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Abstract. The most common tumor affecting the head and
neck is head and neck squamous cell carcinoma (HNSCC).
The characteristics of HNSCC include a rapid onset, a lack
of early diagnosis, drug resistance, relapse and systemic
adverse effects, leading to inadequate prevention, diagnosis
and treatment. Notably, previous research suggests that
there is an association between S100 proteins and HNSCC.
S100A8, SIO0A9 and S100A14 interfere with tumor cell
proliferation by blocking the cell cycle. The present review
discusses this association. SI00A4 enhances cancer stem
cell properties, and interacts with actin and tropomyosin to
promote tumor cell migration. SI00A1, SI00AS, S100A9,
S100A10, S100A14 and S100P are involved in the initiation
and progression of HNSCC via Hippo, nuclear factor kB,
phosphatidylinositol kinase/protein kinase B/mammalian
target of rapamycin and other signaling pathways. In addi-
tion, certain long non-coding RNAs and microRNAs are
involved in regulating the expression of S100 proteins in
HNSCC. Reducing the expression of certain members of the
S100 protein family may enhance the chemosensitivity of
HNSCC. Collectively, it is suggested that S100 proteins may
function as markers and targets for the prevention, diagnosis
and treatment of HNSCC.
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1. Introduction

The S100 protein family is the largest innate immune protein
family containing EF-hand structural domains in verte-
brates (1,2). As damage-associated molecular patterns, the
expression of S100 proteins is increased to exert anti-infective
effects following bacterial infection in epithelial cells (3.4).
However, the overexpression of S100 protein family members
leads to the secretion of numerous cytokines, chemokines or
growth factors, such as tumor necrosis factor-a, C-C motif
chemokine ligand (CCL)-2, CCL-20, C-X-C motif chemo-
kine ligand 10, and interleukin (IL)-1, IL-6, IL-8, IL-10 and
IL-12 (5-8). These factors cause tissue damage (9), and attract
and activate immunosuppressive cells to alter the tumor micro-
environment, promoting tumor growth and metastasis (10).
The structure of S100 proteins is highly conserved in verte-
brates (11), and is comprised of three exons. Thus, family
members exhibit a number of similarities in both sequence
and conformation (5); they all have hydrophobic amino acid
domains in the N- and C-terminal regions (11). Notably, the
first exon following the initiation codon of each member is
unique, and each protein possesses specific functions. To date,
~25 family members have been identified (2,12-15). Among
these, the SI00A subfamily (S/00A1-S100A18) is clustered in
the epidermal differentiation complex region of 1q21; SI00B is
located on 21q22, S100G is located on Xp22, SI00P is located
on 4pl6 and S100Z is located on 5q13 (2,5,12,16,17). While
S100S, S100T and S100U are all orthologs in fish, no corre-
sponding gene locus has been located in humans. The majority
of the aforementioned family members exist as low molecular
weight dimers of 9-14 kDa (5). In addition, some proteins
form tetramers, while S100G exists as a monomer (12,13).
The expression of S100 proteins is tissue-specific (12,16-18).
S100A1 and S100A3 are predominantly expressed in heart
and hair cuticle cells, respectively (12,16). SI00AG6 is pref-
erentially expressed in fibroblasts (16). SI0O0A8 and S100A9
are constitutively expressed in myeloid cells (16,17). SI00B
is normally expressed in the brain and can be used as a
marker for brain injury (18). However, tumor progression can
alter their expression and disrupt these specific expression
patterns. The expression levels of SI00A2, S100A4, S100A6,
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S100A10, S100A14 and S100A16 are high in pancreatic ductal
adenocarcinoma (19). The overexpression of SI00A8, SI00A9,
S100A11 and S100P has been shown to be associated with a
worse prognosis of patients with breast cancer (16); however,
the expression of SI00A1, SI00A3, SI00AS, S100A6, SI00A13
and S100G is associated with improved outcomes of patients
with ovarian cancer (17); these findings suggest that the S100
proteins play complex roles in the development of cancer.

The most common types of head and neck squamous
cell carcinoma (HNSCC) are oral squamous cell carcinoma
(OSCC), hypopharyngeal squamous cell carcinoma (HSCC),
nasopharyngeal squamous cell carcinoma (NSCC) and papil-
lary thyroid carcinoma (PTC) (20). Unlike other tumors,
HNSCC has a complex anatomical structure at its site of
origin, where numerous muscles, bones, blood vessels and
nerves congregate, which protect the brain and participate in
respiration, metabolism and other physiological processes (21).
Due to the unique nature of the head and neck region, surgical
resection may impede the ability of the patient to speak and
swallow, which would significantly decrease their quality of
life (22). Oncolytic virus therapy (23), chimeric antigen receptor
T-cells (24), immune checkpoint inhibitor therapy (25) and
other cutting-edge immunotherapy approaches, such as peptide
vaccines, mRNA vaccines and adoptive cell therapy using
T-cell receptor-engineered T cells, have made a significant
impact in HNSCC recently (26-28). However, the use of these
immunotherapy approaches is associated with high costs, and
the treatment efficacy can be influenced by multiple factors of
the tumor microenvironment (25); thus, the disease still has a
5-year overall survival rate of <50% (29). Currently, there is an
urgent need for HNSCC prevention, early diagnosis and therapy.
The results of a previous study demonstrated that HNSCC is
closely associated with hypercalcemia (30). However, numerous
members of the S100 protein family are calcium receptors, and
the structure and function of their encoded proteins are regu-
lated by Ca®* (2). When Ca®* is injected through voltage-gated
or receptor-mediated channels, the conformation and hydropho-
bicity of S100 proteins are changed via converting or binding
the signal of Ca?* (2,14). This leads to interaction with the
hydrophobic structural domains of target proteins, resulting in
cell cycle dysregulation and apoptosis (2,14). In addition, S100
proteins are involved in the formation of the squamous epithe-
lial keratinized envelope (31), which forms a keratinized layer to
protect the skin barrier. Notably, the head and neck are covered
by numerous squamous epithelial cells. Some studies have
indicated that S100 proteins and HNSCC may be closely associ-
ated (31-34). An investigation of the association between S100
proteins and HNSCC is thus necessary. Therefore, the expres-
sion and mechanisms underlying S100 protein family members
in the aforementioned subtypes of HNSCC are discussed in
the present review. The present review also aimed to discuss
whether S100 protein family members exhibit potential as
therapeutic targets of HNSCC, and whether specific changes in
S100 protein family members in HNSCC are caused by human
papillomavirus (HPV).

2. S100 proteins in OSCC

Changes in the expression of S100 protein members differ in
OSCC. The results of previous studies have demonstrated that

the expression levels of SI00A1, SI00A3, S1I00A6, SI00A11,
S100A13, S100A14, S1I00A16 and S100Z are decreased in
patients with OSCC, while the expression levels of SI00A2,
S100A4, S100A7, S100A8, S100A10, S1I00A12 and S100P are
increased (15,35-46). In a previous study, the transcriptome
analysis of 93 specimens from OSCC tissues and 87 speci-
mens from adjacent tissues demonstrated that the S/00A] and
S100A4 expression levels were significantly decreased in
OSCC, while those of SI00A2, SI00A3, SI00A7 and SI00A11
were increased, compared with those in adjacent tissues (47).
Moreover, it has been demonstrated that SIO0A9 expression is
increased in OSCC (15,40,48), whereas the invasion of T1- and
T2-stage OSCC mediated by SI00A9 has been found to be
reduced following treatment with an anti-CD147 antibody (49).
However, The Cancer Genome Atlas (TCGA) demonstrated
that the ST00A8 and S100A9 expression levels are reduced in
90% of OSCC cases (50), and this reduction was associated
with decreased tumor grading, a decreased expression of
epidermal growth factor receptor, epithelial differentiation, the
overexpression of apoptosis-related genes, and reduced tumor
cell migration and invasion (51). These factors may be due to
a wide range of sites involved in OSCC. Therefore, different
tissue sites have been selected and different reagents have
been used in different experiments. SIO0A7 expression was
previously examined by the immunohistochemical staining of
41 samples from OSCC tissues (>45 years old), 36 samples
from OSCC tissues (<45 years old), 40 samples from oral
potentially malignant disorders (OPMD) and 36 samples from
oral inflammatory lesions (45). Although SI00A7 expression
was significantly increased in the nuclear, cytoplasmic and
membrane staining of OSCC tissues, it was significantly
decreased in OPMD, and it was completely absent from oral
inflammatory lesions (45). SIOOA7 may thus serve as a marker
to distinguish between oral inflammatory lesions, OPMD and
OSCC. The expression of SIO0A7 protein was not, however,
associated with age in that study (45). Another study found
a negative association between age and the overexpression of
S100A7 mRNA in OSCC (38). The age groups used in the two
studies differed, however; the first study (45) used 45 years as
the grouping age, while the second study (38) used 65 years.
Additionally, the assessment methods used in the two studies
differed; immunohistochemical staining was used to detect
S100A7 protein expression in the first study (45), while qPCR
was used to detect SIOOA7 mRNA expression in the second
study (38).

It was previously discovered that the overexpression of
S100A16 not only inhibited the proliferation and invasion
of OSCC cells, but also significantly reduced their ability of
sphere formation (44). The sphere formation potency, which
was used as a surrogate to isolate cancer stem cells (CSCs)
from various tumors, can be used to evaluate the capability for
self-renewal in vitro (52). It was also found that the expression
of self-renewal markers, such as octamer-binding transcrip-
tion factor 4A or B-cell-specific moloney murine leukemia
virus integration site 1, was downregulated, confirming the
results of sphere formation (44). Additionally, tumors with
higher differentiation in mouse models caused by S1I00A16
overexpression may be related to the upregulation of the
expression of involucrin, cytokeratin and other differentiation
markers (44). The 10-year survival rate is poorer in patients
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Figure 1. Mechanisms of SIO0A8/A9 and S100A14 in the OSCC cell cycle. PP2A activity and Chkl phosphorylation are increased by SI00A8/A9, thereby
promoting the transition from CDC25c (Thr48) to CDC25c (Ser216), leading to cell cycle arrest in the G2 phase. p21 inhibits the activity of cyclin D1-CDK4
and cyclin E-CDK2. Cyclin-CDK complexes target Rb, for hyperphosphorylation and dissociation from E2F. When cyclin-CDK activity is inhibited, progres-
sion from G, phase to S phase is blocked, thus arresting cells in the G, phase. CDK, cyclin-dependent kinase; Rb, retinoblastoma protein; E2F, E2 transcription
factor; OSCC, oral squamous cell carcinoma; PP2A, protein phosphatase 2; Chkl, checkpoint kinase 1; Thr, threonine; Ser, serine; CDC25c, cell division

cycle 25c¢.

with OSCC, as OSCC has lower levels of SI0O0A 16 protein than
normal tissue, which promotes tumor proliferation and metas-
tasis (44). Sphere formation potency was also associated with
drug resistance (52,53). Previously, the KB, SAS and DU145
cell lines with sphere formation ability were demonstrated to
exhibit resistance to lapatinib, which was not favorable for the
treatment of patients with OSCC (52,53); however, SI00A16
was involved in this process required further investigation.
OSCC recurrence is also closely linked to S100 proteins. In
addition to downregulating E-cadherin expression (54) to
facilitate tumor metastasis, the overexpression of SI00A4 in
OSCC can also regulate stem cells or CSCs, leading to OSCC
recurrence through the phosphatase and tensin homolog
(PTEN)/phosphorylated intracellular phosphatidylinositol
kinase (PI3K)/protein kinase B (AKT) signaling pathway (42).
In a previous study, 235 Indian patients with OSCC were
divided into the high- and low-risk groups based on the degree
of staining of SI00A2 in the cytoplasm (43). Only 30% of
patients in the low-risk group relapsed, compared to 86% of
patients in the high-risk group who experienced recurrence or
mortality within 1 year. This finding was confirmed in a cohort
of Canadian patients with OSCC, where the rates of recurrence
and mortality within 1 year were 81% in the high-risk group
and 29% in the low-risk group, respectively (43). It is thus
suggested that S100 proteins affect the prognosis of patients
with OSCC.

The expression of p21 is increased by SI00AI4 in a
p53-dependent manner in CaLH3 and OSCCI1 cell lines (1).
Notably, p21 inhibits the activity of cyclin D1-cyclin-dependent
kinase (CDK)4 and cyclin E-CDK2 (1). Cyclin-CDK complexes
target retinoblastoma protein (Rb), for hyperphosphorylation
and dissociation from E2 transcription factor (E2F) (55).

When cyclin-CDK activity is inhibited, progression from the
G, phase to S phase is blocked; thus, cells are arrested in the G,
phase (55) (Fig. 1). Moreover, SIO0A8 and SI00A9 regulate the
expression of cell division cycle (CDC)25c¢ via phosphorylation
at position threonine 48 (Thr48) (56). The activity of protein
phosphatase 2 (PP2A), phosphorylation of checkpoint kinase
1 (Chkl) and the expression of CDC25¢ [phosphorylated at
position serine 216 (Ser216)] are subsequently increased (56).
Thus, CDC25c (Ser216) is unable to activate cyclin B1/CDC2
and the cell cycle is arrested in the G, phase (56) (Fig. 1). By
contrast, SIO0A9 tends to promote cell proliferation in osteo-
sarcoma, and the expression of p21 and p27 has been shown
to be upregulated by the knockdown of S100A9, which also
causes the inactivation of CDK2 and CDK4, resulting in the
cell cycle being arrested in the G/G, phase (57). The transcrip-
tion of SI00AI3 is regulated via TEA domain transcription
factor 4 (TEAD4) in CAL-27 and SCC-4 cell lines (58), in
which TEAD4 forms a complex with yes-associated protein
(YAP)1 (59). The transcription of G, phase-associated cell
cycle proteins and CDKs are blocked via the inactivation of
this complex or the knockdown of TEAD4, thus resulting in
cell cycle arrest in the G, phase (59). However, whether this
process involves SI00A13 requires further investigation.
Although a number of different mechanisms are involved,
certain members of the S100 protein family may interfere
with tumor cell proliferation by regulating the cell cycle, thus
affecting the development and progression of OSCC.

DNA, RNA, proteins and other substances which are
associated with the initiation and progression of OSCC may
be secreted into saliva; thus, this is considered as a main
source of biomarkers, which can be collected in a non-invasive
manner (60). In a previous study, the proteomics analysis of
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60 saliva samples from healthy individuals, and patients with
OPMD and OSCC revealed that the level of SI00A2 in saliva
was significantly higher in patients with OSCC, which may be
related to the invasion of OSCC (61), indicating that the detec-
tion of salivary S100 proteins may be helpful for diagnosis.
The efficacy of salivary SI00A2 alone in predicting OSCC
was poor, and when combined with solute carrier family 3
member 2 and IL-1 receptor antagonist protein, the sensitivity
of diagnosis was increased to 83.33% (61). Additionally, it
was previously discovered that there was a high association
between the expression levels of SIO0A7 and S100AS in the
saliva of patients with OSCC and the tumor clinical stage (41).
The analysis of saliva samples from 100 patients with OSCC
revealed that the SI00A7 protein was substantially elevated in
both T1 and T2 stages (41). The area under receiver-operating
characteristic curves (AUROC) was used to rate the sensitivity
and specificity of SI00A7 protein in predicting T1 stage OSCC
[0.71 (95% CI, 0.88-1.04)] and T2 stage OSCC [0.68 (95%
CI, 0.89-1.01)], respectively (41). Therefore, salivary SI00A7
protein is a possible marker for OSCC at the T1 and T2 stages.
The salivary SI00AS protein may be used as a potential marker
of OSCC at the T3 and T4 stages. In patients with T3 and T4
stage OSCC, S100AS8 protein was detected in 92.9 and 100% of
samples, respectively (41). In patients with T3 stage OSCC, the
AUROC was 0.99 (95% CI, 0.58-1.00), while in those with T4
stage disease, it was 0.98 (95% CI, 0.63-1.06) (41). According
to the aforementioned studies, salivary S100 proteins may
prove helpful for the diagnosis of OSCC and even the clinical
stage. However, the collection time, processing manner,
measurement method and storage conditions of saliva remain
to be standardized (62).

3. S100 proteins in HSCC

The prognosis of patients with HSCC may be affected by
the expression of S100 proteins. Patients with HSCC with a
low SI00A 12 expression do not often respond to conventional
treatment; thus, the prognosis of patients with HSCC who
have a high expression of S/00A12 is improved, compared
with that of those with low expression levels (51). However,
the prognosis of patients with HSCC with high levels of
S100A4 expression differs. The results of a previous study
demonstrated that migration and invasion were inhibited
following the knockdown of S/00A4 in FaDu cells, and
HSCC metastasis in Drosophila and mouse models was
reduced (63). On the one hand, SI00A4 may inhibit the acti-
vation of p53 and reduce p53 binding to the promoter region
of Nanog to upregulate its transcriptional activity (64). This
may enhance the stem cell properties of cancer-initiating
cells (64), thus promoting tumor proliferation (Fig. 2). On
the other hand, SI00A4 may interact with actin and tropo-
myosin to cause cell migration (12). Therefore, patients with
HSCC with an elevated expression of SI00A4 often exhibit
a poor prognosis (Fig. 2). The expression levels of SI00A9
and S100A11 in HSCC are markedly higher than those in
adjacent healthy tissues (65,66). Moreover, the expression
of SIO0A9 increases with the severity of clinical stages; its
expression is higher in patients with stage III and IV HSCC
than in those with stage I and II disease (65). Compared with
patients with a low SI00A9 expression, patients with high

expression levels of SI00A9 also exhibit a poor prognosis
and a significantly reduced 5-year survival rate (65).

The expression levels of matrix metalloprotein (MMP)2,
MMP7 and MMP9 have been found to be significantly
decreased following the downregulation of S/00A9 and
S100A11 expression (65,66) (Fig. 2). MMPs belong to the zinc
finger protein family that degrade almost all components of
the extracellular matrix (67), and are thus considered essential
proteases in the progression of epithelial-mesenchymal transi-
tion. MMPs also induce angiogenesis (68), to provide energy to
support tumor cell diffusion. In addition, the downregulation
of SI00A9 expression has been shown to significantly reduce
the expression of nuclear factor kB (NF-«B), the phosphoryla-
tion of NF-kB and B-cell lymphoma 2 (Bcl-2) (65). Notably,
restoring the expression of NF-kB reverses the inhibitory
effects on cell proliferation and invasion (65). Bcl-2 is a
well-established inhibitor of apoptosis, regulating apoptosis
by controlling the release of mitochondrial cytochrome c (69).
Apoptosis is also promoted via the reduction of mitochon-
drial cytochrome ¢ phosphorylation (69). Thus, SIO0A9 may
promote HSCC proliferation in this manner (Fig. 2). In addition,
S100A9 may bind the receptor of advanced glycosylation end
products (RAGE) to promote the phosphorylation of extracel-
lular regulated protein kinases 1/2 (ERK1/2), stress-activated
protein kinase/c-Jun amino-terminal kinase (JNK) and
inhibitor of NF-kBa (IkBa) (70). In turn, this activates the
mitogen-activated protein kinase (MAPK) signaling pathway
and causes the nuclear translocation of NF-xB (70) (Fig. 2).
Moreover, the expression levels of PI3K, AKT, mammalian
target of rapamycin (mMTOR) and Bcl-2 have been shown to be
reduced following the knockdown of SI00AIl in FaDu cells,
suggesting that SIO0A11 may affect migration via mediating
the PI3K/Akt/mTOR signaling pathway (66) (Fig. 2). In conclu-
sion, S100 proteins may affect downstream genes in HSCC
through NF-xB or PI3K/Akt/mTOR signaling pathways, to
promote the initiation and progression of HSCC.

4. S100 proteins in NSCC

The sustained upregulation of SI00A4 expression is observed
during dedifferentiation, using two-dimensional liquid chro-
matography and tandem mass spectrometry, combined with
isotopic labeling, and relative and absolute quantification
techniques (71). These methods have been used to analyze
keratinizing NSCC, non-keratinizing NSCC and undifferenti-
ated NSCC, and the results have demonstrated that SIO0A7,
S100A8 and S100A9 expression levels are also significantly
reduced (71). In a previous study, the SIO0A6 protein levels
were higher in the poorly differentiated cell line, CNE2,
than in the well-differentiated cell line, NP96, in NSCC, and
S100A6 expression was also increased (72). The upregulation
of SI00AG6 led to cell proliferation, which was decreased by
SB20358 disrupting the p38/MAPK signaling pathway, which
led to cell growth arrest and apoptosis (72). These findings
suggest that SI00A6 controls the proliferation of NSCC cells
via the p38/MAPK signaling pathway (72). The growth of
NSCC, as well as its differentiation are both enhanced by S100
proteins. SI00A8 and SI00A9 not only promote the activation
of Thr308 and Ser473 through the PI3K/AKT pathway (73),
following the control of the expression of effector targets in
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Figure 2. Mechanisms of action of S100A4, SI00A9 and S100A11 in the development of HSCC. p53 binding to the Nanog promoter region may be inhibited
by S1I00A4, promoting tumor proliferation. SI00A4 may also act with actin and tropomyosin to promote cell migration. The expression of MMP and the phos-
phorylation of Bcl-2 may be upregulated by SI00A9 and SI00A11. In addition, SI00A9 may activate ERK1/2 and SAPK/INK through the binding of RAGE to
promote nuclear translocation of NF-xB, and SI00A11 may promote the expression of phosphorylated PI3K, AKT and mTOR. The aforementioned factors may
promote the initiation and progression of HSCC. HSCC, hypopharyngeal squamous cell carcinoma; MMP, matrix metalloprotein; Bcl-2, beelllymphoma-2;
ERK, extracellular regulated protein kinases; SAPK, stress-activated protein kinase; JNK, c-Jun amino-terminal kinase; RAGE, receptor of advanced glyco-
sylation end products; NF-kB, nuclear factor kB; PI3K, phosphatidylinositol kinase; Akt, protein kinase B; mTOR, mammalian target of rapamycin.

the nucleus to control the expression of effector targets in the
nucleus and promote cell proliferation, but also increase the
expression of MMP7, MMP9 and MMP12, which are involved
in the metastasis of NSCC (67). The proliferation or migra-
tion of C666-1 cells is increased by SI00P combined with
RAGE, which also activates the NF-«xB signaling pathway and
MAPK (74).

At present, paclitaxel is one of the conventional treatment
strategies used for NSCC (75); however, metastasis to the neck,
local recurrence or drug resistance may lead to a decreased
efficacy. The increased phosphorylation of IL-1 receptor

associated kinase (IRAK1) was found in NSCC samples
following metastasis and recurrence caused by paclitaxel
resistance. Notably, the IRAK1/S100A9 axis is closely associ-
ated with drug resistance in NSCC (75) (Fig. 3). The sensitivity
to paclitaxel was found to be increased in S26 and CNE2 cell
lines following S7/00A9 knockdown; however, the resistance to
paclitaxel was restored following the addition of recombinant
S100A9 (75). Notably, the deletion of IRAK] also significantly
reduced the expression of SI00A9 (75). S100A 14 promoted the
degradation of IRAK1, and the expression and phosphorylation
of IRAKI1 were reduced following treatment with the IRAK1
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Figure 3. Biological functions of S100A4, SI00A9 and S100A14 in NSCC. EBV encoding LMP2A promotes SI00A4 demethylation, thereby promoting tumor
migration and invasion. Expression of SI00A9 is upregulated by the IRAK1/S100A9 axis to mediate paclitaxel resistance in NSCC. SI00A 14 increases the
expression of caspase-3 to enhance apoptosis, and inhibit the nuclear translocation of p50 and p65. This impairs NSCC migration. NSCC, nasopharyngeal
squamous cell carcinoma; EBV, Epstein-Barr virus; LMP2A, latent membrane protein 2A; IRAK1, interleukin-1 receptor associated kinase.

inhibitor, T2457, in CNE-1 and S26 cell lines (76). In addi-
tion, it was also demonstrated that the increased expression
of S100A14 and the inhibition of cell migration were reversed
following treatment with IL-1f to induce IRAK1 phosphoryla-
tion (76). Following the overexpression of S/00A 14 in S18 and
5-8F cell lines, the expression of caspase-3 and apoptosis were
increased, and the phosphorylation of IxkBa and inhibitor of
kappa B kinase were reduced. This inhibited the nuclear trans-
location of p50 and p65, and impaired NSCC migration (76)
(Fig. 3). Therefore, S100 proteins may improve chemosensi-
tivity and reduce drug resistance in NSCC.

Epstein-Barr virus (EBV)-related NSCC is extremely
common; there are ~78,100 new cases of EBV-related NSCC
worldwide each year (77). EBV encodes latent membrane
protein 2A (LMP2A) (78). The expression of SI00A4 in

CNE-1 cells with or without ectopic LMP2A expression
was previously measured using a transfer gene array, and the
results demonstrated that SI00A4 expression was significantly
upregulated in LMP2A-positive NSCC (78). Another previous
study also reported that LMP2A was involved in gene meth-
ylation regulation in EBV-related gastric cancer, inducing
signal transducer and activator of transcription 3 phosphoryla-
tion and activating DNA methyltransferase 1 (79). This led to
the inhibition of PTEN deleted on chromosome 10 promoter
methylation, reducing its transcription (79). Methylation levels
of CNE-1 and CNE-1-LMP2A cells were also previously
detected, to verify whether LMP2A exhibited a similar func-
tion in NSCC (78). The results demonstrated that LMP2A was
significantly demethylated in CNE-1 cells without the ectopic
expression of LMP2A (Fig. 3), and SI00A4 expression was
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increased following the inhibition of DNA methyltransferase
via 5-aza-2-deoxycytidine (78). This resulted in the increased
expression of N-cadherin, vimentin and Snail, and in the
reduced expression of E-cadherin (78) (Fig. 3). These results
suggested that the expression of S100 proteins may be regu-
lated by methylation, and EBV-induced hypomethylation may
reduce expression in NSCC.

5. 5100 proteins in PTC

PTC is often associated with changes in 1q21, 1g42, 5p15 and
9q34 (80), while the majority of members of the S100 protein
family are located on 1q21. This suggests that S100 proteins
are associated with PTC. The expression of each member of
the S100 protein family in 9 healthy thyroid tissues and 27
thyroid tumor tissues was previously analyzed using multiplex
and targeted mass spectrometry (81). The results demonstrated
that S100A6, SI00A11 and SI00A13 expression were upregu-
lated in PTC, compared with healthy thyroid samples (81).
Notably, SI00A6 (82) and SI00A11 may help to identify
follicular and papillary tumors (81), and S/00A6 may func-
tion as a specific therapeutic target of PTC (83). Although the
elevation of SI00A13 expression is less prominent than that
of SI0O0A6 and S100A11, it may also function as a candidate
biomarker for PTC (81). As previously demonstrated, the PTC
cell cycle may be regulated by S100 proteins; following the
knockdown of S100A12 in TPCI or K1 cell lines, the expres-
sion of cyclin D1 and CDK4 was markedly downregulated,
contributing to the accumulation of PTC cells in the G,/G;,
phase (84). These findings demonstrate that certain members
of the S100 protein family are strongly associated with the
initiation and progression of PTC, and may function as early
diagnostic markers of PTC.

In K1 and BCPAP cell lines transiently transfected with
S100A1, nuclear and cytoplasmic YAP expression was found
to be decreased following the knockdown of S/00AI; however,
the phosphorylation of YAP in the cytoplasm was signifi-
cantly increased, suggesting that SJ00A] may promote the
proliferation of PTC cells and inhibit apoptosis via the Hippo
signaling pathway (85) (Fig. 4). The results of a previous study
demonstrated that the S/00AI-mediated Hippo signaling
pathway was positively regulated by IncRNA FOXD?2 adjacent
opposite strand RNA 1 (FOXD2-AS1), and FOXD2-ASI over-
expression-mediated cell proliferation, migration and invasion
were reversed following S/00AI knockdown in breast cancer
cells (86). Following the knockdown of IncRNA FOXD2-AS1,
the expression of SI00A1 was also suppressed (86). The
high expression of FOXD2-AS1 was also observed in
PTC, and this was associated with a poor prognosis (87).
Therefore, PTC may also enhance tumor proliferation and
invasion through the IncRNA FOXD2-AS1/S100A1/Hippo
signaling pathway, resulting in decreased survival (Fig. 4).
IncRNA HOXA cluster antisense RNA2 (HOXA-AS2)
differs from IncRNA FOXD2-AS1. HOXA-AS2 binds to
the 3'-untranslated region complementary binding site of
microRNA (miRNA/miR)-520c-3p to reduce the expression
of miR-520c-3p, and upregulate downstream gene S100A4
to promote PTC metastasis (88,89) (Fig. 4). Moreover, the
results of a previous study demonstrated that miR-181a
binding to lysine demethylase 5C in TPC-1 cells increased

the trimethylation of lysine 4 on histone H3 protein subunit
(H3K4me3) on the SI00A2 promoter region, to promote
S100A2 expression (90) (Fig. 4). This pathway also enhances
the migration and invasion of PTC cells by promoting the
expression of Ki-67, MMP2 and MMP?9, and inhibits apop-
tosis through reducing caspase-3 (90). These results indicate
that IncRNA and miRNA regulate the expression of S100
protein family members through different methods to promote
the development of PTC.

6. S100 proteins in HPV-induced HNSCC

HPYV is involved in the development of HNSCC (91). A previous
retrospective analysis demonstrated that 34.5% of 4,852 patients
with HNSCC worldwide were HPV-positive (92). Notably,
HPV-induced HNSCC has continued to increase in recent years,
and the prevalence of HPV-positive OSCC in the USA increased
by 225% between 1975 and 2012 (91). In addition, HPV-16 is the
most common genotype in HPV-positive OSCC (93), followed
by HPV-18 (92). HPV-positive OSCC is caused by HPV-16 and
HPV-18 at rates of 32.4 and 11.3%, respectively (92). Notably,
HPV infection increases the prevalence of HNSCC; however,
patients that are HPV-positive are more sensitive to treatment,
and exhibit an improved prognosis and a higher survival rate
than patients who are HPV-negative (94-96). The 3-year overall
survival rates of patients with HNSCC who are HPV-positive
and HPV-negative have been shown to be 82.4 and 57.1%,
respectively (94,97). Due to the significant impact of HPV on
prognosis, infection status assessment has been included in
global treatment guidelines (91).

The clinical proteomic and immunohistochemical analysis of
HPV-18-positive and -negative OSCC has indicated that SIO0A8
protein is upregulated >10-fold in HPV-18-positive OSCC (98).
S100A8 and S100A9 heterodimers induce the transfer of
myeloid differentiation factor adaptor proteins from the cyto-
plasm to the Toll-like receptor 4 (TLR4) receptor complex,
activating extracellular signal-regulated kinases, NF-«xB, p38
and JNK, to induce pro-inflammatory signal transduction, thus
activating the innate immune system (99). In a previous study,
the results obtained from TCGA demonstrated that SI00AS
and SI00A9 RNA expression levels in HPV-positive HNSCC
were lower than those in HPV-negative HNSCC; however, the
difference was not statistically significant (100). HPV-16 exerts
no significant effect on ST00A8 mRNA expression levels;
however, it has been shown to reduce S/00AS promoter activity,
suggesting that HPV may regulate the expression of S100
proteins at the post-transcriptional translation stage (101). In
comparison to healthy skin, SI00A8 and S/00A9 are hypometh-
ylated in HPV-induced warts (102). It is necessary to determine
whether HPV may influence SI00A8 expression throughout the
post-transcriptional translation stage of HNSCC and how this
regulation relates to methylation. It is also necessary to learn
more about the S100 protein family members in HNSCC and
how they relate to HPV.

7. Conclusions and future perspectives
Numerous previous studies have verified that members of

the S100 protein family are closely associated with HNSCC
(Table I). Certain members of the S100 protein family may
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Figure 4. Mechanisms of the interactions of SI00A1, SI00A2 and S100A4 with IncRNA and miRNA in PTC. S100A1 inhibits YAP phosphorylation to promote
PTC cell proliferation, which may be positively regulated by IncRNA FOXD2-AS1. The expression of SI00A4 is increased to promote PTC metastasis, which
is mediated by IncRNA HOXA-AS2 through miR-520¢-3p. H3K4me3 modification on the SI00A2 promoter region promotes SI00A2 expression, and is
increased by miR-181a binding to KDMS5C. This enhances the migration and invasion of PTC cells, and decreases apoptosis. LncRNA, long non-coding RNA;
miRNA, microRNA; YAP, yes-associated protein; PTC, papillary thyroid carcinoma; FOXD2-AS1, FOXD2 adjacent opposite strand RNA 1; HOXA-AS2,
HOXA cluster antisense RNA2; H3K4me3, trimethylation of lysine 4 on histone H3 protein subunit; KDMS5C, lysine demethylase 5C.

block the cell cycle and induce YAP phosphorylation to
regulate cell proliferation (Table I). Moreover, these proteins
mediate NF-kB, PI3K/AKT/mTOR and other signaling
pathways to participate in HNSCC invasion, metastasis and
recurrence (Table I). Thus, further investigations into the
role of S100 proteins in the initiation and progression of
HNSCC are required. Vertical flow microarrays based on
gold nanoparticles and surface-enhanced Raman spectros-
copy have been developed to reduce pain in patients, using
detection in saliva, and to differentiate OSCC from healthy
groups and quantify SIT00P mRNA expression levels (103).
Thus, these methods may be useful mainstream tools for
HNSCC detection due to their non-invasive, convenient and
accurate nature. At present, there are no drugs available
which can directly target this family that are used in clinical
practice; however, numerous investigations are focused on
increasing the sensitivity of tumors to chemotherapeutic
drugs that regulate S100 proteins. Low expression levels

of S100A11 in HSCC improve the sensitivity of FaDu cells
to the thymidylate synthase inhibitor 5-fluorouracil (66),
and the inhibition of the IRAK1-S100A9 axis may reduce
the resistance of NSCC to paclitaxel (75). Moreover, AKT
and ERK1/2 signaling inactivation via S/00A4 knock-
down induces apoptosis, which reverses the resistance to
vemurafenib and inhibits thyroid cancer cell invasion and
proliferation (104). Blocking the binding of S100 proteins to
target proteins has been attempted in order to cure tumors
in clinical practice. Quinoline-3-carboxamide derivatives
suppress tumors by interfering with the interaction of
S100A8/S100A9 with TLR4 or RAGE (105). Amiloridezinol
blocks the interaction of SI00A13 with fibroblast growth
factor 1 (FGF1), decreasing S1I00A13-FGF1 complex
formation (106). In addition, the covalent modification of
S100A7, SI00A10 and S100A11 through transglutaminase,
and the S-nitrosylation or phosphorylation of S100A1,
S100A8, SI00A9 and S100B also indirectly affects disease
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Table I. Functions and mechanisms of action of S100 protein family members in the subtypes of HNSCC.
Cancer type S100 Functions (Refs.)
OSCC S100A2 High expression often indicates a poor prognosis. (43.,61)
OSCC S100A4 Regulates cancer stem cells. Associated with OSCC recurrence. (42,54)
OSCC S100A7 Distinguishes OSCC, OPMD and oral inflammatory lesions. 41.45)
Potential salivary marker for T1 and T2 stages of OSCC.
OSCC S100A8 Arrests the cell cycle in the G, phase. Potential salivary marker (41,56)
for T3 and T4 stages of OSCC.
OSCcC S100A9 Arrests the cell cycle in the G, phase. (56)
OSCcC S100A14 Arrests the cell cycle in the G, phase. )
0OSCC S100A16 Regulates OSCC proliferation, metastasis and sphere formation 44)
ability.
HSCC S100A4 Regulates HSCC cell migration and invasion. Enhances the stem (63,64)
cell properties of cancer-initiating cells.
HSCC S100A9 Regulates MMP2 and MMP7 expression levels. Reduces the (65)
expression of NF-kB, the phosphorylation of NF-«B and Bcl-2.
HSCC S100A11 Regulates the MMP9 expression level. Mediates the PI3K/Akt/ (66)
mTOR signaling pathway to affect HSCC migration.
HSCC S100A12 Alters sensitivity to conventional treatment. (&29)]
NSCC S100P Combines with RAGE to activate the NF-xB signaling (74)
pathway and mitogen-activated protein kinase.
NSCC S100A4 Associated with EBV-related NSCC .Increases N-cadherin, (78)
vimentin and Snail expression levels.Reduces the E-cadherin
expression level.
NSCC S100A6 Promotes cell proliferation through the p38/MAPK signaling (72)
pathway.
NSCC S100A8 Activation of Thr308 and Ser473 through the PI3K/AKT pathway. (67,73)
Increases the expression of MMP7, MMP9 and MMP12 to
promote NSCC metastasis.
NSCC S100A9 Activation of Thr308 and Ser473 through the PI3K/AKT pathway (67,73,75)
Increases the expression of MMP7, MMP9 and MMP12 to promote
NSCC metastasis.Closely associated with paclitaxel resistance.
NSCC S100A14 Promotes the degradation of IRAK1. Increases the expression (76)
of caspase-3 and apoptosis. Reduces the phosphorylation of
IkBa and inhibitor of kB kinase to impair NSCC migration.
PTC S100A1 Enhances proliferation and invasion, and inhibits apoptosis. (85)
PTC S100A2 Promotes the expression of Ki-67, MMP-2 and MMP-9. Inhibits (90)
apoptosis by reducing the caspase-3 expression level.
PTC S100A4 Promotes PTC metastasis. (88,89)
PTC S100A6 Helps to identify follicular and papillary tumors. (81-83)
PTC S100A11 Helps to identify follicular and papillary tumors. 81)
PTC S100A12 Regulates the cell cycle. (84)
PTC S100A13 A candidate biomarker for PTC. 81)

OSCC, oral squamous cell carcinoma; HSCC, hypopharyngeal squamous cell carcinoma; NSCC, nasopharyngeal squamous cell carcinoma;
PTC, papillary thyroid carcinoma; OPMD, oral potentially malignant disorders; MMP, matrix metalloprotein; NF-kB, nuclear factor xB; PI3K,
phosphatidylinositol kinase; Bcl-2, beelllymphoma-2; Akt, protein kinase B; mTOR, mammalian target of rapamycin; RAGE, receptor of
advanced glycosylation end products; EBV, Epstein-Barr virus; MAPK, mitogen-activated protein kinase; Thr308 phosphorylation at position
threonine 308; Ser473, phosphorylated at position serine 473; IRAK1, interleukin-1 receptor associated kinase; IkBa., inhibitor of NF-kBa..

progression (2). Although the association between other
family members and HNSCC requires further research, the

present review provides an overview of the mechanisms of HNSCC.

underlying S100 proteins in HNSCC, and may provide
novel insight into the prevention, diagnosis and treatment
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