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Abstract: Head and neck squamous cell carcinoma (HNSCC), which originates in the head or neck tissues, is characterized by high
rates of recurrence and metastasis. Inflammation is important in HNSCC prognosis. Inflammatory cells and their secreted factors
contribute to the various stages of HNSCC development through multiple mechanisms. In this review, the mechanisms through which
inflammatory factors, signaling pathways, and cells contribute to the initiation and progression of HNSCC have been discussed in
detail. Furthermore, the diagnostic and therapeutic potential of targeting inflammation in HNSCC has been discussed to gain new
insights into improving patient prognosis.
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Introduction

Head and neck tumors originate from the epithelial tissues of the paranasal sinuses, nasal cavity, oral cavity, pharynx, and
larynx. Head and neck squamous cell carcinoma (HNSCC) is the predominant malignancy affecting these regions, and is
the sixth most common cancer worldwide, with an annual diagnosis of over 500,000 new cases.! The established risk
factors of HNSCC include tobacco and alcohol consumption; betel nut chewing is also an established risk factor of oral
cancer.>® HNSCC is characterized by aggressive tumor progression, high recurrence and metastasis rates, and poor
prognosis.* The primary treatment modalities for HNSCC are radiation therapy and chemotherapy. Despite advances in
these therapies, the 5-year survival rate of Patients with HNSCC remains <50%, except for early-stage tumors.” The
frequent diagnosis of HNSCC in the advanced stage poses significant treatment challenges. Therefore, the early diagnosis
and treatment of HNSCC are critical for improving patient prognosis.

In recent years, immunotherapy has emerged as a promising treatment approach for HNSCC, with beneficial
outcomes in selected patients. This warrants an in-depth study of the tumor microenvironment (TME) and mechanisms
of immune evasion in HNSCC. TME comprises inflammatory cells and their secreted factors that may promote tumor
progression. Prolonged inflammatory stimulation and immune activation lead to chronic inflammation, which results in
repetitive tissue damage and regeneration.® In fact, inflammation is a hallmark of cancer and an initiator of malignant
transformation. More and more studies have shown that inflammatory cells, mediators, and pathways contribute to the
development and immune evasion of various cancer types, including HNSCC. Therefore, exploring the molecular
mechanisms through which inflammation affects HNSCC progression and metastasis is crucial to develop novel
therapeutic strategies. In this review, the mechanisms underlying tumor-associated inflammation, clinical significance
of inflammation-related biomarkers, and potential therapeutic approaches for HNSCC have been discussed.’
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Role of Inflammation-Related Mediators in the Progression of HNSCC
Chronic inflammation triggers sustained tissue damage and significantly contributes to the onset and progression of head
and neck tumors. Several inflammation-related mediators have been implicated in HNSCC, which are discussed in detail
in the following sections (Figure 1).

Interleukin (IL)-1

Interleukin (IL)-1 is a proinflammatory cytokine that instigates cellular and organ inflammation. The IL-1 family
comprises 11 members, of which IL-1a, IL-1P, and the IL-1 receptor antagonist (IL-1RA) are most widely studied.
IL-1 receptor family members include both the activators and inhibitors of inflammation, thereby exerting diverse effects
on inflammatory processes.® IL-1 drives tumor progression, invasion, and metastasis, primarily through chronic inflam-
mation and immune-suppression.

IL-1a is known to upregulate IL-8 and IL-6 via the autocrine activation of NF-kB and AP-1.Tumor cells produce high
levels of IL-1a, which induce the proliferation of cancer-associated fibroblasts (CAFs) that produce C-C motif ligand
(CCL) 7, C-X-C motif ligand (CXCL) 1, IL-8, and CCL2 to accelerate tumor progression.9 The N-terminal domain of IL-
lo helps transform cells in the bone marrow or vascular perivascular regions into a malignant phenotype.'® In addition,
IL-10 enhances the migration of tumor cells within the endothelium, and the high expression of IL-1a in tumors is related
to a higher risk of distant metastasis and worse overall survival.'' Thus, the up-regulation of IL-la is a prognostic
biomarker of cancer.'” IL-1p is a critical mediator of chronic inflammation and is related to various cancers. Upon
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Figure | Inflammation-related mediators involved in promoting tumor progression.
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stimulation by IL-1p, dysfunctional oral keratinocytes (DOKs) and oral squamous cell carcinoma (OSCC) cells secrete
high levels of IL-6 and IL-8. IL-1P also facilitates tumor progression by promoting angiogenesis and epithelial-
mesenchymal transition (EMT)."* By contrast, IL-1p derived from tumor-infiltrating inflammatory cells can recruit
neutrophils and inhibit tumor growth.'* The upregulation of IL-1B in tongue squamous cell carcinoma (TSCC)cells
increases the expression of CXCR4, a chemokine receptor involved in tumor growth and metastasis. IL-13 also
upregulates Notch expression, and Notch signaling may be involved in cancer progression through the upregulation of
CXCR4."® The high expression of IL-1p in tumor cells is also associated with lymph node metastasis. Overall, IL-1B has
been identified as a key nodal gene in oral carcinogenesis and is a promising diagnostic marker and therapeutic target.'®
IL-1RA is a naturally occurring receptor antagonist with two structural variants: the intracellular subtype (ICIL1RA) and
the secretory subtype (SIL1IRA). Both variants are upregulated in acute or chronic inflammatory responses. IL-1RA
upregulation protects epithelial cells from environmental stimuli by competing with IL-1a.'” Furthermore, IL-1RA can
inhibit tumor angiogenesis and metabolism by blocking IL-1fB. Considering its anti-inflammatory and antioncogenic
effects,!” enhancing the expression of IL-IRA can be a potential new strategy for cancer treatment.

Tumor Necrosis Factor (TNF)-a
Tumor necrosis factor (TNF)-a participates in inflammation, immune stress, and different stages of tumor progression,
such as initiation, proliferation, angiogenesis, invasion, and metastasis. TNF-a exerts its effects through two distinct
receptors: TNFR1 and TNFR2.TNFR1 mediates inflammatory responses and activates apoptosis signaling;
TNFR2regulates cell adhesion, migration, proliferation, and survival.'®

Studies have shown that TNF-a is closely related to inflammation, angiogenesis, and lymphangiogenesis in HNSCC.
It upregulates vascular endothelial growth factor (VEGF) via the NF-kB pathway, and then promotes the formation of
blood vessels and lymphatic vessels.'” TNF-a also facilitates EMT and tumor metastasis through transforming growth
factor (TGF)-B-dependent mechanisms.”® Increased TNF-o. expression in oral cancer cells has a relation to enhanced
proliferation, and its downregulation can weaken this proliferative potency.”’ Sandra et al showed that TNF-o inhibits the
apoptosis of HNSCC cells by activating the phosphatidylinositol-3-OH kinase (PI3K) and NF-«B pathways.”* Moreover,
TNF-a also mediates tumor cell proliferation and invasion by upregulating CXCR4.”* The upregulation of matrix
metalloproteinases (MMPs), particularly MMP-9, is characteristic of HNSCC. Increased MMP-9 protein expression
has been detected in the saliva protein database of oral cancer. Ruokolainen et al demonstrated that MMP-9 is
a prognostic marker of HNSCC.**** Additionally, MMP-9 promotes TGF-Bl-induced EMT by upregulating vimentin
and downregulating E-cadherin, and aberrantly high MMP-9 expression can disintegrate the basement membrane,
thereby facilitating tumor invasion and metastasis.”® MMP-9 expression in laryngeal tumors is connected to higher
vascular density, and increased MMP-9 expression in HNSCC is closely related with invasion, metastasis, and
angiogenesis.”” TNF-o binds to the MMP-9 promoter and enhances its transcription. TNF-o-induced EMT may also
be associated with the induction of cancer stem cells (CSCS).Z&ZQ CD44, a marker of CSCs, is correlated to EMT, drug
resistance, and apoptosis inhibition in HNSCC and other tumors. Multiple studies have shown a positive correlation
between CD44 expression and the mesenchymal phenotype and metastasis in various cancers.’® Moreover, TNF-o. is
a potential biomarker for predicting HNSCC patient survival and personalized treatment based on clinical TNM
staging.®'

NF-xB

NF-kB is a transcriptional factor regulating the expression of inflammation- and survival-related cytokines and other
factors. The NF-kB family consists of five members: NF-kB1(p50), NF-kB2 (p52), RelA (p65), RelB, and c-Rel.** NF-
kB can be activated by the classical(canonical) or alternative (noncanonical) pathways. The classical pathway is
stimulated by TNF-a, IL-1, and lipopolysaccharide (LPS), whereas the alternative pathway is initiated by specific
subgroups of TNF family cytokines and other factors, such as CD40L, BAFF, and lymphotoxin-beta (LTB).*’
Following activation, NF-kB dimers translocate to the nucleus and bind to the promoter or enhancer regions of target
genes, and thus accelerate tumor proliferation, metastasis, and drug resistance. NF-kB-regulated target genes include cell
cycle regulators (eg, cyclin D1, c-MYC, and others) and apoptosis-related factors that either interfere with caspase
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activation and cytochrome c release (eg, BCL-XL, A1/Bfl-1) induced by anticancer drugs or inhibit the pro-apoptotic
JNK pathway.>* NF-kB promotes tumor progression by upregulating MMP-9°° and induces EMT and metastasis
following activation by IL-8 and EGF.*

NF-kB participates in the development of HNSCC associated with viral pathogens and carcinogens. NF-kB protein is
typically activated in nasopharyngeal carcinoma (NPC), which can be triggered by Epstein-Barr virus (EBV) infection,
and its overexpression has a relation to poor prognosis. Carcinogen-related HNSCC is linked to tobacco use and betel nut
chewing. Cigarette smoke contains polycyclic aromatic hydrocarbons and reactive oxygen species (ROS) that can
damage DNA and stimulate the secretion of proinflammatory cytokines such as TNF-a and IL-1 from the epithelial
cells. The binding of damaged DNA molecules, TNF-a, and IL-1 to their cognate receptors activates the IKK-NF-xB
signaling pathway.>” Tobacco and betel nut consumption have a relation to decreased IxBo expression and NF-kB
pathway activation in head and neck tumors.**>° NF-kB activation in HNSCC cells contributes to blood and lymphatic
metastasis via the activation of the pro-angiogenic VEGF and inducible nitric oxide (NO) synthase (iNOS). The iNOS-
generated NO is related to increased tumor vascular density, growth, invasion, and metastasis.*>*' In line with these
findings, NF-kB inhibitors have been shown to inhibit the invasion and metastasis of HNSCC cells in vitro, warranting
further clinical investigation. Furthermore, given its involvement in tumor radio resistance, NF-kB is a potential marker
of post radiotherapy prognosis.*

Transforming Growth Factor (TGF)-3
TGF- is a pleiotropic cytokine that regulates various physiological functions, including cell growth, differentiation,
apoptosis, migration, inflammation, and angiogenesis. The TGF-Bsuperfamily includes TGFp1, TGF-2, and TGF-p3.**
Depending on the anatomical location and cellular environment, TGF-f signaling exerts both tumor-suppressive and
tumor-promoting functions via the Smad family proteins.***> Smad2, TGF-BRII, and Smad4 primarily function as tumor
suppressors but may promote tumor progression through TGF-Bsignaling.*®

Smad4 and TGF-BRII are frequently deleted or downregulated in squamous cell carcinoma.*”**® The loss of Smad4
disrupts TGF-B-mediated growth inhibition, leading to excessive cell proliferation, reduced apoptosis, and increased
Smad3-driven inflammation. In addition, the loss of Smad4 can contribute to cetuximab resistance via the JNK and
MAPK pathways. While Smad4 is necessary for TGF-B-induced EMT, its loss may facilitate EMT through alternative
pathways.**>! By contrast, the loss of TGF-BRII promotes Ras-driven malignant progression, resulting in the decreased
expression of cyclin-dependent kinase inhibitors pl5 and p21 and increased expression of cyclin-D and EGFR.
Furthermore, the loss of TGF-BRII enhances the expression of endogenous TGF-B1, thus promoting inflammation and
angiogenesis to facilitate tumor progression in HNSCC. TGF-BRII loss also augments cell migration and invasion
through integrin-FAK-Src signaling.”? Tumor cells lacking Smad2, TGF-BRII, or Smad4 are resistant to the inhibitory
effects of TGF-PB signaling and undergo EMT.>® Additionally, TGF-B can induce the transformation of normal fibroblasts
into CAFs by regulating fibronectin and MET, thereby promoting tumor progression.’* Consequently, TGF-B is
a potential biomarker of HNSCC, and the selective blockade of the TGF-B/Smad signaling is a novel therapeutic
stlrategy.5 >

l-17

IL-17 is a pro-inflammatory cytokine that maintains mucosal immunity and barrier integrity, and therefore fosters
inflammation in TME and facilitates tumor progression.>® Numerous studies have reported that IL-17 levels are elevated
in HNSCC and that targeting IL-17 production can impede tumor cell proliferation.’”® IL-17 promotes tumor cell
proliferation by activating the JAK/STAT3 pathway’® and inhibits apoptosis by blocking FAS-associated death domain
protein through the PI3K/AKT pathway. Consistent with this, silencing IL-17 expression in laryngeal cancer cells
triggered apoptosis through the PI3K/AKT/FAS/FASL pathway.®® Furthermore, IL-17 can accelerate the invasion and
metastasis of thyroid cancer cells in a dose-dependent manner by activating ERK1/2 and upregulating MMP-9.°' IL-17 is
also a potential prognostic marker of HNSCC, as high levels of IL-17 have been significantly associated with reduced

5-year survival rates, and IL-17 expression was inversely correlated with overall survival in HNSCC.%%¢3
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Role of Inflammation-Related Pathways in the Progression of HNSCC
Inflammatory pathways are of utmost importance in the pathogenesis of HNSCC and can offer novel therapeutic targets.
These pathways and their roles in the development and progression of HNSCC have been discussed in the following
sections (Figure 2).

VEGF Pathway
The VEGF family comprises seven human-origin subtypes: VEGF-A, -B, -C, -D, -E, -F, and PLGF.** VEGF ligands
signal through cell surface receptor tyrosine kinases, notably VEGFR- 1 (Flt-1), VEGFR-2 (Flk-1/FDR), and VEGFR-3
(F1t-4). VEGFR-1 is primarily expressed in hematopoietic stem cells, macrophages, monocytes, and vascular endothelial
cells, and its function is contingent on the tissue or cell type during development. VEGFR-2 primarily regulates
angiogenesis, endothelial cell mitosis and chemotaxis, and vascular permeability, whereas VEGFR-3 promotes
lymphangiogenesis.®’

VEGF accelerates tumor progression by enhancing vascular permeability, which leads to the extravasation of high
molecular weight molecules and development of edema, and consequently facilitates neovascularization.®® It is regulated
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Figure 2 VEGF, mTOR, STAT, and COX-2 inflammation-related signaling pathways involved in head and neck squamous cell carcinoma progression.
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by hypoxia-inducible factor (HIF)- la in the low oxygen conditions of TME.®”*® Moreover, VEGF inhibits endothelial
cell apoptosis by activating the anti-apoptotic kinase Akt/PKB and upregulating Bcl-2 and A1.%” Wu et al demonstrated
that VEGF-A blockade delayed EMT and angiogenesis in NPC.” The thyroid-stimulating hormone (TSH) regulates the
vascularization and growth of thyroid tumors by stimulating VEGF secretion from cancer cells.”' Sun et al showed that
the inhibition of the VEGF/VEGFR2 pathway using proanthocyanidin B2 (PB2) suppressed angiogenesis and prolifera-
tion in OSCC.”

The interaction between VEGF-C/D and their receptor VEGFR3 stimulates the proliferation and migration of lymphatic
endothelial cells and thus promotes lymphatic vessel formation and potentially contributes to lymph node metastasis.”* Li et al
showed that EBV-infected NPC cells facilitated LN metastasis by inducing cancer-associated lymphangiogenesis and that the
administration of anti-VEGF-C antibodies inhibited this process.”* Furthermore, VEGF is a valuable prognostic indicator of
various tumors. Ceric et al identified VEGF-C as a risk factor of papillary thyroid carcinoma (PTC) and found that VEGF-C
expression correlated significantly with tumor size and recurrence.”” Huang et al further demonstrated that VEGE-C is
a noninvasive diagnostic biomarker of laryngeal squamous cell carcinoma (LSCC).”®

Mechanistic Target of Rapamycin (mTOR) Pathway

The mechanistic target of rapamycin (mTOR) exists in two distinct protein complexes (MTORC1 and mTORC?2).
mTORCI1 is involved in protein synthesis, autophagy, and metabolic regulation, and mTORC2 contributes to actin
cytoskeleton polarization.”” The PI3K/AKT/mTOR pathway is involved in cell survival, migration, proliferation, and
differentiation as well as in physiological processes such as angiogenesis and protein synthesis.”® The downstream targets
of mTOR signaling regulate multiple inflammatory factors, eg, cytokines, chemokines, proliferation, invasion, extra-
cellular matrix (ECM) remodeling, and fibrosis.”” Thus, mTOR is a potential therapeutic target for acute and chronic
inflammatory conditions. The PI3K/AKT/mTOR pathway is frequently dysregulated in tumor cells.

The mTOR pathway controls tumorigenesis by regulating protein synthesis, translation of oncogenic proteins,
autophagy, and apoptosis. The downstream effectors of mTORCI, including ribosomal protein S6 kinase 1 (S6K1)
and eukaryotic translation initiation factor 4E- binding protein 1 (4EBP1), promote angiogenesis by regulating HIF-1a at
the translational level.”” The mTOR pathway is activated in HNSCC cells,*® and inhibiting this pathway can impede their
growth and metastasis.®'*?

The PI3K/AKT/mTOR pathway is also related to the proliferation and invasion of OSCC cells.®® The inactivation of
the AKT/mTOR pathway using glioma-associated oncogene (Gli) antagonist-61 (GANT61) inhibited the survival,
invasion, and EMT of anaplastic thyroid cancer (ATC) cells, whereas its activation in thyroid cancer cells promoted
stemness and metastasis.**® Huang et al demonstrated that knocking out placenta specific gene 8 (PLACS8) in NPC
tissue induced autophagy and apoptosis in tumor cells, and inhibited proliferation and EMT via the inhibition of the
mTOR pathway.* Besides, Yu et al found a correlation between the mTOR pathway and the T stage, N stage, clinical
stage, recurrence, and distant metastasis in HNSCC; the activation of the mTOR pathway was shown to be related to
shorter survival and lower survival rates in NPC. Therefore, mTOR is a promising prognostic biomarker of head and
neck cancer.®’

Signal Transducers and Activators of Transcription (STAT) Pathway

The mammalian signal transducers and activators of transcription (STAT) family consists of seven members: STATI,
STAT2, STAT3, STAT4, STAT5a, STATSb, and STAT6. The STAT signaling pathway engages in cellular proliferation,
differentiation, and apoptosis, along with the regulation of cytokine-dependent inflammation and immunity.*® Mutations
in STAT family proteins are essential for the induction and maintenance of pro-cancerous inflammatory microenviron-
ments. In addition, the JAK/STAT pathway is aberrantly activated by autocrine/paracrine cytokines as well as by
mutations in STAT and upstream oncogenes in various cancers. STAT3 is known to upregulate anti-apoptotic proteins
(such as BCL-XL and C-MYC) and facilitate cell survival and mitosis induced by Src-mediated signaling.**** STATs are
also connected to the progression of HNSCC. Multiple studies have indicated that this pathway promotes the prolifera-
tion and survival of HNSCC cells by regulating factors involved in cell cycle progression (eg, cyclin D1) and apoptosis
(BclxL, Bel-2, Mcl-1, Fas, etc.).”’*? Furthermore, STATS can enhance tumor invasion and metastasis by downregulating
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the mucin-like glycoprotein episialin (MUC1) and reducing cell adhesion.”® STAT3 expression is negatively correlated to
that of the epithelial factor E-cadherin in squamous cell carcinoma, and the inhibition of E-cadherin leads to tumor cell
invasion and metastasis.”* STAT3 also facilitates tumor invasion by activating the MMPs (MMP-2, MMP-1, MMP-9, and
MMP-10), and STATSs are known to enhance tumor angiogenesis by upregulating VEGF via HIF-1a.”"%> The activation
of the JAK2/STAT3 pathway in follicular thyroid carcinoma (FTC) cells enhanced their proliferation, EMT, and invasion,
whereas its inactivation suppressed tumor cell proliferation and promoted apoptosis.”® The persistent activation of the
JAK/STAT signaling pathway accelerated the proliferation and invasion of NPC cells, and the targeting of the key genes
of this pathway had an inhibitory effect on tumor cell proliferation, invasion, and metastasis in vitro and in vivo.””*®
The JAK/STAT pathway is associated with the chemoresistance of tumor cells. Cisplatin resistance in HNSCC cells is
induced by activated STAT through AKR1C1, a member of the aldo-keto reductase 1 family.”” Although BRAFV600E is
a common mutation in thyroid cancer, the cells routinely develop resistance to BRAFV600E inhibitors through the JAK/

STAT pathway.'® Therefore, the STAT pathway is a promising therapeutic target for recalcitrant HNSCC.'""!

Cyclooxygenase (COX)-2 Pathway
Two subtypes of cyclooxygenase (COX)—the constitutive COX-1 and inducible COX-2—have been identified in
mammals.'% The COX-2 pathway is involved in the conversion of arachidonic acid to prostaglandins, which regulate
physiological and pathological processes such as vascular constriction, vasodilation, and inflammation.'®®

While COX-2 is expressed at low levels in normal tissues, it is induced in the early stages of cancer. High COX-2
expression contributes to apoptosis resistance, proliferation, transformation, angiogenesis, inflammation, invasion,
metastasis, chemoresistance, and poor prognosis in several cancers. The inhibition of the COX-2 pathway can inhibit
tumor progression.'®*'°> Zhu et al found that the high expression of COX-2 in the CAFs was related with poor survival
rates and distant metastasis in NPC patients and that COX-2 was overexpressed in CAFs at the site of distant
metastasis.'°° Epidermal growth factor receptor (EGFR) overexpression induces the generation of the COX-2 metabolite
PGE2 via angiopoietin-like 4 (ANGPTL4), which promotes angiogenesis, EMT, and tumor metastasis.'”” COX-2 can
also accelerate tumor invasion by regulating the expression of VEGF to facilitate lymphangiogenesis.'®® The carcino-
genic potential of COX-2 is likely driven by its downstream proinflammatory factors such as PGE2. The latter suppresses
T and B lymphocyte proliferation and natural killer cell function and mediates chronic inflammation by promoting
vasodilation and angiogenesis.'*%!'°

COX-2 expression is significantly correlated to lymph node metastasis in NPC patients.''! In fact, NPC has the
highest metastasis rate among head and neck cancers, and one of the main reasons for treatment failure is distant
metastasis.''? Therefore, COX-2 is a prognostic biomarker of NPC and other HNSCCs, and the decrease in its expression
before and after chemotherapy has been shown to be connected with the survival duration and survival rate of NPC
patients.''® Finally, high COX-2 expression is an independent predictor of adverse long-term outcomes in non-metastatic

NPC, regardless of the clinical stage.''*

Inflammation-Associated Cells Mediate the Progression of HNSCC
Inflammatory cells are a critical component of TME that promotes tumor development and immune responses. The
functions of different inflammation-related cells in HNSCC progression have been discussed below.

Tumor-Associated Macrophages (TAMs)

Monocytes derived from the bone marrow differentiate into macrophages at the site of inflammation under the influence
of growth factors. Macrophages are versatile immune cells that regulate tissue homeostasis, phagocytose pathogens, and
promote wound healing.''> TAMs infiltrate into the tumor tissues or reside within TME and regulate tumor growth,
tumor angiogenesis, immune modulation, metastasis, and chemoresistance. Activated macrophages can be classified into
the classically activated M1 and alternatively activated M2 phenotypes.''® The M1 macrophages promote antitumor Th1
responses, whereas M2 macrophages facilitate tissue repair and Th2 responses as well as exhibit a tumor-promoting
phenotype.''” Although M1 and M2 polarization is finely balanced in many tumors, TAMs typically exhibit functions
similar to M2 macrophages, then accelerate tumor progression.''® Macrophage polarization in TME is driven by multiple
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cytokines and growth factors, such asIL-4 produced by the CD4+ T cells and/or tumor cells as well tumor cell-derived
CSF1 andGM-CSFE.""’

TAMs facilitate the growth of HNSCC tumors through epidermal growth factor (EGF)signaling. Furthermore, the
infiltrating TAMs enhance lymphatic vessel density and promote angiogenesis in HNSCC tissues, thereby facilitating
tumor metastasis. TAMs are highly concentrated in the hypoxic and avascular regions of tumors, in which they
upregulate VEGF, HIF-regulated genes, and MMPs, resulting in vascular regeneration and allowing the cancer cells to
survive in the adverse TME.'?*'?! Pirili et al have shown that TAMs regulate the adhesion, migration, and invasion of
human TSCC cells.'** Macrophages promote the adhesion of tumor cells to the ECM by secreting bone sialoprotein (also
known as SPARC) and facilitate tumor EMT, invasion, and metastasis through TGF—B.IB’124 Additionally, macrophages
express immune checkpoints such as programmed cell death protein 1 (PD-1) and cytotoxic T lymphocyte antigen 4
(CTLA-4), which suppress the activity of T cells, B cells, and other immune cells by inhibiting TCR and BCR
signaling.''” There is experimental evidence suggesting that the quantity of TAMs in the tumor tissues or periphery is

predictive of disease progression and 5-year survival in oral cancer patients.'*>

Myeloid-Derived Suppressor Cells (MDSCs)

Myeloid-derived suppressor cells (MDSCs) are a heterogeneous population consisting of immature dendritic cells,
granulocytes, macrophages, and bone marrow progenitor cells that infiltrate TME and enable the tumor cells to evade
immune responses. An immunosuppressive TME prevents excessive tissue damage caused by unresolved inflammation
and fosters tumor progression.'?® MDSCs identified in human malignancies are typically characterized by the expression
of CD33 and CDI11b. They inhibit T-cell immune responses through the following mechanisms: (1) upregulation of
arginase and subsequent depletion of arginine, which is crucial for T-cell proliferation; (2) production of ROS and
iNOSto impair cytotoxic T-cell activity; and (3) suppression of T cell function by producing peroxynitrite (ONOO-).'’
Recent studies have shown that MDSCs can accelerate tumor angiogenesis by differentiating into endothelial-like cells
(ECs) that produce high levels of VEGF. Besides, MDSCs also facilitate metastasis by stimulating MMP-9 production
and promoting EMT.'?%12°

MDSCs have been implicated in the progression of HNSCC. Pang et al reported an increased abundance of MDSCs
in OSCC tissues; these cells facilitated tumor cell proliferation, invasion, metastasis, and angiogenesis in OSCC.
Conversely, the microenvironment of OSCC is conducive to the infiltration and function of MDSCs.!3° Furthermore,
inhibiting the accumulation and function of MDSCs can slow the development of oral cancer, and then highlight the
potential of targeting MDSCs as a therapeutic strategy for head and neck tumors.'*!

Intratumoral MDSCs can serve as potential marker of prognosis and tumor stage. For instance, Angell et al
demonstrated that MDSC evaluation is capable of predicting the risk and stage of thyroid cancer cases. Among patients
who underwent surgery for a solitary thyroid nodule, malignant nodules exhibited a significantly higher average
proportion of granulocytic CD11bHLA-DR + lowHIFla MDSCs than benign nodules. In addition, measuring the
phenotype of these MDSCs may be useful for predicting various cancer types.'*”> Furthermore, blocking MDSC
infiltration into HNSCC tumors can restore T cell function and antitumor responses, therefore potentially improving

prognosis.'*

Tumor-Infiltrating Lymphocytes (TILs)

Tumor-infiltrating lymphocytes (TILs) encompass a diverse range of immune cells and constitute a crucial component of
TME. While T cells are significant in cancer, the presence and functional significance of other cell types remains to be
elucidated. T lymphocytes can be categorized into the aff and vy types based on their surface receptors. The aff T cells are
the predominant type and further differentiate into CD3+ CD4+ helper T cells and CD3+ CD8+cytotoxic T cells, which
consist of Thl, Th2, Th9, Th17, Th22, Tth, and regulatory T (Treg) cell subsets.'>* The different T cell subsets exert
varying effects on TME. For instance, the CD8+T cells and Th1 cells exhibit anti-inflammatory effects and restrain tumor
growth, whereasTh22 cells promote tumor growth by secreting IL-22.'3%13¢

With recent advances in immunotherapy, numerous studies have explored the prognostic value of TILs in cancer. The

TIL load is an independent prognostic factor of HNSCC, and the high infiltration of CD8+ TILs is associated with
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improved survival outcomes. The infiltration of functional effector T cells induces the expression of various immune
checkpoint molecules, such as indoleamine 2,3-dioxygenase (IDO) and programmed cell death ligand 1 (PD-L1),"*’
which are related to a favorable prognosis. PD-L1 promotes the infiltration of CD8+ TILs and improves the accuracy of
TNM staging for HNSCC."*® Furthermore, TILs can predict tumor sensitivity to radiotherapy and chemotherapy. For
example, the high density of CD8+ TILs is an effective biomarker of the sensitivity to chemoradiotherapy in nasophar-

yngeal and oropharyngeal cancer patients.'>”

Clinical Use of Inflammation-Targeted Drugs in HNSCC

The high incidence, poor prognosis, and therapeutic recalcitrance of HNSCC necessitate the identification of novel
molecular therapeutic targets. Given the critical role of inflammation in the progression of HNSCC, immunotherapy with
a specific focus on TME is a promising intervention. The current progress in the immunotherapeutic strategies against
HNSCC is summarized in this section (Table 1).

Bintrafusp alfa is a bifunctional fusion protein that targets both TGF-f and PD-L1. It has demonstrated superior
efficacy in suppressing tumor progression than using TGF-§ trap or anti-PD-L1 antibodies alone, making it a promising
treatment option for patients with advanced HNSCC. Bintrafusp alfa was found to have a manageable safety profile in
clinica Itrials, with potential TGF-B-related adverse events being observed and managed in a timely manner.'*’

Dalantercept is a fusion protein that blocks activin receptor-like kinase 1 (ALK1), a type I receptor of the TGF-
superfamily, and inhibits tumor angiogenesis. It has implied a dose-dependent antitumor effect with acceptable toxicity
against highly vascularized recurrent or metastatic HNSCC (R/M HNSCC). Further research is warranted to explore the
potential of dalantercept in combination with radiotherapy and chemotherapy.'*!

Bevacizumab is an anti-VEGF monoclonal antibody that has been used in combination with anti-EGFR antibody
cetuximab in Phase 2 trials for HNSCC. The simultaneous blockade of VEGF and EGFR has achieved significant
antitumor effects in vivo and in vitro by inhibiting neo-angiogenesis. In addition, the combination therapy has demon-

strated good tolerability and activity in previously treated patients.'*?

Table | Evaluation of Inflammation as a Therapeutic Target in Head and Neck Squamous Cell Carcinoma

Target Inhibitor Drug Target | Phase | Combinatorial | Sample Outcome
Population Therapy
HNSCC Bintrafusp alfa TGF-p/PD-LI | - 32 Median follow-up:86.4 weeks
ORR: 13%
DCR: 34%.
R/M HNSCC Dalantercept TGF-8 Il - 40 Overall response rate:5%
SD:35%

median PFS: 1.4 months
median OS: 7.1 months
HNSCC Bevacizumab VEGF Il Cetuximab 46 ORR: 16%
DCR: 73%
median PFS: 2.8 months
median OS: 7.5 months
R/M HNSCC Temsirolimus mTORCI 1 Carboplatin, 36 ORR: 41.7%
paclitaxel SD: 52.3%
median PFS: 5.9 months
OS: 12.8 months
HNSCC Tadalafil MDSC/Treg - - 35 Reduced MDSCs in the blood and in the
tumor (P < 0.05), The concentration of
blood CD8 T cells was increased (p <
0.05)

Abbreviations: HNSCC, head and neck squamous cell carcinoma; R/M HNSCC, recurrent or metastatic head and neck squamous cell carcinoma; ORR, objective response
rate; SD, stable disease; DCR, disease control rate; OS, overall survival; PFS, progression-free survival.
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Temsirolimus is an mTOR inhibitor that acts synergistically with cisplatin and paclitaxel. The combination of temsirolimus
with low-dose cisplatin and paclitaxel is associated with a lower rate of treatment discontinuation due to adverse events than
the current first-line standard EXTREME regimen, indicating acceptable safety. In phase 2 trials of HNSCC, temsirolimus-
based treatment showed higher response rate than the standard treatment. Everolimus, also an mTOR inhibitor, was ineffective
against R/M HNSCC in a phase 2 trial when used as a monotherapy. However, the combination of everolimus with cetuximab
and cisplatin as a first-line treatment for R/M HNSCC achieved 60% objective response rate. The enhanced response rate may
be attributed to the synergistic effect of mTOR inhibition and cytotoxic chemotherapy.'*

The infiltration of MDSCs and regulatory T cells (Tregs) into TME suppresses the immune response and is often
associated with poor prognosis. Tadalafil has been shown to significantly reduce the number of circulating and
intratumoral MDSCs and Tregs in Patients with HNSCC through phosphodiesterase-5 inhibition, resulting in the
increased proportion of anti-tumor CD8+ T cells. Tadalafil exhibits the greatest immunomodulatory activity at moderate

doses, whereas high doses may have negative effects on tumor immunity.'**

Conclusion

Inflammation is a key factor in the initiation and progression of HNSCC and offers novel therapeutic targets and
prognostic indicators for effective tumor management. Inflammatory factors fuel tumor growth and angiogenesis, and
should be investigated as potential therapeutic targets against cancer. While several inflammation-related factors have
been identified as the diagnostic and prognostic biomarkers of HNSCC, further prospective research is warranted before
clinical translation. The continued exploration of the complex interplay between inflammation and HNSCC may shed
light on innovative therapeutic approaches and improve patient outcomes.
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