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Abstract
Head and neck squamous cell carcinoma (SCC) is the sixth most common cancer in the world, accounting for approximately 6% of 

all cancer cases, being a significant cause of morbidity and mortality worldwide (about 2% of cancer related deaths). It is ubiquitarian 
in upper respiratory and digestive tract, both areas characterized by a marked anatomical complexity and profound differences, for 
instance in terms of structure, lymphatic drainage and vascularization: this implies that each global consideration about prognosis of 
these tumors may not be conclusive or satisfactory, since the diffusion is at least partially dependent from the site of origin.
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Introduction
Moreover, in at least two sites (nose/paranasal sinuses and sali-

vary glands), anatomical complexity is strengthened by the vari-
ability of histological subtypes of malignant tumors, other than 
SCC, potentially occurring here. It is well established that aggres-
siveness of head and neck tumors is manifested mainly as local re-
currences and lymph node metastases more than distant diffusion. 
Many cases of local recurrences are due to a sort of biological “con-
demnation” of the mucosa known as field cancerization [1], while 
the pathways of metastatic diffusion are explained by one hand 
with molecular assets of the tumor and by the other hand by the 
complex interactions between neoplastic tissue and tumor micro-
environment [2].

In this review we will refer at first to the well-known molecular 
pathways of local diffusion and metastasis of HNSCC, concerning 
both field cancerization and tissue microenvironment; by ending, 
we will report some recent results of translational research about 
this topic.

Molecular mediators of lymph node metastasis in HNSCC

Cadherine family of cell adhesion molecules mediates homo-
typic cell-to-cell adhesion within epithelial cells in a calcium de-
pendent way, by means of its extracellular domain and forming 
complexes with actin cytoskeleton through cytoplasmic catenine.

Downregulation or dysfunction of cadherine or catenine pro-
duces a loss of integrity in the cell-to- cell adhesion mechanism 
and subsequent dissociation of the epithelial cells, being a prereq-
uisite for active migration and metastasis.

In HNSCC with lymph node metastases an association between 
loss of E-cadherin and catenin complex and presence of metastasis 
has been demonstrated. Expression of E-cadherin was significant-
ly lost in the metastatic tissue in comparison to primary tumor and 
surrounding normal mucosa [3]. Reduced expression or aberrant 
localization of α-, β and δ- catenin may be a useful tool to predict a 
risk of lymph node metastasis [4].

Breakdown of cell-to-cell adhesion: E-cadherine /catenine
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Integrins are a family of heterodimeric transmembrane glyco-
proteins with function of cell surface receptors, composed of non-
covalently associated α and β subunits involved in intercellular and 
cellular-extracellular matrix attachment, contributing to a bidirec-
tional exchange between extra and intracellular environment.

Aberrant integrin expression has been implicated in HNSCC 
tumour invasion and metastasis. The most commonly expressed 
integrin in the basal layer of the normal squamous cell epithelia is 
α vβ6 and its altered expression has been reported in the develop-
ment of HNSCC [5].

CD44 is a glycosilated multifunctional cell surface protein that 
works as receptor for hyaluronic acid in extracellular matrix. Mul-
tiple isoforms exist due to a mechanism of post-transcriptional 
splicing. A predominant loss of expression in some isoforms (v4, 
v5, v6, v9) has been correlated with lymph node metastases [6,7].

Integrins and CD44

Proteolytic enzymes are implicated in the degradation of extra-
cellular matrix components such as fibronectin, collagen, laminin, 
glycoproteins and proteoglycans, and contribute to favor stromal 
invasion of tumor cells, as well as vessel intravasation and extrava-
sation.

Matrix metalloproteinases, a family of zinc dependent endo-
peptidases secreted in an inactivated form, seem mainly involved 
in the metastatic process. An increased expression and activity of 
matrix metalloproteinases (main variants involved are MMP-1, 
MMP-2, MMP-9), associated to overexpression of EGFR, has been 
evidenced both in HNSCC tumor samples and in their metastases, 
being predictive of a poor prognosis [8,9].

Cathepsinas are lysosomal endopeptidases overexpressed in 
various types of human carcinomas. Limited to head and neck area, 
high levels of Cathepsina-D correlates directly with the presence of 
lymph node metastases in oral carcinomas [10,11].

Modulation of extracellular matrix and proteolytic enzymes: 
matrix metalloproteinases (MMP) and Cathepsin D

MET is a proto-oncogene encoding for a tyrosine kinase re-
ceptor for Scattered Factor also known as Hepatic Growth Factor 
(HGF): it promotes cell proliferation, detachment and motility.

Molecular alterations favoring cell motility and tumor cell 
migration: MET oncogene and EGFR

Ontogenically activated MET can favour the growth and give 
invasive and metastatic properties to clones of neoplastic cells, as 
demonstrated by the high level of mutant alleles of MET found in 
metastatic lymph nodes of HNSCC, in comparison to the barely de-
tectable level evidenced in the concomitant primary tumors  [12].

EGFR (Epidermal Growth Factor Receptor) is a family of trans-
membrane proteins which includes four members (c-erbB-1/ 
EGFR, c-erbB-2/Her-2neu, c-erbB-3/Her-3 and c-erbB4/Her-4) 
and are involved in tumour growth and malignant transformation 
through a tyrosine kinase activity. The role of the EGFR family in 
HNSCC has been thoroughly investigated.

Several studies have reported an independent correlation of 
EGFR members with the presence of nodal metastases and poor 
clinical outcome, due to cooperative signaling of all EGFR receptor 
members. They enhance proliferation and invasion of HNSCC cells, 
by activating the MAPK and PI3K downstream signaling pathways 
involved in the transcriptional regulation of proteases and cyto-
kines [13].

A number of studies have demonstrated that genetic changes of 
the normal epithelium in mucosa of upper respiratory and diges-
tive tract are associated to HPV infection (mainly the strains 16, 18 
and 31) and follow the same pathway described in the cervical can-
cer, via E6 and E7 proteins.

In non HPV-related HNSCC, the most frequent epithelial genetic 
change is mutation of tumor-suppressor gene TP53, present in 
more than 50% of cases in malignant and pre-malignant lesions. 
The mutations of TP53 are associated to:

Biological aspects of the tissue microenvironment (TME) in 
HNSCC and their influence on aggressiveness and metastatic 
behavior
Genetic and epigenetic changes of normal squamous 
epithelium 

•	 Increased migration of cancer associated fibroblasts 
(CAF), favouring invasiveness and progression of 
neoplasia [14].

•	 Increased production of reactive oxygen species (ROS) and 
reactive nitrogen species (NOS) driving carcinogenesis 
via NF-kB and promoting abnormal tumor metabolism 
through the Warburg effect.
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Mutations of NOTCH 1 (transmembrane receptor that regulates 
cell differentiation and embryonic development) contribute to 
proliferation and invasiveness through increasing concentration of 
TNF acting on Slug and Twist and its regulation over epithelial to 
mesenchymal transition (EMT) [15].

EGFR gene is present in 10% of the cases, but gene amplifica-
tion and overexpression is present in almost 30% and 90% of cases 
respectively, allowing for the triggering of multiple intracellular 
signaling cascades that activate cell proliferation and survival, in-
vasion, metastasis, and resistance to radiotherapy, all mechanisms 
promoting tumor aggressiveness [16].

Overexpression and mutation of transcription factors as STAT3 
involved in EMT, proliferation, apoptosis, and inflammation, as-
sures self maintenance and renewal of cancer stem cells which 
helps in progression of cancer cells [17,18].

Epigenetic changes most commonly associated to HNSCC are 
DNA methylation, histone modification, microRNA, and small in-
terfering RNA.

They are mainly cancer associated fibroblasts, cells deputed to 
immune response, metabolism, angiogenesis, inflammation, hy-
poxia and epithelial mesenchymal transition (EMT). 

Stromal components of TME that impact on aggressiveness

Fibroblasts, normally residing in the stroma underlying the 
epithelium of the upper aerodigestive tract, are responsible for the 
production of the basal membrane layer, collagen IV, laminin, and 
numerous cytokine and paracrine signals [19].They are known to 
coevolve with the tumor, developing a characteristic phenotype 
called myofibroblast (or active phenotype), due to the cytoplas-
mic ultrastructural accumulation of contractile proteins such as 
α- smooth muscle actin (SMA). 

Besides the accumulation of specific contractile proteins, CAF 
produce MMP that directly contribute to remould the extracellular 
matrix [20].

In HNSCC, CAF show the myofibroblast phenotype associated to 
expression of integrin α6, critical in the cell-to-cell adhesion main-
tenance and surface signaling. 

It has been demonstrated that upregulation of both α-SMA and 
integrin α6 is correlated with a worsened prognosis in oral can-

Cancer associated fibroblasts (CAF)

cer, as complexes α-SMA and integrin α6 bind laminins and inter-
act with CDKN1A, altering cell cycle progression [21]. Moreover, 
CAF secrete and express a variety of factors which promote cell 
motility by upregulating a number of cytokines, for instance such 
paracrine motility factor, HGF, CXCL2, and TGF-β [22] HGF in turn 
promotes invasion and angiogenesis [23]. CXCL2 secreted by CAF 
binds CXXR4, and this interaction plays a role in the upregulation 
of MMP9, EMT, HIF-1α [24].

Progression and metastatic dissemination in HNSCC can be ob-
jectively linked to the falling and malfunction of host antineoplastic 
immunity: T lymphocytes and APM cells (antigen presenting ma-
chinery cells) play the main role in this process [25].

APM is made up by dendritic cells, Langerhans cells, myeloid 
dendritic cells and plasmacytoid dendritic cells. All these elements 
interact with the neoplastic cells in a complex process which can be 
affected by down-regulation or loss of the HLA class I molecules ex-
pression: low survival rates and presence of regional lymph nodes 
metastasis in primary laryngeal carcinomas and oropharyngeal 
squamous cell carcinomas are associated to this pathway  [26]. 
Moreover, HNSCC can influence and modulate the circulating my-
eloid and plasmacytoid dendritic cells, so that the number of these 
cells is significantly lower in the HNSCC patients; this phenomenon 
seems to be reversible, for instance the number of circulating cells 
increases after removal of the tumor. 

Langerhans cells (LC) are a particular type of dendritic cells rep-
resenting 2 - 8% of the intraepidermal cells in the upper respirato-
ry and digestive mucosa: a strong infiltration of LC cells, distributed 
both inside and outside the neoplastic sheet, is associated with a 
low incidence in cervical lymph node metastasis and consequently 
with a better prognosis [27].

Plasmacytoid dendritic cells (PDC) are antigen presenting cells 
(APM) able to produce large amounts of interferons IFN-α in re-
sponse to virus, having a reduced antigen capture potential com-
pared to other APM cells. It is demonstrated that HNSCC cells can 
negatively influence the PDC function with a reduction in the se-
cretion of IFN, through a tumor-induced down regulation of TLR 
(toll-like receptor) as studied and demonstrated by Hartmann., et 
al [28].

Immune response and immune surveillance 
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PGE2 and TGF-β are two immunosuppressive factors found in 
tumor tissue. A recent study showed that TGF-β synergized with 
PGE2 inhibited IFN-α and tumor necrosis factor (TNF) production 
of TLR7- and TLR9-stimulated PDCs [29].

 Finally, tumor associated macrophages (TAM) can contribute to 
the aggressiveness of HNSCC through their direct participation in 
angiogenesis and tumor progression.

There is a significant association between the number of TAM 
and microinvasion, micro vessel density and positivity for angio-
genic factors such as VEGF  [30]; a direct correlation has been also 
observed between macrophage infiltration and proliferation index 
evaluated with the analysis of cell cycle (cyclin E a p53) and pro-
liferation (Ki67) markers, suggesting that TAM are linked to tumor 
progression [31]. In laryngeal and hypopharyngeal carcinomas the 
presence and concentration of macrophages was higher in areas of 
fibrin deposition: this may indicate that they participate to stabilize 
and to remodel the extracellular matrix, facilitating tumor matrix 
generation and angiogenesis [32]. A significant direct correlation 
between TAM and lymph node involvement was demonstrated, the 
higher concentration of TAM being linked not only to lymph node 
metastases but also to extracapsular spreading [32].

The response of the immune system against the neoplastic cells 
is compromised in the presence of functional defects of T cells, 
both circulating and tumor infiltrating lymphocytes (TILS) [34].

A number of defects have been observed in T cells isolated from 
the tumor, including absence or low expression of CD3 zeta chain, 
decreased proliferation in response to mitogens, inability to kill 
tumor cell targets, imbalance in the cytokine profile with absence 
of IL2, evidence of predominant apoptotic features [34]. Moreover, 
HNSCC cells can autonomously produce TGF-β1 and subsequently 
generate a reduction in the expression of NK cell receptor NKG2D 
and CD16, inhibiting the biological function of NK cells.

Mature T lymphocytes (T lymphocytes leaving the thymus and 
reaching lymph nodes and spleen), are activated when contacted 
by APC (antigen presenting cells), though the sharing of two spe-
cific signals:

1. A link between MHC (major histocompatibility complex) 
on APC and T-cell receptor. 

2. Expression of co-stimulatory molecules (CD25 and FOX-
P3).

T cells 

When activated, T cells differentiate into effector cells (CD4 
helper and CD8 cytotoxic), and into memory cells, which are able 
to induce a rapid immune response in case of second contact with a 
previously known antigen.

CD4 T cells (Treg) are important in self-tolerance which means 
induction of tolerance to self antigens. The main immunophenotyp-
ic markers used for the identification of T cells are: CD45RO (naïve 
and memory T cells), CD69 (activated T cells), CD4 (helper T cells), 
CD8 (cytotoxic T cells), CD25 and FOXP3 (Tregs).

T lymphocytes in patients with HNSCC have evidenced a num-
ber of functional deficits at a loco-regional level (peritumoral in-
filtration), and on a systemic level, as result of mechanisms which 
lead HNSCC to evade and to suppress the cytotoxic T lymphocyte 
anti-tumoral response. 

Circulating and tumor associated T lymphocytes can show in-
creased apoptosis through different pathways, such as increased 
expression of FasL on the cell surface of HNSCC, which promotes 
apoptosis in peritumoral T lymphocytes through a Fas/FasL inter-
action [35]. Other pathways are also implicated in the T cell apop-
tosis, via TRAI and TNFα as demonstrated on Jurkat cell lines [36].

Suppression of cytotoxic T lymphocytes response can develop 
through the increasing expression of PD-1 (programmed death 
1 receptor) on T lymphocytes and its interaction with the corre-
sponding ligand PD-L1 (expressed by neoplastic cells). This bind-
ing shows other adverse effects on antineoplastic immunity, for 
instance decreased secretion of cytotoxic mediators and increased 
apoptosis of peritumoral and intratumoral T CD8 lymphocytes [37].

This is the base of the modern therapeutic approaches using 
molecules able to block the interaction PD-1/PD-L1, not yet vali-
dated for clinical purposes in head and neck tumors.

The immunophenotypic characterization of TILS in HNSCC has 
a long story; in the past it has been mainly intended as tool to es-
tablish the conditions for experimental therapies with modifiers of 
biological response (Valente., et al.) [38]; to date, some groups of T 
cell populations identified by immunohistochemistry (for instance 
CD4 - CD69, CD4 - CD25, CD4 - FOXP3) seem to have a prognostic 
significance; however, the role of FOXP3 positive T lymphocytes 
has not been conclusively defined: to date, this immunophenotypic 
class of lymphocytes seem to be associated to a better overall sur-
vival and free survival in some studies  [39].
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Intratumorally hypoxia, considered as < 2.5 mm Hg of O2, is a 
peculiar characteristic of HNSCC, contributing to its aggressiveness 
through the resistance to treatment, both chemotherapy and ra-
diotherapy [40]. HIF (Hypoxia Inducible Factor) is a transcription 
factor that interacts with more than 100 genes, and may be con-
sidered the most important and immediate adaptative response to 
hypoxia, being directly associated with poor prognosis. It interacts 
with CA9 and influences pH of TME with subsequent alterations in 
the uptake of chemotherapeutic drugs, resulting in resistance to 
treatment. 

The micro vessel density, one of the findings of tumor angiogen-
esis, is for a long time associated to bad prognosis in a number of 
head and neck tumors  [41], through implication of several factors: 
for instance, lisyl oxidase catalizes the crosslinking of collagen and 
elastin, and its overexpression increases the microvessel density. 
Moreover, a number of other factors derived from TME (VEGF, NF-
KB, HIF-1α) participate in the process. VEGF binds to its receptor 
on tumor cells inducing expression of bcl2 with an anti-apoptotic 
effect, and of CXCL1 and CXCL8 in a paracrine fashion: by conse-
quence they promote survival and proliferation of endothelial cells 
[42].

Chronic inflammation contributes to maintenance and progres-
sion of disease, through ROS and COX intervention: COX enzymes 
catalize the production of prostaglandins, in particular PGE2, 
which promotes angiogenesis and invasion and inhibits apoptosis 
in cancer cells.

Interaction between angiogenesis, inflammation and hypoxia 
in TME

A further attempt to identify prognostic groups of patients has 
been recently reported in a study which includes miRNA expres-
sion profiles obtained from metastatic lymph nodes of not HPV-
correlated HNSCC [43]. Huang., et al. have identified three different 
subtypes of metastatic HNSCC lymph nodes expression through 
miRNA expression profiles.

miRNA expression profiles 

Immune subtype (Group 1): predominant signalling pathways 
were related to T cell receptor, chemokine receptor and pathways 
participating in the allograft rejection. Consistent with its enrich-
ment of immunological pathways, a higher estimated proportion of 
CD4 + B cells and CD8 + T cells. 

Three main groups were defined, as follows:

Invasive subtype (Group 2): invasive subtype was associated 
with a significant worse prognosis, and its gene expression signa-
ture was of prognostic value across multiple cancer types.

Main biological pathways in this group being associated to ep-
ithelial-mesenchymal transition, apical junction, TGF-beta signal-
ling, angiogenesis, hypoxia, extracellular matrix receptor interac-
tion, regulation of the actin cytoskeleton and focal adhesion, most 
gene sets involved in the interaction between cell membrane and 
extracellular matrix.

Metabolic/ proliferative subtype (Group 3) Gene set enrichment 
analysis (GSEA) was used to understand the distinct biological 
pathways characterizing each subtype, defined as follows.

Group 1, immune subtype: predominant active pathways were 
related to T cell receptor and chemokine receptor signalling path-
way. Consistent with this enrichment of immunological pathways, a 
higher estimated proportion of CD4 + B cells and CD8+ T cells was 
present.

Group 2, invasive subtype: associated with a significant worse 
prognosis, and its gene expression signature was of prognostic val-
ue across multiple cancer types.

Main biological pathways in this group being associated to the 
interaction between epithelial cells and mesenchymal cells through 
epithelial-mesenchymal transition (EMT), apical junction, TGF-be-
ta signalling, angiogenesis, hypoxia, extracellular matrix receptor 
interaction, regulation of the actin cytoskeleton and focal adhesion. 

Group 3, metabolic subtype: predominant signalling pathways 
being related to MYC targets, basal transcription factors, and altera-
tions in the mismatch repair genes complex.

This prognostic classification coming from the translational 
research could be applied to many other metastatic solid cancer, 
main problem remaining the many faces of tumoral heterogeneity.

Conclusion
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