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with immune infiltrates in breast cancer
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Abstract

Purpose: Von Willebrand Factor C and EGF Domains (VWCE) is an important gene that regulates cell adhesion,
migration, and interaction. However, the correlation between VWCE expression and immune infiltrating in breast
cancer remain unclear. In this study, we investigated the correlation between VWCE expression and immune infiltra-
tion levels in breast cancer.

Methods: The expression of VWCE was analyzed by the tumor immune estimation resource (TIMER) and DriverDB
databases. Furthermore, genes co-expressed with VWCE and gene ontology (GO) enrichment analysis were investi-
gated by the STRING and Enrichr web servers. Also, we performed the single nucleotide variation (SNV), copy num-
ber variation (CNV), and pathway activity analysis through GSCALite. Subsequently, the relationship between VWCE
expression and tumor immunity was analyzed by TIMER and TISIDB databases, and further verified the results using
Quantitative Real-Time PCR (RT-PCR), Western blotting, and immunohistochemistry.

Results: The results showed that the expression of VWCE mRNA in breast cancer tissue was significantly lower than
that in normal tissues. We found that the expression level of VWCE was associated with subtypes, estrogen recep-

tor (ER), progesterone receptor (PR), and human epidermal growth factor receptor-2 (HER2) status of breast cancer
patients, but there was no significant difference in the expression of VWCE was found in age and nodal status. Further
analyses indicated that VWCE was correlated with the activation or inhibition of multiple oncogenic pathways. Addi-
tionally, VWCE expression was negatively correlated with the expression of STAT1 (Th1 marker, r=— 0.12, p=6e—05),
but positively correlated with the expression of MS4A4A (r=0.28, p=0). These results suggested that the expression
of VWCE was correlated with immune infiltration levels of Th1 and M2 macrophage in breast cancer.

Conclusions: In our study, VWCE expression was associated with a better prognosis and was immune infiltration in
breast cancer. These findings demonstrate that VWCE is a potential prognostic biomarker and correlated with tumor
immune cell infiltration, and maybe a promising therapeutic target in breast cancer.
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Background breast cancer patients is still very low [4]. As reported,
Breast cancer is the most common type of cancer and the immune infiltration of tumor microenvironment
second death-leading cancer type in women [1-3]. is related to the survival rate of many solid tumor
Despite years of research, the 5-year survival rate of patients [5]. Recently, several reports have emphasized

in tumor-infltrating lymphocytes (TILs) can improve
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cells on tumors depends on the tumor environment
[10]. Stanton S E et al. demonstrated that TILs played
an important role in tumor-related immune response
and improved clinical outcomes in breast cancer [11].
However, the clinical impact of immune cells in breast
cancer remains poorly understood. In view of the
high morbidity and mortality of breast cancer, it has
become a current research trend to investigate molec-
ular mechanisms to determine potential molecular
biomarkers and provide evidence for early diagnosis,
prevention, and personalized treatment.

Von Willebrand Factor C and EGF Domains (VWCE,
also known as URG11) is located on the long arm of
chromosome and is predicted to be a secreted protein-
encoding a 99 kDa protein, it consists of five chordin
like cysteine repeats and a C-type lectin domain [12].
As a newly identified gene, VWCE has been reported
to be highly expressed in pancreatic cancer tissues. It
can inhibit the expression of EMT markers and the
invasion of pancreatic cancer cells by RNA interfer-
ence [13]. Besides, it is reported that VWCE is closely
related to tumor node metastasis (TNM) stage and
lymph node metastasis. VWCE promotes the G1/S
phase transformation of gastric cancer cells and
increases cell adhesion and invasion ability. Knock-
down of VWCE can significantly downregulate cell
proliferation, anchors independent growth and inva-
sion of gastric cancer cells [14]. Furthermore, the func-
tion of VWCE is closely related to signal transduction,
which regulates cell adhesion, migration, and interac-
tion [15], and promotes cancer development and pro-
gression [16]. Above these results propose that VWCE
may be a novel proto-oncogene. However, the interac-
tion between VWCE expression and immune infiltra-
tion in breast cancer remains an unsolved problem.

In the present study, we investigated the expression
pattern of VWCE using several bioinformatics web
servers including Tumor Immune Estimation Resource
(TIMER) and DriverDB databases. Furthermore, the
genes co-expressed with VWCE and gene ontology
(GO) enrichment analysis were investigated by the
STRING and Enrichr web servers. Next, we performed
the single nucleotide variation (SNV), copy num-
ber variation (CNV), and pathway activity analysis by
GSCALite. Moreover, we investigated the correlation
between VWCE expression and immune infiltration
level in breast cancer by TIMER database and TISIDB
databases, and further verified the results using Quan-
titative Real-Time PCR (RT-PCR), Western blotting,
and immunohistochemistry.
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Methods

VWCE expression analysis

The expression of VWCE in different cancer types was
investigated using the TIMER web tool (https://cistrome.
shinyapps.io/timer/) [17] and DriverDB (http://driverdb.
tms.cmu.edu.tw/) [18]. TIMER web server is a compre-
hensive resource for systematical analysis of immune
infiltrating from diverse cancer types. DriverDB is a can-
cer genomics database that incorporates somatic muta-
tion, RNA expression, miRNA expression, methylation,
copy number variation, and clinical data in addition to
annotation bases. This database also uses published bio-
informatics algorithms to identify driver genes and pre-
sent them with different molecular features [18]. The
differential expression squares indicate whether the gene
has significant with p-value < 0.05 and whether it is differ-
entially expressed. In the study, we explored the expres-
sion of VWCE between different tumors and normal
tissue using the above database.

Association of clinicopathological parameters with VWCE
in breast cancer patients

Bc-GenExMiner v 4.4 (http://bcgenex.centregauducheau.
fr/) is a statistical mining tool of published annotated breast
cancer transcriptomic data [DNA microarrays (n=10,001)
and RNA-seq (n=4712)]. It offers the possibility to explore
the gene-expression of genes of interest in breast cancer
[19]. We analyzed the expression level of VWCE based
on various classification parameters, such as the estrogen
receptor (ER) and progesterone receptor (PR) expression,
human epidermal growth factor receptor-2 (HER?2) status
(ER+/ER—, PR+/PR—, and HER2+/HER2—), nodal sta-
tus (N+/N—), age (Y21-40, Y40-70, and Y70-97), and
subtypes (basal-like, HER2-E, luminal A, luminal B, and
normal basal-like).

Functional and pathway enrichment analysis

We identified genes co-expressed with VWCE using the
STRING database (https://string-db.org/) [20]. Protein
name: VWCE, and organism: homo sapiens were ana-
lyzed. Enrichr, a comprehensive tool for gene enrich-
ment analysis (http://amp.pharm.mssm.edu/Enrichr), the
database integrates biological information and provides
a complete set of function annotation data of genes and
proteins for users to analyze [21]. In the study, we per-
formed gene ontology (GO) enrichment analysis (biolog-
ical process, molecular function, and cellular component)
to identify gene interactions and provides a complete set
of gene functional annotation data and proteins for users
to analyze functions or signaling pathways [22].
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Gene set cancer analysis

GSCALite is a web-based analysis platform for gene set
cancer analysis. With the acquisition of big data of cancer
genomics, it is very useful and urgent to provide a plat-
form for gene set analysis in cancer [23]. It offers a web-
based platform for single nucleotide variation (SNV),
copy number variation (CNV), methylation, and path-
way activity. SNV module presents the SNV frequency
and variant types of the gene set in selected cancer types.
On the CNV module, the statistics of heterozygous and
homozygous CNV of each cancer type are displayed
as pie chat for gene set, and Pearson correlation is per-
formed between gene expression and CNV of each gene
in each cancer to help to analyze the gene expression sig-
nificantly affected by CNV. Pathway activity module pre-
sents the difference of genes expression between pathway
activity groups (activation and inhibition) that defined by
pathway scores.

Analysis of the correlation between VWCE expression

and the immune cell infiltration

The abundance of tumor-infiltrating immune cells
(TIICs) in breast cancer was predicted using the TIMER
web tool (https://cistrome.shinyapps.io/timer/) and the
TISIDB database (http://cis.hku.hk/TISIDB) [24]. TIMER
determines the abundance of TIIC including B cells,
CD8" T cells, CD4" T cells, macrophages, neutrophils,
and dendritic cells based on the statistical analysis of
gene expression profiles [25]. In this study, the Spearman
correlation test of timer was used to analyze the corre-
lation between VWCE expression and different immune
cell abundance, and to study the effect of immune inva-
sion on the prognosis of breast cancer. TISIDB is a web
portal for tumor and immune system interaction, which
integrates multiple heterogeneous data types. It inte-
grates 988 reported immune-related anti-tumor genes,
high-throughput screening technology, molecular biol-
ogy, and paracancerous multi-component data, as well as
various resources of immunological data retrieved from 7
public databases [25]. In this study, the TISIDB was used
to investigate correlation between VWCE expression and
lymphocytes, and immunomodulators.

Quantitative real-time PCR

The assay was conducted in triplicate using the follow-
ing primer sets: si#l were 5- GAGGTGTGAAGCTGC
TTGTTCC, sequences of si#2 were 5- AGACACAGA
CGGTGCAGTTCTC. The amplification was carried
out in a 20 pl reaction system consisting of SYBR Green
mixture (16.4 pL), cDNA (2 uL) and 0.8 pl forward and
reverse primers (10 uM) under the following conditions:
pre denaturation at 95 “C for 30 s, denaturation at 95 ‘C

Page 3 of 16

for 40 cycles for 5 s, and annealing/extension at 60 °C for
34 s. All reactions were repeated. RT-PCR was performed
using 2 x TB Green Premix Ex Taq (Takara) in a Bio-Rad
detection system. The data for each gene was normalized
against the p-actin levels.

Western blotting

Proteins were separated using 12% SDS-PAGE and were
then transferred to a polyvinylidene fluoride (PVDEF)
membrane and probed with their respective antibodies.
The T47D and SK-BR-3 cells were homogenized in RIPA
lysis buffer (Meilunbio, Shanghai, China) containing pro-
tease inhibitor mixture on ice for 30 min, and centrifuged
for 10 min at 12,000 rpm in a 4 °C Eppendorf microfuge
(Thermo, USA). Loading buffer was added to the pro-
tein lysate and boiled for 5 min. The following primary
antibodies were used: Anti-VWCE (1:1000; Affinity Bio-
sciences), anti-STAT1 (1:50; Affinity Biosciences), and
anti-MS4A4A (1:100; Affinity Biosciences) were used as
primary antibodies. MXB was used for secondary anti-
body detection. The immunocomplexes were then visual-
ized by chemiluminescent imaging.

Immunohistochemistry

This study was performed on archived tissues from 5
diagnosed cases of breast cancer and 3 adjacent normal
breast tissue cases were obtained from the Shenzhen Sec-
ond People’s Hospital. This study was approved by the
Ethics Committee of Shenzhen Second People’s Hospi-
tal in accordance with the principles of the Declaration
of Helsinki. To validate the relationship between VWCE
expression and tumor-infiltrating immune cells, we per-
formed immunohistochemistry to assess VWCE, STAT1,
and MS4A4A. First, the collected tissue samples were
embedded, sliced, and dewaxed; then performed anti-
gen repair was performed as follows: prepared 200 mL
of 10 x repair solution, such as 20 mL 10 x repair solu-
tion+ 180 mL distilled water was prepared, each slice
was placed in the repair box and close the lid was closed,
the box was placed in a 100 °C water bath and reacted
for 20 min, then naturally cooled to room temperature;
then, it was incubated in 3% H,O, deionized water at
room temperature in the dark for 10 min and rinsed with
distilled water 2—3 times, for 3 min each time. The water
around the slices was wiped off with filter paper, draw a
circle of oil, and add an appropriate amount of blocking
solution was added for protein blocking and the slices
were incubated at room temperature for 20 min. The tis-
sue was then incubated with the primary antibody and
incubated overnight at 4 °C, and then incubated with
the secondary antibody. Avidin was added, incubated at
room temperature in the dark for 20 min, then washed
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with PBST, followed by DAB color development 4+ hema-
toxylin counterstaining and dehydration. Lastly, an image
was taken with a scanning microscope. All of the stained
sections were assessed for the degree of immunostaining
and scored by two pathologists. The expression density of
VW(CE, STAT1, and MS4A4A in breast cancer tissue was
quantitated by scoring staining intensity, including nega-
tive (—) and weak (+) staining, moderate (4++) and strong
(4+++) staining, respectively [26].

Statistical analysis

The results of Kaplan—Meier plots were presented with
HRs and p values from a log-rank test. Spearman correla-
tion coefficient was used to measure the expression cor-
relation among genes. Data were presented as the means
of the results from at least three independent experi-
ments. The data were processed using one-way analysis
of variance (ANOVA), and Student’s t-test was employed
to assess significant differences. A value of p<0.05 was
considered statistically significant.
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Results

VWCE mRNA expression levels in various types of cancer
We performed the expression of VWCE and its asso-
ciation with the prognosis and immune infiltration
level in this study (Fig. 1). Information in the TIMER
database uncovered that mRNA expression of VWCE
was fundamentally lower in breast cancer tissues when
compared with normal tissues (p<0.01). As shown in
Fig. 2a, compared with normal tissues, the VWCE
transcription levels were significantly lower in BLCA
(bladder urothelial carcinoma), BRCA (breast invasive
carcinoma), CHOL (cholangiocarcinoma), HNSC (head
and neck squamous cell carcinoma), KICH (kidney
chromophobe), and PRAD (prostate adenocarcinoma).
Additionally, to confirm the differences in VWCE
expression in BRCA, VWCE expression was analyzed
using the DriverDBv3 databases. Figure 2b also showed
that VWCE mRNA expression was lower in breast
tumors than normal tissues.

VWCE expression analysis

and expression of VWCE

Association between clinicopathological parameters

Functional and pathway enrichment analysis

Gene set cancer analysis

Correlation between VWCE expression and
the immune cell infiltration

Experimental verification

X

[

)

Quantitative Real-Time PCR | | Western blotting | | Immunohistochemistry

Fig. 1 Experimental flowchart
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Fig. 2 Transcription levels of VWCE in different types of cancer and normal tissues. a VWCE expression levels in different tumor types from the
TCGA database were determined using TIMER. The color intensity (red or blue) is directly proportional to the significance level of upregulation
or downregulation, respectively. VWCE mRNA expression levels in breast cancer are delineated with red highlights. P-value Significant Codes:
0<**<0.001 <**<0.01 <*<0.05<.<0.1. b The expression levels of VWCE expression in different tumor types using DriverDB. Red represents
up-regulated genes with log2 (fold change) > 1 and green represents down-regulated genes with log2 (fold change) < — 1. Blue and purple dashed
lines represent the average value of all tumor and normal tissues, respectively

Associations between VWCE expression profiles
and clinicopathological parameters in breast cancer

patients
We investigated the relationship between VWCE

expression and the clinical characteristics of breast
cancer patients using bc-GenExMiner 4.4. There were
remarkably differential expression levels of VWCE
mRNA in ER status (ER->ER+, p<0.0001, Fig. 3a), PR
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Fig. 3 The relationship between VWCE expression and the clinical characteristics of breast cancer patients. A: ER status (ER—, ER+), B: PR status
(PR—, PR+), C: HER2 status (HER2+, HER2—), D: age (> 21 <40,>40 <70, and > 70 < 97), E: nodal status (N—, N+). F: subtypes (Basal-like, HER2-E,
Luminal A, Luminal B, and normal basal-like)

status (PR->PR+, p<0.0001, Fig. 3b), and HER2 status
(HER2+ > HER2—, p=0.0006, Fig. 3c). However, no
significant expression difference of VWCE mRNA was
found in age and nodal status (Fig. 3d, ee). In addition, we
also found that there was significant difference between
the expression of VWCE and subtypes (HER2-E > basal-
like, p <0.0001; luminal A <basal-like, p <0.0001; luminal
A <HER2-E, p<0.0001; luminal B<HER2-E, p<0.0001)
(Fig. 3f). These results suggest that VWCE expression
may serve as a potential diagnostic indicator in breast
cancer.

Biological interaction network of VWCE

Since this study is based on data obtained, we ana-
lyzed the functional protein association network by the
STRING database. The co-expression analysis revealed
that VWCE was co-expressed with bone morphogenetic
protein 2 (BMP2), twisted gastrulation protein homolog
1 (TWSG1), bone morphogenetic protein receptor

type-2 (BMPR2), bone morphogenetic protein recep-
tor type-1A (BMPR1A), bone morphogenetic protein 7
(BMP7), Bone morphogenetic protein 6 (BMP6), growth/
differentiation factor 5 (GDF5), thrombospondin type-1
domain-containing protein 1 (THSD1), zinc finger pro-
tein 114 (ZNF114) and ran-binding protein 3 (RANBP3),
whose correlation scores were 0.758, 0.659, 0.654, 0.639,
0.628, 0.608, 0.594, 0.581, 0.546, and 0.535, respectively
(Fig. 4a), suggesting that they may be functional partners
in breast cancer.

To examine the function of the identified genes, bio-
logical analyses (GO enrichment and KEGG pathway
analysis) were performed via the Enrichr online database
(Fig. 4b, Additional file 1: Table S1). GO analysis results
demonstrated that the biological processes of these
proteins were mainly involved in positive regulation
of pathway-restricted SMAD protein phosphorylation
(GO: 0010862), positive regulation of bone mineraliza-
tion (GO: 0030501), and regulation of pathway-restricted
SMAD protein phosphorylation (GO: 0060393).
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Molecular function (MF) were mainly enhanced in BMP
receptor binding (GO: 0070700), BMP receptor activ-
ity (GO: 0098821), and transmembrane receptor protein
serine/threonine kinase binding (GO: 0070696). Cell
component was significantly enriched in the spanning
component of the plasma membrane (GO: 0044214),
HFE-transferrin receptor complex (GO: 1990712), and
spanning component of membrane (GO: 0089717).
Therefore, we speculate that VWCE may be related to the
occurrence and development of cancer.

Gene set cancer analysis

To further understand the SNM, CNV, and pathway
activity of these proteins, we performed the analysis by
GSCALite (Fig. 5). From the SNV module, the SNV
frequency of BMPR2, VWCE, BMP2, RANBP3, and
ZNF114 are in the top five, which are 19, 19, 15, 15,
and 15%, respectively. Among them, the variant types
of VWCE, RANBP3, and ZNF114 are missense muta-
tions and frame-shift-Del. On the CNV module, the
main copy number variants of these genes include het-
erozygous amplification and heterozygous deletion. Thus,
these data indicate that VWCE mutations are associated
with its expression. Moreover, the results of pathway

analyses reveal that the expression of VWCE is related to
the activation or inhibition of multiple oncogenic path-
ways. VWCE expression mainly inhibits the apoptosis
and the cell cycle pathway by THSD1 and BMP6 expres-
sion. However, the EMT pathway mainly is activated by
TWSG1, THSD1, and GDF5 expression. Therefore, the
biological interaction network of VWCE is engaged with
protein complex formation, protein regulation, and can-
cer processes.

VWCE expression impacts the prognosis and correlates
with immune infiltration level in breast cancer

To better understand the relevance and underlying
mechanisms of VWCE expression in breast cancer, we
investigated the relationship between the expression of
VWCE and prognosis of breast cancer patients in the
Kaplan—Meier plotter database. As shown in Fig. 6a, the
high expression of VWCE was associated with better
prognosis (HR=0.67, p=0.015). These results suggest
that the expression level of VWCE can impact the prog-
nosis of breast cancer. Moreover, we analyzed the cor-
relation between somatic copy number alterations and
the abundance of immune infiltrates of VWCE (Fig. 6b).
SCNA module provides the comparison of tumor infil-
tration levels among tumors with different somatic copy
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number alterations for a given gene. SCNAs are defined
by GISTIC 2.0, including deep deletion (— 2), arm-level
deletion (— 1), diploid/normal (0), arm-level gain (1), and
high amplification (2). Box plots are presented to show
the distributions of each immune subset at each copy
number status in breast cancer.

Previous studies have reported that the survival time of
patients in several cancers depends on the number and
activity of tumor-infiltrating lymphocytes [27, 28]. There-
fore, we investigated whether VWCE expression was

correlated with immune infiltration levels in breast can-
cer. We assessed the correlation between VWCE expres-
sion and immune infiltration levels in breast cancer using
the TIMER database. The results showed that the expres-
sion of VWCE was significantly correlated with tumor
purity and infiltration level of CD4" T cell, macrophages,
and dendritic cell in breast cancer (Fig. 6¢). However, the
clinical impact of immune cells in breast cancer remains
poorly understood. Therefore, it is necessary to con-
duct a more comprehensive analysis of tumor immunity
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to better understand. Next, we analyzed immune cells
(B cell, CD8" T cell, CD4" T cell, macrophages, neu-
trophils, and dendritic cells) on the prognosis in breast
cancer, the expression of these immune cells was divided
into high and low levels by using the median expression.
The results showed that high infiltration levels of B cell,
CD8" T cell, CD4™ T cell, neutrophils, and dendritic cell
(Fig. 6d) were significantly associated with better survival
(p<0.05), whereas macrophages were not (p>0.05), it is
worth of further research and exploration. These findings
strongly indicated that VWCE played an important role
in immune infiltration in breast cancer.

Regulation of immune molecules by VWCE

To further study the regulation of VWCE on immune
molecules in breast cancer, we used the TISIDB data-
base to conduct an integrated analysis to predict cor-
relations between VWCE expression and lymphocytes
and immunomodulators (Fig. 7). Interestingly, we found
the greatest correlation between VWCE expression and
TILs included mast (Spearman: rho=0.362, p<2.2e—16),

macrophages (Spearman: rho=0.327, p<2.2e—16), Tth
(Spearman: rho=0.325, p<2.2e—16), and Thl (Spear-
man: rho=0.323, p<2.2e—16) (Fig. 7a). Immunomodu-
lators can be further classified into immunoinhibitors,
immunostimulators, and major histocompatibility com-
plex (MHC) molecules [29]. The correlation between
the expression level of VWCE and immunoinhibitors
was showed in Fig. 7b, among these immunoinhibitors,
the expression of VWCE has the strongest correlation
with TGFB1 (Spearman: rho=0.34, p<2.2e—16), CD244
(Spearman: rho=0.261, p=2.5e—18), PDCD1 (Spear-
man: rho=0.252, p=2.5e—17), and LGALS9 (Spearman:
rho=0.238, p=1.5e—15). Figure 7c shows the correlation
between VWCE expression and immunostimulators, and
the immunostimulators displaying the greatest correlation
included C10orf54 (Spearman: rho=0.437, p<2.2e—16),
TNFRSF8 (Spearman: rho=0.375, p<2.2e—16),
TNFRSF4 (Spearman: rho=0.374, p<2.2-16), and
TNFRSF25 (Spearman: rho=0.366, p<2.2e—16). Next,
we compared the correlation between VWCE expres-
sion and MHC molecules (Fig. 7d). The MHC molecules
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that showed the greatest correlation included HLA-DPB1
(Spearman: rho=0.302, p<2.2e—16), HLA-E (Spear-
man: rho=0.299, p<1.26e—24), HLA-DRB1 (Spearman:
rho=0.266, p<3.62e—19), and HLA-DMA (Spearman:
rho=0.259, p<3.55e—18). Therefore, VWCE may be
involved regulating the above immune molecules.

Correlation analysis between VWCE expression

and immune marker sets

To detect the relationship between VWCE expression
and various immune infiltrating cells, we focused on
the correlation between VWCE expression and immune
marker sets of various immune cells in BRCA using the
TIMER database. The immune cells analyzed in BRCA
tissues included CD8" T cell, T helper 1 (Thl), follicu-
lar helper T (Tth), M1 Macrophage, and M2 Macrophage
(Table 1). The expression level of VWCE was significantly
correlated with CD8* T cell, Thl, M1 macrophage, and
M2 macrophage. The strongest correlation was found
with immune cell markers for CD8" T cell (CD8B),
Thl (T-bet, STAT1), M1 macrophage (COX2), and M2

Table 1 Correlation analysis between VWCE and relate genes
and markers of immune cells using TIMER database

Description Gene None Purity
markers
Cor P Cor P
CD8*Tcell CD8A 0231 794e—15 0064 441e—02
CD8B 0264 488e—19 0.108 6.63e—04
Thi T-bet (TBX21) 0299 4.12e—24  0.146 3.79e—06
STAT4 0248 749%—17 0072 232e—02
STAT1 —0043 157e—01 —0.112 3.90e—104
IFN-y (IFNG) 0.101 749e—04 — 0038 231e—01
TNF-a (TNF) 007 2e—02  —0014 658e—01
Tfh BCL6 0.118 898e—05 0067 351e—02
IL21 0007 809%e—01 — 0091 3.90e—03
M1 Mac- INOS (NOS2) 0.101 801e—04 008 121e—02
rophage |gps 0.134 806e—06 0.059 6.36e—02
COX2(PTGS2) 0249 605e—17  0.144 532e—06
M2 Mac- CD163 0.183 101e—09 0087 596e—03
rophage  ygi4 0.187 4.16e—10 0084 823e—03
MS4A4A 0252 187e—17 0136 1.71e—05
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Table 2 Correlation between VWCE expression and immune cell
infiltration in breast cancer

Description Gene markers Cor p

CD8* T cell CD8A 0.0022 0.94
CDsB 0.0024 093

Thi T-bet (TBX21) 0.053 0.068
STAT4 0.11 0.00021
STAT1 —0.12 6e—05
IFN-y (IFNG) —0.074 0.011
TNF-a (TNF) —0.012 0.68

Tth BCL6 0.25 0
IL21 —0.052 0.072

M1 Macrophage INOS (NOS2) 0.021 047
IRF5 —0.024 0.41
COX2(PTGS2) 0.074 0.01

M2 Macrophage cD163 0.12 2.5e—05
VSIG4 0.22 33e—-14
MS4A4A 0.28 0

macrophage (MS4A4A). Next, we further investigated
the correlation between VWCE expression and a variety
of immune infiltrating cells using GEPIA database (Fig. 8;
Table 2). Specifically, the expression of VWCE was sig-
nificantly correlated with the expression of markers of

Thl, STAT4 (r=0.11, p=0.00021), STAT1 (r=— 0.12,
p=6e—05), and M2 macrophage markers, CD163
(r=0.12, p=2.5e—05), VSIG4 (r=0.22, p=3.3e—14),
and MS4A4A (r=0.28, p=0), but not with Tth and M1
macrophage. Thus, these results suggest that VWCE may
be involved in Th1l and M2 macrophage infiltrates.

We analyzed the correlation between the expression
of VWCE and STAT1 (Thl marker) and MS4A4A (M2
macrophage marker) by RT-PCR, western blotting, and
immunohistochemistry (Fig. 9). The expression of STAT1
and MS4A4A were analyzed after VW CE-overexpression
treatment. The RT-PCR analysis showed that VWCE-
overexpression in the T47D and SK-BR-3 cells decreased
the expression of STAT1, but increased the expression
of MS4A4A (Fig. 9a). We then used western blotting to
study the correlation between VWCE expression and
these markers in T47D and SK-BR-3 breast cancer cell
lines [30, 31]. The results were consistent with RT-PCR
(Fig. 9b). To further examine this results, the expres-
sion level of these proteins were quantitated by scoring
staining intensity, including negative (—) and weak (+)
staining, moderate (++) and strong (4+++) staining,
respectively (Fig. 9c). We found that VWCE mainly local-
ized in the extracellular. VWCE showed strong expres-
sion in normal tissues, but low expression in breast
cancer tissues. The expression level of STAT1 was high
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Fig. 9 The expression of STAT1 and MS4A4A after VWCE-overexpression treatment. a The expression of STATT and MS4A4A after
VWCE-overexpression was analyzed by RT-PCR. b The correlation between VWCE-overexpression and STATT and MS4A4A in T47D and SK-BR-3
breast cancer cell lines was analyzed by western blotting. C Correlation between VWCE expression and immune infiltration level of Th1 and M2
macrophages in breast cancer. a The expression of VWCE in normal tissues (+4), b The expression of VWCE in breast cancer tissues (+), ¢ The
expression level of STATT was high in breast cancer tissues (++), d The expression level of MS4A4A was relatively low in breast cancer tissues (+).
The expression density of VWCE, STAT1, and MS4A4A in breast cancer tissue was quantitated by scoring staining intensity, including negative (—)
and weak (4) staining, moderate (++) and strong (+++) staining, respectively.

in breast cancer tissues, while the expression level of
MS4A4A was relatively low in breast cancer tissues. The
results further revealed that STAT1 was negatively cor-
related with the expression of VWCE, but MS4A4A

was positively correlated with the expression of VWCE.
Taken together, the expression of VWCE relates to infil-
tration levels of Th1 and M2 macrophages.
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Discussion

The purpose of this study is to predict the role of VWCE
in breast cancer by using an extensive bioinformatics
data mining process to predict the relationship between
the expression level of VWCE and immune infiltration
level of different immune cells in breast cancer. To the
best of our knowledge, this report is the first to highlight
the relationship between VWCE expression and immune
infiltrates in breast cancer.

VWCE, a new gene upregulated by hepatitis B virus X
protein, is involved in the development and progression
of several tumors [32, 33]. However, the role of VWCE in
breast cancer remains to be elucidated. To acquire more
detailed information about the potential and regulatory
mechanism of VWCE in breast cancer, we performed
bioinformatics analysis of open sequencing information
to guide future breast cancer research. In our previous
bioinformatic analysis, we found that the expression of
VWCE based on online analysis tool was lower in breast
cancer. These results are not consistent with the previ-
ous studies in other tumors [13, 34, 35]. We speculate
that this may be related to the role and mechanism of
the same gene in different tissues and cells, that is to say,
malignant tumors are highly heterogeneous. In addition,
to further elucidate the molecular mechanisms of VWCE
in breast cancer, we searched the biological interac-
tion network of VWCE in breast cancer by the STRING
database. We found that VWCE was co-expressed with
BMP2, TWSG1, BMPR2, BMPR1A, BMP7, BMP6,
GDF5, THSD1, ZNF114, and RANBP3. Previous studies
have highlighted the important role of BMP2 in migra-
tion and angiogenesis [36, 37]. Besides, Neill HL O et al.
revealed that BMP2/BMPRI1A was linked to tumor pro-
gression in dedifferentiated liposarcomas [38]. BMPER
and TWSG1 are two extracellular BMP modulators,
they can determine endothelial cell fate via activation of
synergistic BMP and notch signaling [39]. THSD1 was
proved as a novel candidate tumor suppressor gene for
esophageal squamous cell carcinoma [40]. Therefore, the
biological analysis results of VWCE will help researchers
to better understand molecular mechanism of VWCE in
breast cancer.

VWCE is composed of five chordin-like cysteine
repeats and a C-type lectin domain. Chordin is a regu-
lator of bone morphogenetic proteins (BMPs) and con-
tains four cysteine-rich repeats, which are also called von
Willebrand factor C (VWC) domains. These domains
have been shown to interact with cell adhesion, migra-
tion, and the cellular matrix, indicating an important role
in cancer cell EMT. For example, VWC has been shown to
bind to members of transforming growth factor-p (TGEF-
) superfamily and has been proposed to regulate growth
factor signaling [41]. Furthermore, Du R et al. reported
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that VWCE promoted gastric cancer growth and inva-
sion by activation of the B-catenin signaling pathway [14].
To explore the potential mechanism of VWCE in breast
cancer, we analyzed the functional protein association
network. Our study found that the molecular function of
VWCE was mainly enhanced in BMP receptor binding,
BMP receptor activity, and transmembrane receptor pro-
tein serine/threonine kinase binding. Moreover, previous
studies have demonstrated that downregulation sup-
presses proliferation, invasion, and B-catenin expression
in non-small cell lung cancer cells [35]. Our results sug-
gest that the expression of VWCE is correlated with the
activation or inhibition of multiple oncogenic pathways.
Notably, we found VWCE expression mainly inhibited
the apoptosis pathway. The prognostic analysis demon-
strates that the high expression of VWCE indicates bet-
ter prognosis in breast cancer. Therefore, we speculate
that VWCE may be closely related to the occurrence and
development of breast cancer.

Another important aspect of this study is that VWCE
expression is associated with the immune infiltration
levels in breast cancer. Some studies have reported that
tumor-infiltrating lymphocytes were currently con-
sidered to be biomarkers highly associated with breast
cancer. Generally, it is recognized that the infiltration
of tumor-infiltrating lymphocytes was related to the
prognosis in breast cancer, and that adjuvant treatment
is relatively effective [42-44]. However, the relation-
ship between VWCE and immune infiltration in breast
cancer-luminal remains unclear. Therefore, we hypoth-
esized that VWCE expression is associated with immune
infiltration in breast cancer, and is a potential marker of
the tumor immune microenvironment. The presence of
macrophages is associated with reduced survival in most
cancers [45]. Furthermore, as a potential cancer therapy,
dendritic cell immunotherapy has a great prospect in
animal research [46]. To the best of our knowledge, this
study is the first to evaluate the association between
VWCE expression and the levels of immune infiltration
in breast cancer subtypes, especially in breast cancer-
luminal in our immune infiltrates study, we observed
that VWCE expression significantly correlates with
tumor purity and significant correlations with infiltra-
tion levels of Th1 and M2 macrophage. This suggests that
VWCE may activate or inhibit immune cells infiltrating
the tumor, although the underlying mechanism involved
is unknown. Macrophages are a group of differentiated
immune cells and classify as M1 macrophages and M2
macrophages [47]. They play an important role in devel-
opment, homeostasis, and immunity [48].

Recent studies have shown that the ability of STAT1
to inhibit STAT4 activation prevents the development
of Thl responses [49]. In addition, studies have shown
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that most M2 macrophages are considered to be tumor-
associated macrophages, which can promote tumor
angiogenesis, immunosuppression, and metastasis [50,
51]. CD163 is considered to be a marker of M2 mac-
rophage [52]. CD163 positive cancer cells were signifi-
cantly associated with shorter progression-free survival
and lower overall survival [53]. MS4A4A is a novel cell
surface marker for M2 macrophages, which is essential
for dectin-1-dependent activation of NK cell-mediated
anti-metastatic properties. Hence, our study suggests
that VWCE serve as a potential biomarker is associated
with clinical pathologic features and immune infiltrates
in breast cancer.

To further study the regulation of VWCE on immune
molecules in breast cancer, we conducted an integrated
analysis to predict correlation between VWCE expres-
sion and some immunoinhibitors, immunostimula-
tors, and MHC molecules using TISIDB database. Our
results demonstrated a positive correlation between
VWCE expression and lymphocytes (such as mast,
macrophages, Tfh, and Thl), immunoinhibitors (such
as TGFB1, CD244, PDCDI1, and LGALS9), immu-
nostimulators (such as C10orf54, TNFRSF8, TNFRSF4,
and TNFRSF25), and MHC molecules (such as HLA-
DPB1, HLA-E, HLA-DRB1, and HLA-DMA). TGFB1
is a regulatory cytokine that can inhibit and pro-
mote breast cancer cell lines and tissue. High serum
TGEP1 level predicts better survival in breast cancer
[54]. A previous study showed that macrophages play
an important role in development, homeostasis, and
immunity. Besides, TNFRSF was demonstrated playing
crucial roles in both innate and adaptive immunity [55].
Interestingly, we found VWCE expression was signifi-
cantly correlated with T cell exhaustion markers such
as PDCD1. The PD1/PDL1 axis was proved a promis-
ing therapeutic target in aggressive breast cancers, and
mainly regulated the function of tumor cells and TILs
[56]. Therefore, VWCE associated with these immune
molecules, may provide a new target for studying the
immune evasion of breast cancer cells, and can poten-
tially serve as an immunotherapeutic target for breast
cancer. In addition, VWCE expression was negatively
correlated with the expression of STAT1 (Thl marker,
r=— 0.12, p=6e—05), but positively correlated with
the expression of MS4A4A (r=0.28, p=0). We further
verified these markers of Thl and M2 macrophage by
RT-PCR, western blotting, and immunohistochemistry,
these results suggested that VWCE may be involved
in Thl and M2 macrophage infiltrates. This work has
taken some important first steps in this direction. How-
ever, there are some problems to be solved in the future
work [57].

Page 14 of 16

Since this study is based on data obtained from publicly
available databases, there are some limitations. The data
we collected in this study lacked some information and
required large samples to reliably interpret the data. Also,
the mechanism of VWCE regulating the infiltration of
immune cells is required for further study (Additional file 2).

Conclusion

VWCE may be a potential biomarker and is associated
with immune infiltration of breast cancer, suggesting
VWCE as a therapeutic target to modulate the anti-
tumor immune response. All in all, a comprehensive
understanding the correlation between VWCE expres-
sion of prognosis and immune infiltration will offer
new insights for immunotherapy of breast cancer.
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