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Abstract

TNF-a is a multifunctional cytokine that regulates cell proliferation and differentiation, as well as immunological and host defense responses
to infection. It also induces angiogenesis, modulates tissue remodeling, and controls apoptosis.

TNF-a is a pleiotropic, pro-inflammatory cytokine that has the potential to be both pro-tumorigenic and anti-tumorigenic. TNF-o. can be
cytotoxic to tumour cells, slowing tumour progression or causing necrosis, and it can also enhance angiogenesis, proliferation, migration,
and survival of tumour cells in oral cancer cells. Several research studies clearly imply that TNF-a and its soluble receptors could be effective
in detecting, staging, and predicting prognosis in a variety of malignancies, including oral tumours. Well in many studies were conducted to
detect the actual response of TNF- a, but lack of knowledge in understanding the true response of TNF-o towards oral precancer and oral
cancer.
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6 These proteins TNF are primarily expressed by immune
cells and affect a variety of cellular processes such as
immune response and inflammation, as well as proliferation,
differentiation, apoptosis, and embryogenesis.7

TNF-alpha (TNF-a) is a member of the tumor necrosis factor
(TNF) superfamily, which encoded by the TNF-a gene and
is located on chromosome 6p21.3 in the MHC IlI
polymorphism region, spans approximately 3 kilobases and
has four exons.8 This was explained in 1985 and TNF gene
was cloned in humans.

TNF-a exists as a transmembrane form (MTNF-a) and as a
soluble form (sTNF-a). 9

MTNF-a is mainly expressed on monocytes/macrophages
while mTNF-a binds to both TNFR1 and TNFR2.

STNF-a is produced by enzymatic cleavage of mTNF-a, and
only binds to TNFR1.

TNF signaling occurs through two receptors: TNFR1 and
TNFR2.10,11

Most cell types express TNFR1 constitutively, and TNFR1
signaling is pro-inflammatory and apoptosis. Inhibition of
TNFR1 signaling is beneficial in the treatment of
autoimmune diseases. TNF-a binds irreversibly to TNFR1.

TNFR2 is primarily found in endothelial, epithelial, and
immune cell types. The anti-inflammatory and cell-
proliferative properties of TNFR2 signaling are well known.
Wound healing is supported by TNFR2 signaling. TNF-a
binds reversibly to TNFR2.

Behaviour Of Tnf-A :

TNF ais found in two forms: membrane-bound and soluble.
During production, TNF-a migrates to the cell membrane,
where the TNF-converting enzyme transforms the 26 kDa
molecule to a 17 kDa protein that is released into the
extracellular milieu.12,13 TNF is released from the plasma
membrane by this enzyme, which also cleaves TNF
receptors from the surface, resulting in suppression of TNF-
o action. 13 TNF-a that is bound to the membrane and TNF-
o that has been released are both active, but their effects
differ depending on where they are located.14

TNF-a is produced by a variety of cell types, including
adipose tissue, lymphoid cells, cardiac myocytes, neurons,
fibroblasts, endothelial cells, and mast cells, and was
previously thought to be primarily produced by
macrophages.15,16 Large amounts of TNF-a are released in
response to lipopolysaccharide, other bacterial products,
and interleukin-1 (IL-1). Mast cells are responsible for the
primary source of active TNF-a in the skin, which can be
released due to inflammatory stimulation.17 TNF-a is
mainly involved in the regulation of immune cells and can
cause fever, apoptotic cell death, cachexia, and
inflammation, as well as block carcinogenesis and viral
replication.18,19

Action Of Tnf-A On Other Organs:

In the liver, TNF-a increases C-reactive protein and several
other mediators by stimulating the acute phase response. It
also causes insulin resistance by increasing insulin receptor
substrate-1 (IRS-1) serine phosphorylation, which interferes
with insulin signaling.20

On the immune system, TNF-a acts as a chemoattractant for
neutrophils, promotes the adhesion molecules on endothelial
cells, and therefore it causes the neutrophil migration.21

On macrophages, TNF-a promotes phagocytosis and the
production of IL-1 oxidants and the pro-inflammatory lipid
prostaglandin E2 (PGE2).22

Insulin resistance develops in various tissues. TNF-o
phosphorylates serine residues on insulin receptors,
preventing signal transmission.

Regulates the perception of bitter taste and influences
metabolism and food intake. Obesity causes an increase in
TNF-o and IL-6 levels.

Heat, swelling, redness, discomfort, and loss of function are
all cardinal indicators of inflammation. TNF-a released by
macrophages which is essential for granuloma initiation and
formation. It plays a crucial role in the defense of intracellular
organisms against invasion and activate the immune complex
(ICs) through transportation of leukocytes.23

The most common cytokines associated with COVID-19
severity and mortality are TNF-o and 1L-6.24

Bone remodeling directly regulates osteoclast precursor
levels in the bone marrow by upregulating c-fms expression
and activates osteoclasts by enhancing the signalling
processes of the NF-B receptor activator (RANK).

On the nerves: The role of TNF-a in neurodegeneration
Transgenic mice overexpressing CNS-specific TNF showed
invading CD4+ and CD8+ T lymphocytes, astrocytosis,
microgliosis, and demyelination.7

On a human tooth, large amounts of TNF-a have been found
in the dental pulp tissue of people whose teeth were infected.
The level of TNF-a is slowly incresease from mild
inflammation to necrosis but it will be less in healthy pulp.
Similar findings were discovered in rat teeth after pulp
inflammation.

As a result, the literature data revealed that during the
degranulation process released oral MC granules containing
TNF-a, could be the source of TNF-a. Mast cell histamine, a
potent arterial dilator, and modulator of vascular permeability
have been found to play a role in the development of dental
pulp inflammation. 25

The Tale Of Tnf-A In Oral Cancer

A variety of oral ailments, including autoimmune diseases
including lichen planus, oral cancer, psoriasis, inflammation,
and oral cancer, can be seen as a result of TNF-a
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dysregulation. The role of TNF-a action in
oral cavity cancer is highlighted in this article.

Among all the malignancies, the approximately 30% is the
head and neck malignancies, and 80% of these tumors are
oral squamous cell carcinoma (OSCC). Oral and pharyngeal
cancer is one of the most common types of cancer and the
sixth most common cancer worldwide. It is particularly
common in Southeast Asia. 26

Oral cancer is the most frequent type of head and neck
cancer, with 354,864 new cases and 177,384 cancer-related
deaths globally in 2018.27 Lip and oral cavity cancers are
very common in South Asia and are also the leading cause
of mortality in men in India and Sri Lanka.28 Males have
higher rates of OSCC morbidity and mortality (6.6 and 3.1
per 100,000, respectively) than females (2.9 and 1.4 per
100,000, respectively).

OSCC is caused by several factors, including the combined
effect of genetic and environmental carcinogen exposure. 29
It also includes tobacco, betel nut, and alcohol, all of which
have genotoxic effects and cause oral cell dysplasia. 30 The
International Agency for Research on Cancer (IARC) has
classified betel quid chewing or smoking as a Group |
carcinogen, and it may play an etiological role in the
development of oral and pharyngeal SCC (OPSCC).31

OSCC without metastasis has a 59 percent survival rate,
while SCC with metastasis has a 70 percent survival rate.
This survival and morbidity rate should concern all
oncologists and researchers, and prompt them to better
understand and focus on the pathogenesis of SCC.

The tumor microenvironment (TME) is made up of various
kinds of mesenchymal cells, extracellular matrix, and
inflammatory cells and also dysplastic epithelium with
underlying connective tissue stroma. 32,33 TME facilitates
communication between tumor cells and inflammatory
cytokines such as TNF-a. These cytokines attract and recruit
more inflammatory cells into the tumor microenvironment,
thereby enhancing tumor proliferation, development,
growth, invasion, and metastasis. 34

Recent research has identified a new link between the
inflammation and dysplastic epithelial cell invasion through
TNF-o mechanism. TNF-a which accelerate the migration
of neutrophil , matrix degradation and invadopodia which
explains the TNF-dependent mechanism in the oral cancer.
This was demonstrated by a high level of TNF-a in the saliva
of SCC patients, which acts as an inflammatory mediator
promoting the up-regulation of genes involved in
recruitment, matrix degradation, invadopodia, and invasion.
34

The Tnf-A Storm In Oral Cancer

TNF's role in HNSCC is uncertain and under investigation,
however it appears to be linked to its various quantities at
different phases of carcinogenesis. 35 TNF- o (tumour

necrosis factor-alpha) is a powerful inflammatory and
immunological mediator that works in both the paracrine and
endocrine systems.36 It's also thought to control the
proliferation and differentiation of a number of distinct cell
types. Activated macrophages, T lymphocytes, and natural
killer (NK) cells are the main producers of TNF-o..The main
regulators of its bioactivity are soluble TNF-binding
receptors. 31

A high level of tumour necrosis factor-alpha (TNF-a) in
saliva can be used as an early indicator of OSCC.37,38,39
TNF-o is a pro-inflammatory cytokine that is produced
largely during the chronic inflammatory response, especially
in reaction to foreign particles.40 As a result, TNF-a
overexpression has been linked to smokeless tobacco tissue
deposits. The gene expression of different interleukins and
TNF-a is altered by long-term use of smokeless tobacco,
rendering high-risk patients more vulnerable.41,42 Tobacco
chewing or components of betel quid (BQ) cause oral
keratinocytes to release tumour necrosis factor-alpha (TNF-
o), causing a cytokine cascade that leads to oral mucosa
inflammation and cancer. 31

Previous studies have linked high TNF- alevels to oral SCC,
but it's unclear if high TNF-a levels are mostly a reflection of
the oral cancer microenvironment or if TNF-a plays a more
active role in the disease process.31

TNF-a stimulates NF-kB, a cell cycle regulator that allows
cells to resist apoptosis and proliferate.43,44,45 TNF-a may
also act as an endogenous mutagen by stimulating the
creation of reactive oxygen species, which causes direct DNA
damage.46,47 When comparing TNF-a treated cells to non-
TNF-treated cells, there was a significant increase in genetic
instability. 48

Because a transmembrane molecule activates a soluble
protease, TNF-a can have both tumor-necrotic and tumor-
promoting actions. 49,50 TNF-a may thus play a significant
part in carcinogenesis by controlling proliferation, invasion,
and metastasis. TNF-a expression was observed to be higher
in HPV-infected SCC, implying that TNF-a plays a role in
HPV response and subsequent carcinogenesis. 35 The soluble
TNF-o can cause hemorrhagic necrosis by selective
destruction of tumor blood vessels and generation of a
specific anti-tumor T-cell response. It is critical for the
activation, proliferation, and hypertrophy of mononuclear
and phagocytic cells. 51,52 Endogenous membrane TNF-a
can stimulate VEGF, interleukins, IL-6, IL-8, and their
receptors, as well as tissue remodeling by inducing matrix
metalloproteinases such as MMP-9.53,54,55

Hence, endogenous TNF-a, which shows and plays a key role
in intiation, proliferation and progression of oral cancer,56
TNF-o and TNF-B have previously been connected to
prothrombotic events via increased production of
plasminogen activator inhibitor-1, which has also been linked
to an increased risk of oral cancer. 57
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Understanding Tnf-A AND Nf-Kb Signaling System

Elevated TNF-a and constitutive NF-kB activity has been
found in precancerous and cancerous lesions of the oral
cavity. Although the NF-kB pathway is necessary for human
health, abnormal activation of the protein can lead to
autoimmunity, inflammation, and malignancies illnesses
such as oral cancer. Recent research has shown that IKK
expression is involved in the major pathway of pro-
inflammatory genes along with TNF-mediated NF-kB
activation and expression (see Figure 1). 29, 58

TNF-a is produced by macrophages, T lymphocytes, and
natural killer cells in response to a variety of stimuli,
including alcohol, tobacco and its products, and microbes.
TNF-a receptors can be found on both epithelial and stromal
cells. Tumor necrosis factor receptor type-1 (TNFR-1)
associated DEATH domain protein encoded by the human
TRADD gene, and TNF receptor-associated factor-2
(TNFR-2), a protein encoded by the human TRAF2 gene.

Caspases 8 and mitochondrial pathways are linked in
TNFR1 which induces TRADD and leads to apoptosis.
TRAF2 and NF-B inducing kinase (NIK), a signaling
protein that activates and initiates the Nuclear Factor Kappa-
Light-Chain Enhancer of Activated B Cells (NF-B)
pathway. These NF-kB signaling pathways activate IKK,
which degrades IkB and releases NF-kB dimers. Later, upon
further activation, NF-kB is transported to the nucleus and
interacts with the gene to stimulate transcription of the target
gene. The NF-kB signaling pathway in the nucleus contains
receptors, and proximal signaling via the conventional and
noncanonical NF-kB pathways has been well studied. In
IKK/NF-kB signaling, both canonical (classical) and non-
canonical (alternative) signaling pathways determine
whether a cell lives or dies. TNFR2 also activates
transcription factors such as activator protein-1 (AP1) or IB
kinases (MEKKSs), which promote cell proliferation and
invasion.

TNF-a activates the NF-kB pathway, which promotes
tumour cell proliferation while blocking apoptosis, as well
as enhancing tumour angiogenesis, invasion, and distant
metastasis, all of which are important in the development of
oral cancer. 59

Well-Studied Tnf-A In Oral Cancer

TNF-a has been shown in preclinical and clinical trials to
have pathogenic and therapeutic anti-tumor effects in oral
cancer, but there is emerging evidence that it may also
promote cancer development and dissemination.31 TNF-a
was studied and quantified using enzyme-linked
immunosorbent assay (ELISA) and polymerase chain
reaction (PCR), as well as immunohistochemistry, in situ
hybridization (ISH), and reverse transcription-polymerase
chain reaction (RT-PCR) (RT-PCR).59

Wagar Muhammad et.al. investigate In unstimulated whole
saliva, snuff dippers showed higher levels of TNF-o and

cellular micronuclei than healthy controls, and the
researchers concluded that TNF-a and micronuclei are
prospective salivary biomarkers for an oral biological effect
in snuff dippers. 30

Cheng-Mei Yang et al. used TagMan real-time assays were
used to determine the genotypes of cancer patients and
healthy individuals who routinely chewed BQ. In OPSCC
patients, they discovered no link between TNF-a genotypes
and clinicopathologic results or patient survival. 31

M. Ameena et.al, found that TNF-a levels were found to be
greater in oral cancer patients in Europe than in healthy
people. 60

Rajkumar Krishnan et al. investigated the relationship
between serum and salivary TNF-o and histological grading
in oral cancer, as well as their role in distinguishing between
premalignant and malignant oral disease, and discovered that
OSCC patients had higher TNF- levels in both serum and
saliva than healthy controls and PMD patients. Even the
histological grading of OSCC and TNF-a revealed a link
between the two. 26

Deepti et al. noted that there is an increase in salivary TNF-a.
levels from controls through leukoplakia to OSCC,
supporting the concept that TNF-o is a pro-tumorigenic
factor. They suggest that saliva be used to estimate
biomarkers and evaluate TNF-a as a prognostic marker and a
sign of neoplastic changes from OPMD to cancer.29

Patil et al. found that OSCC had a very high salivary TNF-a
concentration compared to leukoplakia and controls. The
quantitative sandwich ELISA technique was used to
determine TNF-o concentrations.61

Jureti et al. suggested that salivary TNF-o levels were
measured using an ELISA assay in patients with
premalignant lesions, patients with OSCC, and healthy
controls. When compared to OPML and control, OSCC
patients showed the highest TNF-a.62

Rhodus et al. discovered a significant difference in TNF-a
levels in three groups of patients with Oral PreMalignant
Lesion, Oral Squamous cell Carcinoma, and controls using an
ELISA test. TNF-a levels in OSCC saliva were elevated as
compared to OPML and controls.63

SahebJamee et al. in a study with nine OSCC patients and
nine controls found a statistically insignificant relation of
TNF-a level and determined by the quantitative sandwich
ELISA technique. 64

Strategies To Manage Tnf-A

TNF-a serves as an inflammatory mediator in the tumor
microenvironment, triggering the epithelial mesenchymal
transition of the tumor cell and promoting tumor metastasis.
Cancer cell invasion and metastasis are thought to be aided
by TNF-activated signalling pathways and transcription
factors. Normal cells are less sensitive to transcription factors
than cancer cells. Cancer cell proliferation is reduced, and
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apoptosis of cancer cell is promoted, resulting in specific
suppression of transcription factors and signaling pathways.
TNF-o increases oral cancer cell invasion and metastasis,
which depend on activation of the NF-kB pathway. 58

TNF-0, which is produced in oral malignancies, may
promote carcinogenesis by enhancing local blood flow and
causing tissue remodeling.65 In a therapeutic context, TNF-
a synthesis by OSCC cells could result in resistance to the
cytotoxic effects of host-derived TNF-o or exogenous
recombinant TNF-a. TNF-o has been tested in cancer
patients in several clinical trials, but no substantial survival
advantages have been found. 12

Drugs that block the effect of TNF-a or NF-kB pathway are
used to treat oral cancer are 5-fluorouracil, cisplatin,
docetaxel. 66

5-fluorouracil

In the case of 5-fluorouracil, researchers showed that NF-kB
has also been linked to cancer (5-FU). The administration of
5-FU to a human cancer cell line, NUGC3 cells (5-
fluorouracil sensitive), resulted in the stimulation of NF-kB.
The fact that inhibiting NF-kB reduces chemoresistance and
boosted apoptosis can provide the potential of addressing a
major problem in chemotherapy, namely chemoresistance
development.

Cisplatin

The chemotherapeutic efficacy of cisplatin can be enhanced
by inhibiting NF-kB in vitro and in vivo. An in vitro model
of NF-kB-mediated carcinogenesis was described in 2014.
The researchers used a cell-based phenotypic readout to
extract 12 genetic components from lentiviral libraries
encoding 20 or 50 amino acid-long polypeptides that
activates NF-kB activity by causing apoptosis.

Docetaxel

Cyclosporin inhibits the NF-kB pathway through anti-NF-
kB medication has the potential to be used in cancer patients.
Docetaxel (Taxotere)-induced apoptosis was boosted in
human cancer cells by activating NF-kB, which inhibited the
anti-apoptotic NF-kB impact. It has been suggested that
inhibiting NF-kB could help in cancer treatment.

TNF-0 seems to be a promising biomarker for the most
accurate diagnosis of OSCC, and early detection of such
changes could help patients be selected for early
interventional therapy.The level of this marker, on the other
hand, must be examined in other oral inflammatory diseases
as well. 26 Hence, supression of the NF-kB signaling system
could be helpful in the cancer therapy. 58

CONCLUSION

Tumor necrosis factor-a is a pleiotropic cytokine that affects
a wide range of cells and has different effects on different
cells. TNF-a released macrophages/monocytes, lymphocytes,
and neutrophils, among other hemopoietic effects. TNF-a is
a cytokine released in the inflammatory cascade that has been
linked to OSCC pathogenic pathways. The determination of
whether a cell will proliferate or apoptosis or differentiate in
response to these TNF depends on specific characteristics of
the cell type. Despite extensive research on the disease,
neither the etiology nor the pathology of OSCC is understood.
A better knowledge of the disease has led to the development
of additional biological or molecular diagnostic markers that
may supplement or even replace some of the less objective
convectional criteria.
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Figure 1. A schematic diagram illustrates the activation of TNF-a by activated Macrophages/ T-lymphocytes/ Natural
killer cells and the NF-kB signaling pathways in tumor microenvironments.
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