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Abstract Metastasis to regional lymph nodes constitutes
the main route toward progression and dissemination of
head and neck carcinoma; at the same time it is the most
significant adverse prognostic indicator for this disease. In
recent years, significant focus has been given on the
molecular mechanisms behind lymph node metastasis of
head and neck cancer. The aim of this study is to assess the
role of growth factor expression and function in association
with lymph node metastasis and overall prognosis of head
and neck cancer. Current literature, searching for experi-
mental data regarding the molecular pathways of lymph
node dissemination of head and neck cancer, is reviewed
giving special emphasis on the expression and prognostic
significance of specific growth factors. Members of the
vascular endothelial growth factor (VEGF), mostly VEGF-
C and VEGF-D, with their action through the receptors
VEGFR-3 and VEGFR-2, constitute the most extensively
studied growth factors associated with lymphangiogenesis
so far. High expression of these as well as other molecules,
including angiopoietins, insulin-like growth factor, and
fibroblast growth factor, has been associated with lymph
node metastasis and poor prognosis in head and neck
squamous cell carcinoma. Numerous growth factors seem
to play an important role regarding the lymph node meta-
static potential of head and neck cancer. Further research is
necessary in order to further clarify the molecular pathways
and introduce novel therapeutic options.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) con-
stitutes the fifth most common type of cancer worldwide.
Although treatment strategies have been altered signifi-
cantly with the extensive use of laser microsurgery and
organ preservation modalities [1, 2], HNSCC continues to
demonstrate low overall survival rates. Prognosis of this
disease has been shown to be affected by numerous factors
[2]. Among these, nodal status seems to be of utmost
importance. In fact, lymph node metastasis is considered as
the most significant independent adverse prognostic indi-
cator for patients with HNSCC [2, 3]. Recent studies have
implicated the role of lymphangiogenesis in disease pro-
gression of HNSCC. Dissemination of tumor cells to
regional lymph nodes seems to be an early and crucial
event in the metastatic process, and newly formed lym-
phatic vessels serve as the primary conduit for this purpose
[4]. In fact, there is increasing evidence that several growth
factors are involved in the molecular signaling pathways
that lead to the development of intratumoral and peritu-
moral lymphatic vessels and promote the dissemination
of malignant disease to regional lymph nodes and beyond
[5, 6].

Herein, the current knowledge on the role of tumor
lymphangiogenesis and growth factors in the lymphatic
spread of HNSCC is reviewed, highlighting their signifi-
cance for the assessment of prognosis as well as for the
design of new targeted therapies.
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The lymphatic system and lymphangiogenesis

The lymphatic system generally consists of thin-walled,
low-pressure vessels, nodes that occur along the course of
these vessels, and aggregations of lymphoid tissue, such as
the spleen and the thymus [7]. The origin and development
of the lymphatic vasculature is still a controversial issue.
At least two relevant theories have been proposed so far:
the centripetal and the centrifugal. According to the cen-
tripetal theory, lymph vessels originate from cells in peri-
venous mesenchymal tissue spaces that become flattened
and form small lumens [8]. On the other hand, the cen-
trifugal theory states that the sprouting of the venous
endothelium is responsible for the development of lym-
phatic sacs that further extend into the surrounding tissues
and organs [8]. The expression of two transcriptional fac-
tors, Sox18 and Prox1, in a subgroup of venous endothelial
cells is an important step for the initiation of this process
[9]. Further studies are necessary in order to clearly define
the origin of the lymphatic network.

The lymphatic vasculature consists of smaller blind-
ended capillaries and larger collecting lymphatic vessels.
The lymphatic capillaries are composed of a single layer
of endothelial cells that overlap and lack a continuous
basement membrane and pericytes. These capillaries
demonstrate a micromorphology that varies in different
regions of the head and neck. They have the appearance
of a three-dimensional, finely meshed polygonal network
in the skin and the galea layer; a tree-like network in the
mucous membrane of the nasal cavity; finally, a coral-like
structure in the mucous membrane of the oropharyngeal,
laryngeal, and esophageal walls [10]. The cytoplasm of
the endothelium of the lymphatic vessels is highly
attenuated. Fewer tight junctions are found in the endo-
thelium of lymphatic vessels than that of blood vessels,
and this may be the cause of their greater permeability
[7]. When interstitial fluid and pressure increase, the
connecting tissue fibers become stretched, thereby open-
ing the lymphatic lumen. As the lumen widens, the
endothelial cells, which overlap under normal conditions,
move apart, effectively opening intercellular channels to
aid fluid and macromolecular uptake into the lymphatic
vessel [11].

Lymphangiogenesis, the process of new lymphatic
capillary proliferation, occurs, except from embryonic
state, in healing tissues, inflammation, and neoplasms [12].
It is believed to be closely associated with lymph node
metastasis [13], which in turn is a significant indicator of
tumor aggressiveness and a prognostic factor for HNSCC.
The recent identification of several lymphatic endothelial
markers has provided an important aid in the study of the
lymphatic vasculature development in human cancer. One
of the most reliable markers of the lymphatic endothelium
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is podoplanin, which is recognized by the D2-40 mono-
clonal antibody [14]. Other markers employed in the
detection of lymphatic vessels include lymphatic vascular
endothelial cell hyaluronan receptor-1 (LYVE-1) [15],
Prox-1[16], and sialomucin CD34 [17]. A higher degree of
lymphangiogenesis and lymphatic vessel density is asso-
ciated with increasing frequency of nodal metastases and
poor prognosis in several types of solid tumors [18, 19].
This association has been repeatedly confirmed for HNSCC
[14, 20, 21]. Both intratumoral and peritumoral newly
formed lymphatic vessels have been identified in HNSCC.
Intratumoral lymphatics with ill-defined lumina have been
found within sheets of tumor cells in carcinomas with a
pushing margin and in areas containing leukocyte infiltra-
tion in carcinomas with an invasive margin [5]. Further-
more, peritumoral lymphatics were shown to have more
dilated open lumina than did the intratumoral lymphatics.
Although studies in some animal models have shown that
intratumoral lymphatic vessels are compressed and non-
functional, a significant correlation was found between
intratumoral lymphatics and the spread of HNSCC to
regional lymph nodes, particularly in oropharyngeal [22]
and laryngeal cancer [14, 20]. Regarding peritumoral
lymphatics, an association has been found with shorter
disease-free survival [6], although opposite findings have
also been reported [23]. These controversial results could
arise owing to the different methods used to quantify
lymphatic vessel density, and could also reflect subjective
factors and the intrinsic difficulties regarding lymphatic
vessel identification when studying single tissue sections
taken at a single time point, which might lead to misleading
vessel classification.

Metastatic spread of tumor cells to lymph nodes has
occurred in animal models in the absence of lymphan-
giogenesis, suggesting that the importance of lymphan-
giogenesis in metastasis may vary and depend on
parameters, such as tumor type or proximity of the pri-
mary tumor site to the lymphatic network [24]. In the
mean time, the presence of tumor cells has been shown to
also induce, apart from lymphangiogenesis, additional
changes in the morphology and function of other vessels
inside the lymph nodes. In this way, a site of rearrange-
ment of the vessel structures inside the node is conse-
quently provided resulting in abnormal connections
between the vascular and lymphatic networks. These
changes may occur before or after the arrival of tumor
cells inside the node and may eventually facilitate the
spread to more distant lymph nodes or major organs, such
as the lungs, brain, or bone. Dissemination of tumor cells
from lymph nodes to distant organs may be achieved
either via blood vessels directly associated with the nodes
or after entering the venous system via the major lym-
phatic ducts [25].



Eur Arch Otorhinolaryngol (2012) 269:731-737

733

VEGF and lymph node metastasis

The vascular endothelial growth factor (VEGF) family
consists of hypoxia-inducible angiogenic factors that are
found on the vascular endothelium [26]. This group of
angiogenic factors belongs to the platelet-derived growth
factor family and includes VEGF-A (or vascular perme-
ability factor), VEGF-B (or VEGF-related factor, VRF),
VEGF-C (or VEGF-related protein, VRP), VEGF-D (or
c-fos-induced growth factor), VEGF-E, and placenta
growth factor (PIGF). Three VEGF tyrosine kinase recep-
tors have been identified: VEGFR-1 (Flt-1), VEGFR-2
(Flk-1, KDR), and VEGFR-3. Neuropilins 1 and 2 form
another class of high-affinity non-tyrosine kinase receptors
for VEGFs on endothelial and neuronal cell surfaces [27].
The role of the VEGF family in angiogenesis and tumor
growth has been well established [28, 29]. It is particularly
evident in the case of VEGF-A, which demonstrates potent
angiogenetic properties in response to hypoxia and has
been found to overexpress in most solid tumor types [28].
In addition, it has been shown that VEGF-C and VEGF-D
also possess angiogenic properties in vitro and in vivo [30,
31].

In the process of lymphangiogenesis, VEGF-C and
VEGEF-D are the most extensively studied molecules up to
date. Both factors exert their lymphangiogenic activity by
binding to the VEGFR-3 receptor, whose expression in
adults is mainly restricted to lymphatic endothelial cells
and hematopoietic cells of monocytic lineage [32]. In
cancer, however, this receptor may also be expressed in
blood vessels [33]. Two isoforms of the VEGFR-3 receptor
have been described, VEGFR-3s (short) and VEGFR-31
(long), which differ as a result of alternative splicing. The

long one among these isoforms is the predominant form in
most tissues [34]. After stimulation of the VEGFR-3
receptor by VEGF-C and VEGF-D, a cascade of signals
leads to growth and migration of the lymphatic endothelial
cells, which protects them from apoptosis. These signals
are, in part, transduced via a protein kinase C-dependent
activation of the p42/p44 MAPK signaling cascade [35].
Proteolytic processing of VEGF-C and VEGF-D by plas-
min and proprotein convertases [36, 37] is an important
step for their action, since it regulates their biologic activity
and receptor specificity, increasing affinity to VEGFR-3
and facilitating binding to the VEGFR-2 receptor, which is
also expressed in lymphatic endothelial cells [38]. In
addition, current research has focused on the potential role
of nitric oxide synthase in VEGF-C induced lymphangio-
genesis, providing evidence that VEGFR-2 and VEGFR-3
activate nitric oxide synthase in lymphatic endothelial
cells, and nitric oxide donors induce proliferation and
survival of cultured lymphatic endothelial cells in a dose-
dependent manner [39]. Moreover, activation of the
VEGFR-2 receptor by VEGF-A can also lead to lymphatic
vessel development, and this has been demonstrated in a
tumor xenograft model utilizing fibrosarcoma cells [40],
although not confirmed by other studies [41].

Beyond the observations in experimental models, the
relationship of the VEGF family and lymphatic spread of
malignant disease has been studied in some of the most
prevalent tumor types, such as colorectal, lung, and breast
cancer [42-44]. In HNSCC, however, only a few studies
have demonstrated the association of these lymphangio-
genic factors with lymphatic metastasis and overall prog-
nosis. Increased expression of VEGF-C and VEGF-D in
oral squamous cell carcinoma has been reported to be

Table 1 Summary of growth factors that have been associated in the literature with tumor lymphangiogenesis, lymph node metastasis, and

relevant prognosis in head and neck cancer

Growth factor Member/ Association with HNSCC and lymph node metastasis
family receptor
VEGF VEGF-A e Positive correlation with advanced T stage in oral, pharyngeal, and laryngeal SCC
e Positive correlation with lymph node metastasis in oral and pharyngeal SCC
VEGF-C e Positive correlation with lymph node metastasis in oral SCC
e Increased invasive potential in HNSCC cell lines
VEGF-D Positive correlation with lymph node metastasis in oral SCC
Angiopoietins Ang-1 e Induction of high levels of VEGFR-3; enhances lymphangiogenic activity of VEGF-C and VEGF-D
e Positive correlation with lymph node metastasis in oral SCC
Ang-2 Associated with poor prognosis in oral SCC
IGF IGF-1R e Increased expression in primary undifferentiated oropharyngeal and nasopharyngeal tumors
e Increased expression in metastatic lymph nodes
FGF FGF-2 e Specific association with lymphangiogenesis in HNSCC does not exist so far

e Induction of lymphatic vessel growth in vitro

e Promotion of VEGF-C secretion

SCC squamous cell carcinoma, HNSCC head and neck squamous cell carcinoma
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significantly associated with lymphatic vessel density,
lymph node metastasis, and poor prognosis (Table 1) [45,
46]. Among these two factors, VEGF-C was found to be
more significantly correlated to lymph node metastasis than
VEGF-D. VEGF-C was also shown to be superior as a
predictive factor for lymph node metastasis in comparison
to lymphatic vessel density. The invasive potential of tumor
cells, which has been correlated in vivo with metastatic
potential in mouse models [47] was also shown to correlate
directly with VEGF-C levels in UM-SCC-1 and SCC116
HNSCC cell lines, further implicating VEGF-C in the early
promotion of metastasis in head and neck cancer (Table 1)
[48]. In another study, VEGF expression was correlated
with prognosis in patients with early stage (T1-T2) lar-
yngeal cancer treated with primary radiotherapy. A trend
toward higher local relapse was demonstrated in the VEGF
positive group, whereas increased VEGF expression was
correlated with higher clinical local stage and decreased
overall survival [49]. Moreover, VEGF-A expression in
another study was reported to be associated with advanced
T stage for oral, pharyngeal, and laryngeal squamous cell
carcinoma. However, the association with nodal status was
significant only for oral and pharyngeal carcinoma
(Table 1) [50]. In the same study, the combined overex-
pression of VEGF-A and the proliferation marker Ki-67 in
oral and oropharyngeal squamous cell carcinoma was
documented to demonstrate a significantly higher likelihood
ratio for positive lymph nodes. This ratio represented an
index calculated by dividing the percentage of positive
nodes by the percentage of negative nodes. Again in this
study it was suggested that the combined expression of
VEGF-A and Ki-67 was more effective in predicting posi-
tive nodal status in early local tumors compared to more
advanced disease. In addition, patients with early oral and
oropharyngeal carcinoma could be divided into high or low
risk groups for occult metastasis on the basis of biological
expression of these markers [50]. So far, it remains uncer-
tain whether VEGF-A acts directly as a lymphangiogenic
factor or via the induction of other associated molecules.
Supporting the latter, recent studies on tumors with positive
lymph nodes have demonstrated co-expression of VEGF-A
and VEGF-C [51, 52]. In any case, it is obvious that further
studies are necessary in order to better clarify the role of
VEGEF in the lymphatic spread of head and neck cancer, as
well as any implications in overall prognosis and treatment.

Other factors implicated in lymphangiogenesis
Apart from VEGF, a number of other growth factors have
been the target of research studies in an effort to identify the

molecular pathways of tumor lymphangiogenesis and lymph
node metastasis. Angiopoietins, a family of four growth
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factors which have opposing actions in blood vascular
endothelial cells, have been shown to function as ligands for
the endothelial-specific tyrosine kinase receptor Tie 2 [53].
Angiopoietin-1 (Ang-1) stimulates the endothelial cell
migration in vitro and increases angiogenesis in transgenic
mouse models [54], as well as lymphangiogenesis in the
mouse cornea [55]. Indirect action of Ang-1 via the VEGFR-
3 pathway was demonstrated in a study in which the effects
of Ang-1 were inhibited in mice treated with a soluble form
of VEGFR-3 [56]. Moreover, VEGFR-3 expression on
lymphatic endothelial cells after treatment with Ang-1
indicated that Ang-1 induces higher VEGFR-3 levels in
these cells, providing evidence that Ang-1 may promote
lymphangiogenesis by rendering lymphatic vessels more
responsive to VEGF-C or VEGF-D emanating from the
surrounding microenvironment [56]. Another member of the
angiopoietin family, angiopoietin-2 (Ang-2), has been sig-
nificantly correlated with lymph node metastasis and
decreased survival in gastric and colorectal cancer [57, 58].
In oral squamous cell carcinoma, overexpression of Ang-1
and Ang-2 has been reported and associated with worse
prognosis, although high expression of Ang-1 only could be
correlated with lymph node metastasis (Table 1) [59].

The insulin-like growth factor (IGF) system consists of
two ligands, IGF-1 and IGF-2; three cell-membrane recep-
tors, IGF-1 receptor (IGF-1R), insulin receptor (IR), and
IGF-2 receptor (IGF-2R); and six high-affinity IGF-binding
proteins, IGFBP-1 through -6 [60]. These binding proteins
modulate the biological activity of IGFs [61]. In vitro and in
vivo studies have demonstrated the angiogenic action of
IGF-1 and IGF-2 [62, 63], as well as the increased expres-
sion of members of the IGF family in several solid tumors
[64—66]. Recent research has highlighted the direct lymph-
angiogenic activity of IGF-1 and IGF-2 factors, which
stimulate a signaling pathway independent from that trig-
gered by the VEGF-C/VEGF-D/VEGFR-3 system. Both
factors induce proliferation and migration of lymphatic
endothelial cells, stimulating phosphorylation of intracel-
lular signaling components of these cells, such as extracel-
lular signal-regulated kinase (ERK), Akt, and Src [67]. This
lymphangiogenic activity may promote lymphatic spread,
metastasis, and recurrence of malignant tumors. Increased
expression of IGF-IR has been detected immunohisto-
chemically in primary undifferentiated oropharyngeal and
nasopharyngeal tumors as well as metastatic lymph nodes
[68], and has been associated with poor prognosis, increased
metastatic potential, and high recurrence rates (Table 1)
[69]. On the other hand, down-regulation of IGFBP-3 has
been found in patients with tongue carcinoma and signifi-
cantly associated with shorter disease-specific survival [70].
In addition, patients with head and neck cancer have been
shown to have increased plasma levels of IGFBP-1 and
IGFBP-2 in contrast to the levels of IGF-1 and IGFBP-3,
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which were found to be low [71]. However, no significant
association was demonstrated between these findings and
the tumor size or nodal status.

The fibroblast growth factor (FGF) family consists of
about 23 different FGFs and 4 FGF-receptors (FGFR-1
through FGFR-4) that have been identified and character-
ized in vertebrates [72]. FGF-2 was one of the first angio-
genic factors identified for its potent activity on vascular
endothelial cell proliferation [73]. In addition, FGF-2 was
reported to induce lymphatic vessel growth in a mouse
cornea assay by promoting the secretion of VEGF-C in
blood vascular endothelial cells [74], whereas systemic
treatment with a blocking antibody against VEGFR-3
inhibited the FGF-2-induced corneal lymphangiogenesis
[75]. Several studies have demonstrated overexpression of
the members of the FGF family in malignant tumors and an
association with metastasis and decreased survival (Table 1)
[76-79]. However, studies on the potential role of the FGF
family in the lymphatic spread of HNSCC are lacking. This
is also true regarding a number of other growth factors, such
as hepatocyte growth factor and platelet-derived growth
factor-BB, whose potential lymphangiogenic activity has
only recently been identified [80, 81].

Therapeutic implications and future steps

Tumor metastasis to regional lymph nodes often represents
the first step of tumor dissemination and serves as a major
prognostic indicator for the progression of HNSCC [25].
Studying the molecular pathways of lymphangiogenesis
and lymph node metastasis in HNSCC may eventually
allow for early detection of cases with high metastatic
potential. This would allow for better prognosis assessment
and even affect treatment strategies, limiting, for example,
elective neck dissection only to high risk cases. In addition,
studying the molecular mechanisms behind lymphangio-
genesis may lead to the development of new chemothera-
peutic agents. In fact, various agents targeting tumor
lymphangiogenesis have already been used in animal
models. These include inhibitors of the VEGF signaling
pathway, such as a soluble version of VEGFR-3 [82], and
neutralizing antibodies against VEGF-C, VEGF-D, VEGF-
A, and VEGFR-3 [83-85]. Combined inhibition of both
VEGFR-2 and VEGFR-3 might result in a more potent
blockade of tumor-associated lymphatic vessel develop-
ment. In addition, the effects of inhibition of other growth
factors and their receptors on lymphangiogenesis and
lymph node metastasis need to be studied further. It
becomes obvious that this is an area of great scientific
interest and hopefully future studies will lead to the
development of better prognostic tools as well as novel
therapeutic options.
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