized ECs and lack of animal experiment. Primary EC models closely resemble 
tissue compared to immortalized lines but face challenges like limited lifespan, low transfection, and contamination risks. Immor-
talized ECs may exhibit variable phenotypes due to immortalization, genetic instability, and loss of differentiation potential. Our study 
provides initial insights into the angiogenic role of TP53I11. Further elucidation of these observations necessitates the undertaking of 
comprehensive animal experiments. 

In conclusion, our comprehensive pan-cancer analysis of TP53I11 revealed a strong association and predictive value for TP53I11 
expression in different human cancer types. As TP53I11 expression is upregulated in multiple cancers and associated with worse 
outcomes, it may represent a promising target for cancer therapy. Furthermore, our findings shed light on the significant involvement 
of TP53I11 in angiogenesis in the tumor microenvironment, suggesting a potential mechanism by which TP53I11 expression affects 
the angiogenic activity of ECs in cancer. Hence, a conclusive elucidation necessitates future studies specifically focusing on TP53I11 
expression and its mechanism in relation to angiogenesis. 
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