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Background: Apolipoprotein E (APOE) is a polymorphic protein that plays a role in lipoprotein transformation and metabolism. It is 
involved in numerous physiological processes within the body and is closely associated with tumor growth and metastasis. However, 
the role of APOE in pan-cancer has yet to be evaluated. Therefore, studying the association between APOE and various cancer types is 
crucial for providing a basis for individualized treatment strategies and clinical prognosis assessment.
Methods: We investigated the diagnostic and prognostic significance of APOE across 33 tumor types, as well as its correlation with 
tumor mutation burden (TMB) and microsatellite instability (MSI). Additionally, we employed the ESTIMATE and CIBERSORT 
algorithms to analyze the potential impact of APOE on the immune system. Furthermore, gene set enrichment analysis (GSEA) was 
conducted to explore its underlying physiological function.
Results: Based on observations from a pan-cancer dataset, APOE expression was significantly different between cancer and normal 
tissues, and was simultaneously associated with survival outcomes in terms of cancer type, clinical annotation, TMB, MSI, and TICs 
abundance. In addition, the results also showed that expression of APOE may respond to a variety of cancer chemotherapy.
Conclusion: The findings from this study strongly indicate a close association between APOE and tumor development. Moreover, 
APOE shows promise as a potential biomarker for predicting prognosis and response to immunotherapy in patients with pan-cancer.
Keywords: apolipoprotein E, APOE, pan-cancer, prognosis, immune infiltration

Introduction
Cancer is the leading cause of premature death and reduced life expectancy in humans, imposing a significant burden on 
patients, their families, and society as a whole.1 Immunotherapy with immune checkpoint blockade (ICB) has been 
a major breakthrough for cancer patients, but it is important to note that not all patients benefit from it.2 Despite 
significant advancements in cancer research and management, there is still a need to explore better treatment options and 
strategies.3 Furthermore, there is currently a lack of reliable biomarkers that can accurately predict the response to ICB 
therapy.4 Therefore, there is an urgent need to study novel biomarkers that can be used to predict patient prognosis and 
monitor treatment responses, in order to advance personalized medicine and improve overall patient survival rates.

APOE is a component of triglyceride-rich lipoproteins and is associated not only with various neurodegenerative 
diseases, including Alzheimer’s and Parkinson’s diseases, but also with evidence indicating its involvement in tumor 
progression and metastasis.5–8 For example, previous studies have demonstrated that APOE enhances the proliferation 
and growth of papillary thyroid cancer cells by promoting cellular glycolysis.9 Additionally, lung adenocarcinoma 
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patients with malignant pleural effusion presenting with APOE over-expression had a shorter overall survival time.10 The 
expression of APOE is essential for the growth and survival of ovarian cancer cells and high serum APOE level can be 
used to assist in the diagnosis of ovarian cancer.11 In gastric cancer, tumor-associated macrophages (TAMs) promote 
tumor cell metastasis by releasing exosomes that secrete APOE, thereby activating the PI3K-Akt signaling pathway.8 In 
prostate cancer, tumor cells promote senescence in TREM2+ immunosuppressive neutrophils through the secretion of 
APOE.12 However, APOE has been shown to exert anti-tumor effects and fulfill an essential role in reversing the immune 
suppressive phenotypes in the tumor microenvironment (TME).13 There is evidence that APOE could decrease the 
abundance of myeloid-derived suppressor cells (MDSCs), an immunosuppressive cell population, and enhance T cell 
activation.14 These findings highlight the dual role of APOE in tumors, indicating its important functions and influence in 
the tumor microenvironment, but whether it can serve as a reliable prognostic biomarker and predictor of immunotherapy 
response remains unknown.

In this study, we utilized The Cancer Genome Atlas (TCGA) and cBioPortal databases to investigate the prognostic 
value of APOE in pan-cancer. We explored the association between APOE and tumor mutational burden (TMB) as well 
as microsatellite instability (MSI). Additionally, we employed the ESTIMATE and CIBERSORT algorithms to calculate 
immune scores, stromal scores, and relative levels of tumor-infiltrating immune cell (TIC) subtypes. Gene set enrichment 
analysis (GSEA) was performed to reveal the potential biological mechanisms of APOE in pan-cancer. The findings 
suggest that APOE can serve as a diagnostic and prognostic biomarker for pan-cancer patients, contributing to a deeper 
understanding of tumor immunological characteristics and the development of individualized treatment strategies.

Materials and Methods
Patient Information Processing and Differential Expression Analysis
We used the University of California Santa Cruz (UCSC Xena https://xena.ucsc.edu/) browser to download RNA 
sequencing and related clinical data from the TCGA database, containing 12,591 samples from 33 cancers. The 
expression matrix of APOE in all samples was extracted using the Practical Extraction and Report Language (PERL) 
script. Differences in APOE expression were analyzed and visualized between cancer and healthy tissues using 
R packages “ggpubr”. All expression data were normalized via log2 conversion. Additionally, APOE expression in 
different cancer types was compared using the cBioPortal database (https://www.cbioportal.org).

Patients
Prostate adenocarcinoma (PRAD) tissues and normal tissues were surgically resected from patients at The First Affiliated 
Hospital of Guangxi Medical University between December 2022 and March 2023. Prostate adenocarcinoma tissues and 
normal tissues (n = 4) were collected from the same patients and promptly preserved in liquid nitrogen for further 
experiments. The patients participating in this study provided informed consent. The Ethics Committee of Guangxi 
Medical University approved this study (Approval Number: 2022-E390-01), and it was conducted in accordance with the 
principles outlined in the Declaration of Helsinki.

Association of APOE with Survival Information and Clinical Annotations
Overall survival (OS), disease-specific survival (DSS), disease-free interval (DFI), and progression-free interval (PFI) 
were evaluated. Univariate Cox regression and Kaplan-Meier analyses were conducted to explore the influence of APOE 
on patient survival in pan-cancer using the R packages “survminer” and “survival”. Clinical annotations correlation 
analyses were performed using the “limma” package and visualized with the “ggpubr” R package.

Correlation Between APOE Expression and Tumor Mutation Burden, Tumor 
Microsatellite Instability, and Therapeutic Responses
APOE expression was correlated with MSI and TMB based on Spearman correlation analysis and visualized with radar 
plots using the R package “fmsb”. Additionally, the associations of APOE expression levels with chemotherapy 
responses in patients were analyzed using the ROC plotter server.
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Correlation of APOE Expression with the Tumor Immune Microenvironment and 
Tumor-Infiltrating Immune Cell Profiles of Pan-Cancer Patients
The ESTIMATE algorithm was used to calculate the immune and stromal scores using the R packages “estimate” and 
“limma” in order to determine the proportion of infiltrating stromal/immune cells in pan-cancer samples. The immune 
cell infiltrations were assessed using the CIBERSORT algorithm. Correlation analysis of APOE expression and TICs 
levels was conducted using Spearman correlation analysis and visualized with the R packages “ggplot2”, “ggpubr”, and 
“ggExtra”.

Relationship Between APOE Expression with Immune-Related Genes and Gene Set 
Enrichment Analysis with APOE in Pan-Cancer
Co-expression analysis was conducted using the “limma” R package and visualized with “‘RColorBrewer” and 
“reshape2”. GSEA was employed to uncover potential biological mechanisms of APOE in pan-cancer, and functional 
analysis was performed using the R-packages “limma”, “clusterProfiler”, and “enrichplot”.

RNA Extraction and qRT-PCR
According to the manufacturer’s protocol, total RNA was isolated using Axygen reagent (CORNING, Nanning, China). 
The primers sequences used for qRT-PCR were obtained from Sangon Biotech (Shanghai, China) as follows (5’-3’): 
APOE forward - GTTGCTGGTCACATTCCTGG, reverse - GCAGGTAATCCCAAAAGCGAC. β-actin forward - 
GTCATTCCAAATATGAGATGCGT, reverse - GCTATCACCTCCCCTGTGTG. Relative expression levels were calcu-
lated using the 2-ΔΔCt method. Statistical analyses were performed with GraphPad Prism.

Immunohistochemical Staining
Immunohistochemical (IHC) staining was performed after deparaffinization in xylene and rehydration in graded ethanol. 
The antigen was retrieved using sodium citrate buffer (pH 6.0) at 95 °C for 20 min. A 3% H2O2 solution was used to 
quench endogenous peroxidase activity and a 1% bovine serum albumin buffer was used to block non-specific binding. 
Subsequently, sections were incubated with the primary antibodies over night at 4 °C and then exposed to secondary 
antibodies for 40 minutes at room temperature after going through several washes. 3.3-diaminobenzidine tetrahydrochlor-
ide (DAB) was then applied to the sections. ImageJ software was used to analyze the intensity of staining. The slices 
were finally observed under a microscope, followed by optical density (OD) measurement by ImageJ software. The 
relative expression of APOE was presented as average optical density.

Statistical Analysis
The statistical analyses and diagram drawing were performed using R software (v4.1.2), ImageJ software (v1.8), and 
GraphPad Prism (v9.4). The expression patterns of APOE protein in tumor and healthy control tissues were compared 
using the t-test. Kaplan-Meier curves and univariate Cox regression analyses were conducted to determine the association 
between APOE expression and survival. A P-value< 0.05 was considered statistically significant.

Results
Differential Expression of APOE in Pan-Cancer
Based on the TCGA data, a differential analysis of APOE expression was conducted between cancer and healthy samples 
from 33 cancers (Figure 1A). The results revealed that APOE gene expression was highly elevated in invasive breast 
carcinoma (BRCA), esophageal carcinoma (ESCA), glioblastoma multiforme (GBM), head and neck squamous cell 
carcinoma (HNSC), liver hepatocellular carcinoma (LIHC), prostate adenocarcinoma (PRAD), stomach adenocarcinoma 
(STAD), thyroid carcinoma (THCA), and uterine corpus endometrial carcinoma (UCEC). In contrast, APOE expression 
levels were significantly downregulated in cholangiocarcinoma (CHOL), pheochromocytoma and paraganglioma (PCPG), 
and pancreatic adenocarcinoma (PAAD) tumor tissues compared to healthy tissues. Based on the cBioPortal database, genetic 
variations in the APOE gene were further studied. The findings demonstrated that APOE was altered in 149 of the 10,953 
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patients. Various alterations were present, including amplifications, mutations, and deep deletions, with amplifications being 
the most frequent alteration. Among the pan-cancer types, the alteration frequency of sarcoma was particularly significant 
(Figure 1B). Taken together, these results suggested the abnormal expression and alteration of APOE in pan-cancer.

Impact of APOE on Pan-Cancer Prognosis
Based on comprehensive correlation analyses of OS, DSS, DFI, and PFI, we aimed to investigate the expression level of 
APOE and its association with tumor prognosis in various tumor types. Kaplan-Meier survival analysis revealed 

Figure 1 Differential expression and alteration of APOE. (A) Comparison of APOE levels between tumor and normal tissues. *P < 0.05, **P < 0.01, and ***P < 0.001. (B) 
Alteration frequency of APOE mutations in multiple cancer types.
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a positive correlation between elevated APOE expression and the prognosis of eight different types of cancer, including 
cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC) (OS: P = 0.043; DSS: P = 0.028; PFI: P = 
0.043), lymphoid neoplasm diffuse large B-cell lymphoma (DLBC) (OS: P = 0.013; DSS: P = 0.025), brain lower grade 
glioma (LGG) (OS: P = 0.026), thyroid carcinoma (THCA) (DSS: P = 0.048; PFI: P = 0.008), uveal melanoma (UVM) 
(PFI: P = 0.031), and bladder urothelial carcinoma (BLCA) (DFI: P = 0.041). However, six other types of cancer 
exhibited a positive correlation between downregulated APOE expression and positive outcomes, including thymoma 
(THYM) (OS: P = 0.019; DSS: P = 0.043; PFI; P = 0.042), adrenocortical carcinoma (ACC) (DSS: P = 0.029; PFI: P = 
0.019), PRAD (DSS: P = 0.045, PFI: P = 0.015), and STAD (DFI: P = 0.027). We observed a crossing of curves in LGG, 
THCA, and STAD, which prompted us to conduct validation of the proportional hazard assumption and perform 
interaction analysis on Cox regression models. The results showed that the P-value of interaction analysis was greater 
than 0.05, and the curves in the quadratic log survival curve of Cox regression were approximately parallel, indicating 
that Cox regression fulfilled the assumption of equal proportional hazards. Obviously, the differential expression of 
APOE exhibits distinct effects on the survival outcomes of cancer patients (Figure 2A-D).

Additionally, univariate Cox proportional hazards model analysis demonstrated that certain cancers exhibited improved 
survival rates when APOE expression was upregulated. These cancers included THYM (OS: HR = 2.173, P = 0.004; DSS: HR = 
3.490, P = 0.018) (Figure 3A and B), STAD (DFI: HR = 1.249, P = 0.045; PFI: HR = 1.127, P = 0.042) (Figure 3C and D), and 
PRAD (DFI: HR = 1.375, P = 0.043; PFI: HR = 1.362, P < 0.001) (Figure 3C and D). In contrast, APOE expression had 
a negative impact on the prognosis of KIRC (OS: HR = 1.153, P = 0.014; DSS: HR = 1.216, P = 0.007; PFI: HR = 1.146, P = 
0.021) (Figure 3A, B and D), THCA (OS: HR = 0.690, P = 0.006; DSS: HR = 0.485, P = 0.004; PFI: HR = 0.856, P = 0.022) 
(Figure 3A, B and D), UVM (OS: HR = 0.658, P = 0.025; DSS: HR = 0.660, P = 0.03; PFI: HR =0.647, P = 0.012) (Figure 3A, B 
and D), and LGG (OS: HR = 0.834, P = 0.004; PFI: HR = 0.845, P = 0.009) (Figure 3A and D).

Relationship Between APOE Expression with Clinical Phenotypes in Various Cancers
The relevance of tumor stage, age, and gender with APOE was analyzed to determine the correlation between APOE 
expression and the clinical phenotypes of various cancer types. Figure 4A depicts that APOE expression was higher in 
the advanced stage of BRCA (P = 0.0055), ESCA (P = 0.0056), and KIRC (P = 0.0012). In contrast, stages I and II of 
LIHC (P = 0.024), THCA (P = 0.019), and testicular germ cell tumors (TGCT) (P = 0.022) exhibited high APOE 
expression levels (Figure 4A). Intriguingly, patients aged ≥ 65 years demonstrated higher APOE expression levels in 
BLCA (P = 0.0031), PRAD (P = 0.045), THCA (P = 0.0035), and UCEC (P = 0.04) (Figure 4B), while patients aged < 
65 years with STAD (P = 0.037) and LGG (P = 0.0029) (Figure 4B) had higher APOE expression levels. Moreover, male 
KIRC patients (P = 0.0096) and SARC patients (P = 0.014), as well as female patients with lung squamous cell 
carcinoma (LUSC) (P = 0.00026), exhibited high APOE expression levels (Figure 4C). These results highlight significant 
differences and provide important insights for guiding the clinical treatment of patients.

Relationship Between APOE Expression with Tumor Mutation Burden and Tumor 
Microsatellite Instability
We analyzed the correlations between APOE expression levels, TMB, and MSI to investigate the potential of APOE in 
predicting immunotherapy responses. Specifically, we found that APOE expression was positively correlated with TMB 
in six types of tumors, namely BRCA, COAD, PRAD, KIRP, KIRC, and BLCA. In contrast, APOE expression showed 
a negative correlation with TMB in five other types of tumors, namely THCA, STAD, SKCM, PAAD, and LGG 
(Figure 5A). Furthermore, the results indicated a positive correlation between APOE expression and MSI in SKCM, 
PRAD, DLBCL, COAD, and BRCA. Nevertheless, APOE expression showed a negative correlation with MSI in ACC, 
TGCT, STAD, PCPG, OV, LUSC, and acute myeloid leukemia (LAML) (Figure 5B). Subsequently, we investigated the 
impact of APOE expression on the response to chemotherapy in several commonly occurring cancers. Significantly, 
patients with ovarian and breast cancers exhibiting high APOE expression showed a reduced responsiveness to 
chemotherapy, while patients with glioblastoma and colorectal cancer displaying low APOE expression after 
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Figure 2 An analysis of Kaplan–Meier survival data showing the correlation between APOE expression levels and survival times. (A) OS for APOE expression in CESC, 
DLBC, LGG, and THYM. (B) DSS for APOE expression in ACC, CESC, DLBC, ESCA, lung adenocarcinoma (LUAD), THCA, and THYM. (C) PFI for APOE expression in 
ACC, CESC, PRAD, THYM, UVM, and THCA. (D) DFI for APOE expression in BLCA and STAD.
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chemotherapy demonstrated improved survival outcomes (Figure 5C-F). Overall, these findings suggest that 
APOE may serve as a potential biomarker for predicting anti-tumor therapeutic efficacy.

Relationship Between APOE Expression with the Tumor Microenvironment and 
Immune Cell Infiltration
To clarify the correlation between APOE expression and TME, which can regulate cancer progression and influence 
therapeutic outcomes,15 we further explore the components of TME in various types of cancer. The six types of tumors 
(CESC, THCA, LGG, ESCA, LUAD, and THYM) were categorized into a high-risk group (Figure 6A) and a low-risk 
group (Figure 6B) based on Kaplan-Meier survival curves for patients with cancer.

We calculated immune and matrix scores for these cancer types and found a positive correlation between APOE 
expression and these scores. Next, we examined the correlation between APOE expression and TICs in CESC, THCA, 
LGG, ESCA, LUAD, and THYM. Our data demonstrated a positive association between APOE expression and M1 

Figure 3 Analysis of univariate Cox data showing the relationship between APOE expression level and survival time. (A) OS for APOE expression. (B) DSS for APOE 
expression. (C) DFI for APOE expression. (D) PFI for APOE expression.
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Figure 4 An analysis of APOE expression levels and clinical annotations. (A) Relationship between APOE expression and tumor stages in BRCA, ESCA, KIRC, LIHC, 
THCA, and TGCT. (B) Relationship between APOE expression and age in BLCA, LGG, PRAD, STAD, UCEC, and THCA. (C) Relationship between APOE expression level 
and gender in KIRC, LUSC, and SARC.
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macrophages, M2 macrophages, and infiltrating CD8 T cells in CESC within the low-risk group (Figures 7A-C). 
Additionally, a negative association was observed between APOE expression and infiltrating activated mast cells, 
resting CD4 memory T cells, NK cells resting, and dendritic cells activated (Figures 7D-G). Similarly, in THCA, 
APOE expression showed a positive association with infiltrating memory B cells, infiltrating gamma delta T cells, and 
M2 macrophages (Figures 7H-K). However, a negative association was observed with infiltrating naive B cells, 
infiltrating monocytes, and infiltrating activated dendritic cells (Figures 7L-N). In LGG, APOE expression showed 
a positive association with the levels of infiltrating monocytes (Figures 7O). However, a negative correlation was 
observed with M0 macrophages, M1 macrophages, and infiltrating neutrophils (Figures 7P-R). In the high-risk group, 
APOE expression showed a positive association with the levels of infiltrating plasma cells, M2 macrophages, and 
activated CD4 memory T cells in THYM (Figures 8A-C). Moreover, APOE expression was positively associated with 

Figure 5 The association between APOE expression and TMB, MSI, and therapeutic responses in different types of cancer. (A) Relationship between APOE expression and 
TMB. (B) Relationship between APOE expression and MSI. (C-F) APOE expression is associated with chemotherapy responses in the breast, brain, colorectal, and ovarian 
cancer cohorts according to the receiver operating characteristic curve (ROC). *P < 0.05, **P < 0.01, and ***P < 0.001.
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the levels of M2 macrophages in ESCA (Figure 8D). Similarly, APOE expression was positively correlated with 
different subsets of tumor infiltrating T cells, including activated CD4 memory T cells, and infiltrating CD8 T cells. It 
showed a positive correlation with multiple subgroups of infiltrating macrophages, including M0 macrophages, M1 
macrophages, and M2 macrophages but correlated negatively with resting CD4 memory T cells, infiltrating activated 
dendritic cells, and infiltrating naive B cells in LUAD (Figures 8E-L). Interestingly, we observed a correlation between 
APOE expression and the level of TAMs infiltration in various tumors. In summary, these results indicate that APOE 
expression can influence the development of cancer cells by reshaping the compositions in the TME. Next, we 

Figure 6 An analysis of the relationship between APOE expression and TME. (A) Relationship between APOE expression with stromal score and the immune score of the 
low-risk group. (B) Relationship between APOE expression with stromal score and the immune score of the high-risk group.

Figure 7 Association of infiltrating levels of immune cells with APOE expression in the low-risk group. (A-G) Relationship between each TIC and APOE expression in 
CESC. (H-N) Relationship between each TIC and APOE expression in THCA. (O-R) Relationship between each TIC and APOE expression in LGG.
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performed co-expression analysis to confirm the associations between APOE and immune-related genes (Figure 8M). 
We found a positive correlation between APOE and several immune-related genes in all selected cancers, such as 
CSF1R, HAVCR2, PDCD1, and TGFB1. These results suggest that APOE is directly involved in tumor immunity or 
may play a potential role in tumor immunity.

Enrichment Analysis of Cancers in Different Groups
To investigate the potential biological function of APOE in pan-cancer, we conducted GSEA analysis for CESC, THCA, 
LGG, ESCA, LUAD, and THYM. The results of the GO functional annotation revealed that APOE was negatively 
correlated with the biological processes of membrane potential regulation, sensory perception of smell, and detection of 
chemical stimulus in LGG, LUAD, and THYM. In contrast, APOE was positively correlated with several immune- 
related functions in CESC, ESCA, THCA, and THYM. These activities included lymphocyte-mediated immunity, T cell 
receptor complex, keratinocyte differentiation, and B cell-mediated immunity (Figure 9A). KEGG pathway analysis 
revealed a positive correlation between APOE and several crucial pathways, such as the chemokine signaling pathway, 
ribosome, and olfactory transduction.16–18 Finally, APOE showed a negative correlation with neuroactive ligand-receptor 
interaction and calcium signaling pathway in LGG, as well as valine, leucine, and isoleucine degradation, and glyco-
sphingolipid biosynthesis globo-series in THCA (Figure 9B). In summary, the above results demonstrated the biological 
processes and immune-related pathways of APOE in several cancers.

Figure 8 Association of infiltrating levels of TICs with APOE expression in the high-risk group and the relationship between immune-related genes and APOE expression. 
(A-C) Relationship between each TIC and APOE expression in THYM. (D) Relationship between each TIC and APOE expression in ESCA. (E-L) Relationship between each 
TIC and APOE expression in LUAD. (M) Relationship between immune-related genes and APOE expression. *P < 0.05, **P < 0.01, and ***P < 0.001.

OncoTargets and Therapy 2024:17                                                                                                 https://doi.org/10.2147/OTT.S447319                                                                                                                                                                                                                       

DovePress                                                                                                                         
209

Dovepress                                                                                                                                                            Chen et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Differential Expressions of APOE Between PRAD and Normal Samples
Using the TCGA database, we identified a significant up-regulation of APOE expression in PRAD. (P < 0.001; 
Figure 1A). At the histological level, we performed IHC staining to validate the differential expression of APOE in 
PRAD samples (Figure 10A, B). Furthermore, qRT-PCR results revealed an increase in APOE mRNA levels in PRAD 
tumor tissues (Figure 10C).

Discussion
In recent years, cancer has claimed tens of thousands of lives worldwide each year. It ranks second only to heart disease 
among all causes of death, resulting in family disruption and overwhelming financial burdens.1 Over the past twenty-five 
years, the clinical application of targeted and immune-based therapies has significantly enhanced cancer treatment.19 

Despite researchers’ efforts to improve the treatment outcomes of various cancers, the overall prognosis and survival 
rates remain discouraging.3 Therefore, the discovery of biomarkers predicting cancer prognosis represents a valuable 
scientific pursuit providing crucial insights for the development of treatment strategies for cancer patients.

Figure 9 GSEA analysis of APOE gene in different groups. (A) GO functional terms of APOE. (B) KEGG pathway analysis of APOE.
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Pan-cancer analysis can uncover genetic aberrations between different types of tumors, offering insights into cancer 
treatment protocol design.20 Recently, a substantial body of evidence has elucidated the relationship between cancer types 
and epigenome variation, methylation signatures, and cancer immunotherapy response. So far, certain members of the 
apolipoprotein family have demonstrated excellent diagnostic performance in specific types of cancer. For example, 
APOEBC-mediated mutations serve as favorable prognostic factors and predictors for immunotherapy in bladder cancer 
patients.21 Studies have demonstrated that APOE, a member of the vertebrate exchangeable apolipoprotein family, also 
exerts a significant influence on cancer development.22,23 In acute myeloid leukemia (AML), the binding of APOE is 
associated with T-cell suppression and tumor infiltration, which occurs via downstream signaling mediated by LILRB4 
(Leukocyte immunoglobulin-like receptor B4) in AML cells.24 In colorectal cancer, patients with elevated APOE mRNA 
levels demonstrated shorter overall survival and progression-free survival. Additionally, in vitro studies indicated that 
APOE facilitated the migration and invasion of colorectal cancer cells through its binding to LRP1 (low-density 
lipoprotein receptor-associated protein 1).25 In this study, abnormal expression of APOE was observed in 13 cancer 
types, with high expression observed in prostate cancer cells, consistent with our experimental results and previous 
findings.26 In contrast, APOE expression levels were lower in CHOL, COAD, PAAD, and PCPG in healthy tissues. 
However, due to database limitations, our analysis results exhibit some inconsistencies with previous studies. For 
example, in a large validation cohort, APOE exhibited significant enrichment in postoperative recurrent KIRC, whereas 
our results showed no difference in expression.27 Moreover, survival analysis suggested that APOE expression was 
associated with the prognosis of some cancer patients. Notably, APOE was significantly related to tumor stages, age, and 
gender in various cancer types. These results are critical for guiding different patient populations in choosing the 
appropriate treatment. Also, APOE expression was correlated with infiltrating levels of TICs and indicated that APOE 
was directly involved in tumor immunity or could play a potential role in tumor immunity. Importantly, APOE also exerts 
an anti-tumor effect, and its expression significantly influences the response of several cancers to chemotherapy. Taken 
together, the above-mentioned findings suggested that APOE could be used as a biomarker for cancer prognosis.

Figure 10 IHC staining validation and qRT-PCR. (A) IHC staining was applied to validate the differential expressions of APOE using PRAD samples. Scale bar = 50 µm. (B) 
ImageJ software was used to evaluate the relative expression of APOE, which was expressed as optical density (OD). (C) Comparison of APOE gene mRNA expression 
between normal and tumor tissues in PRAD. *P < 0.05, **P < 0.01. Data are expressed as mean ± SEM.
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Immunotherapy has gained significant attention in cancer research, particularly with the advent of immune checkpoint 
inhibitors, as an innovative therapeutic approach under clinical development. In recent years, researchers have been 
looking for ways to improve prognostic accuracy for patients. Several markers, including MSI, TMB, PD-1, and PD-L1 
have been widely recognized for their roles in predicting the prognosis and their response to immunotherapy.28–31 

Previous studies have shown that colorectal cancer patients with microsatellite instability-high (MSI-H) may have better 
outcomes and increased sensitivity to immune checkpoint inhibitors.32 Similarly, tumors with higher TMB have 
demonstrated longer overall survival and higher response rates to immune checkpoint blockade.33 Higher mutation 
burden enables immune checkpoint inhibitors (ICIs) to block immune checkpoint proteins, such as PD-1 and PD-L1, 
resulting in enhanced therapeutic effects.34 However, despite the long availability of immunotherapy for cancer in clinics, 
there is a need to enhance its therapeutic effect. A study has demonstrated that the utilization of APOE inhibitors in 
conjunction with anti-PD-1 therapy can effectively suppress tumor progression and facilitate tumor regression.35 The 
present study provided compelling evidence supporting APOE serve as a predictor of immunotherapy effectiveness. We 
found a significant correlation between APOE expression and TMB as well as MSI. These findings suggest that APOE 
expression levels influence cancer TMB and MSI, ultimately impacting patient response to immune checkpoint inhibitor 
therapy. Consequently, APOE may serve as a valuable indicator for predicting the response rates of specific cancer types 
to immunotherapy and guiding clinical decision-making.

The TME consists of diverse cell types and extracellular components that play a pivotal role in tumor initiation, 
development, and metastasis.36 Changes in TME components can impact the survival of tumor patients. Stromal 
components, as a key component of TME, can not only influence tumorigenesis and tumor progression but is also 
play a crucial role in the tumor resistance. For example, the stromal component can impede the effective delivery of 
therapeutic drugs to the target tissue due to fibrosis and high interstitial pressure.37 Tumor-associated endothelial cells 
have been found to induce CD8+ T cell tolerance and are associated with adverse prognosis in cancer patients.38,39 

Immune cells within TME play a dual role in tumor progression.40,41 In normal conditions, they function as surveillance 
agents, monitoring cancer cells and suppressing tumor growth.42,43 However, certain immune cells facilitate immune 
evasion and assist tumor cells in evading immune surveillance through diverse mechanisms, thus avoiding immune- 
mediated destruction.44 Immune cells play a crucial role in regulating tumor angiogenesis by interacting with vascular 
endothelial cells, an area of research that is currently highly active.45 In addition, studies have reported that myeloid cells 
derived from the bone marrow, including macrophages, neutrophils, and MDSCs, have a positive impact on tumor blood 
vessel formation and maintenance.46 Studies have shown that APOE induces the expression of immunosuppressive 
factors CXCL1 and CXCL5 in pancreatic tumor cells through LDL receptor and NF-κB signaling pathways, thereby 
inhibiting T cell infiltration in PDAC.47 Our study demonstrated that APOE was significantly associated with immune 
and stromal scores in CESC, THCA, ESCA, and LUAD. Overall, the results herein suggested that APOE could be 
involved in TME remodeling, thereby affecting tumor progression.13 Finally, the GSEA results suggested that APOE was 
associated with a pan-oncogenic immunomodulatory pathway, thereby shedding light on the underlying mechanisms of 
APOE in TME. Furthermore, these results suggest that APOE may impact tumor development by modulating the 
immune status of the TME immune status and influencing the survival outcomes of cancer patients.

In prostate cancer, cancer cells promote immunosuppressive neutrophil senescence in prostate cancer by activating 
the APOE/TREM2/ERK signaling pathway.12 In addition, studies have shown that APOE is involved in reverse 
cholesterol transport, and cholesterol can be metabolized to androgens in prostate cells, thereby stimulating androgen 
receptors to promote tumor development.48 Our immunohistochemistry and real-time PCR results showed that APOE 
was highly expressed in prostate cancer tissues, which was consistent with previous reports.

While the present study reached some key conclusions, it also had certain limitations. Firstly, the tumor cohort in this 
study was exclusively obtained from the TCGA database, and further validation supported by multiple databases is 
required. Furthermore, it is crucial to consider the inherent limitations of the database, including potential sample 
selection bias and limited clinical information. Secondly, one of the limitations of this study is the absence of information 
on the three subtypes of APOE (E2, E3, and E4) in the database we utilized. Although APOE was highly expressed in 
several tumors and associated with poor prognosis, the specific underlying mechanism was not explored. Therefore, 
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further investigation is needed to elucidate the specific role of APOE in each tumor. Future studies should focus on 
validating the expression and function of APOE both in vivo and in vitro.

Conclusion
In summary, the findings of this study suggest that APOE can serve as a prognostic biomarker for predicting the 
prognosis of various types of cancer. Furthermore, the observed correlation between APOE and TMB, MSI, as well as 
various components of TME, highlights the significant predictive value of APOE in determining efficacy of immu-
notherapy. These findings may provide valuable insights for early cancer diagnosis and precise treatment, and contribute 
to our understanding of the role of APOE in tumorigenesis and progression.
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