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Abstract: Background: Cholangiocarcinoma (CHOL) is one of the most fatal malignancies worldwide. PBRM1 is a 
tumor suppressor gene in diverse cancers. It regulates cell cycle, genomic stability, centromeric cohesion, and apop-
tosis. However, its relevance to remodel tumor cell immune response of PBRM1 in CHOL remains unclear. Methods: 
PBRM1 mutation and expression of CHOL patients were analyzed by the TCGA database using R packages and 
cBioPortal site. The correlation between PBRM1 and tumor cell immune infiltrates among CHOL patients was inves-
tigated by TIMER2.0. Correlation analysis between PBRM1 and gene markers of tumor-infiltrating immune cells in 
CHOL was analyzed by GEPIA. Pathway enrichment analysis and protein-protein interaction network of PBRM1 mu-
tation and expression was investigated using STRING and Cytoscape. Results: Among CHOL patients, PBRM1 has 
a high mutation probability and significant differential expression. Mutations and differential expression of PBRM1 
both have a significant effect on the infiltration of cancer associated fibroblasts (CAF) in CHOL patients. PBRM1 was 
highly correlated with MMP2 and FAK, which were reported as key regulators of CAF. Through protein-protein inter-
action network with hub gene analysis, we discovered that NCAM1 could play key roles in the potential mechanism 
of how PBRM1 affects immune infiltration and progress of CHOL. Conclusion: PBRM1 may play an important role 
in immune cell infiltration, matrix formation, and tumor invasion of CHOL, by regulating the function and infiltrating 
of tumor stromal cells including cancer-associated fibroblasts through NCAM1. Therefore, PBRM1 might be a new 
therapeutic target in CHOL.
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Introduction

Cholangiocarcinoma (CHOL) is an adenocarci-
noma of biliary epithelial cells [1, 2], including 
the intrahepatic, perihilar, and distal subsets. 
Incidence rates of CHOL in Asia were reported 
the highest all around the world, most likely 
because of the high occurrence of chronic 
infection with liver flukes in the Asian area [3]. 
Recently, studies demonstrated that the inci-
dence and mortality of intrahepatic cholangio-
carcinomas were increasing, while those of 
extrahepatic cholangiocarcinomas were declin-
ing worldwide [3]. Surgical treatment is the pre-
ferred option for all types, but the 5-year overall 
survival is unsatisfactory [4, 5]. Similarly to pan-
creatic cancer, CHOL often subsequently gener-
ates a strong desmoplastic reaction, highlight-
ing the relevance of microenvironments to its 
pathogenesis [1]. The tumor micro-environment 

in CHOL includes stromal cells, mainly consist-
ing of cancer-associated fibroblasts, innate 
immune cells such as tumor-associated macro-
phages, neutrophils, and tumor-infiltrating lym-
phocytes. The highly desmoplastic characteris-
tic of CHOL and the extensive support by a com-
plex tumor microenvironment all contribute to 
its therapeutic resistance [6]. Therefore, to dis-
cover novel effective therapeutic targets, iden-
tifying the complex relationship between the 
host cell and malignant cholangiocytes is nec-
essary. Targeting the immune infiltration cells 
and the stromal cells could provide novel strat-
egies to prevent the progression of CHOL.

Polybromo-1 (PBRM1), also called BAF180, 
located on chromosome 3p21, functions as a 
part of SWI/SNF chromatin remodeling complex 
[7]. PBRM1 is a tumor suppressor gene in 
diverse cancers. Previous studies reported the 
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effect of PBRM1 on cell cycle controlling, ge- 
nomic stability, centromeric cohesion, and 
apoptosis [8]. It was discovered that PBRM1 
mutation was an early event in carcinogenesis 
[9]. In addition, mutations of PBRM1 were relat-
ed to the progression of kidney renal clear cell 
carcinoma (KIRC), and associated with clinical 
benefit of immunotherapy in KIRC [10]. How- 
ever, the effect of PBRM1 mutations on immune 
response remains undefined and the molecular 
mechanism of PBRM1 in cancers is not fully 
understood. Meanwhile, PBRM1 was the sec-
ond most frequently mutated gene in CHOL. As 
a result, PBRM1 may act as a key regulator of 
tumor cell immune response in CHOL, and 
could be a novel effective therapeutic target for 
CHOL.

Materials and methods

TCGA database analysis

The expression level of the PBRM1 gene in 
diverse cancers was identified in the TCGA 
database (https://portal.gdc.cancer.gov/). The 
threshold of high expression was determined 
according to the fold change of 2, and the gene 
was ranked of all. 

Mutations alterations analysis with cBioportal

The cBioPortal for Cancer Genomics (http://
cbioportal.org) provides a Web resource for 
exploring, visualizing, and analyzing multidi-
mensional cancer genomics data [11]. We used 
this site to discover the features of PBRM1 
mutation.

TIMER2.0 database analysis

TIMER2.0 is a comprehensive online resource 
for analysis of immune cell infiltration among 
diverse cancers (http://timer.cistrome.org/). 
TIMER applies a deconvolution previously pub-
lished statistical method to infer the abun-
dance of tumor-infiltrating immune cells (TIICs) 
from gene expression profiles [12]. We ana-
lyzed PBRM1 expression in CHOL and the cor-
relation of PBRM1 expression with the abun-
dance of immune infiltrates, including B cells, 
CD4+ T cells, CD8+ T cells, neutrophils, macro-
phages, and dendritic cells, via gene modules.

Correlation analysis between PBRM1 and 
gene markers of tumor-infiltrating immune 
cells

Correlations between PBRM1 expression and 
gene markers of tumor-infiltrating immune cells 

were performed using GEPIA database (http://
gepia.cancer-pku.cn/) [13]. The gene markers 
of tumor-infiltrating immune cells included 
markers of Tregs, B cells, CAF, and neutrophils, 
which are significant in prior results. Gene 
markers of tumor-infiltrating immune cells pairs 
with R > 0.1 and P-value < 0.05 were consid-
ered as significant pairs. 

Pathway enrichment analysis and protein-
protein interaction network with hub genes 
analysis

Pathway enrichment analysis was analyzed 
using STRING v10.0 and was visualized by 
ggplot2 R packages. Protein-protein interaction 
network for enriched target genes was ana-
lyzed using STRING v10.0 and visualized by 
Cytoscape v3.4.0. Genes with top ten degrees 
were identified as hub genes using Cytoscape 
v3.4.0 [14].

Statistic analysis

Most of the statistical analysis has been done 
by the bioinformatic tools mentioned above. 
Results were shown as mean ± SD. Paired stu-
dent’s t-test was used to evaluate expression 
differences of genes or PBRM1 between the 
altered group and the unaltered group, normal 
tissue group and tumor group. Differences 
between the two groups were estimated by 
unpaired Student’s t-test. A two-tailed value of 
P < 0.05 was considered as statistically signifi-
cant. Correlations between PBRM1 expression 
and gene markers were analyzed with Spe- 
arman correlation analysis, while P < 0.05 was 
considered as statistically significant.

Results

PBRM1 mutation in CHOL 

To clarify the relevance of PBRM1 mutation in 
human cancers, we profiled PBRM1 mutation 
by data extracted from TCGA. As shown in 
Figure 1, the mutation frequency of PBRM1 is 
almost significantly different in diverse can-
cers. PBRM1 has the highest mutation frequen-
cy in KIRC among all diverse cancers explored, 
which is known to be associated with a less 
immunogenic TME and upregulated angiogen-
esis [10]. The mutation frequency of PBRM1 in 
CHOL is secondly high, suggesting that PBRM1 
may also play an important role in the progres-
sion of CHOL. Indeed, the overall survival of the 
PBRM1 mutant group was significantly higher 
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than that of the PBRM1 WT group (Figure 2A, 
P=0.0132). These results indicate that PBRM1 
mutation may have high prognostic values, and 
function in tumorigenesis and tumor progres-
sion of CHOL.

Using data from cBioportal, we explored wheth-
er the clinical characteristics of CHOL patients 
between mutation group and WT group were 
different. Interestingly, the diagnostic age at 
diagnosis was significantly older, the genomic 
mutation ratio was greater while the vascular 
invasion ratio was less in PBRM1 mutated 
group than WT group (Figure 2B-D, P vlaue = 
3.722e-3, 5.286e-3, 0.133). The different clini-
cal traits in PBRM1 mutated group demonstrat-
ed that the PBRM1 mutation might play a key 
role in tumorigenesis and invasion of CHOL.

Differential expression of PBRM1 in various 
tumors and in different CHOL stages

The differential expression of PBRM1 in differ-
ent tumors compared with normal samples was 
analyzed using data extracted from TCGA data-
base. In most tumors, such as KIRC and KITH, 
the expression of PBRM1 was significantly do- 
wn-regulated. PBRM1 expression was up-regu-
lated in CHOL, which suggested that PBRM1 
may have various regulatory mechanisms in dif-
ferent tumors (Figure 3A). Meanwhile, we stud-

ied the expression of PBRM1 in different clini-
cal stages in CHOL with GEPIA database using 
one-way ANOVA analysis. In CHOL, the expres-
sion level was increased in the advanced stage, 
although there was no significant difference 
(Figure 3B). However, low-level expression of 
PBRM1 was significantly correlated with an 
advanced clinical stage in KIRC (Figure 3C, P < 
0.05). These results indicated that PBRM1 
could play different roles in tumor progression 
of diverse cancers.

The relevance of PBRM1 to the immune infil-
tration of CHOL patients

Next, we used TIMER2.0 to study the differenc-
es of various types between immune cell infil-
tration in patients with mutated PBRM1 and WT 
PBRM1. It was found that CHOL patients of 
PBRM1 mutated and WT groups have different 
immune cell infiltration. B Cells, regulatory T 
cells (Tregs), and cancer-associated fibroblasts 
(CAF) all showed consistent reduced immune 
infiltration in PBRM1 mutated group compa- 
red with the WT group (Figure 4A-C). Through 
TIMER2.0, the effect of PBRM1 expression on 
immune cell infiltration in CHOL patients was 
also studied. The results are shown in (Figure 
5A-D). The expression of PBRM1 is significantly 
and positively correlated with the levels of neu-
trophil, B cell plasma, and DC dendritic cells 

Figure 1. PBRM1 mutation frequency among diverse cancers. The mutation frequency of PBRM1 in each tumor 
from TCGA database.



PBRM1 in CHOL

2664	 Int J Clin Exp Pathol 2020;13(10):2661-2676

(DCs) and CAF infiltration in CHOL patients. This 
suggests that PBRM1 expression is positively 
correlated with the infiltration level of some 
immune cells in CHOL patients. Most of the 
PBRM1 mutation was the loss of function muta-
tion, results from PBRM1 mutation and PBRM1 
expression consistently indicated that PBRM1 
expression is positively correlated with immune 
infiltration of CHOL patient. Furthermore, we 
investigated the correlation between PBRM1 
and gene markers of immune infiltration of 
CHOL patients. The expression of PBRM1 is  

significantly positively correlated with gene 
markers of CAF infiltration (PTK2 and MMP2), 
(Figure 6A, 6B), Treg infiltration (STAT5B, Figure 
6C), and neutrophil infiltration (NRP1, Figure 
6D). 

Differentially expressed genes between 
PBRM1 mutated group and WT group in CHOL

The differentially expressed genes between 
PBRM1 mutated group and the WT group in 
CHOL were analyzed to find the dysregulated 

Figure 2. Clinical features between 
PBRM1 mutated group and WT 
group in CHOL. (A) The overall sur-
vival of the PBRM1 mutant group 
compared with the PBRM1 unmu-
tated group (P=0.0132 < 0.05) (B, 
P-vlaue =3.722e-3). The diagnostic 
age in PBRM1 mutated group and 
WT group (C, P-vlaue =5.286e-3. 
The genomic mutation ratio in the 
mutation group and WT group (D, 
P-vlaue =0.133). The vascular inva-
sion events in the mutation group 
and WT group. 
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Figure 3. Differential expression of PBRM1 in various tumors and in different CHOL stages (A) PBRM1 expression 
levels in different tumors from TCGA database were determined by TIMER (*P < 0.05, **P < 0.01, ***P < 0.001). 
(B) the expression of PBRM1 in different clinical stages in CHOL (C) the expression of PBRM1 in different clinical 
stages in KIRC.

Figure 4. Relevance of PBRM1 mutation to the immune infiltration of CHOL patients. The B Cells (A), T cells regu-
latory (Tregs) (B), and cancer-associated fibroblasts (CAF) (C) all show consistent reduced immune infiltration in 
PBRM1 mutated group compared with WT group. 
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Figure 5. Relevance of PBRM1 expression to the immune infiltration of CHOL patients. The expression of PBRM1 is significantly positively correlated with the levels 
of neutrophil (A), dendritic cell (B), B cell plasma (C), and cancer associated fibroblast (CAF) (D) infiltration in CHOL patients. The high expression of PBRM1 means 
high infiltration level of neutrophil, B cell plasma and CAF in tumor tissue. 
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genes and related pathways. Through differen-
tial expression analysis, the Top200 genes sig-
nificantly up-regulated and the Top200 signifi-
cantly down-regulated in the mutant group 
were selected (Figures 7A and 8A). PPI analysis 
and GO and KEGG pathway analysis of dysregu-
lated genes were conducted to identify hub 
genes and related pathways. The up-regulated 
hub genes in the mutated group were those 
that mainly affect the metabolism of CCA cells 
such as APOB, which was consistent with the 
screened metabolic process-related pathways 
in pathway analysis (Table 1). The GO analysis, 
component mainly concentrated on the cell 
membrane and extracellular area (Figure 7B-D). 
The down-regulated hub genes included immu-

nity-related genes such as CTLA4, BDNF, TNF- 
SF11, CD3G, and IL21R. The down-regulated 
hub genes also included FGF2, VCAM1, and 
NCAM1, which are significantly associated with 
stromal production, cell adhesion, and vascular 
invasion (Table 2). In KEGG analysis, the signifi-
cantly related pathways were cytokine to cyto-
kine receptor interaction. The component also 
focused on the extracellular area (Figure 8B-D).

Differentially expressed genes between the 
PBRM1 high expression group and the PBRM1 
low expression group in CHOL

The differentially expressed genes between the 
PBRM1 high expression group and PBRM1 low 
expression group CHOL were analyzed to find 

Figure 6. Relevance of PBRM1 expression to gene markers of immune infiltration of CHOL patients. The expression 
of PBRM1 is significantly positively correlated with gene markers of CAF infiltration (PTK2 and MMP2, A and B), Treg 
infiltration (STAT5B, C), and neutrophil infiltration (NRP1, D). 
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the dysregulated genes and related pathways. 
The patients were divided into two groups 
according to the expression levels of PBRM1. 
Patients with the top 50% high levels of PBRM1 
were allocated into the PBRM1 high expression 
group. Through differential expression analysis, 
the Top200 genes which were significantly up-
regulated in the mutation group and the Top200 

genes significantly down-regulated in the muta-
tion group were selected (Figures 9A and 10A). 
PPI analysis and GO and KEGG pathway analy-
sis of dysregulated genes were conducted to 
search for hub genes and significantly related 
pathways. The hub genes that expression was 
up-regulated in the PBRM1 high expression 
group after PPI analysis included KRT5, KRT16, 

Figure 7. PPI analysis and GO and KEGG path-
way analysis of dysregulated genes from high-
expression group of the mutation group in 
CHOL. Protein-protein interaction network of top 
200 up-regulated genes was constructed us-
ing STRING v10.0, and visualized by Cytoscape 
v3.4.0 (A). GO and KEGG Pathway enrichment 
analysis was analyzed using STRING v10.0 and 
was visualized by ggplot2 R packages (B-D). 
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KRT6A, and LOR, that related to keratin forma-
tion, and CCK, GAD2, which related to metabo-

lism. (Table 3) Process-related pathways main-
ly included epithelial development and cell dif-

Figure 8. PPI analysis and GO and KEGG 
pathway analysis of dysregulated genes from 
low-expression group of the mutation group 
in CHOL. Protein-protein interaction network 
of top200 up-regulated genes was construct-
ed using STRING v10.0, and visualized by 
Cytoscape v3.4.0 (A). GO and KEGG Path-
way enrichment analysis was analyzed using 
STRING v10.0 and was visualized by ggplot2 
R packages (B-D). 
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ferentiation. The component was mainly con-
centrated in the extracelluar region (Figure 9B, 
9C). The hub genes that expression is up-regu-
lated in the PBRM1 low expression group after 
PPI analysis included genes related to lipid 
metabolism such as APOA1, APOC3, APOA4, 
and APOA5 (Table 4). Hub gene also includes 
IL6. The correlation was very high, suggesting 
that IL6 may play a key role in PBRM1 in the 
immune regulation of CCA (Table 4). Process-
related pathways mainly include cholesterol 
and other lipid metabolism-related pathways, 
which was also consistent with the results of 
the mutant group’s high expression group. The 
component was also mainly concentrated in 
the extracelluar region (Figure 10B-D).

NCAM1 was identified as a target gene of 
PBRM1 on CAF infiltration in CHOL patients

Furthermore, we identified the correlation be- 
tween all the 40 hub genes we found above  
and PBRM1, as well as CAF infiltration using 
TIMER2.0. Only the expression of NCAM1 was 
significantly associated with the expression of 

PBRM1 and CAF infiltration (Figure 11A, 11B). 
This indicated that NCAM1 may be the potential 
target of PBRM1 on CAF infiltration in CHOL 
patients. Next, we discovered the expression of 
NCAM1 in CHOL patients (Figure 11C). NCAM1 
showed high expression in CHOL patients.

Discussion

Our study found that in CHOL tumor tissues, 
PBRM1 has high mutation probability and sig-
nificant differential expression. PBRM1 muta-
tions and its differential expression seemed to 
have a significant effect on the infiltration of 
some immune cells including B cells plasma, 
regulatory T cells (Tregs), and cancer-associat-
ed fibroblasts (CAF), neutrophil, and DC cell. We 
tried to identify the hub genes and related path-
ways of the dysregulated genes in PBRM1 mu- 
tated group and PBRM1 overexpression sub-
group, to clarify the potential mechanism of 
how PBRM1 affects immune infiltration and 
progress of CHOL.

KIRC had the highest PBRM1 mutation proba-
bility among diverse cancers and low expres-

Table 1. Up-regulated hub genes in mutated group
Name Degree Closeness Centrality Betweenness Centrality Gene description
APOB 22 0.302222 0.248282 Apolipoprotein B-100
ITIH2 15 0.261538 0.021842 Inter-alpha-trypsin inhibitor heavy chain H2
SERPINA10 15 0.262042 0.033403 Protein Z-dependent protease inhibitor
CPB2 14 0.257089 0.016069 Carboxypeptidase B2
TTR 14 0.279835 0.147093 Transthyretin
PROC 13 0.253731 0.024379 Vitamin K-dependent protein C
TMPRSS6 13 0.259542 0.05632 Transmembrane protease serine 6
FTCD 13 0.265107 0.053097 Formimidoyltransferase-cyclodeaminase
UGT1A6 12 0.261036 0.087723 UDP-glucuronosyltransferase 1-6
ORM1 11 0.270916 0.027003 Alpha-1-acid glycoprotein 1

Table 2. Down-regulated hub genes in mutated group
Name Degree Closeness Centrality Betweenness Centrality Gene description
PTPRC 24 0.45188285 0.21907957 Receptor-type tyrosine-protein phosphatase C
FGF2 20 0.44081633 0.18552069 Fibroblast growth factor 2
CTLA4 18 0.38571429 0.06445833 Cytotoxic T-lymphocyte protein 4
VCAM1 15 0.40909091 0.09752962 Vascular cell adhesion protein 1
PTGS2 14 0.42023346 0.16118209 Prostaglandin G/H synthase 2
BDNF 14 0.4 0.12983006 Brain-derived neurotrophic factor
NCAM1 12 0.38709677 0.04818733 Neural cell adhesion molecule 1
TNFSF11 11 0.41860465 0.05839004 Tumor necrosis factor ligand superfamily member 11
CD3G 11 0.35409836 0.05727753 T-cell surface glycoprotein CD3 gamma chain
IL21R 11 0.36 0.02923529 Interleukin-21 receptor
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sion of PBRM1. It was revealed that in this 
PBRM1-deficient tumor, transcriptional output 
in JAK/STAT, hypoxia, and immune signaling 
pathways had been altered by the gene expres-
sion analysis [15]. PBRM1 loss may alter global 
expression patterns of tumor cells to affect the 
response to immune checkpoint therapy in 
KIRC patients [10]. With regards to CHOL, it 
also had a high PBRM1 mutation probability, 
which may have a significant effect on the sur-
vival of CHOL. Therefore, we assumed PBRM1 

may play a similar role in the response to 
immune checkpoint therapy in CHOL patients. 

The mutation of PBRM1 had a significant effect 
on the immune cell infiltration including B cell, 
Treg, and CAF. The differential expression of 
PBRM1 had a significant effect on the immune 
cell infiltration including neutrophil, plasma 
cell, and CAF in CHOL patients. CAF, TAM, CD4+, 
CD8+ and Foxp3+ T lymphocyte depletion and 
CD163+ TAM enrichment have been reported 

Figure 9. PPI analysis and GO and KEGG pathway analysis of dysregulated genes from high-expression group of 
PBRM1 high expression group in CHOL. Protein-protein interaction network of top 200 up-regulated genes was con-
structed using STRING v10.0, and visualized by Cytoscape v3.4.0 (A). GO and KEGG Pathway enrichment analysis 
was analyzed using STRING v10.0 and was visualized by ggplot2 R packages (B, C). 
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to be related to the cancer progression and 
poor prognosis in CHOL patients [16, 17].

Multiple cytokines and chemokines produced 
by tumor cells and non-tumor cells in the tumor 
microenvironment can lead to continuous acti-

vation of CAF [20, 21]. Clinical studies have 
shown that there is a correlation between the 
high CAF infiltration of CHOL and the poor sur-
vival of patients [22]. CAF can communicate 
with various cytokines and chemokines of dif-
ferent cell types that constitute the tumor 

Figure 10. PPI analysis and GO and KEGG path-
way analysis of dysregulated genes from low-ex-
pression group of PBRM1 high expression group 
in CHOL. Protein-protein interaction network of 
top200 up-regulated genes was constructed us-
ing STRING v10.0, and visualized by Cytoscape 
v3.4.0 (A). GO and KEGG Pathway enrichment 
analysis was analyzed using STRING v10.0 and 
was visualized by ggplot2 R packages (B-D).
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Table 3. Up-regulated hub genes in PBRM1 high expression group
Name Degree Closeness Centrality Betweenness Centrality Gene description
KRT5 17 0.28125 0.184057 Keratin, type II cytoskeletal 5
CCK 13 0.265449 0.093949 Cholecystokinin
LOR 13 0.240764 0.03337 Loricrin
SYT4 13 0.255061 0.120538 Synaptotagmin-4
GAD2 13 0.280415 0.15754 Glutamate decarboxylase 2
KRT16 12 0.247382 0.061994 Keratin, type I cytoskeletal 16
NRXN1 12 0.25855 0.098708 Neurexin-1
MUC5AC 12 0.272727 0.101905 Mucin-5AC
KRT6A 11 0.236546 0.011681 Keratin, type II cytoskeletal 6A
DKK1 11 0.256098 0.063557 Dickkopf-related protein 1

Table 4. Down-regulated hub genes PBRM1 high expression group
Name Degree Closeness Centrality Betweenness Centrality Gene description
IL6 14 0.43589744 0.35408194 Interleukin-6
KNG1 13 0.38636364 0.13229618 Kininogen-1
APOA1 11 0.38931298 0.05735743 Apolipoprotein A-I
NPY 10 0.38636364 0.12054065 Pro-neuropeptide Y
SERPINC1 10 0.375 0.05173602 Antithrombin-III
APOC3 9 0.375 0.06430863 Apolipoprotein C-III
APOA5 9 0.38059701 0.03826935 Apolipoprotein A-V
SST 9 0.3984375 0.09531326 Somatostatin
APOA4 9 0.32075472 0.08604189 Apolipoprotein A-IV
CYP7A1 9 0.34459459 0.18167434 Cholesterol 7-alpha-monooxygenase

microenvironment. CAF can also produce major 
extracellular matrix (ECM) components, such 
as tenascin C and periostin, and secrete mul- 
tiple matrix metalloproteinases (MMPs) [23]. 
MMP is essential for the degradation and 
remodeling of ECM, which is a prerequisite for 
tumor progression. In CHOL, CAF expresses 
MMP1, MMP2, MMP3, and MMP9, and this 
phenotype is associated with more aggressive 
tumors. It has also been reported that cancer 
associated fibroblast FAK regulates malignant 
cell metabolism [24]. In CHOL, not only muta-
tions and differential expression of PBRM1 sig-
nificantly affect the level of immune infiltration 
of CAF, but also PBRM1 is highly correlated with 
MMP2 and PTK2, suggesting that PBRM1 may 
be involved in the regulation of MMP2 and 
PTK2 expression, and influence the CAF func-
tion in the tumor microenvironment. The num-
ber of CD4+ and CD8+ lymphocytes in CHOL 
may be affected by dendritic cell (DC). It has 
been proved that immature CD1a+ DC exists 
only in the core of the tumor, while mature 
CD83+ DC is mainly located at the frontier of 

invasion [25]. Besides, the number of DCs at 
the margin of invasion is related to the number 
of CD4+ and CD8+ TIL in the tumor [25]. In 
CHOL patients, DC cell related genes NRP1 and 
PBRM1 also have a significant positive corre- 
lation, suggesting that PBRM1 may affect the 
function of DC cells through NRP1 and thus 
affect the infiltration of immune cells. These 
results indicated that CAF may be the potential 
target of PBRM1 on immune infiltration in CHOL 
patients.

The role of B lymphocytes in CCA is still unclear. 
B cells have been identified in the TIL of the 
BTC population, but B cells are rarely observed 
in patient tissues [16, 26]. Although high-den- 
sity CD20+ cells are observed in low-grade 
tumors and are associated with good overall 
survival [16]. Further studies are needed to 
clarify their correlation.

In both the mutation group and the differential 
expression group, hub genes include genes 
such as APOA and APOB that are mainly 
involved in lipid metabolism, which is consis-
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Figure 11. NCAM1 was identified as target gene of PBRM1 on CAF infiltration in CHOL patients. A. NCAM1 is significantly positively correlated with the levels of 
cancer associated fibroblast (P=1.4*e^-2). B. The expression of NCAM1 is significantly positively correlated with PBRM1 (P=0.017). C. The expression of NCAM1 is 
significantly high in CHOL patients (P=0.013). 
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tent with the cell metabolism characteristics  
of cholangiocarcinoma, and also reflects the 
significant effect of PBRM1 on the cell metabo-
lism of CHOL patients. FGF2, VCAM1, and 
NCAM1 were discovered in the low expression 
group of the altered group. These genes are  
significantly related to matrix generation, cell 
adhesion, and vascular invasion. We explored 
the co-expression of all the hub genes we found 
with PBRM1 and CAF. Only the expression  
of NCAM1 was significantly associated with  
the expression of PBRM1 and CAF infiltration 
(Figure 11A, 11B). A recent study suggests that 
mesenchymal stromal cells increase expres-
sion of BDNF, NCAM-1, MMP-1A, and FGF-2 
[28], which was consistent with previous hub 
genes results. It was reported that cancer cell 
dispersion could be dependent on Schwann 
cell expression of neural cell adhesion mole-
cule 1 (NCAM1) and ultimately promote peri-
neural invasion [29]. These results all demon-
strated that NCAM1 may be the potential target 
of PBRM1 on CAF infiltration in CHOL patients.

In general, the mutation and expression of 
PBRM1 are related to the level of immune cell 
infiltration including B cell, Treg, CAF, plasma 
cell, and neutrophil in CHOL. There was a close 
relationship between PBRM1 expression and 
MMP2, PTK2, while MMP2, PTK2 are all sig- 
nificantly related to CAF. Hub gene NCAM1  
was significantly associated with expression of 
PBRM1 and CAF infiltration. Therefore, in CHOL, 
PBRM1 may affect the secretion and function 
of CAF by regulating the expression and func-
tion of NCAM1, thereby playing an important 
role in immune cell infiltration, matrix forma-
tion, and tumor invasion of CHOL.

Taken together, PBRM1 was the second most 
frequently mutated gene in CHOL. As a result, 
PBRM1 may act as a key regulator of tumor cell 
immune response in CHOL and could be a novel 
effective therapeutic target for CHOL.
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