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Background: Cholangiocarcinoma (CCA) is a kind of devastating malignancy, which is
correlated with the extremely high mortality. Due to the occult pathogenesis of CCA, most
patients are diagnosed in the advanced stage. However, the efficacy of chemotherapy
and immunotherapy is limited for these patients. The cause for this phenomenon is
unclear, the recent researches indicate that it could be related to predisposing genetic
factors and tumor microenvironment (TME) changes. The TME is created by the tumor
and dominated by tumor-induced interactions. And the tumor prognosis could be
influenced by the extent of infiltrating immune cells and stromal cells in TME.

Materials and methods: The abundance ratio of immune cells for each sample was
obtained via the CIBERSORT algorithm, and we used ESTIMATE score system to
calculate the immune and stromal scores in CCA. The CCA cases in TCGA database
were categorized into high and low score groups according to their immune/stromal
scores. And then, we identified the differential expressed genes (DEGs) in two groups.
Functional enrichment analysis and protein-protein interaction networks were carried out
for DEGs. Interestingly, we found out that apolipoprotein B (APOB) is the most down-
regulated among these genes. Then we performed the immunohistochemistry staining of
APOB in a CCA tumor microarray which contained 100 CCA cases, APOB was down-
regulated in CCA samples. Thus, we evaluated the APOB function in the TME of CCA
through TIMER.

Results and Conclusion: The results demonstrate that the infiltration degree of immune
cells in CCA could be influenced by the expression of APOB, and the APOB expression
could be mediated by DNA methylation. Our study not only indicates APOB is a potential
target for CCA immunotherapy but also provides new ideas for researchers to explore the
immunotherapy of various tumors.
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INTRODUCTION

Cholangiocarcinoma (CCA) is a malignant tumor derived from
cells of the biliary tract. CCA presents as several different types of
epithelial cell carcinomas, which are characterized by late
diagnosis and poor prognosis (1, 2). On the basis of the
anatomical locations, CCA could be divided into three different
types: intrahepatic cholangiocarcinoma (ICC), perihilar
cholangiocarcinoma, and distal cholangiocarcinoma (1, 3, 4).
The incidence of CCA is increasing all over the world, and it
could be related to an interplay between predisposing genetic
factors and environmental triggers (2, 5, 6). Due to the unspecific
symptoms, most patients were diagnosed at advanced stages.
Chemotherapy and radiotherapy have been poorly effective for
patients with inoperable tumors. With the development of
further research, immunotherapy has been applied to the
treatment of many cancers (4, 7, 8). However, the efficacy of
immunotherapy for CCA remains poor, and the mechanism is
still unclear.

The tumor microenvironment (TME) refers to the surrounding
environment in which tumor cells reside, and consists of fibroblasts,
immune cells, glial cells, and extracellular molecules (9, 10).
Previous researches have provided the evidence that the TME
could influence tumor evolution to a large extent, which
subsequently affects tumor metastasis, drug resistance, recurrence,
and the prognosis of patients (11-13). Up to now, cancer
immunotherapy has attempted to harness the specificity of some
important proteins to enhance or restore immune cells in the TME
(13, 14). In the TME, immune cells and stromal cells are two major
types of non-tumor components and have been proposed to be
valuable for diagnostic and prognostic assessment of tumors. To
further investigate the role of TME in tumors, a method, referred to
as “estimation of stromal and immune cells in malignant tumors
using expression data” (ESTIMATE) has been described that can be
used to score the stromal and immune fraction in transcriptomic
data of cancer tissue (15-17). This algorithm provides elegant
analysis on calculating immune and stromal scores to predict the
infiltration of non-tumor cells, by analyzing specific gene expression
signature of immune and stromal cells, which could help us to
discover how the activation of tumor-intrinsic genes shapes
tumor microenvironment.

The current study is focused on discovering the potential DNA
methylation gene which is associated with the TME changes in
CCA. By taking advantages of ESTIMATE algorithm-derived
immune scores based on CCA TCGA data sets, a group of TME-
associated genes in CCA were extracted. Then we identified that
apolipoprotein B (APOB) ranked first in the protein-protein
interaction (PPI) network analysis of the TME-associated genes.
Besides, we found out that APOB was down regulated in CCA
tissues, and its expression could be modified by DNA methylation.
We also validated the immune correlation through the online
website “TISIDB,” the data indicated that the infiltration degree of
immune cells was related to the DNA methylation of APOB. All
these results demonstrated that APOB might act as a potential DNA
methylation target for the immunotherapy of CCA. Furthermore,
this study also provides a new approach for us to explore
immunotherapeutic cell and gene targets for CCA.

MATERIALS AND METHODS

Data Sources

The gene expression data sets analyzed in this study were
obtained from the GEO database (https://www.ncbi.nlm.nih.
gov/geo/). A total of 1,123 series which were associated with
human cholangiocarcinoma were retrieved from the database.
After a careful review, specific gene expression profiles, namely,
GSE26566 was selected. All of the data utilized in the study are
freely available online, and no animal or human experimentation
was associated with this study.

GEPIA

Gene Expression Profiling Interactive Analysis (GEPIA) (http://
gepia.cancer-pku.cn/), is a web-based tool with fast and
customizable features based on The Cancer Genome Atlas
(TCGA) data for analysis of the key interactive gene expression
profiles for the TME-associated genes of CCA in this study (18).

Data Processing of Differential

Expressed Genes

We used the GEO2R online analysis tool (https://www.ncbi.nlm.
nih.gov/geo/geo2r/) to discover the differential expressed genes
(DEGs) associated with the high-immune score/high-stromal
score group and the low-immune score/low-stromal score
group (high or low grouping is determined based on the
median), and the adjusted P-values and |logFC| values were
calculated. Genes that met the cutoff criteria (adjusted P < 0.05
and |logFC|>2.0), were considered as DEGs. Statistical analyses
were carried out for each data set, and the intersecting portions
were identified using the Venn diagram webtool
(bioinformatics.psb.ugent.be/webtools/Venn/).

Gene Ontology (GO) and KEGG Pathway
Analysis of DEGs

GO analysis is a common but extremely useful method for large
scale functional enrichment research; Genes can be classified into
different types, namely, genes related to biological processes
(BP), genes related to molecular functions (MF), and genes
that are cellular components (CC).

KEGG is a database, which collects large amounts of data
associated with genomes, biological pathways, diseases, chemical
substances, and drugs. The GO annotation analyses and the
KEGG pathway enrichment analyses of DEGs involved with this
study were performed using the Database for Annotation,
Visualization and Integrated Discovery (DAVID) tools (https://
david.ncifcrf.gov/). The data sets, which met the cutoff
criteria (P < 0.01 and gene counts>10), were considered
statistically significant.

PPl Network Construction and Hub

Gene Identification

The DEGs were uploaded to the Search Tool for the Retrieval of
Interacting Genes (STRING) database analysis platform to
obtain a PPI map. The PPI pairs which possessed a combined
score>0.4 were then extracted. Subsequently, the PPI
network was visualized with the help of the Cytoscape software
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(www.cytoscape.org/). The Nodes with higher degrees of
connectivity tend to be more essential in maintaining the
stability of the entire network. The top 10 genes (ranked
according to their centrality indices) were considered to be
potential hub gene candidates.

Immunohistochemistry Assay

The paraffin-embedded 100 CCA (including intrahepatic
cholangiocarcinoma (n = 42), extrahepatic cholangiocarcinoma
(n = 37), portal cholangiocarcinoma (n = 21)) and 25 adjacent
normal liver tissue from our center were used for
immunohistochemistry. The tissues were cut at 5 pm,
deparaffinized in xylene, and rehydrated in a series of graded
alcohol dilutions. Heat epitope retrieval was done for 20 min in a
target-retrieval solution in the condition of pH 7.5. The
histological sections were incubated with a rabbit polyclonal
anti-APOB antibody (Abcam, ID: ab231574) at the dilution of
1:500 overnight at 4°C. Then the slides were incubated with HRP
at room temperature for 30 min, and were subsequently
visualized using DAB (diaminobenzidine, a chromogenic
substance) for 5 to 10 min. The German semi-quantitative
scoring system was used to assess staining intensity and area.
Each specimen was assigned a score according to the intensity of
nuclear staining (no staining/not detected = 0; weak staining/
light yellow = 1; moderate staining/yellowish brown = 2; and
strong staining/brown = 3) and the fraction of stained cells (0% =
0, 1-24% = 1, 25-49% = 2, 50-74% = 3, and 75-100% = 4). The
final score was obtained by multiplying the two scores and
ranged from 0 to 12. Low APOB, 0-4; medium APOB, 4-8;
high APOB, 8-12. An FSX100 microscope equipped with a
digital camera system (Olympus) was used to photograph
the specimens.

University of California Santa Cruz Cancer
Genomics Browser Analysis

The University of California Santa Cruz (UCSC) Xena browser
(http://xena.ucsc.edu/) was a visualization and analytics tool to
analyze and view TCGA database. And UCSC was utilized to
access the CCA data in TCGA database. For gene expression,
RNA-Seq (polyA+ Illumina HiSeq, n = 36) data were
downloaded as log2 (norm_count + 1) values. For the
methylation analysis, data from the Illumina Infinijum Human
Methylation 450 platform were retrieved. This platform
expresses DNA methylation as beta values, a continuous
variable between 0 and 1 representing the ratio of the intensity
of the methylated bead type to the strength of the combined
locus (19).

The Correlation Between Gene Expression
and Methylation Around in the

Promoter Region

MEXPRESS is a web tool which could offer the visualized
analysis of clinical data, the expression (normalized
RNASeqV2 value), and methylation TCGA and detect the
relationship between them for one single gene in the specific
tumor type. In this web tool, it executed the Pearson correlation

to evaluate the difference between expression value and
methylation level. When MEXPRESS faced with clinical
parameter contains only two levels, the system will use a P
value to compare the difference. The false discovery rate was used
to correct for multiple comparisons.

Statistical Analysis

All the statistical tests and analyses were performed using the
SPSS 17.0 software (SPSS) to measure and quantify the relevant
parameters associated with the current study. The quantitative
data from the control and the experimental groups were
compared by using the Student t test or the Wilcoxon signed-
rank test. The chi-square test and the Fisher’s exact test were
used to evaluate any potential association between APOB
expression and the clinic-pathological parameters relevant to
the study. The statistical significance level was set at *P < 0.05,
**P < 0.01.

RESULTS

Immune/Stromal Scores Are Associated
With CCA Subtypes and Prognosis

The 36 cases of CCA RNA-seq profiles and clinical information
were obtained from the TCGA database. According to the
ESTIMATE algorithm, immune scores ranged from —920.01
and 3550.33, and stromal scores ranged from -2043.23 to
759.51. Then, we investigated the relationship between
immune/stromal scores and clinical characteristics to unravel
the influence of TME on CCA. Our analysis results in Figures
1A, B revealed that stromal scores were not correlated with the
TNM stage or the pathologic grade. However, the immune scores
showed negatively related to TNM stage (P = 0.042) and the
pathologic grade (P = 0.029). Besides, the estimate scores showed
correlation to the TNM stage and the pathologic grade (P =
0.017, 0.031).

In order to investigate the potential relationship between
overall survival and stromal/immune scores, we divided the
CCA patients into high-score and low-score groups based on
scores and constructed Kaplan-Meier survival curves. We found
that the immune score was significantly positively correlated
with overall survival (Figures 1C, D). Totally, all these results
indicated that the immune score was associated with the
prognosis of CCA patients.

Identifying Survival-Related Immune Cells
in CCA Microenvironment

Increased tumor infiltrating lymphocytes (TILs) are highly of
prognostic and predictive value for various kinds of tumors.
CIBERSORT, a novel gene expression-based method, can
estimate the levels of distinct leukocyte subtypes in tumors
(20). Then we performed the CIBERSORT analysis to evaluate
the abundance ratio of 22 immune cells in TCGA CCA samples.
Figures 2A-C showed the infiltration degree of different
immune cell subtypes in CCA samples. And compared with
normal liver tissues, only 13 immune cell subtypes showed
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differential infiltration in CCA samples. In addition, as shown in
Figure 2D, B cell memory and T cell CD4 naive were
significantly correlated, and macrophage M1 was negatively
associated with regulatory T cell (Tregs). We executed the
Kaplan-Meier analysis to further identify the correlation
between prognosis value and the 22 types of immune cells
abundance ratio. It could be observed that the infiltration level
of four immune cells was associated with the overall survival of
CCA patients, including T cells CD4 memory activated, NK cells
resting, monocytes, and dendritic cells (Figure 2E).

Comparison of Gene Expression Profile
With Immune/Stromal Scores in CCA

To detect the DEGs in high- and low-immune/stromal score
groups, we compared 36 CCA gene expression profiles in TCGA
database. Heatmaps in Figures 3A, B showed the differential
gene results of the low vs high score group (the TOP 40 DEGs
were shown in the heatmap). Based on stromal scores, we
compared the high score group to low score group and found
out that 641 genes were up-regulated and 2,410 genes were
down-regulated. In comparison to the low immune score group,
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FIGURE 2 | Landscape of immune infiltration in cholangiocarcinoma patients in the TCGA data sets. (A-C) Supported evidence indicated that TILs are highly of
prognostic and predictive value for various kinds of tumors. According to the CIBERSORT algorithm, the evaluation of the abundance ratio of 22 immune cells in
CCA tissues was performed. (D) Associated heat map illustrated that B cell memory and T cell CD4 naive were significantly correlated, and macrophage M1 was
negatively associated with regulatory T cell in CCA. (E) Kaplan-Meier analysis was carried out to further identify the correlation between prognosis value and the 22
types of immune cells abundance ratio. We found out that T cells CD4 memory activated, NK cells resting, monocytes, and dendritic cell abundance ratio were

601 genes were up-regulated and 1134 genes were down-
regulated in the high immune score group (Figures 3C, D).
Besides, the Venny diagram demonstrated that 357 DEGs were
up-regulated, and 85 DEGs were down-regulated both in
stromal/immune high score groups. Therefore, we decided to
concentrate on the DEGs mentioned above for the
subsequent analysis.

Functional Enrichment Analysis of DEGs in
CCA Microenvironment

Then we evaluated the biological functions of these DEGs in
CCA, we performed the GO functional clustering and KEGG
pathway enrichment analysis by DAVID. A total of 20 GO terms

of biological process were identified (false discovery rate, or FDR
<0.05, -log FDR> 1.301). The results showed that the DEGs were
mainly enriched in the biological process, including organic
anion transport, acylglycerol metabolic process, neutral lipid
metabolic process, cytolysis, triglyceride metabolic process, and
acute inflammatory response. Furthermore, 10 terms of cellular
component were discovered, such as blood microparticle, high-
density lipoprotein particle, and very-low-density lipoprotein
particle (Figures 4A, B). KEGG pathway analysis (Figures 4C, D)
demonstrated that the leukocyte transendothelial migration,
chemokine signaling, NF-xB signaling pathway, inflammatory
bowel disease, and cytokine-cytokine receptor interaction, etc,
were influenced by these DEGs. In brief, all these DEGs were
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related to the transmission of various signaling pathways which
were associated with immune cell infiltration.

Protein-Protein Interaction Network
Construction, Hub Genes and Module
Analysis

As shown in Figure 4, 30 terms for KEGG pathway enrichment
analysis were significantly over-represented among these TME
DEGs in CCA samples. Then, the probability of relationship
between pathways was evaluated by STRING tools. The PPI
network was presented in Figure 5A. The co-expression network
genes were mainly related to various signaling pathways
associated with cancer, including retrograde endocannabinoid
signaling, cholesterol metabolism, and cAMP signaling pathway.
The top 10 hub genes in PPI network was represented in Table 1,
including the gene symbol and full gene names. Then, the 10 hub
genes were apolipoprotein B (APOB, degree = 30), interleukin 6
(IL6, degree = 30), apolipoprotein C3 (APOC3, degree = 24),
haptoglobin (HP, degree = 21), histidine-rich glycoprotein
(HRG, degree = 20), complement C8 alpha chain (C8A, degree =

18), fibrinogen gamma chain (FGG, degree = 17),
apolipoprotein A5 (APOAS5, degree = 16), coagulation factor
IX (F9, degree = 14), and plasminogen (PLG, degree = 13).

To further clarify the expression of these hub genes in CCA
and normal tissues, we performed the differential expression
analysis by using GEPIA tools. The results From the box-profiles
in Figure S1 indicated that APOB, APOC3, HP, HRG, FGG,
APOAS5, F9 and PLG were significantly down-regulated in CCA
tissues compared to normal liver tissues. Combining all these
results, we thought APOB might play an important role in
CCA microenvironment.

APOB Is Down-Regulated and Associated
With CCA Immune Cells Infiltration

In order to prove the expression pattern of APOB in CCA, we
observed that APOB was down-regulated in CCA samples
compared to normal liver samples and bile tract samples. All
these results indicated that APOB might act as a suppressor gene
in CCA (Figures S2A, B). In order to further evaluated the
correlation between the APOB and clinical characteristics, then
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FIGURE 4 | GO term and KEGG pathway analysis for DEGs significantly associated with TME infiltration in ICC. The GO functional clustering and KEGG pathway
enrichment analysis were carried out utilizing the DAVID. The results of the GO (A, B) and the KEGG pathway enrichment analyses (C, D) for the identification of

we performed the immunohistochemistry staining of APOB in a
CCA tumor microarray (TMA), which contained 100 CCA cases
from our center. As Figures S2C, D showed, about 53% of the
cases presented the low expression of APOB, and 29% and 18%
of the CCA tissues showed the medium and high expression of
APOB respectively. Then, based on the TNM stage (American
Joint Committee on Cancer (AJCC), 2017 8th) level, the CCA
tissues were divided into T1+T2 group and T3+T4 group, our
results revealed that the APOB expression level in T3+T4 group
was lower than that in T1+T2 group. Besides, we also identified
that, followed by the increase of pathological grade, the
expression of APOB reduced (Figure S2E, P < 0.05). Through
analyzing these results mentioned above, APOB would be a core
target in CCA microenvironment, thus evaluating the
relationship and interaction with immune cells are of great
value for further immune-related research. In this study, we
used TIMER database to validate the correlation between APOB

expression and the level of immune cell infiltration (Figure 5B).
We identified that, followed by the up-regulation of APOB, the
purity of B cells, CD8+ T cells, CD4+ T cell, macrophage,
neutrophil, dendritic cells were reduced.

APOB Expression Is Associated With
Immune-Associated Pathways in CCA

To explore the relevance of APOB expression to CCA
microenvironment, we carried out Gene Set Enrichment
Analysis (GSEA) for CCA cases in GSE26566 based on the
level of APOB expression. As Figure 6 showed, the TGF- 3
signaling pathway, T cell receptor signaling pathway, leukocyte
transendothelial migration, B cell receptor signaling pathway,
apoptosis pathway, and Toll like receptor signaling pathway were
significantly enriched. These involved signaling pathways all

acted as the important roles in tumor immune response for
CCA TME.
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FIGURE 5 | The expression of APOB was related to the immune cell infiltration in CCA. (A) The probability of relationship between pathways of DEGs was evaluated
by STRING tools. The PPI network was established. (B) TIMER database was used to validate the correlation between APOB expression and the level of immune
cell infiltration in CCA. Followed by the up-regulation of APOB, the purity of B cells, CD8+ T cells, CD4+ T cell, macrophage, neutrophil, dendritic cells were reduced.

DNA Methylation Level of APOB Would
Impact CCA Microenvironment

As a major epigenetic modification method, DNA methylation is
implicated in various biological process, which acts as a gene
silencing mechanism, and the CpG island in gene promoter
regions is prone to methylation for a variety of reasons. In this
study, relationship between the APOB and DNA methylation in
CCA was investigated. The Figures 7A, B depict our findings
that compared to the patients with low levels of APOB DNA
methylation, the patients with high DNA methylation levels of

the APOB gene were associated with a worse overall survival and
tumor free survival rate among the patients with CCA. We found
that the methylation of APOB impacted the prognosis of CCA
patients. Taking the application of the UCSC Xena database, we
observed that normal liver tissues showed higher APOB
expressions than CCA tissues, and the DNA methylation level
was negatively correlated with the APOB expression in CCA
(Figure 7C).

Next, we used Meth Primer to study and identify
methylation sites in the APOB CpG island. It was found out
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TABLE 1 | Top 10 Hub Genes With Higher Degree Of Connectivity.

Gene Symbol Gene Description Degree
APOB Apolipoprotein B 30
IL6 Interleukin 6 30
APOC3 Apolipoprotein C3 24
HP Haptoglobin 21
HRG Histidine-rich glycoprotein 20
C8A Complement C8 alpha chain 18
FGG Fibrinogen gamma chain 17
APOA5 Apolipoprotein A5 16
Fo Coagulation factor IX 14
PLG Plasminogen 13

that there were three methylation sites in APOB CpG island. In
addition, we analyzed CCA MEDIP sequence data collected
from TCGA through MEXPRESS database. The results and
observations of these analyses are shown in Figures 7D, E, and
from the results it can be noted that the tumor tissues showed
higher methylation levels when compared with the normal
liver tissues in the APOB CpG islands—cg0763176,
cgl5246511, cg26112457, and cg05606082, these four sites
are the methylation target sites of the APOB CpG island. All
these results indicate that the down-regulation of APOB in
CCA is associated with promoter hyper-methylation.
Subsequently, the 36 CCA cases were divided into APOB
low/high DNA methylation group based on the MEDIP
sequence data. The results in Figure S3 showed that followed
by the increase of APOB DNA methylation level, the
infiltration of neutrophils and B cell naive were accelerated,
but the infiltration of regulatory T cells and CD8+ T cells were
inhibited. On the whole, all these results indicated that DNA
methylation level of APOB might have the influence on the
CCA microenvironment.

DISCUSSION

Cholangiocarcinoma consists of a variety of heterogeneous
carcinomas with characteristics of biliary tract differentiation,
and is thought to arise from the intrahepatic or extrahepatic
biliary tract (3, 21). The etiology might be related to bile
duct stones, primary sclerosing cholangitis (PSC) and other
diseases (7, 22). Up to now, surgery, radiotherapy, and
chemotherapy are used to treat the CCA patients, but the
curative effect is limited (23). With the development of
research, immunotherapy has been applied to the treatment
for many kinds of tumor. In addition, many studies have found
that tumor microenvironment (TME) plays an important role
in tumor immunotherapy response.

The tumor microenvironment is a vascular network, which
consists of different kinds of cells, including fibroblasts, immune
cells, and stromal cells (9, 24). Several pieces of evidence have
indicated TME was not only associated with tumor initiation,
progression, and metastasis, but also could influence the
therapeutic response and clinical outcome of various tumors
(24, 25). The interactions between TME and tumor cells

promoted a portion of tumor cells escaping from the
immunological surveillance and accelerated the progression of
tumors. According to the heterogeneity of TME at various stages
of tumorigenesis, microenvironment-targeted therapy strategies
were proposed, such as blocking the extracellular ligand-receptor
interactions and correlated signaling pathways (26). Up to now,
the correlation between the CCA and TME was still unknown.
Therefore, it is necessary to discover the regulatory mechanism
of microenvironment in CCA.

In this study, utilizing the CIBERSORT algorithm, we estimated
the infiltration level of each immune cell subtype of each CCA
specimen obtained from TCGA database. Through the integrative
analysis, our findings revealed that the abundance ratio of the four
immune cells was related to the survival of CCA patients via
Kaplan-Meier analysis, including T cell CD4 memory activated,
monocyte, NK cells resting, and dendritic cells activated. Then we
also calculated the immune and stromal scores of these CCA
samples through ESTIMATE score system. And 442 differentially
expressed genes (DEGs) were yielded from comparison of high vs.
low immune scores (or stromal scores) groups. Then we further
identified the hub genes among these DEGs using the PPI network
analysis. Interestingly, it was found out that APOB ranked top 1 in
the PPI network, and the GEO database also confirmed that APOB
was significantly downregulated in the CCA TME. Thus, we
suspected that APOB might be associated with the immune cell
infiltration in CCA.

APOB is known to be a member of the apolipoprotein family,
but in this study, we firstly revealed that it contributed to the
TME establishment of CCA. The research strategy was presented
in Figure 8. Based on the evidence mentioned above, we used
TIMER database to validate the correlation between APOB
expression and the level of immune cell infiltration. We
identified that the purity of B cells, CD8+ T cells, CD4+ T
cells, macrophage, neutrophil, dendritic cells were reduced
followed by the up-regulation of APOB in CCA. Besides,
GSEA were also carried out for CCA cases in GSE26566 based
on the expression of APOB. As the results shown, tumor
immune response involved pathways, such as TGF-B signaling
pathway, T cell receptor signaling pathway, and leukocyte trans-
endothelial migration pathway were changed followed by the
differential expression of APOB in CCA. From the TCGA
database of CCA, we found that the tumor tissues showed
higher DNA methylation levels when compared to their
normal liver tissue at the sites ¢g0763176, cgl5246511, and
€g26112457, and cg05606082 - which were the target sites of
the APOB CpG island. It can therefore be suggested that APOB
could be modified by DNA methylation and associated with the
microenvironment reprogramming in CCA tissues.

APOB has been confirmed by many studies to be a gene
closely related to lipid metabolism and can play an important
role in atherosclerosis, non-alcoholic fatty liver, and
cerebrovascular stroke. Reviewing the literatures, we found that
APOB played a role as an oncogene in many tumors, but not as a
potential tumor suppressor gene in cholangiocarcinoma as we
found. Whether APOB makes a special contribution in the
pathogenesis of CCA, it should be further explored in the
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FIGURE 6 | GSEA for CCA cases in GSE26566 based on the level of APOB expression. It was observed that the TGF- B signaling pathway, T cell receptor
signaling pathway, leukocyte transendothelial migration, B cell receptor signaling pathway, apoptosis pathway, and Toll like receptor signaling pathway were
significantly enriched.
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FIGURE 7 | The APOB expression was correlated to DNA methylation in CCA. Through Kaplan-Meier analysis, the high APOB DNA methylation group showed
worse prognosis than low APOB DNA methylation group in CCA (A, B). Taking the application of the UCSC Xena database, we observed that normal liver tissues
showed higher APOB expressions than CCA tissues, and the DNA methylation level was negatively correlated with the APOB expression in CCA (C). Additionally,
with the help of MEXPRESS, it can be noted that the tumor tissues showed higher methylation levels when compared with the normal liver tissues in the APOB CpG
islands —cg0763176, cg15246511, cg26112457, and cg05606082, these four sites are the target sites of the APOB CpG island (D, E). *P < 0.05, **P < 0.01.

future. Besides, we identified that DNA methylation mediated  lung adenocarcinoma. Therefore, we also should investigate the
the downregulation of APOB in CCA. And the DNMTs  function of 5-Aza in CCA, it might reveal a novel therapeutic
inhibitor-5-Aza has been used in the treatment of glioma and  method for the CCA treatment.
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FIGURE 8 | The detailed flowchart of this study to discover the role of APOB in the microenvironment of cholangiocarcinoma.

GO analysis
KEGG enrichment analysis

PPl networkanalysis

|

In summary, we identified that the infiltration degree of
immune cells in CCA could be influenced by the expression of
APOB. Our study not only indicates that APOB is a potential
target for CCA immunotherapy, but also provides new ideas for
researchers to explore the immunotherapy of various tumors.
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Supplementary Figure 1 | Using GEPIA tools, these results indicated that
APOB, APOCS3, HP, HRG, FGG, APOAS5, F9, and PLG were significantly down-
regulated in CCA tissues compared to normal liver tissues.

Supplementary Figure 2 | (A, B) According to the GSE26566, we identified
APOB was down-regulated in CCA tissues compared to the normal liver tissues
counterparts. (C, D) The immunohistochemistry staining of APOB was performed in
the CCA tumor microarray, about 53% of the cases presented the low expression of
APOB, and 29% and 18% of the CCA tissues showed the medium and high
expression of APOB respectively. (E) based on the TNM stage level, our results
revealed that the APOB expression level of the CCA tissues in T3+T4 group was
lower than that in T1+T2 group. Besides, we also identified that, followed by the
increase of pathological grade, the expression of APOB reduced.

Supplementary Figure 3 | Based on the MEDIP sequence data, the results
showed that followed by the increase of APOB DNA methylation level, the infiltration
of neutrophils and B cell naive were accelerated, but the infiltration of regulatory T
cells and CD8+ T cells were inhibited in CCA.

Frontiers in Oncology | www.frontiersin.org

March 2021 | Volume 11 | Article 654689


https://www.frontiersin.org/articles/10.3389/fonc.2021.654689/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.654689/full#supplementary-material
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Xu et al.

APOB Functions in Cholangiocarcinoma Microenvironment

REFERENCES

—

10.

11.

12.

13.

14.

15.

. Blechacz B, Komuta M, Roskams T, Gores GJ. Clinical diagnosis and staging

of cholangiocarcinoma. Nat Rev Gastroenterol Hepatol (2011) 8(9):512-22.
doi: 10.1038/nrgastro.2011.131

. Razumilava N, Gores GJ. Cholangiocarcinoma. Lancet (London England)

(2014) 383(9935):2168-79. doi: 10.1016/s0140-6736(13)61903-0

. Chun YS, Javle M. Systemic and Adjuvant Therapies for Intrahepatic

Cholangiocarcinoma. Cancer Control: ] Moffitt Cancer Center (2017) 24
(3):1073274817729241. doi: 10.1177/1073274817729241

. Zhang H, Yang T, Wu M, Shen F. Intrahepatic cholangiocarcinoma:

Epidemiology, risk factors, diagnosis and surgical management. Cancer Lett
(2016) 379(2):198-205. doi: 10.1016/j.canlet.2015.09.008

. Krasinskas AM. Cholangiocarcinoma. Surg Pathol Clinics (2018) 11(2):403—

29. doi: 10.1016/j.path.2018.02.005

. Andresen K, Boberg KM, Vedeld HM, Honne H, Jebsen P, Hektoen M, et al.

Four DNA methylation biomarkers in biliary brush samples accurately
identify the presence of cholangiocarcinoma. Hepatol (Baltimore Md)
(2015) 61(5):1651-9. doi: 10.1002/hep.27707

. Rizvi S, Gores GJ. Pathogenesis, diagnosis, and management of

cholangiocarcinoma. Gastroenterology (2013) 145(6):1215-29. doi: 10.1053/
j.gastro.2013.10.013

. Bridgewater J, Galle PR, Khan SA, Llovet JM, Park JW, Patel T, et al

Guidelines for the diagnosis and management of intrahepatic
cholangiocarcinoma. J Hepatol (2014) 60(6):1268-89. doi: 10.1016/
jjhep.2014.01.021

. Wu T, Dai Y. Tumor microenvironment and therapeutic response. Cancer

Lett (2017) 387:61-8. doi: 10.1016/j.canlet.2016.01.043

Kim J, Bae JS. Tumor-Associated Macrophages and Neutrophils in Tumor
Microenvironment. Mediators Inflammation (2016) 2016:6058147.
doi: 10.1155/2016/6058147

Jarosz-Biej M, Smolarczyk R, Cichon T, Kutach N. Tumor Microenvironment
as A “Game Changer” in Cancer Radiotherapy. Int J Mol Sci (2019) 20
(13):3212. doi: 10.3390/ijms20133212

Portella L, Scala S. Ionizing radiation effects on the tumor microenvironment.
Semin Oncol (2019) 46(3):254-60. doi: 10.1053/j.seminoncol.2019.07.003
Chang MC, Chen YL, Lin HW, Chiang YC, Chang CF, Hsieh SF, et al.
Irradiation Enhances Abscopal Anti-tumor Effects of Antigen-Specific
Immunotherapy through Regulating Tumor Microenvironment. Mol Ther:
J Am Soc Gene Ther (2018) 26(2):404-19. doi: 10.1016/j.ymthe.2017.11.011
Fu C, Jiang A. Dendritic Cells and CD8 T Cell Immunity in Tumor
Microenvironment. Front Immunol (2018) 9:3059. doi: 10.3389/
fimmu.2018.03059

Keren L, Bosse M, Marquez D, Angoshtari R, Jain S, Varma S, et al. A
Structured Tumor-Immune Microenvironment in Triple Negative Breast
Cancer Revealed by Multiplexed Ion Beam Imaging. Cell (2018) 174
(6):1373-87.¢19. doi: 10.1016/j.cell.2018.08.039

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Jia D, Li S, Li D, Xue H, Yang D, Liu Y. Mining TCGA database for genes of
prognostic value in glioblastoma microenvironment. Aging (2018) 10(4):592—
605. doi: 10.18632/aging.101415

Puleo F, Nicolle R, Blum Y, Cros J, Marisa L, Demetter P, et al. Stratification of
Pancreatic Ductal Adenocarcinomas Based on Tumor and Microenvironment
Features. Gastroenterology (2018) 155(6):1999-2013.e3. doi: 10.1053/
j.gastro.2018.08.033

Tang Z, Li C, Kang B, Gao G, Li C, Zhang Z. GEPIA: a web server for cancer
and normal gene expression profiling and interactive analyses. Nucleic Acids
Res (2017) 45(W1):W98-102. doi: 10.1093/nar/gkx247

Chai Y, Wang C, Liu W, Fan Y, Zhang Y. MPCI deletion is associated with
poor prognosis and temozolomide resistance in glioblastoma. J Neuro-oncol
(2019) 144(2):293-301. doi: 10.1007/s11060-019-03226-8

Newman AM, Liu CL, Green MR, Gentles AJ, Feng W, Xu Y, et al. Robust
enumeration of cell subsets from tissue expression profiles. Nat Methods
(2015) 12(5):453-7. doi: 10.1038/nmeth.3337

Kendall T, Verheij J, Gaudio E, Evert M, Guido M, Goeppert B, et al.
Anatomical, histomorphological and molecular classification of
cholangiocarcinoma. Liver International: Off ] Int Assoc Study Liver (2019)
39 Suppl 1:7-18. doi: 10.1111/1iv.14093

Kremer AE, Namer B, Bolier R, Fischer M]J, Oude Elferink RP, Beuers U.
Pathogenesis and Management of Pruritus in PBC and PSC. Digest Dis (Basel
Switzerland) (2015) 33 Suppl 2:164-75. doi: 10.1159/000440829

Grimsrud MM, Folseraas T. Pathogenesis, diagnosis and treatment of
premalignant and malignant stages of cholangiocarcinoma in primary
sclerosing cholangitis. Liver International: Off ] Int Assoc Study Liver (2019)
39(12):2230-7. doi: 10.1111/1iv.14180

Hirata E, Sahai E. Tumor Microenvironment and Differential Responses to
Therapy. Cold Spring Harbor Perspect Med (2017) 7(7):a026781. doi: 10.1101/
cshperspect.a026781

Locy H, de Mey S, de Mey W, De Ridder M, Thielemans K, Maenhout SK.
Immunomodulation of the Tumor Microenvironment: Turn Foe Into Friend.
Front Immunol (2018) 9:2909. doi: 10.3389/fimmu.2018.02909

Meurette O, Mehlen P. Notch Signaling in the Tumor Microenvironment.
Cancer Cell (2018) 34(4):536-48. doi: 10.1016/j.ccell.2018.07.009

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Xu, Chen, Feng, Hu, Ge, Yan, Zhang, Ling, Chen and Wu. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Oncology | www.frontiersin.org

March 2021 | Volume 11 | Article 654689


https://doi.org/10.1038/nrgastro.2011.131
https://doi.org/10.1016/s0140-6736(13)61903-0
https://doi.org/10.1177/1073274817729241
https://doi.org/10.1016/j.canlet.2015.09.008
https://doi.org/10.1016/j.path.2018.02.005
https://doi.org/10.1002/hep.27707
https://doi.org/10.1053/j.gastro.2013.10.013
https://doi.org/10.1053/j.gastro.2013.10.013
https://doi.org/10.1016/j.jhep.2014.01.021
https://doi.org/10.1016/j.jhep.2014.01.021
https://doi.org/10.1016/j.canlet.2016.01.043
https://doi.org/10.1155/2016/6058147
https://doi.org/10.3390/ijms20133212
https://doi.org/10.1053/j.seminoncol.2019.07.003
https://doi.org/10.1016/j.ymthe.2017.11.011
https://doi.org/10.3389/fimmu.2018.03059
https://doi.org/10.3389/fimmu.2018.03059
https://doi.org/10.1016/j.cell.2018.08.039
https://doi.org/10.18632/aging.101415
https://doi.org/10.1053/j.gastro.2018.08.033
https://doi.org/10.1053/j.gastro.2018.08.033
https://doi.org/10.1093/nar/gkx247
https://doi.org/10.1007/s11060-019-03226-8
https://doi.org/10.1038/nmeth.3337
https://doi.org/10.1111/liv.14093
https://doi.org/10.1159/000440829
https://doi.org/10.1111/liv.14180
https://doi.org/10.1101/cshperspect.a026781
https://doi.org/10.1101/cshperspect.a026781
https://doi.org/10.3389/fimmu.2018.02909
https://doi.org/10.1016/j.ccell.2018.07.009
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Apolipoprotein B Is Associated With the Microenvironment of Cholangiocarcinoma
	Introduction
	Materials and Methods
	Data Sources
	GEPIA
	Data Processing of Differential Expressed Genes
	Gene Ontology (GO) and KEGG Pathway Analysis of DEGs
	PPI Network Construction and Hub Gene Identification
	Immunohistochemistry Assay
	University of California Santa Cruz Cancer Genomics Browser Analysis
	The Correlation Between Gene Expression and Methylation Around in the Promoter Region
	Statistical Analysis

	Results
	Immune/Stromal Scores Are Associated With CCA Subtypes and Prognosis
	Identifying Survival-Related Immune Cells in CCA Microenvironment
	Comparison of Gene Expression Profile With Immune/Stromal Scores in CCA
	Functional Enrichment Analysis of DEGs in CCA Microenvironment
	Protein-Protein Interaction Network Construction, Hub Genes and Module Analysis
	APOB Is Down-Regulated and Associated With CCA Immune Cells Infiltration
	APOB Expression Is Associated With Immune-Associated Pathways in CCA
	DNA Methylation Level of APOB Would Impact CCA Microenvironment

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


