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ABSTRACT
Worldwide breast cancer (BC) represents one of the most common type of cancer. Mortality from this disease is declining due to new therapies, but many patients face the side effects of cancer and treatment. The
most common side effect is the lymphedema of the upper extremity. Although the incidence of lymphedema
secondary to breast cancer is 63.4%, there are few studies on the immune mechanisms responsible for
lymphedema and healing. Extensive research of the development, structure and function of the lymphatic
system must be performed to identify the role of lymphatic vessels in breast cancer. All this can lead to
discovery of new potential biomarkers in lymph in order to improve early detection and treatment of
lymphedema and the current strategies for controlling tumor metastasis.
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INTRODUCTION
Worldwide, breast cancer (BC) is the most frequently diagnosed type of cancer among women.
Around the globe, in 2020, there were 2.3 million
new cases of breast cancer and 685 000 deaths.
Breast cancer incidence is increasing in every
state, in women of every age, after puberty, but
most common in later life. After lung cancer, breast
cancer is on top of the causes of death (1).
Because breast cancer is a major public health
issue, new and accurate methods for early screening and treatment need to be developed and applied (2). In the last years, the serum concentrations of tumor markers have been used to detect
tumor activity (3). Unfortunately, the real usefulness of tumor markers has been questioned because of the low sensitivity for early disease (4).
Effective treatments depend of the stage and
type of breast cancer and of how far it has spread.
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Fortunately, there are several types of treatments:
surgery, chemotherapy, hormonal therapy, biological therapy, radiation therapy that have saved lives,
with survival from this type of tumor increasing by
1.4% annually (5). Unfortunately, many of these
women face challenges in their activities of daily
living, as a result of both the illness and the treatments that have saved their lives. One of the most
widely studied treatment-related adverse effect is
lymphedema of the upper extremity. It is estimated
that more than one out of every five women treated
for BC will develop lymphedema (20% in
6 months, 36% in 1 year and 54% within
36 months). The most relevant risk factors are the
number of lymph nodes excised in surgery, radiation therapy, chemotherapy, infection and obesity
(6). This disruption can cause a backup of lymph
fluid in the interstitial area, causing swelling,
which leads to physical discomfort like pain, heaviness, tightness, numbness, fatigue, and stiffness in
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the affected limb. Also, these symptoms lead to a
decreased physical and psychological function and
social well-being in women with lymphedema (7).
Therefore, research in this area is necessary in
order to prevent such unintended adverse effect for
breast cancer survivors and to understand the development and function of the lymphatic system
and the diseases related to it.
An interesting, yet understudied aspect is the
fact that postoperatively, the amount of drained
lymph and healing time differ from patient to patient. Extensive research into the development,
structure and function of the lymphatic system
must be performed to identify the role of lymphatic vessels in disease processes and its role in immune function (8). All this can lead to the discovery of new potential biomarkers in lymph and
serum in order to improve early detection and
treatment of lymphedema.

THE LYMPHATIC SYSTEM
The lymphatic system is a major part of the circulatory and immune system, present in all of the
vascularized organs, except retina, cartilages and
brain. It consists of primary lymphoid organs:
bone marrow and thymus and of secondary lymphoid organs: lymphatic vessels, lymph nodes,
spleen, adenoids, Peyer’s patches, appendix and
lymphoid tissue (9).
Through a filtration process, the huge linear
network of lymphatic vessels collects extravasated
fluid, cells, proteins and lipids, which form the
lymph. They are drained into the initial lymphatic
capillary vessels, situated at the interstitial space
of every parenchymal organ. The lymphatic capillaries are blind-ended tubes with one layer of lymphatic endothelial cells (LEC), which enable the
fluid entry into the vessels through discontinuous
button-like junctions (10). Then, the lymph is
transported to thicker collecting lymphatic capillaries which are connected with many lymph nodes
disseminated throughout the body (11). The collecting lymphatics are complex vessels with continuous intracellular zipper-like junctions, basement membrane and a contractile smooth muscle
layer (12).
In lymph nodes bigger than 100 kDa, molecules
are captured or transported to the next lymph node
through the efferent lymphatic vessel by unidirectional transport (13). Finally, they return to blood
circulation via the thoracic duct to the subclavian
vein (13).
Because lymph is an exudate from blood vessels, formed as a result of capillary filtration, it

was considered to be a plasma ultrafiltrate rich in
lymphocytes, macrophages and plasma proteins.
But recently, proteomic analyses revealed several
tissue specific proteins in lymph different from
plasma composition (13).
Therefore, besides the well-known role in regulation the tissue pressure and fluid homeostasis, by
uptaking fluids and plasma solutes from the interstitial fluid (IF) and returning back to the venous
circulation, lymphatics also play an important role
in immune surveillance by trafficking lymphocytes and antigen presenting cells (APC) to regional lymph nodes, where specific immune responses
are initiated. Also, the lymphatic system contributes to chronic inflammation and is associated
with autoimmune diseases (psoriasis, rheumatoid
arthritis) and many disease processes, including
cancer progression or lymphedema. Hence, we
need to identify specific lymph markers related to
BC and other diseases, that can help us improve
the current strategies for controlling tumor metastasis and some undesirable and often encountered
side effect of cancer treatment, such as lymphedema, taking in consideration that after a mastectomy, up to 49% develop upper limb lymphedema
(13).

INFLAMMATION AND CANCER:
A BIDIRECTIONAL RELATIONSHIP
Inflammation and cancer are linked in a twoway relationship. Tumors induce inflammatory
microenvironment and host immune response; on
the other hand, chronic inflammation via proinflammatory cytokines and reactive oxygen species
(ROS) induces: initiation, progression and metastasis of cancer cells (14). BC initiation and dissemination is triggered by immune cells and inflammatory biomarkers in tumor microenvironment.
The balance between antitumoral markers and local inflammatory markers contributes to the progress or elimination of the tumor. Inflammation
induced in the process of tumor progression is one
of the reasons why the immune system cannot
block BC development (15). Inflammation is also
one of the main secondary effects after BC treatment (Figure 1). Consistent association of inflammation has been correlated with BC treatment resistance, metastasis or even cancer relapses.
Therefore, patients who received anti-inflammatory plus antitumoral treatment had a more promising outcome (15).
Thus, inflammatory cells operate in conflicting
ways: both tumor-antagonizing and tumor-pro-
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FIGURE 1. Types of inflammation in cancer

moting. Some of tumor-promoting inflammatory
cells are macrophage cells, mast cells, neutrophils,
T and B lymphocytes (16).
These inflammatory cells release signaling
molecules that serve as effectors of their tumor-promoting actions, such as epidermal growth
factor (EGF), the angiogenic vascular endothelial
growth factor (VEGF), fibroblast growth factor 2
(FGF2), chemokines and cytokines that amplify
the inflammatory state (16). Also, they produce
proangiogenic and/or pro-invasive matrix-degrading enzymes, for example matrix metalloproteinases (MMPs), cysteine cathepsin proteases, and
heparanase (17). As a result of these diverse effectors, inflammatory cells induce angiogenesis, cancer cell proliferation and metastatic dissemination
(17,18).
Other cells with proinflammatory potential that
are worth mentioning are necrotic cells. Unlike apoptosis cells, they release proinflammatory signals
into the tumor microenvironment, recruiting more
and more inflammatory cells of the immune system (16), with the role of removing necrotic debris. But in the BC context, immune inflammatory
cells become tumor promoting cells. Moreover,
necrotic cells release regulatory factors, for example interleukin-1α (IL-1α), which stimulates tumor
cells’ proliferation. Finally, necrotic cells may do
more damage in BC, by bringing growth-stimulating factors to the tumor environment (16).
Inflammation and immunity are also regulated
by another category of signaling molecules named
cytokines. They play an important role in the development of chronic inflammation, autoimmunity

and cancer. Lately, the cytokine storm has been
mentioned in relation with the COVID-19 pandemic. The term cytokine storm is used to describe
a massive discharge of proinflammatory cytokines
induced in a dysregulated manner in response to
infection, trauma, therapy, chimeric antigen-receptor T-cell (19). Inflammation is an intricate process
in which multiple cells (B lymphocytes, T lymphocytes, epithelial cells, fibroblast, endothelial cells,
myeloid cells, muscle cells, adipocytes) interact
with each other through membrane-associated receptors, MMPs and soluble factors, such as cytokines: for example, interleukin-1β (IL-1β), tumor necrosis factor alpha (TNF- α), interleukin-6
(IL-6), interleukin-17 (IL-17), chemokines and
growth factors (19). IL-6 is an important marker
related to chronic inflammation, autoimmunity,
cancer and cytokine storm (20,21).
Chronic inflammation is linked bidirectionally
with autoimmune diseases and cancer (22). Almost
10% of cancers are initiated by activation of inherited gene defects, and 90% are a result of environmental factors (infection, stress, obesity, aging,
smoking), which can induce chronic inflammation
(23). Important molecules implicated in this response are immune cells (macrophages, T cells,
dendritic cells) and non-immune cell ( endothelial
cells, adipocytes, fibroblasts, epithelial cells, tumor cells, tumor microenvironment), cytokine IL1β, TNF- α, IL-6, transcription factors nuclear factor-kappa B (NF-κB), signal transducer and
activator of transcription 3 (STAT3) (19). Studies
have shown a connection between inflammation
and oncogenesis via IL-6-STAT3 signaling through
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FIGURE 2. IL-6 activation. Activating both
STAT3 and NF-κB leads to activation of IL-6
Amp in non-immune cells. As a result, IL-6
Amp hyperstimulates the production of IL-6,
other cytokines and growth factors. They
also activate other immune cells, leading to
further activation of IL-6 Amp with an
uncontrolled inflammatory response linked to
autoimmune diseases, chronic inflammatory
diseases and cancer

synergistic effect of STAT3 and NF-κB (24). The
target of hyperactivated NF-κB is IL-6 through the
positive feedback loop called IL-6 amplifier (IL-6
Amp) (Figure 2). Therefore, STAT3 and NF-κB
play an important role in inflammatory diseases
and BC development through synergistic activation of IL-6 (25).

POTENTIAL BIOMARKERS DETECTED IN
SERUM AND LYMPH FOR BREAST CANCER
INVESTIGATION
The lymph is an extracellular fluid, with unique
components, such as products of tissue metabolism and catabolism, immune cells, derived from
most adjacent parenchymal organs, since the
lymph is in direct contact with each cellular layer
of the parenchymal interstitial space to its collection into the lymphatic vessels (26).
Its composition differs depending on the physiological or pathological processes in the tissue,
such as acute or chronic inflammation, trauma,
cancer. The main physiological role is to ultrafiltrate fluid from blood capillaries into interstitial
space of the adjacent tissue, and to return it to
blood circulation. That is why most of the proteins
found in the blood are also present in the interstitial fluid. Any disturbance of this physiological
function will result in lymphedema. The main
cause of this condition is the accumulation of protein-rich fluid in the adjacent tissue. In addition to
lymphedema, the process of lymphangiogenesis is
also found in other pathologies, such as acute and
chronic inflammation and cancer. Therefore, recent studies focus on the analysis of lymph and the
detection of protein biomarkers in serum and
lymph specific to breast cancer and other pathologies. Although early studies have confirmed that
the lymph is rich in common proteins with plasma
and blood (27), in the last 15 years of lymph inves-

tigations a proteome more unique and complex
than in the plasma has been discovered. According
to International Immunology Online, 1063 lymph
proteins have been discovered, including 630 human lymph proteins. Other studies have published
a comparative analysis on paired lymph and plasma samples and observed the presence in the
lymph of 72 proteins with a role in apoptosis, cell
catabolism and proteins belonging to the extracellular matrix (28,29).
In plasma versus lymph samples from patients
who suffered major trauma, 105 lymph-specific
immunomodulatory products were identified with
proinflammatory role, neoangiogenesis and cell
lysis, while 232 were shared features (30).
Therefore, due to the quantitative and qualitative differences between the two biological fluids,
lymph analysis should be continued in order to discover specific proteins drained in the lymph nodes
with the role in inflammation and cancer. Endothelial cells are part of the tumor microenvironment,
on which tumor cells act by secreting growth factors that cause the formation of new lymphatic
vessels, with a role in tumor progression and metastasis. Lymphatic vessels also carry antigens and
antigen-presenting cells to the lymph nodes to activate an antitumor immune response. As a result,
dysfunctional lymphatic vessels can lead to unproper response of the immune system (31).
Distinct biomarkers for lymphatic endothelial
vessels and not for blood endothelial cells, have
been identified: for example, podoplanin (PDPN),
vascular endothelial growth factor receptor-3
(VEGFR-3), prospero homebox protein (PROX1),
lymphatic vessel hyaluronan receptor-1 (LYVE1), lymphatic-specific chemokine CCL21, neuropilin-2, a co-receptor for vascular endothelial
growth factor C (VEGF-C) and hepatocyte growth
factor (HGF) (9).
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In vitro studies showed that high levels of
LYVE1, PDNP, PROX1, and VEGFR-3 were detected in the lymph vessel of BC patients and also
revealed a corelation with the development of lymphatic metastasis (32).
Podoplanin (PDPN)
Podoplanin is a specific lymphatic endothelium
biomarker, a transmembrane sialoglycoprotein
synthesized under the action of the PDPN gene
and is expressed by the lymphatic endothelial cells
(LECs), but not in blood vascular endothelial cells
in vivo and in vitro (33), with the main role in separating the lymphatic system from the circulatory
one, through the development process of vertebrates. This process is possible by ortho-glycosylation of podoplanin on endothelial lymphatic cells
due its interaction with platelets and lectins, which
make possible platelet aggregation and adhesion
(9). Also, we might speculate another role of podoplanin in preventing anastomoses between lymphatic vessels and blood vessels through thrombus
formation. Through the activation of platelets, the
proliferation of lymphatic vessels is inhibited and
thus, separation from the blood system takes place.
During embryonic development, the circulatory
system undergoes a constant remodeling process
depending on the changes that take place in the adjacent tissues. Through proper functioning of endothelial PDPN, takes place the distinct development of the lymphatic system from the blood
system (34). One of the PDPN receptors that binds
to activated platelets is the C-type-lectin-like receptor 2, also expressed in other blood cells and
involved in lymphangiogenesis and cancer (35).
The process of lymphangiogenesis that takes
place in the tumor microenvironment and adjacent
lymph nodes is correlated with cancer progression
through invasion, metastasis and poor prognosis
(36). Malignant tumors initially metastasize to the
lymph nodes and then spread throughout the body
through the lymphatic system.
Podoplanin is also expressed by cancer-associated fibroblast, epithelial cells and endothelial
cells, where it stimulates cellular motility and reduces cellular adhesion. Podoplanin expression by
fibroblasts in the tumor microenvironment of
breast cancer correlates with tumor aggression factors: lymphovascular invasion, lymph node metastasis, poor prognosis (37).
Vascular endothelial growth factor (VEGF) family
The main signaling pathway responsible for
lymphangiogenesis is the VEGF- receptor
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(VEGF-R) family. By binding VEGF-C and
VEGF-D to their receptors VEGFR-2 and VEGFR-3, new lymphatic vessels are formed and maintained in adulthood (8).
Numerous studies have investigated the potential of VEGF-C to induce lymphangiogenesis. Unfortunately, the treatment of lymphedema by stimulating VEGF-C alone is not enough, because
mediators are also needed to stabilize the lymphatic vessels. The development of endothelial cells
from the embryonic veins takes place through signals transmitted by the PROX1 and VEGF-C pathways. Activation of VEGF-C leads to the expression of PROX1 in endothelial cells for migration
and lymph sacs formation in the embryo (38). After the formation of the lymphatic sac, the lymphatic system and the blood system develop separately, the only connections between them allow
the return of lymph to the blood system (38).
Along with VEGF-C, VEGF-D plays an important role in the development of LECs (lymphatic
endothelial cells). The action of VEGF-C and
VEGF-D on endothelial cells occurs by binding to
specific tyrosine kinase receptors on their surface,
namely VEGFR-2 and VEGFR-3 (9). VEGFR-2 is
responsible for the formation of new blood vessels
by angiogenesis and VEGFR-3 on LECs is responsible for the growth of lymphatic vessels by lymphangiogenesis, therefore is a specific marker exclusively expressed on the lymphatic endothelium
(39).
Hence, VEGF-C and its receptor VEGFR-3 are
indispensable for early lymphatic development,
while the lack of VEGF-D -the only other ligand of
VEGFR 3, does not affect lymphatic vessels development (40). However, after proteolytic cleavage, both VEGF-C and VEGF-D can bind to VEGFR-2, whose role in lymphangiogenesis has not
yet been elucidated (40).
Activation of the VEGF-C / VEGF-D / VEGFR-3 signaling pathway increases the permeability
of lymph vessels, leading to increased flow to the
lymph nodes with tumor cell invasion and lymph
metastasis (12).
Another growth factor from the family of VEGF
is VEGF-A, that binds on VEGFR-2 and not VEGFR-3 and has lymphangiogenic potential. VEGF-A
also plays an important role in inflammation associated with lymphangiogenesis; thus, it could
block the inflammatory cascade of the lymph node
by activating anti-VEGF-A antibodies. Studies
show that inflammation associated with VEGF-Ainduced lymphangiogenesis worsens the inflammatory process (41).
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The process of lymphangiogenesis in adults
takes place only in pathological conditions:
post-traumatic, inflammatory diseases or tumor
growth. Primary metastasis of solid tumors occurs
most frequently through the lymphatic system. Tumor cells can spread to the entire body through the
affected lymph nodes by lymphatic remodeling.
Studies show that overexpression of VEGF-C and
VEGF-D stimulates the growth of tumor peripheral lymph vessels by upregulating cyclooxigenase-2
(COX2) and prostaglandin E2 production by macrophages (42). Since lymphangiogenesis is influenced by the action of prostaglandins, the use of
nonsteroidal anti-inflammatory drugs (NSAIDs)
in the treatment of metastasis may be attempted.
More recently, it has been discovered that tumors can act remotely for future metastasis of a distant organ by initiating a premetastatic niche in the
organ to be disseminated. For example, in experiments on mice, in the lymph nodes but also in the
lungs, a metastatic niche was formed by the action
of VEGF-A, which stimulated angiogenesis and
vascular permeability, and by activating C-C Motif
Chemokine Ligand 5 (CCL5), a chemotactic factor
for tumor cells in response to tumor-derived IL-6
(42).
VEGF-C also stimulates the production of C-C
motif ligand 21 (CCL21) chemokines in the lymphatic endothelium surface, thus facilitating the
entry of CCR7 positive tumor cells in the initial
lymphatic vessel, and then interact with and crawl
on LECs as they travel to the lymph node (43).
So, CCR7 and VEGF-C expression by breast
cancer cells stimulates lymphovascular invasion.
By increasing the pressure in the lymphatic vessels, the tumor cells are redirected to the sentinel
lymph node through the autologous secretion of
chemokine receptor 7 (CCR7) (44). VEGF-C, secreted by tumor cells and its receptor VEGFR-3,
stimulates the expression of CCL21 in endothelial
cells. Superactivated CCL21 binds to its CCR7 ligand on tumor cells and facilitates tumor invasion
of lymph vessels. This process highlights the ability of tumor cells to use chemokines to self-direct
to their preferred organ for metastasis. The
chemokine pair CCL21/CCR7 is involved in the
proliferation and metastasis of many types of tumors, including breast cancer (44).
CCR7 is a predictive marker for axillary lymph
node metastasis in breast cancer. CCR7 is correlated with lymphovascular markers (LYVE1, Podoplanin, Prox-1) and VEGF-C. Overexpression of
CCR7 correlates with: primary tumor size, invasiveness, and poor survival rate. In vivo, the meta-
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static process is decreased, when CCL21 expression is blocked in the secondary lymphoid organs,
leading to diminishing the antiapoptotic and chemotactic effect of CCR7 positive tumor cells (45).
Immunologically, CCR7 is located on the surface
of dendritic cells and T cells, while its ligand
CCL21 is found on the surface of the lymphatic
endothelium. Both CCL21 / CCR7 axis and
VEGF-C are important players of lymphangiogenesis and tumor cell dissemination. It is worth mentioning that a close loop of communication exists
between pairs CCL21 / CCR7 and VEGF-C/VEGFR-3, in a sense that not only VEGF-C promotes
CCL21 secretion by LECs, but also CCR7 activation stimulates VEGF-C synthesis by tumor cells
and promotes lymphangiogenesis (45).
CCL21 also stimulates lymphangiogenesis in a
LEC-dependent manner: by stimulating the lymphangiogenic traits of LECs and by modulating the
VEGFR-3 signaling pathway. Therefore, CCR7
strongly correlates with VEGF-C expression in
breast cancer. Activation of the CCR7 / CCL21
axis stimulates the phosphorylation of the protein
kinase B (AKT) pathway and extracellular signal-regulated kinase (ERK1/2) pathway in BC
cells, but only the AKT signaling pathway is involved in the regulation of VEGF-C secretion by
tumor cells (45).
On BC cells, the expression of CXCR4 and
CCR7 chemokine receptors was correlated with
lymph node metastasis. Therefore, targeted treatment of these signaling pathways could block tumor cell metastasis to the lymph nodes and could
be a potential therapeutic opportunity for
lymphedema patients. In patients with breast cancer, the process of lymphangiogenesis in the sentinel lymph node was correlated with distant metastasis of the lymph nodes. Consequently, inhibiting
the formation of new lymphatic vessels could prevent cancer metastasis. One possibility is to block
the VEGFR-3 signaling pathways, canceling the
effects of VEGF-C and VEGF-D, using anti-VEGFR-3 antibodies or other ligands, such as the VEGFR-3-Ig fusion protein or gene silencing through
small interfering RNA-mediated VEGF-C (46). In
vitro research has shown that by blocking the
VEGF-C / -D / VEGFR-3 signaling pathway, an
anti-lymphangiogenic effect is produced in the tumor, but it does not produce any action on normal
lymphatic vessels. VEGFR-3 in normal tissue is
expressed only in the lymphatic endothelium,
while in the tumor tissue it is involved in the angiogenesis of blood vessels. Thus, through the action
of anti-VEGFR-3 neutralizing antibodies, we obtain an antiangiogenic effect on tumor vessels (46).
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Additionally, VEGF-C and VEGF-D can stimulate the VEGFR-2 / VEGF-A signaling pathway,
amplifying metastasis and lymphangiogenesis, so
the solution would be to use anti-VEGFR-2 antibodies. Another potential solution is the use of anti-neuropilin-2 antibodies, a non-kinase receptor
for VEGF-C, involved in the formation of new
lymphatic vessels and metastasis (46).
Tumor cells secrete growth factors that act on
the lymph vessels, but the latter also secrete
chemokines to attract tumor cells into the lymph
vessels. For example, the chemokine CCL21, secreted by lymphatic endothelial cells, binds to the
CCR7, a receptor specific to tumor cells and allows the invasion of tumor cells in the regional
lymph nodes. Thus, a potential target for inhibiting
lymphatic metastasis is to knock-down CCL21,
which diminishes the chemotactic effect of CCR7
in secondary lymphoid organs and correlates significantly with down-regulation of VEGF-C (45).
Prospero homebox protein (PROX1) and
lymphatic vessel hyaluronan receptor-1 (LYVE-1)
They are both lymphendothelial precursors capable of integrating into growing lymphatics during the embryonic development of the lymphatic
vasculature. PROX-1 expression is restricted to
LECs, being known as ”the master control gene for
lymphatic development” (11).
LYVE-1 is a homolog of the blood vascular endothelium specific hyaluronan receptor CD44. It is
expressed on the endothelial cells of the anterior
cardinal vein at early stage of development and later restricted in LECs. Although it is one of the
most researched endothelial lymphatic markers, it
is also expressed in activated tissue macrophages
and endothelial cells of liver and spleen, but the
function of this protein remains still unknown (40).
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Predictive markers of lymphedema secondary to
breast cancer
Genotypic studies in women with lymphedema
after breast cancer have identified three haplotypes
responsible for this treatment-related adverse effect: forkhead box protein C2 (haplotype A03),
neuropilin 2 (haplotype F03) and VEGF-C (haplotype B03) (8). Other potential biomarkers for
lymphedema are proteins involved in lymphangiogenesis, inflammation, fibrosis and lipid metabolism: fibroblast growth factor β, IL-4, IL-10,
TNF-β and leptin (47). New research is needed on
the lymphatic system to treat lymphedema, cancer
or inflammatory diseases.

CONCLUSIONS AND FUTURE CHALLENGES
Lymph is an exudate from blood vessels, rich in
lymphocytes, macrophages and plasma proteins.
However, recent proteomic studies revealed that
this ultrafiltrate also contains several specific proteins. In women with breast cancer, one of the most
common treatment-related adverse effect is
lymphedema of the upper extremity. Our research
analyzed the immune mechanisms responsible for
lymphedema and healing in these patients. Moreover, our study emphasizes a significant crosstalk
displayed by CCR7 and VEGF-C, suggesting a
novel role of CCL21/CCR7 in the promotion of
breast cancer induced lymphangiogenesis. In future research, it is of utter importance to identify
biomarkers that block lymph angiogenesis and
metastasis, in order to have a better outcome for
breast cancer patients. Genome-wide expression
analyses of lymph and LECs could detect molecules involved in the complex molecular processes
of lymphatic regulation under pathological conditions for a long-term disease control.
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