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Abstract: Apolipoprotein E (APOE), a gene identified as one of the strongest genetic factors contributing to the risk

determinant of developing late-onset Alzheimer’s disease (AD), may also contribute to the risk of cancer. However,

no pan-cancer analysis has been conducted specifically for the APOE gene. In this study, we investigated the

oncogenic role of the APOE gene across cancers by GEO (Gene Expression Omnibus) and TCGA (The Cancer

Genome Atlas). Based on the available data, we found that most cancer types overexpress APOE, and clear

associations exist between the expression level of APOE and prognosis in tumor patients. The expression of APOE

also correlates with certain gender-associated tumors including, ovarian cancer, uterine carcinosarcoma, and breast

cancer. However, there is a significant negative association between cancer-associated fibroblast infiltration levels and

the expression level of APOE in testicular germ cell tumors. Moreover, acute inflammatory response and protein-

activation cascade-associated functions play an important role in the functional mechanisms of APOE. The present

pan-cancer analysis of APOE shows that the protein phosphorylation, DNA methylation, and genetic alterations of

APOE have a significant clinical relevance for survival prognosis and immune cell infiltration. This novel pan-cancer

study outlines the current understanding of APOE oncogenic roles across thirty-three cancers and highlights the

complex association between AD and cancers.

List of Abbreviations
APOE Apolipoprotein E
TCGA The Cancer Genome Atlas
UCEC Uterine Corpus Endometrial Carcinoma
TGCT Testicular Germ Cell Tumors
GEO Gene Expression Omnibus
GTEx Genotype-tissue expression
AD Alzheimer’s disease
SP Senile plaques
GEPIA2 Gene Expression Profiling Interactive Analysis 2
CPTAC Clinical Proteomic Tumor Analysis Consortium
FC Fold change
CAFs Cancer-associated fibroblasts
OS Overall survival
DFS Disease-free survival

CAN Copy number alteration
BRCA Breast invasive carcinoma
ESCA Esophageal carcinoma
LIHC Liver hepatocellular carcinoma
PRAD Prostate adenocarcinoma
STAD Stomach adenocarcinoma
HNSC Head and neck squamous cell carcinoma
THCA Thyroid carcinoma
CHOL Cholangiocarcinoma
COAD Colon adenocarcinoma
LUAD Lung adenocarcinoma
OVs Ovarian serous cystadenocarcinoma
PCPG Pheochromocytoma and Paraganglioma
PAAD Pancreatic adenocarcinoma

Introduction

Cancer is one of the leading causes of death, leading to millions
of deaths globally each year, despite significant advances in
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cancer biology and therapy. Some primary challenges in drug
development include the complexity of biological systems and
the lack of data. There has been a great effort to share cancer
data openly to understand these diseases. For example, the
Cancer Genome Atlas (TCGA) and International Cancer
Genome Consortium (ICGC) have profiled molecular
landscapes of 33 cancer types in over 11,100 patients. Millions
of somatic mutations have been identified across human
cancers, with thousands of alleles implicated in disease
causation. Alzheimer’s disease (AD) is an acquired and
progressive cognitive impairment and a degenerative brain
disease. AD patients are estimated to be about 75 million by
2030 and 1.315 billion by 2050 [1], with anticipated continued
acceleration as the aging population continues to rise. The
causes of both AD and cancer are complex; importantly, these
diseases are thought to be impacted by both social and
biological effects, including alterations of lipoproteins.

Apolipoprotein E (APOE) is a lipoprotein encoded by
the APOE gene and a primary lipid carrier in the brain.
APOE has three common subtypes: APOE2, APOE3, and
APOE4, encoded by the ε2, ε3, and ε4 alleles. A primary
component of amyloid plaques, APOE is the strongest risk
locus for late-onset AD and promotes the deposition and
accumulation of amyloid plaques. Amyloid β (Aβ) is
associated with AD and can induce cytotoxicity in tumor
cells [2]. Moreover, anti-APOE immunotherapy inhibits the
accumulation and deposition of amyloid, which further
supports the role of APOE in aβ aggregation and clearance.

APOE plays a unique role in AD, and the inverse association
between AD and cancer has been previously reported [3–5].
Longitudinal [6–9] and cross-sectional [10–12] studies alike have
reported statistically significant effects of the APOE genotype on
AD signature cortical thickness and hippocampal volume in
patients with AD, although with contradictory results [13].
Interestingly, incidence rates of AD are greater in women, and
some cancers are gender-specific, including invasive breast
carcinoma (BRCA), uterine corpus endometrial carcinoma
(UCEC), and testicular germ cell tumors (TGCT). This
observation indicates that both AD and cancer have a gender
effect. Previous research also indicates that the inverse
relationship between AD and cancer could be associated with
estrogen [3–5]. However, studies investigating APOE in cancer
are limited. Here, we compared APOE expression in tumors and
its corresponding control tissue across about 33 different cancers.

The present study provides the first pan-cancer analysis of
APOE across different cancers using datasets of the NCBI Gene
Expression Omnibus (GEO) and TCGA. To further investigate
the potential molecular mechanism of APOE involved in the
pathogenesis of different cancer types, we analyzed gene
alteration and mutation, protein phosphorylation, survival
prognosis, GO enrichment, KEGG pathways, and immune
infiltration. The present study carried out a thorough and
necessary investigation of the specific effects of APOE on
human cancers.

Methods

Gene expression analysis of APOE
The “Gene_DE” module of the TIMER2.0 web server (http://
timer.comp-genomics.org/). TIMER2.0 represents the tumor

immune estimation resource v2, and it was used to explore
the differences between APOE mRNA levels in multiple
tumor tissues and matched normal tissues by the TCGA
database. There are no data available about APOE isoforms
in the databases; therefore, we analyzed APOE expression as
a whole. For tumors without normal tissue counterparts, the
Genotype-tissue expression database (GTEx) was analyzed
to generate plots that show the expression difference for
mRNA using the GEPIA2 (Gene Expression Profiling
Interactive Analysis 2, http://gepia2.cancer-pku.cn/) [14].
The cutoff values were set as a p-value less than 0.001, and
the log2 fold change (FC) equals 2.5.

To determine the protein expression difference in APOE
between tumor tissues and matched normal tissues, this study
analyzed protein expression using the UALCAN. Ten tumor
types (ovarian cancer, colon cancer, breast cancer, head, and
neck squamous cell carcinoma (HNSC), endometrial cancer,
renal cell cancer, pancreatic adenocarcinoma (PAAD),
glioblastoma multiforme (GBM), hepatocellular carcinoma,
and lung adenocarcinomas) were available for analysis. The
datasets used were from The National Cancer Institute’s
Clinical Proteomic Tumor Analysis Consortium (CPTAC).

The expression level of APOE at various pathological
stages for different tumor types was examined by the “Stage-
plot” panel using GEPIA2. A threshold of 0.5 was set to
split the cohorts into high- and low-expression groups.

DNA methylation analyses
The APOE DNA methylation was analyzed through the
methylation module by TCGA and UALCAN [15,16]. There
are 33 tumors available for the present analyses. Four
probes of the APOE promoter were applied to uncover the
DNA methylation levels of APOE: cg04406254, cg14123992,
cg26190885, and cg01032398.

Survival prognosis of APOE
The “Survival Map” panel was applied to provide figures for
overall survival (OS) and disease-free survival (DFS)
through GEPIA2. A threshold value of 0.5 was set to divide
the high and low-expression cohorts. We utilized the log-
rank test to conduct the hypothesis testing.

Genetic alteration analysis of APOE
The cBioPortal webserver (cBio Cancer Genomics Portal,
https://www.cbioportal.org/) [17,18] was applied to analyze
the genetic alteration, variation, and mutation of APOE
through the “quick search” tab and “TCGA Pan-Cancer Atlas
Studies” panel. Then, this step leads to the panel of Cancer
Types Summary, which demonstrates copy number alteration
(CNA), together with alteration frequency and mutation type
across all analyzed tumors. In addition, the “mutations” panel
demonstrates the information on the mutated site for APOE,
and the “comparison” panel demonstrates the results of the
OS, DFS, and progression-free survival of TCGA cases for
both altered and unaltered groups. Finally, Kaplan-Meier
curves were generated with log-rank p-values.

Immune infiltration analysis of APOE
The potential association between the expression level of
APOE and immune infiltration was examined and estimated
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by the “Immune Estimation” function of the TIMER2. In the
“Gene” module, we selected “APOE” under Gene Expression,
T cell CD8+, and cancer-associated fibroblasts under Immune
Infiltrates. The algorithms include TIMER, CIBERSORT-ABS,
EPIC, QUANTISEQ, CIBERSORT, MCP-COUNTER, and
XCELL. These methods were adapted to obtain the
estimation of immune infiltration of T cell CD8+. The
algorithms of EPIC, MCP-COUNTER, XCELL, and TIDE
were used to obtain the estimation of immune infiltration of
cancer-associated fibroblasts (CAFs).

Gene-related enrichment analysis of APOE
In this study, we used the STRING webserver to search
protein name “APOE” with the organism selection of
“Homo sapiens” [19,20]. The STRING website was https://
string-db.org/. The used parameter settings included
“evidence,” “Experiment,” “low confidence (0.150)” for
minimum interaction, and “no more than 50 interactors”
for the max potential number of interactors to display in 1st
shell. The results provide 50 proteins binding to APOE.

We used “Similar Gene Detection” to get 100 top APOE-
correlated targeting genes using the TCGA dataset from
GEPIA2. The “Correlation Analysis” was utilized to
calculate the Pearson correlation coefficient for the selected
top genes. Moreover, the log2 TPM was used for generating
dot plots. Additionally, the correlation coefficients with
corresponding p-values were also provided from GEPIA2.
The “Gene_Corr” panel of TIMER2 was utilized to produce
heatmaps with the p-value and corresponding partial
correlation in Spearman’s test. Furthermore, an analysis of
the APOE-binding and interacting genes were represented
using Venn diagrams. Likewise, the statistical analyses and
enriched pathways were analyzed with the R packages,
including “clusterProfiler,” “ggplot2”, together with “tidyr”.

Results

APOE is overexpressed in seven tumors
In the TCGA database, the APOE expression was statistically
significantly higher in some tumor tissues compared to the
matched control tissues, which include BRCA, HNSC, Liver
hepatocellular carcinoma (LIHC), esophageal carcinoma (ESCA),
prostate adenocarcinoma (PRAD), stomach adenocarcinoma
(STAD), and thyroid carcinoma (THCA) (Fig. 1A, p-value less
than 0.001). The APOE expression level was statistically
significantly lower in certain tumor tissues than in the matched
control tissues, particularly in cholangiocarcinoma (CHOL), with
a p-value less than 0.001), and Colon adenocarcinoma (COAD),
PAAD, Ovarian serous cystadenocarcinoma (OVs), and
Pheochromocytoma and Paraganglioma (PCPG), all with p < 0.01.

Furthermore, significant expression differences of APOE
were observed between tumor and normal tissues of GBM,
Brain lower grade glioma (LGG), Lymphoid neoplasm
diffuse large B-cell lymphoma (DLBC), TGCT, Skin
cutaneous melanoma (SKCM), and Thymoma (THYM)
(Fig. 1B, p < 0.001). Based on GEO datasets, APOE
expression was upregulated in seven tumors (DLBC, LGG,
PAAD, STAD, TGCT, THYM, and Uterine Carcinosarcoma
(UCS); Fig. 1C) and downregulated in three tumors (CHOL,
LAML, PCPG; Fig. 1C).

APOE total protein is significantly heightened in the
primary tissues of some cancers, including breast cancer,
colon cancer, ovarian cancer, UCEC, and LUAD (as shown
in Suppl. Fig. S1, p < 0.001) compared to their matched
normal tissues, as indicated by the CPTAC dataset analyses.
The protein expression of APOE in the tumor group was
decreased for breast cancer, colon cancer, renal cell cancer,
ovarian cancer, endometrial cancer, HNSC, and lung
adenocarcinoma, compared to their normal tissues. The
results demonstrated that in the tumor group, the protein
expression of APOE was increased for pancreatic
adenocarcinoma and hepatocellular carcinoma compared to
the corresponding normal tissues. Moreover, the expression
level of APOE was found to be statistically significantly
associated with the stages of cancer in BLCA, BRCA, ESCA,
HNSC, Kidney renal clear cell carcinoma (KIRC), LIHC,
STAD, and THCA (Suppl. Fig. S2, all p-values are less than
0.05), as determined using GEPIA2. The later stages of
tumor progression tend to have higher expression levels of
APOE, except for THCA. A decrease in expression was
observed for most of the analyzed tumors, except for PAAD
and Hepatocellular carcinoma.

Overexpression of APOE predicts a better prognosis in gliomas
We next investigated the effect of APOE expression on OS and
DFS. To date, no statistical association has been conducted
between the expression levels of APOE and the patient
prognosis in DFS. Higher APOE expression indicated better
prognosis in the GBMLGG and TARGET-OS groups after
OS analysis (Fig. 2). However, higher APOE expression in
ACC and COADREAD show unfavorable results, indicating
that APOE may have both positive and negative effects on a
patient’s survival outcomes.

Amplifications are the most frequent genetic alterations of
APOE
Amplifications of APOE, the most frequent DNA alteration in
the TCGA pan-cancer panel, were observed primarily in
UCEC, OV, and BRCA patients (Fig. 3). In contrast, APOE
deletions in malignancies were sparsely distributed along the
functional region of APOE without apparent hot spot sites
of mutation (Fig. 3). The K87N was the most frequent
mutation (Fig. 3), a potential inactivating mutation.

Genetic alterations of APOE were investigated across
various cancer samples in the cohorts from TCGA. The
analyses of APOE demonstrated that the most common
DNA alteration was the observed “amplification” of CNA
from TCGA pan-cancer, as demonstrated using the
cBioPortal website. Amplifications were primarily observed
in UCS, Cervical Squamous Cell Carcinoma (CESC),
Adrenocortical Carcinoma (ACC), Lung Squamous Cell
Carcinoma (LUSC), Mesothelioma (MESO), HNSC, PAAD,
and KIRC (Fig. 3).

The overall mutation rate of APOE was relatively low
(less than 1%) across all cancer types. The highest frequency
of APOE mutation changes (0.91%) was observed in STAD
patients, followed closely by BLCA (0.49%) (Fig. 3). UCS
patients tend to have high levels of CAN amplification, with
a frequency change of 8.77%. No hot spot mutation sites for
APOE were observed in the current dataset. However, the
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most frequent alteration in the Apolipoprotein region was
demonstrated from the three-dimensional model of APOE (Fig. 3).

We also examined the association between genetic
variation and the expression of APOE. The cBioportal
analyses indicated that the observed mutations were not

directly associated with APOE RNA expression (Suppl. Fig. S3A).
Similarly, there was no direct relationship between DNA copy
variations and APOE expression (Suppl. Fig. S3B). This result
indicates that the expression of APOE was not due to genetic
alterations.

FIGURE 1. The mRNA expression profiles of APOE in different studies unifying data from The Cancer Genome Atlas (TCGA) and the
Genome Tissue Expression Consortium Project (GTEx). (A) The expression level of APOE in different cancers was analyzed using
TIMER2.0. with the p-value cut-offs of *p < 0.05; **p < 0.01; and ***p < 0.001. (B) For the six selected cancer types in the TCGA project,
their matched normal tissues from the GTEx database were analyzed as normal controls. (C) The APOE expression profiling in different
types of tumors was analyzed through GEPIA2. Red represents tumor groups, and blue represents their corresponding normal controls.

16 SHOUKAI YU et al.



Finally, the potential association between genetic variations
of APOE and the patient prognosis was also investigated. Results
indicate that the presence of genetic alterations of APOE cannot
be used to predict the patient’s prognosis.

DNA methylation of APOE varies across different cancers
In this study, we used four probes in the APOE promoter to
detect the potential methylation levels of APOE (Suppl. Figs.
S4 and S5). The DNA methylation level of APOE did not
change for the seven upregulated and three downregulated
tumors. Because no available DNA methylation dataset
exists for normal controls for tumors DLBC, LGG, SKCM,
UCS, and LAML, no direct comparison was conducted for
the global DNA methylation level. Instead, this study
compared DNA methylation levels across different
populations (Caucasian, African-American, and Asian) or
tumor stages (Stage 1 to Stage 4). However, no change in
levels of DNA methylation was observed. Together, these
results indicate that DNA methylation does not play a key
part in abnormal APOE expression.

Phosphorylation levels of APOE vary across different cancers
We compared the phosphorylation levels of APOE in primary
tumor tissue and their matched normal tissue by CPTAC for
three types of tumors: breast cancer, ovarian cancer, and
UCEC. The phosphorylation site at the S147 locus of APOE
significantly differs from the control group for all three
examined cancer types (Suppl. Fig. S6). Notably, the
S147 locus has a statistical significance in the declined

phosphorylation level of primary tumor tissues compared to
their matched normal tissues in breast cancer with the
p-value of 4.61e-13 and ovarian cancer with the p-value of
1.07e-06, but not for UCEC (p = 1.65e-01).

A positive correlation was identified between immune infiltration
analyses and APOE
The algorithms of TIMER, EPIC, MCP-COUNTER,
CIBERSORT, CIBERSORT-ABS, QUANTISEQ, XCELL,
and TIDE were applied to explore the correlations among
the infiltration level of immune cells, which include T cell
CD8+ and CAFs using TCGA and APOE expression for
different cancer types (Suppl. Figs. S7 and S8). APOE
expression in COAD, for example, is statistically significantly
positively associated with the infiltration level of CAFs (R =
0.703, p = 3e-42, Fig. 4) according to the MCPCOUNTER
algorithm. Significant positive correlations were also observed
among the expression level of APOE and the immune
infiltration of CAFs in BLCA, COAD, HNSC, PAAD, PCPG,
ESCA, READ, and STAD by TCGA.

Enrichment pathways identified for APOE
To investigate the potential molecular mechanism of APOE in
tumorigenesis, the present study screened the genes related to
the expression of APOE and the targeting of APOE-binding
protein for pathway enrichment. Fifty APOE-binding
proteins were analyzed by the STRING analysis, forming an
interaction network. The 100 top genes related to the
expression of APOE were calculated using GEPIA2 based on

FIGURE 2. Overall survival (OS) of malignant tumors
with APOE abnormal expression. Higher APOE
expression represented a better survival prognosis in
the GBMLGG and TARGET-OS data, while higher
APOE expression in ACC and COADREAD
indicated a worse prognosis.

COMPREHENSIVE ANALYSIS OF THE EXPRESSION AND PROGNOSIS FOR APOE IN MALIGNANCIES 17



all tumor data by TCGA. These above datasets share eight
common members (ALB, APOA1, APOA2, APOB, APOC2,
APOH, HPX, and LCAT), some of which are positively
correlated across cancer types (Suppl. Fig. S9). There is a
positive correlation between APOE and APOA1 across
many of the analyzed cancers (Fig. 5).

The two data sets were combined to conduct further
KEGG and GO enrichment analysis. This study demonstrates
that enrichment accentuates “acute inflammatory response,”
“protein-activation cascade” in biological processes GO
components (BP), “blood microparticle” in cellular
components GO components (CC), and “Complement and
coagulation cascades” in KEGG pathway database (Fig. 5).

Discussion

APOE gene polymorphism is the main genetic risk
determinant of late-onset AD (20), and different alleles of

APOE play different roles in AD development [21–23] and
alter in frequency in the general population. The most
common allele (e3) is found in more than half of the
general population, and the next most common, e4,
increases the risk of developing AD. Although AD and
cancer are associated with age, previous studies [3–5,24–26]
have demonstrated an inverse relationship between cancer
and AD in several aspects, including estrogen, P53
expression, neurotrophins and growth factors (NGF),
epidermal growth factor receptor (EGFR), cAMP, and PI3K/
AKT/mTOR pathway, among others. Based on the available
data, this study analyzed APOE expression.

The phosphorylation analyses using the CPTAC dataset
were available for three cancer types: breast cancer, ovarian
cancer, and UCEC. Phosphorylation levels of S147 locus
tumors decreased for all three cancer types. Still, they were
only statistically significant for breast cancer (p = 4.61e-13)
and ovarian cancer (p = 1.07e-06) compared to the normal

FIGURE 3. Genetic variation of APOE in different types of tumors. (A) Genetic variation of APOE in different types of tumors through the
cBioPortal site. There are 32 studies with a total of 10,953 patients with 10,967 samples. The altered/profiled ratio is 149/10950. (B) The most
observed mutation was K87N in the TCGA cohort, which was predicted to be inactivating mutation.
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corresponding control group. The APOE protein level in the
primary tumor was lower than in corresponding normal
tissue for seven cancer types and higher for three cancer
types (Glioblastoma multiforme, PAAD, and Hepatocellular
carcinoma) in the UALCAN databases (Suppl. Fig. S1, all
p < 0.01). This posttranslational modification site’s clinical
and biological significance remains to be determined. One
possibility is that the statistical significance in decreased
levels of APOE phosphorylation at the S147 locus might
serve as signals of dysregulated functional patterns in tumor
samples. Additional research is required to fully understand
the specific roles of S147 phosphorylation of APOE and cell
cycle regulation in tumorigenesis.

In this study, the mRNA expression levels of APOE were
significantly increased for seven out of the top ten cancers
containing genetic alterations (Figs. 1 and 3), most of which
were amplifications. This result indicates the potential
positive correlation between mRNA expression levels and
genetic amplifications. Furthermore, the non-significant
results for mutation and DNA copy number variants (Suppl.

Fig. S3) also confirm the lack of direct correlation between
mRNA levels of APOE and genetic alterations. However, it
is worth noting that APOE has been previously identified as
a regulator in tumorigenesis [27,28]. The DFS and OS
analyses also indicate the different roles played by APOE
across cancer types. However, for many tumors the
prognosis is difficult to obtain from the expression level of
APOE alone. In addition, previous research indicated that
diet could impact the levels of APOE expression [29,30].

Although the protein expression levels of APOE cannot
be predicted from the mRNA level of APOE directly, the
decreased protein expression levels of APOE were regulated
in female-dominant cancer types, such as breast cancer,
ovarian cancer, and UCEC (as shown in Suppl. Fig. S1).
Relatedly, the incidence of AD in females is twice that of
males, further suggesting a potential inverse relationship
between AD and some cancer types. Furthermore, lower
protein expression levels of APOE were obtained for clear cell
renal carcinoma, colon cancer, LUAD, and HNSC, an
observation confirmed by phosphorylation analyses (Suppl.

FIGURE 4. The potential association
among APOE expression and
immune infiltration of cancer-
associated fibroblasts (CAFs). Four
algorithms were utilized to explore
the associations between APOE
expressions and the infiltration of
CAFs in different cancers. The
correlation and scatterplot for three
selected cancer types are shown in
the right panels.
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Fig. S6). Finally, we report a negative relationship between
APOE expression and immune infiltration of CAFs for
TGCT. However, the relationship between APOE expression
and immune infiltration of CAFs for PRAD was positive. A
statistically significant positive association among the
expression levels of APOE and immune infiltration of T cell
CD8+ for BRCA-Her2, CESC, OV, and UCEC was also
observed, suggesting the high APOE expression in those
tumors may impact the formation and function of some
immune cells.

The immune microenvironment plays an important
part in cancer initiation, progression, or elimination. A
wide range of algorithms was used to explore the potential
association between the immune infiltration levels of
CD8+ T-cells and APOE expressions in certain tumors,
such as BLCA, CESC, LUAD, LUSC, OV, STAD, THCA,
and UCEC (Suppl. Fig. S8). These results are the first to
reveal a positive correlation among the expression levels of
APOE and the estimations of infiltration value of CAFs in
some tumors. This result includes the tumors of BLCA,

COAD, ESCA, HNSC, PAAD, PCPG, READ, and STAD
based on the results from these algorithms (Fig. 4 and
Suppl. Fig. S7).

We now address possible limitations and further
directions of the current study. First, this study evaluated
the mRNA level of APOE, and associated protein levels
should be verified in future studies. Second, other
possibilities, including histone modifications and
glycosylation, may lead to abnormal expression of APOE,
which requires further exploration. In addition, the racial,
gender, and age might contribute to the expression of
APOE. Third, results need further validation in larger
cohorts because the current study was based on open-source
databases. Fourth, the physiology and pathology of ε2 and
ε4 have been reported. Their effects on APOE expression
and blood level could be different. The effect of rare
isoforms might dilute the analysis of the total APOE level.
Fifth, systematic biases may exist in the data and respective
analyses due to the retrieval of various information from
different databases. Additional research is required to

FIGURE 5. Results of pathway enrichment analysis of APOE. (A) The STRING analysis identified a total of 50 proteins that bind to APOE.
There were 100 genes in the TCGA database associated with APOE. (B) The results from the KEGG pathway analysis were calculated from the
APOE-binding and interacting genes. (C) The intersection graph of the APOE-binding and APOE-correlated genes. (D) The cnetplot for gene
oncology analysis.
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investigate the specific roles of APOE in different cancers and
Alzheimer’s therapy.

Conclusion

This pan-cancer analysis of APOE shows that the genetic
alterations, protein phosphorylation, and DNA methylation of
APOE has significant clinical relevance for survival prognosis
and immune cell infiltration. Both cancers and AD are
correlated with aging, but there is a potential inverse relationship
for certain cancers. Based on currently available data, we
analyzed APOE expression as a whole. This study’s results show
that the total protein level of APOE and the phosphorylation
level of APOE at the S147 site in the primary tumor were
higher than in the normal control group. Further investigation is
required to assess the roles of APOE phosphorylation at S147
and the related role of cell cycle regulation in tumorigenesis.
This study demonstrates that the expression level of APOE is
statistically significantly related to gene expression of immunity-
related genes across different cancers.
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Supplementary Materials

FIGURE S1. The expression of APOE in different types of tumors. (A) The expression level of APOE total protein between
normal tissues and primary tumor tissues within the CPTAC program.

FIGURE S2. The expression levels of APOE and the different pathological stages of different tumor types. The display results of
p < 0.05.

FIGURE S3. The relationship between the expression level of APOE and genetic disorders. (A) The mutations of the APOE gene
were not directly relevant to the RNA expression of APOE. (B) The copy variations were not directly related to the APOE RNA
expression.

FIGURE S4. The upregulated APOE DNA methylation level in different types of tumors. Four probes were used to detect the
DNA methylation level of the APOE promoter. The data were obtained using UALCAN.

FIGURE S5. The downregulated DNA methylation level of APOE in different types of tumors. Four probes were used to detect
the DNA methylation level of the APOE promoter. The data were obtained using UALCAN.

FIGURE S6. The results of phosphorylation analysis for APOE in different types of tumors through the CPTAC program and
the UALCAN.

FIGURE S7. The association among the expression levels of APOE and immune infiltration of cancer-associated fibroblasts
(CAFs). Four algorithms were utilized to explore the association between the expression levels of APOE and the infiltration
of CAFs in different types of cancers.

FIGURE S8. The association among the expression levels of APOE and immune infiltration of T cell CD8+. Ten algorithms
were utilized to explore the association between APOE expression and infiltration of T cell CD8+ in different types of cancers.

FIGURE S9. (A) Heatmap results for selected types of cancers. (B) The correlations among the expression levels of APOE and
selected targeted genes.
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