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Introduction: Breast cancer has a high incidence and mortality rate in women due to metastasis and drug resistance which is
associated with vasculogenic mimicry (VM). We purposed to explore VM formulation in breast cancer and mechanism of which is
involved in EphA2/PIK3R1/CTNNBI in the present study.

Methods: The expression of EphA2/PIK3R1/CTNNBI and breast cancer patient prognosis was analyzed from TCGA data, both gene
and protein expression as well as VM were measured in human breast cancer tissue samples collected in our study. The relationship
between EphA2/PIK3R1/CTNNBI1 and the formation of VM in breast cancer and its possible regulatory mechanism was explored.
Results: The results of the bioinformatics analysis based on TCGA showed that the expression of PIK3R1/ CTNNB1/ PECAM1
(CD31) in tumor tissues was significantly lower than that in normal tissues. EphA2 was positively correlated with PIK3R1, PIK3R1
with CTNNBI, and CTNNBI1 with PECAM1 expression in breast cancer tissues. The results of detection in breast cancer and adjacent
tissues indicated that the expression of EphA2/PIK3R1/CTNNBI in cancer tissues was significantly lower than that in adjacent tissues.
The expression of PIK3R1 was positively correlated with EphA2 and CTNNBI1 expression, respectively, as well as EphA2 expression
correlated with CTNNB1 expression positively. VM formation was significantly increased in breast cancer tissues compared with
adjacent tissues.

Conclusion: Our results suggested that the formation of VM in breast cancer may be related to the EphA2/PIK3R1/CTNNBI1
molecular signaling pathway.

Keywords: breast cancer, vasculogenic mimicry, EphA2/PIK3R1/CTNNBI pathway, targeted prediction and prevention

Introduction
Breast cancer is the most common malignant tumor in female patients around the world with increasing incidence year
by year, and it is also the main cause of most cancer-related deaths.' Although systemic treatment has improved the cure
rate of breast cancer, patients with metastatic or highly malignant breast cancer still have a poor prognosis and lower five-
year survival rate.” It is still needed to explore new and potential targets for breast cancer prediction and intervention
presently.

Metastasis and drug resistance of breast cancer may be important reasons for its high mortality. At present, the effect
of treatment for metastatic breast cancer remains to be improved and correlation treatment is still a serious problem, so

in-depth study of the pathological mechanism of high malignant breast cancer has guiding significance for breast cancer

treatment.
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Tumor metastasis and invasion and tumor cell survival, growth method of the microenvironment is necessary. As the
tumor progresses, when the tumor cells grow rapidly, the surrounding nutrients cannot meet the needs of the tumor cells,
the tumor cells will appear a state of hypoxia. Vasculogenic mimicry (VM) is reported as one type of vascular supply
modes for malignant tumors.> VM is a new vascular supply mode, which is a microvascular channel composed of non-
endothelial cells (tumor cells). Tumor cells secrete extracellular matrix components and self-shaping, thus enclosing the
pipeline structure. Malignant tumor cells have the specificity to form vasculoid networks that provide adequate blood
supply for tumor growth. Studies have confirmed the existence of VM in most tumor tissues with high malignant degree
and easy metastasis, such as breast cancer, liver cancer, glioma, melanoma.*® Patients with malignant tumors in the
presence of VM tend to have poor survival and poor prognosis. Since tumor microenvironment affects the occurrence and
development of tumors, changes in tumor microenvironment, such as the initial hypoxic environment of solid tumors, are
inseparable from VM. Hypoxic environment can increase the degree of malignancy of tumor cells, promote tumor
metastasis, and promote the ability of tumor cells to form pipelines, thus promoting VM formation, affecting the poor
prognosis of patients.” VM has been recognized as a novel model of invasive tumor angiogenesis.

In recent years, a large number of studies have pointed out that some anti-angiogenesis clinical treatment effects are
not effective enough, possibly due to VM activation. Researchers have proposed a variety of molecular mechanisms that
regulate VM formation, particularly Erythropoietin-producing hepatocellular carcinoma-A2 (EphA2), phosphatidylino-
sitol 3-kinase (PI3K), matrix metalloproteinases (MMPs), vascular endothelial growth factor receptor (VEGFRI1), and
hypoxia induction factor (HIF-1a) are involved in the formation of VM and are associated with tumor migration and
invasion. Hypoxia, cancer stem cells (CSCs) and epithelial-mesenchymal transition (EMT) are important factors for VM
formation and tumor metastasis.* In particular, VE-Cadherin, EphA2, and nodal signaling pathways are involved in VM
formation.” CTNNBI encodes cadherin-related protein B-catenin is stimulated and interacts with signal molecules,
leading to transcription of genes related to cell proliferation.® p-catenin plays a role in regulation of metabolism and
energy homeostasis in breast cancer.” B-catenin is involved in Wnt signaling which correlated with breast cancer
progress.'® However, the role of CTNNBI in VM of breast cancer and the mechanism of the VM has not been fully
clarified to date.

In general, we hypothesized EphA2/PIK3R1/CTNNBI1 might play a role in VM to correlate with prognosis of breast
cancer patients. We purposed to explore VM formulation in breast cancer and mechanism of which involved in EphA2/
PIK3R1/CTNNBI in the present study. The expression of EphA2/PIK3R1/CTNNBI and breast cancer patient prognosis
was analyzed from TCGA data, both gene and protein expression as well as VM were measured in human breast cancer
tissue samples collected in our study. The relationship between EphA2/PIK3R1/CTNNBI and the formation of VM in
breast cancer and its possible regulatory mechanism was investigated, in order to provide theoretical basis and data

support for molecular targeted therapy of breast cancer.

Materials and Methods

Reagents and Antibodies

Antibodies of EphA2 (220092), CTNNB1 (R22820) and CD31 (347526) were purchased from ZENBIO (http://www.
zen-bio.cn/, China). Antibody of PIK3R1 (Bsm-33219M) was applied by Bioss (http://www.bioss.com.cn/, China). All
primers were synthesized and obtained from Invitrogen. Trizol reagent (R0016), SYBR Green Master Mix (D7262) and
PAS kit (C01428S) were purchased from Beyotime (China).

Clinical Samples

Twenty patients with breast cancer including 11 luminal A, 4 luminal B, 3 HER2-positive and 2 triple-negative cancers
confirmed by X-ray examination and pathological assessment in our hospital from December 2020 to May 2021 were
included in the study. Inclusion criteria: (1) aged 18 to 45 premenopausal; (2) first time diagnosed without radiation or
chemotherapy; (3) breast cancer in situ. Exclusion criteria: (1) history of hypertension and diabetes; (2) smoking history;
(3) ovarian cancer and other complicated malignant tumors; (4) non-breast carcinoma in situ. This study was approved by
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the institutional research ethics committee of Hospital Affiliated to Hebei University (HDFY-LL-2021-240). All the
patients involved in the present study have written informed consents in accordance with the Declaration of Helsinki.

Transcriptional Expression Analysis of Genes

Box plots of EphA2, PIK3R1, CTNNB1 and PECAMI1 (CD31) expression breast tumors and normal tissues were
obtained from Multiple Datasets of Breast invasive carcinoma (BRCA) of TCGA and Genotype-Tissue Expression
(GTEXx) databases8 in the Expression Analysis Module of GEPIA2 (http://gepia2.cancer-pku.cn).

Survival Prognosis Analysis

Survival prognosis analysis in breast cancer patients with EphA2/PIK3R1/CTNNB1/PECAMI1 expression was performed
using the Kaplan—Meier plotter (https://kmplot.com/analysis) and the data was from Multiple Datasets of Breast invasive
carcinoma (BRCA) of TCGA based on Affymetrix microarray information. The prognostic value of EphA2/PIK3R1/
CTNNBI1/PECAMI in breast cancer was evaluated by OS (overall survival).

Real-Time Quantitative PCR (qRT-PCR)

Real-time quantitative PCR was used to detect mRNA expression of EphA2, PIK3R1 and CTNNBI in breast cancer
tissues and corresponding para-carcinoma tissues. Briefly, total RNA was extracted using Trizol reagent according to the
manufacturer’s instructions. Then, the RNA samples were reversely transcribed into cDNA in a reaction of 20 uL.
Fluorescence quantitative PCR was performed on real-time quantitative PCR instrument (QuantStudio 6, ABI) with
SYBR Green Master Mix (D7262), the reaction system was under a condition of pre-denaturation for 2min at 50°C, 10
min for 10 min, 40 cycles were conducted including 30s at 95°C and 30s at 60°C. The dissolution curve was drawn and
the final data were quantified using 2 **“* method. The primers used in this study are listed in Table 1.

Immunohistochemistry (IHC)

Resected breast cancer tissues and corresponding para-carcinoma tissues from breast cancer patients who underwent surgical
resection were fixed in 4% paraformaldehyde overnight. Then, the tissues were embedded with Paraffin, and cut into 4pum slices.
After deparaffinization, dehydration, antigen retrieval and blocking endogenous peroxidase, the sections were incubated with
primary antibodies against EphA2 (1:500, ZENBIO, 220092), CTNNB1 (1:500, ZENBIO, R22820) and PIK3R1 (1:500, Bioss,
Bsm-33219M) at 4°C overnight. The sections were then incubated with HRP-conjugated secondary antibodies conjugated with
HRP followed by exposing to DAB to visualize signals of the antigen and counterstaining with hematoxylin. The sections were
imaged under a microscope (BX43, OLYMPUS). Then, the stained slices were quantitatively analyzed by image-Pro Plus Image
analysis system.

Table | Primer Sequences for Real-Time PCR Used in the Study

Name Primer Sequence Size

Homo GAPDH Forward | 5- TCAAGAAGGTGGTGAAGCAGG -3’ | 115bp

Reverse | 5- TCAAAGGTGGAGGAGTGGGT -3’

Homo EphA2 Forward | 5- AAGTACATCCAGCAGACG -3 263bp

Reverse | 5- TCACCACCAGGTAGTTTG -3’

Homo PIK3RI Forward | 5- GTGATGTGGGCTGTGAAT -3’ 292bp

Reverse | 5- GCTCTGAGAACTCCGATG -3’

Homo CTNNBI | Forward | 5- GTGATGTGGGCTGTGAAT -3’ 292bp

Reverse | 5- GCTCTGAGAACTCCGATG -3’
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CD31-Periodic Acid Schiff (PAS) Double Staining for VM

Sections were stained for CD31 using primary antibody (1:500, ZENBIO, 347526) and HRP-conjugated secondary
antibody to visualize blood endothelial cells. Then, the sections were placed in PAS solution (0.5%) and incubated for 5
min followed by being stained using Schiff reagent for 20min. After being rinsed using distilled water, the sections were
counterstained with hematoxylin. Photographs of sections were taken under a microscope and analyzed by image-Pro
Plus Image analysis system.

Statistical Analysis

The results are expressed as the mean and standard error of the mean (mean + SEM). Statistical calculations were
performed with GraphPad Prism 8 (GraphPad Software, Inc., San Diego, USA). Student’s #-test was used to compare the
two groups. Pearson correlation coefficient was used to analyze the correlation between studied genes in this research,
P < 0.05 was considered statistically significant.

Results
Expression of EphA2/PIK3RI/CTNNBI/PECAMI in Breast Cancer Tissues Compared
with Normal Tissues and Correlation of the Expression with Survival of Patients with

Breast Cancer Based on Bioinformatics Analysis
Gene expression of EphA2, PIK3R1, CTNNB1 and PECAMI in breast cancer tissues (n=1097) compared with normal
tissues (n=114) was obtained from data of TCGA analysis using GEPIA2. As shown in Figure 1, the expression of
EphA2, PIK3R1, CTNNB1 and PECAMI1 was down regulated in primary tumor compared with normal tissue.
Survival of breast cancer patients with different expression levels of EphA2, PIK3R1, CTNNB1 and PECAMI1 was
then analyzed from data based on Kaplan—Meier Plotter database. All the breast cancer patients with high expression
levels of EphA2 (n=2461), PIK3R1 (n=2462), CTNNBI1 (n=2465) or PECAMI1 (n=2465) had significantly longer
survival than those with low expression levels of EphA2 (n=2468), PIK3R1 (n=2467), CTNNBI1 (n=2464) or
PECAMI (n=2464) (P<0.05) (Figure 2).

mRNA Expression of EphA2, PIK3RI and CTNNBI in Breast Cancer Tissues and
Corresponding Para-Carcinoma Tissues from Breast Cancer Patients Collected in

Our Study and the Correlation of EphA2, PIK3R1 and CTNNBI with Each Other

The mRNA expression of EphA2, PIK3R1 and CTNNBI1 in 20 pairs of breast cancer and corresponding para-carcinoma tissues
was measured. Results was showed in Figure 3A—C that the expression of EphA2, PIK3R1 and CTNNBI1 was significantly
downregulated compared with paracancerous (P<0.05) which was consistent with the bioinformatics analysis of data from
TCGA. The correlation of EphA2, PIK3R1 and CTNNBI with each other, especially PIK3R1 and CTNNB1 (R=0.32)
expression was positively in cancerous tissues of breast, which was obtained from data of TCGA (Figure 3D-F). Moreover,
positive correlation among EphA2, PIK3R1 and CTNNBI1 expression as well as significantly positive correlation between
EphA2 and PIK3R1 (R?=0.4257) was further found in the results measured in the collected cancer samples in our study
(Figure 3G-I).

Protein Expression of EphA2, PIK3R| and CTNNBI in Breast Cancer Tissues and
Corresponding Para-Carcinoma Tissues from Breast Cancer Patients Collected in
Our Study

The protein expression of EphA2, PIK3R1 and CTNNBI in breast cancer tissues and corresponding para-carcinoma
tissues from breast cancer patients was detected using immunohistochemical staining. It was consistent with mRNA
expression that the protein expression of EphA2, PIK3R1 and CTNNBI was significantly increased in cancerous tissue
compared with paracancerous tissue (P<0.05) (Figure 4).
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Figure | Expression level of the prognostic value in normal tissues and breast cancer samples from the TCGA Database. (A) EPHA2, (B) PIK3RI, (C) CTNNBI, (D)
PECAMI.

Vascular Mimicry (VM) Denoted by PAS-CD31 Staining and Its Relation with PIK3R1
and CTNNBI Expression in Breast Cancer Tissues and Corresponding

Para-Carcinoma Tissues from Breast Cancer Patients Collected in Our Study
Considering PECAM1 (CD31) lower expression in primary tumor compared with normal tissue obtained from TCGA
and involved in marking vascular mimicry which associated with tumor progression, vascular mimicry was detected in
breast cancer tissues and corresponding para-carcinoma tissues from breast cancer patients collected in our study. As
shown in Figure 5A, there are two lumen morphologies in breast cancer tissue, including endothelium-dependent vessels
and VM. Tissues stained by PAS were purplish red and CD31 positive marks endothelial cells around the lumen are
brown. VM formation (PAS positive and CD31 negative) was increased in breast cancer tissues, the presence of pale red
blood cells could be observed in the lumen, and there was no bleeding around the lumen, cell necrosis and inflammatory
cell infiltration. Paracancer tissues are mostly PAS-positive and CD31-positive blood vessels. VM formation in moderate-
PIK3R1 (n=12) (Figure 5B and C) or CTNNBI1 (n=14) (Figure 5D and E) expression (IHC score less than or equal to 2)
tissues was more than that in Strong-PIK3R1 (n=8) or CTNNBI expression (n=6) (IHC score more than 2). Furthermore,
the mRNA expression of PIK3R1 and CTNNBI in samples with more VM (VM more than or equal to 3) was
significantly low compared with those with less VM (VM less than 3) (Figure 5F and G).
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Figure 2 Survival curves comparing low and high expressions of EphA2/PIK3RI/CTNNBI/PECAMI in breast cancer. (A) EPHA2, (B) PIK3RI, (C) CTNNBI, (D) PECAMI.
All the survival analyses were conducted via Kaplan-Meier Plotter database (https://kmplot.com/analysis).

Discussion

Breast cancer is one of the most common cancers in the world.'' Prolongation of patient survival and improvement of life
quality are the main goals of breast cancer treatment. Breast cancer biomarkers and subtypes, and genomics exploration
affect future breast cancer diagnosis, treatment, and survival.'> VM of vascular channels independent of endothelial cells
is involved in tumor invasion, metastasis, and drug resistance associated with poor prognosis of breast cancer.'> VM is
the formation of PAS positive and vascular endothelial marker CD31 negative structures in tumor tissues.'*
Erythropoietin is reported to produce EphA2, VE-cadherin, PI3K, MMPs, VEGFRI1, HIF-lo and other molecular
mechanisms are involved in the formation and progression of VM.* In the present study, 114 cases of normal tissues
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Figure 3 Expression level and correlation analysis of studied genes in breast cancer tissue. (A—C) mRNA expression of EphA2/PIK3RI/CTNNBI by qRT-PCR assay, n=20,
*Denotes P<0.05 compared with paracancerous group. (D-F) Pearson correlation analysis of EphA2/PIK3RI/CTNNBI/ PECAMI in breast cancer samples from TCGA
database. (G) The correlation of EPHA2 and PIK3R1 in breast cancer samples, n=20, R?=0.4257, P =0.0018. (H) The correlation of PIK3RIand CTNNBI in breast cancer
samples, n=20, R?=0.2215, P =0.0362. (I) The correlation of EPHA2 and CTNNBI in breast cancer samples, n=20, R?=0.2279, P =0.0333.

and 1097 tumor cases were extracted from Multiple Datasets of Breast invasive carcinoma (BRCA) of TCGA. EphA2/
PIK3R1/CTNNBI expression and correlation between their expression and prognosis of breast cancer patients was
analyzed, results of which showed that the expression of EphA2 in tumor tissues was significantly lower than that in
normal tissues and positively correlated with the prognosis of patients. Moreover, the gene and protein expression of
EphA2/PIK3R1/CTNNBI1 were detected in the samples collected in our study and the correlation of EphA2, PIK3R1 and
CTNNBI with each other was analyzed, results of which were consistent with bioinformatics analysis of data from
TCGA. However, it has been reported that the tyrosine kinase EphA2 belongs to the Eph receptor family and is produced
in large quantities in tumor tissues, while the content is relatively low in most normal adult tissues so that EphA2 is

a potential target for the treatment of malignant tumors.'> EphA2 is overexpressed in invasive breast cancer that includes
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Figure 4 Immunohistochemical staining of studied genes in para-carcinoma and breast cancer tissues. (A) Expression intensity and location of EphA2 in para-carcinoma
tissue and breast cancer tissue by immunohistochemical staining assay. (B) Quantitative analysis of EphA2 from immunohistochemical images by histochemical scores. (C)
Expression intensity and location of PIK3R1 in para-carcinoma tissue and breast cancer tissue by immunohistochemical staining assay. (D) Quantitative analysis of PIK3R|
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Immunohistochemical staining assay. (F) Quantitative analysis of CTNNBI from immunohistochemical images by histochemical scores. n=20, *Denotes P<0.05 compared

with paracancerous group.

the HER2+ subtype and associated with poor prognosis.'® The relationship between EphA2 and prognosis of breast
cancer patients remains to be further explored.

Abnormalities of the PI3K/PTEN pathway are common events in cancer, and PIK3CA and PTEN are the most
common mutated genes after TP53. PIK3R1 is the main regulatory subtype of PI3K. The results of our study showed that
the expression of PIK3R1 in breast cancer tissues is significantly lower than that in normal tissues, which is consistent
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*Denote P<0.05 and P<0.0| compared with VM (0-2) group.

with the report that PIK3R1 is a tumor suppressor gene.® Mutations in related signaling molecules are also important
factors in cancer development. CTNNBI participates in Wnt/B-catenin signaling pathway, which plays an important role
in stem cell maintenance.'” CTNNBI is up-regulated in endometrial circulating tumor cells and is a potential therapeutic
target for endometrial cancer.'® However, the analysis results of bioinformatics analysis of data from TCGA indicated
that the expression of CTNNBI in Normal tissues was significantly higher than that in tumor tissues which was
consistent with those expressions detected in the breast cancer samples collected in our study.

VM is composed of tumor cells, which mimic endothelial cells to surround the lumen and create endothelium-
dependent vascular connectivity.'” More VM was found in breast cancer tissues compared with paracancerous tissue
which was similar to previous study that a variety of highly invasive tumors were involved in VM.?® Angiogenesis is
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a fundamental process of tumorigenesis, growth, invasion and metastatic spread, as exosomal EPHA2 derived from
highly metastatic breast cancer cells promotes angiogenesis.” EPHA2 expression constitutes a potential prognostic
factor for TNBC patients.”*** PIK3R1 alterations or reduced mRNA expression tended to be associated with worse
clinical outcomes in prostate cancer.”* Previous study demonstrated that the PI3K/MMPS/LN-5 y2 signaling pathway
mediates the formation of VM in invasive human gallbladder carcinoma which was analogous to our study that
PIK3R1 expression in para-cancer tissues is significantly higher than that in breast cancer tissues, and PIK3R1 may be
a tumor suppressor factor.”> Meanwhile, the expression of EphA2 and PIK3R1 was positively correlated in breast
cancer tissues. In addition, more VM formations were found in breast cancer tissue with less PIK3R1 expression in our
study.

The protein B-catenin encoded by CTNNBI1 is a multifunctional relatively evolutionary conserved molecule that plays
a key role in animal development and homeostasis. Imbalances in the structure and signal transduction properties of 3-
catenin often lead to disease and dysregulated growth associated with cancer and metastasis. In-depth study of B-catenin
is helpful to elucidate the mechanism of cancer occurrence and malregulated growth.”® EMT was considered associating
with tumor metastasis, and the expression of EMT-related protein e-cadherin was down-regulated with the down-
regulation of TGFB.?” Researchers have found that the occurrence of VM in tumors may be driven by TGF to jointly
induce tumor cells to mesenchymal phenotypic transformation, with high expression rate ofof stem cell markers.”’ The
expression of CTNNBI (B-catenin) in breast cancer tissues and adjacent tissues was lower than that in adjacent tissues.
Preliminary analysis indicated that EphA2 and PIK3R1 were positively correlated with CTNNBI in breast cancer tissues.

2829 promising targets for predictive, preventive, and personalized medicine in breast

According to previous studies,
cancer with the highest incidence among all cancers to benefit the patient and society remain deserved. Therefore, VM
and its related molecular mechanism may be important for prognosis of patients with breast cancer. Moreover, VM and
EphA2/PIK3R1/CTNNBI1 expression in breast cancer including tumor subtypes in larger size of samples would be

explored in our further study.

Conclusions and Recommendation

Results based on bioinformatics analysis and the detection results breast cancer and adjacent tissues showed that the
expression of EphA2/PIK3R1/CTNNBI in cancer tissues, which correlated with breast patient prognosis, was signifi-
cantly lower than that in adjacent tissues and correlated with breast patient prognosis. The expression of PIK3R1 was
positively correlated with EphA2 and CTNNBI expression, respectively, as well as EphA2 expression correlated with
CTNNBI expression positively. VM formation was significantly increased in breast cancer tissues compared with
adjacent tissues. The formation of VM in breast cancer may be related to the EphA2/PIK3R1/CTNNB1 molecular
signaling pathway. VM as well as its related molecular signals of EphA2/PIK3R1/CTNNB1 may be the promising targets
for breast cancer prediction and prevention.
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