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Global Cancer Statistics for the year 2022 [1] used endothelial cells with different molecular

revealed that breast cancer accounted for 31% of new
cancer cases among women, making it the most prevalent
malignant tumor in terms of incidence. The diagnosis and
treatment of breast cancer are primarily based on
traditional histopathological and molecular pathological
features according to various authoritative guidelines [2].
Currently, the focus of breast cancer diagnosis and
treatment is on tumor recurrence and metastasis. As a
systemic disease, the systemic metastasis of breast cancer
begins with the invasion of cancer cells into the primary
tumor site and its surrounding tissues, specifically within
the primary tumor or the surrounding "lymphovascular
invasion." In recent years, pathological researchers have

characteristics to distinguish lymphatic and vascular
invasion through immunohistochemistry (IHC) and
vascular endothelial biomarkers. Then the role of
lymphatic endothelial cells (LEC) in tumor progression
and metastasis was recognized gradually [3-4]. On the
other hand, since the principle of anti-angiogenesis
treatment for solid tumors was proposed at 1972 [5],
targeted anti-angiogenesis drugs combined with
chemotherapy and radiotherapy, as an anti-tumor
treatment strategy, have had a positive impact on tumor
treatment, and research on angiogenesis in breast cancer
has also made great breakthroughs. In recent years, a
large number of breast cancer specific vascular
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endothelial markers have emerged, some of which have
become routine diagnostic methods for breast cancer
vascular tumor thrombus. This article reviews the clinical
application and research progress of specific
lymphovascular endothelial markers (including lymphatic
endothelial markers and vascular endothelial markers) in
breast cancer in recent years.

1 Lymphatic endothelial marker

Lymphatic endothelial markers are specific markers
expressed by LEC during during lymphatic vessel
formation. They can be distinguished from surrounding
tissues and are easily detectable at the histological level.
Representative lymphatic endothelial markers include
D2-40, podoplanin (PDPN), and vascular endothelial
growth factor receptor-3 (VEGFR-3).

1.1 D2-40

Monoclonal antibody D2-40 is a selective marker of
lymphatic endothelium discovered by Kahn et al in 2002.
In paraffin sections of breast cancer, colon cancer,
prostate cancer and other primary tumors, D2-40 can
clearly distinguish tumor embolism in the lymphatic
vessels around the tumor. Subsequent research showed
that D2-40 not only improve the detection rate of
lymphatic invasion in breast cancer [6], but also play a

role in predicting the survival of breast cancer patients [7].

However, the use of D2-40 as a prognostic indicator for
assessing breast cancer recurrence and metastasis is still
debated. A study by Britto et al. [8] found no correlation
between the D2-40 parameter measured by IHC and the
risk of lymph node metastasis as well as cancer
progression, and D2-40 parameter was not been
recommended to use as an indicator to change the risk
category. However, Vosough et al. [9] showed that D2-40
IHC marker was helpful in the diagnosis of lymphatic
invasion in invasive breast cancer. D2-40, a selective
monoclonal IHC marker for LEC, is currently used for
the diagnosis of lymphovascular invasion in tissue
samples fixed with formalin and paraffin, and serves as a
potential predictive indicator of cancer invasiveness by
improving the accuracy of lymphatic invasion detection.

1.2 PDPN

PDPN was discovered by Nose et al. in 1990.
Current research showed that PDPN was mainly
expressed on the surface of human LEC, promoting
lymphatic endothelial cell adhesion and
lymphangiogenesis. Therefore, PDPN is used as a marker
for LEC in pathological diagnosis and related research
[10]. Chen et al. [11] used gene recognition and control to
deplete tumor LEC overexpressing PDPN in animal
experiments. The results showed that induced lymphatic
vessel lesions in PDPN-tk mice successfully inhibited
lymphatic vessel formation, and also validated the role of
primary tumor lymphatic vessel formation in controlling

axillary lymph node and parenchymal organ metastasis.
Schoppmann et al. [12] proved that the cancer related
fibroblasts expressing PDPN were highly invasive and
were subtypes of invasive breast cancer, which was
further verified in the research of Du et al. [13]. Recent
studies have confirmed that the expression of PDPN is
related to the occurrence, development and prognosis of
breast cancer. The role of PDPN in breast cancer will
become a potential target for treatment.

1.3 VEGFR-3

VEGFR-3, a receptor tyrosine kinase, is mainly
distributed in LEC of adult tissues after embryonic
development. VEGFR-3 is exclusively expressed in LEC
and promotes tumor cell adhesion to the corresponding
lymphatic vessels by binding to the highly-expressed
ligand vascular endothelial growth factor-C (VEGF-C) in
tumor cells [14]. Ding et al. [15] proved the value of
VEGFR-3 in evaluating lymphatic angiogenesis and
microvessel density in breast cancer. In 2023, Torres Ruiz
et al. [16] detected the expression of VEGFR-3 in two
triple negative breast cancer models in vitro, and found
that elevated VEGFR-3 levels correlated with poor
survival and reduced doxorubicin treatment efficacy,
indicating that the expression level of this receptor could
be a potential marker of meager doxorubicin response,
suggesting that the combination of chemotherapy and
VEGFR-3 blockage could be a potentially useful
therapeutic strategy for the treatment of triple-negative
breast cancer.

1.4 Chemokine receptor (CCR) 7

CCR7 is 7-transmembrane G protein-coupled
receptor and is a member of the CC subfamily CCR. In
2001, Miiller et al. [17] proposed a "chemokine receptor”
model to explain the biological behavior of tumor cells
homing to specific organs for the first time. And they
found that malignant tumor cells produced CCRs, which
reacted with their homologous ligands and migrate along
chemokine gradients, ultimately promoting corresponding
organ metastasis. Liu et al. [18] found that among all
known CCRs, breast cancer cells specifically expressed
activities CXCR4 and CCR7, and their ligands were
CXCL12 and CCL21, respectively. The CCR7-CCL21
axis is a key factor in tumor lymph node metastasis. This
view was further confirmed in the study of Deng et al.
[19] in 2022. Hayasaka et al. [20] showed that
CXCL12/CXCR4 signal pathway promoted the migration
and invasion of human breast cancer cells MDA-MB-231
to tumor lymphatic vessels expressing CCR7 ligands, and
supported the CCR7 signal related to lymph node
metastasis, providing a basis for the theory that CCR7
participates in tumor cell invasion, and further
consolidating the role of CCR7 in tumor cell invasion.
CCR7, as a crucial link in the development of cancer, can
further improve the prediction of the presence and extent
of lymph node involvement.
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2 Vascular endothelial markers

Vascular endothelial markers of breast cancer
include platelet/endothelial cell adhesion molecule
(PECAM-1, also known as CD31), CD34 and endoglin
(also known as CD105), which have been proved to be
specific markers of neovascularization during the
occurrence and development of breast cancer.

2.1CD31

CD31 is a member of the adhesion molecule
immunoglobulin superfamily, involved in the process of
tumor cell adhesion to endothelial cells and promoting
tumor angiogenesis. Zhang et al. [21] found that CD31
mediates tumor cell adhesion to endothelial cells. When
platelets bound to tumor cells, they could promote tumor
cell contact and adhesion to endothelial cells through the
connection between CD31 and endothelial cells.
Pospelova et al. [22] used the serum level of CD31 as a
potential biomarker for long-term follow-up of breast
cancer patients after treatment. The results showed that
the serum level of CD31 significantly increased in
patients receiving radical breast cancer treatment,
especially those with neurological symptoms. Since
CD31 is considered to be a marker of endothelial
dysfunction caused by microvascular injury, this result
confirms the hypothesis that endothelial dysfunction
plays a leading role in central nervous system injury,
suggesting that CD31 can provide strategies for
determining central nervous system injury in breast
cancer patients after treatment, which may help to
improve the management of such patients. In summary,
the expression of CD31 is related to many
clinicopathological characteristics of breast cancer, and
its diagnostic evaluation and prognostic guiding value for
breast cancer patients still needs further research.

2.2CD34

CD34, a single chain highly glycosylated
transmembrane protein, exists in endothelial cells of
microvessels and is recognized as a sensitive marker for
tumor neovascularization and lymphatic vessels. CD34
can be used to detect tumor tissue microvascular density
through THC technology, evaluating tumor proliferation
activity [23]. The study by Pan et al. [24] showed that
positive CD34 in IHC suggested scattered positive blood
vessels within the tumor mostly. New blood vessels can
promote the metabolism of cancer cells, and accelerate
tumor growth. In addition, the increase contact between
cancer cells and new blood vessels with weak walls and
incomplete stromal membranes could promote the
adhesion of cancer cells into blood vessels, forming
metastatic lesions through blood circulation. The high
expression of CD34 suggests an increase in
microvascular density and the number of microvessels in
cancer tissue, indicating an increased possibility of tumor

infiltration and metastasis. Therefore, CD34 detection
will provide a new potential tumor marker for the
diagnosis and prognosis evaluation of breast cancer.

2.3 CD10S

CD105 is a transmembrane glycoprotein expressed
on active endothelial cells, and is a specific neovascular
endothelial marker. Compared to conventional pan
vascular endothelial cell markers such as CD31 and
CD34, CD105 is highly sensitive to staining proliferating
endothelial cells and does not show significant specificity
for mature endothelial cells. Therefore, CD105 is more
suitable for labeling tumor tissue microvessels [25].
Jadhao et al. [26] found that knocking down the
expression of CD105 in endothelial cells can reverse the
activation of TGFB/SMAD3/VEGF signaling axis,
MAPK/p38 signaling pathway, and cytokine regulation,
limiting the potential for angiogenesis. Therefore,
targeting CD105 may serve as a potential therapy for
controlling cancer angiogenesis and limiting cancer
progression. Abbas et al. [25] detected 200 breast cancer
and 100 normal breast tissue paraffin blocks, and found
that CD105 marker was highly specific for newly
developed tumor blood vessels and could be a useful
predictor of angiogenesis and breast cancer metastasis. In
the study of Vo et al. [27], patients with metastatic breast
cancer who received hormone therapy had higher CD105
levels before treatment, indicating lower efficacy and
shorter overall survival. Therefore, compared with other
endothelial markers, CD105 has a potential role in the
diagnosis and treatment of breast cancer.

3 Application of vascular endothelial markers in
breast cancer

In the era of precision medicine, the correct cancer
risk stratification is crucial for developing effective
treatment strategies. The treatment strategies for cancer
aims to maximize survival rates while minimizing
unnecessary  interventions.  Traditional  prognostic
indicators for breast cancer have limited prognostic value
in early-stage breast cancer without lymph node
metastasis or distant metastasis. While the characteristics
of tumor microenvironment, such as tumor
lymphangiogenesis and angiogenesis, contribute to the
evaluation and prediction of cancer prognosis,
supplementing the TNM staging system and tumor
molecular typing.

LEC play a crucial role in tumor lymphangiogenesis.
LEC are the main cells responsible for establishing the
lymphatic system, forming the lymphatic vessel walls and
transporting migrating cells into the lymphatic vessels.
During the lymphatic metastasis process in breast cancer,
malignant tumor cells compress the LEC junctions and
migrate along LECs towards lymph nodes and distant
organs. This indicates that tumor cells exploit LECs to
facilitate cancer invasion [3]. In highly active tumor
tissues, infiltration of LECs and lymphatic vessel
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formation known as tumor-associated lymphangiogenesis
can frequently be observed, indicating that the formation
of new lymphatic vessels is a key initial step in tumor
spread [28-29]. Compared with normal lymphatic vessels,
tumor associated lymphatic vessels exhibit highly
heterogeneous morphology and functionality. The
traditional concept of lymphatic metastasis is that tumor
cells passively transport under the pressure of lymphatic
fluid, but it has been proven that it is more likely the
result of the interaction between tumor cells and the
tumor microenvironment (such as LEC) [30]. Therefore, a
deep understanding of tumor lymphangiogenesis and
LEC markers contributes to exploring the mechanisms
underlying breast cancer initiation and development,
facilitating the discovery of new potential predictive
markers and treatment targets.

In the process of breast cancer progression, tumor
angiogenesis is an independent and key prognostic factor
for invasive breast cancer, regardless of lymph node
metastasis [31]. However, it is also reported that
angiogenesis could not predict the recurrence risk of
primary breast cancer patients [32]. So, the significance
of tumor related angiogenesis remains controversial. A
meta-analysis suggested that blood vessel invasion was
an independent predictor of poor prognosis of operable
breast cancer, and was related to invasive
clinicopathological  characteristics [33]. IHC of
endothelial markers has also tried to detect vascular
invasion, but the selection of antibodies will significantly
affect the detection rate, leading to a lack of consensus on
the prognostic value of blood vessel invasion in breast
cancer. However, Klingen Thor et al. [36] used CD31 to
detect the blood vessel invasion of specific breast cancer
patients, and the results showed that blood vessel
invasion was significantly related to the recurrence free
survival rate and specific survival rate of cancer, and was
an independent prognostic factor.

The emergence of vascular endothelial markers has
also advanced the study of wvascular emboli
(lymphovascular ~ invasion) in  breast  cancer.
Lymphovascular invasion means that tumor cells break
through the epithelial basement membrane, invade the
stroma, reach the lower vascular space, and ultimately
invade the vascular system [35], which is a prerequisite
for lymph node metastasis. The College of American
Pathologists (CAP) recommends lymphovascular
invasion should be evaluated and reported in Cancer
Protocols [36]. Although some patients with positive
vascular invasion in clinical practice did not experience
lymph node metastasis, it suggests a risk of recurrence
and metastasis. Screening out such patients and
formulating corresponding treatment plans will help to
improve the survival rate of breast cancer [37]. In recent
years, many studies have shown that lymphovascular
invasion is associated with local recurrence, distant
metastasis and poor prognosis of breast cancer patients
[38]. However, conventional HE staining cannot
distinguish the contraction gap caused by tumor cell
thrombus in lymphatic or vascular and tissue fixation, and
cannot specifically identify lymphovascular invasion or

blood vessel invasion. Meanwhile, IHC technology is
currently not commonly used as an initial screening
method for vascular invasion. Therefore, although the
negative prognostic value of vascular invasion is
recognized, its inclusion in the standard treatment
decision-making process for breast cancer has not been
fully defined, and has not been recognized in most
guidelines [39]. But the application of vascular
endothelial specific markers and the study of lymphatic
vessels and blood vessels through THC technology can
further explore the relationship between vascular invasion
and the progress of breast cancer, and provide theoretical
basis for the study of tumor metastasis mechanism from
different angles.

4 Conclusion

In conclusion, with the clinical application of
specific vascular endothelial markers, the role of tumor
related lymphatic vessels, angiogenesis, vascular invasion
and other important tumor  microenvironment
characteristics in the occurrence, development and
metastasis of breast cancer are gradually being elucidated,
which will provide new ideas for revealing the progress
mechanism of breast cancer and exploring new
prognostic indicators and therapeutic targets for breast
cancer.
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