
Abstract
Oral cancers needs relentless research due to high mortality

and morbidity associated with it. Despite of the comparable ease
in accessibility to these sites, more than 2/3rd cases are diagnosed
in advanced stages. Molecular/genetic studies augment clinical
assessment, classification and prediction of malignant potential of
oral lesions, thereby reducing its incidence and increasing the
scope for early diagnosis and treatment of oral cancers. Herein we
aim to review the role of apoptosis and genes associated with it in
oral cancer development in order to aid in early diagnosis, predic-
tion of malignant potential and evaluation of possible treatment
targets in oral cancer. An internet-based search was done with key
words apoptosis, genes, mutations, targets and analysis to extract
72 articles after considering inclusion and exclusion criteria. The
knowledge of genetics and genomics of oral cancer is of utmost
need in order to stop the rising prevalence of oral cancer.
Translational approach and interventions at the early stage of oral
cancer, targeted destruction of cancerous cells by silencing or pro-
moting involved genes should be the ideal intervention. 

Introduction
Cancer represents a tremendous burden on patients, their fam-

ilies and society, as is 2nd leading cause of death. The GLOBO-
CAN 2018 database reported increased global cancer burden from
8.8 million deaths (2011) to 9.6 million deaths (2018) with 18.1
million new cases in 2018. This is anticipated to escalate at 70%
by 2030. Globally cancers of head and neck contribute 3.8%
among all cancer cases accounting for 3.6% of deaths due to can-
cer.1

Cancer development (carcinogenesis) is an intricate and multi-
tiered process. To comprehend the molecular and genetic level
changes one needs to overview and understand the basic mecha-
nism behind the processes causing increased cell proliferation or
decreased cell death. 

Apoptosis is a systematic and harmonized sequential process
causing cell death. This review aims to understand the role of
apoptosis and genes associated with it in oral carcinogenesis to aid
in early diagnosis, prediction of malignant potential and evalua-
tion of possible treatment targets in oral cancer.

Method of data collection
An internet-based search was done with key words apoptosis,

genes, mutations, targets and analysis. A total of 230 articles were
displayed. On scrutinizing the title and abstracts, only 143 articles
were found relevant in context to oral cancers. Out of them only
the articles (72) with citation >2 and journal impact factor >1 were
considered for this review.

Oral cancer
Cancer of oral cavity including lip ranks 12th most prevalent

cancer in Asia, with about 16,88,50 new cases diagnosed per year.
In Asia its standard incidence rate is estimated to be 3.8.2 In the
Indian subcontinent, oral cancer ranks 3rd of all cancers and
accounts for over 30% of all cancers in India.3

Oral cancer is a malignant neoplasm arising on lips (excluding
the external surface) and/or oral cavity, but there is no uniformity
in description of the term in literature. The descriptions of anatom-
ic areas described as oral cancer sites are highly variable and
hence hamper the comparison of data on oral cancers in various
studies. The oral cancer comprises of cancer of the regions of oral
cavity including-lips, labial and buccal mucosa, anterior two
thirds of the tongue, maxillary and mandibular gingiva, retro-
molar region, floor of the mouth under the tongue and roof of the
mouth.4 These sites are covered histologically by squamous
epithelium (keratinized/non-keratinized, masticatory, specialized
mucosa). Thus histologically squamous cell carcinomas with dif-
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ferent levels of differentiation and with local and distant metastasis
constitute 90% of oral cancers.5 Rest (10%) oral cancer comprises
of verrucous carcinoma, minor salivary gland malignancies,
mucosal melanoma, Kaposi’s sarcoma, primary intraosseous squa-
mous cell carcinoma, osteosarcoma, odontogenic tumors, metasta-
tic tumors and connective tissue tumors. 

It is well understood that a stimulus (carcinogen) causes either
genetic or epigenetic alterations that endows the cell to attain dif-
ferent peculiar carcinogenic traits leading to development of can-
cer. Also malignancy of the oral cavity may not necessarily initiate
in the site analogous to the precancerous lesion and at times even
the apparently normal appearing mucosa with precancerous lesion
might exhibit dysplasia or molecular aberrations in another regions
of oral mucosa suggesting malignant transformation. Hence cancer
may develop in apparently normal tissue. This is further supported
by the concept of field cancerization where a long-term exposure
of a carcinogen preconditions a part of epithelium. This premalig-
nant field extends beyond surgical margins and causes a new can-
cer at the same site. In response to this observation, World Health
Organization under its committee on head and neck tumors recom-
mended the term epithelial precursor lesions in its monograph and
described it as altered epithelium with an increased likelihood for
progression to squamous cell carcinoma.6,7

Histologically, OSCC arise from non-aberrant keratinocytes
chronically exposed to a stimulus that disrupts the homeostasis
causing epithelial hyperplasia, dysplasia of different grades, carci-
noma in situ and an invasive carcinoma capable of metastasis, with
subsequent clinical manifestations. Hence, presence of potentially
malignant disorder could be first detectable clinical change in the
epithelium suggesting its way progress to establishing OSCC.

But as outlined above due to difficulty in standardization of
definition and identification of early pre-malignancy, its diagnosis
is difficult. Therefore, various molecular and technological mark-
ers have been scrutinized to overcome this shortcoming.

Carcinogenesis: Hallmarks
Hallmarks of cancer are acquired functional capabilities that

enable cancer cells to proliferate, survive, and disseminate.8 In
2017, Fouad YA defined the hallmarks more relevantly as acquired
evolutionary-advantageous characteristics that facilitate transfor-
mation of phenotypically normal cells into malignant ones, and
boost growth of malignant cells by exploiting host tissue (Figure
1). In different tumors, these hallmarks may be acquired by differ-
ent mechanisms at various stages during carcinogenesis.9,10 The
hallmarks of cancer are briefly described in Figure 2.

Apoptosis: important Hallmark and role in 
carcinogenesis

One of the key features acquired by cell most often though not
always is capability to evade apoptosis. Apoptosis technically called
as programmed cell death, is an essential element in pathogenesis of
many diseases. Culprit could be either too much apoptosis like in
degenerative diseases or too less apoptosis like in cancers. Too little
apoptosis in cancers result in immortal malignant cells. The apoptot-
ic machinery is intricate and comprise of several pathways. Errors at
any level along the pathway can be the etiology of cancer. 

Morphological and biochemical changes in apoptosis
The diverse morphological changes that ensue during apopto-

sis are visualized using Light and Electron microscopy are
described in detail in Table 1. The main categories of biochemical
changes observed in apoptosis are described in Table 2.
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Table 1. The various morphological changes that occur during apoptosis have been identified using light and electron microscopy.

Light microscopy                                                    Electron microscopy

Chiefly characterized by cell shrinkage and pyknosis        Extensive plasma membrane blebbing followed by karyorrhexis and separation of cell fragments into
Cell shrinkage - cells are smaller in size,                            apoptotic bodies (consisting of cytoplasm with tightly packed intact organelles with or without a
with dense cytoplasm containing tightly                               nuclear fragment, enclosed within an intact plasma membrane)
packed organelles                                                                      
Pyknosis - nuclear chromatin condensation                        Electron-dense nuclear material characteristically aggregates peripherally under the nuclear me
                                                                                                        brane although there can also be uniformly dense nuclei
H&E staining - single cell or small clusters                        Apoptotic bodies are subsequently phagocytosed by macrophages, parenchymal cells, or neoplastic 
of cells appearing as a round or oval mass                         cells and degraded within phagolysosomes
with dark eosinophilic cytoplasm and dense 
purple nuclear chromatin fragments                                    

Table 2. Biochemical changes in apoptosis.

Category of changes            Observed mechanism 

Activation of caspases                    Inactive proenzyme form once activated often activates other procaspases allowing initiation cascade of apoptosis.
                                                             Caspases have proteolytic activity and are able to cleave proteins at aspartic acid residues
DNA and protein breakdown         Ca2+-and Mg2+-dependent endonucleases fragments DNA into fragments of 180 to 200 base pairs (Bortner et al., 1995)
                                                             along with extensive protein cross-linking through the expression and activation of tissue transglutaminase (Nemes et al., 1996)
Membrane changes and                Expression of cell surface markers (phosphatidylserine) on the outer layers of the plasma membrane result in the
recognition by phagocytic cells    early recognition and quick phagocytosis with minimal compromise to the surrounding tissue (Bratton et al., 1997). 
                                                             Other proteins (Annexin and calreticulin) are also exposed on the cell surface during apoptotic cell clearance. 
                                                             Annexin V is a recombinant phosphatidylserine-binding protein that interacts strongly and specifically with phosphatidylserine
                                                             residues. Calreticulin binds to an LDL-receptor related protein on the engulfing cell and works as a recognition signal

                                                                             [Oncology Reviews 2020; 14:472]                                                          [page 109]



Pathways of apoptosis

Classical pathway
Initiation of apoptosis: i) Extrinsic/death receptor mediated

pathway-Extrinsic pathway involves trans-membrane receptor
mediated interactions (Figure 3); ii) Intrinsic pathway-These are
mitochondrial-initiated events described in Figure 4. 

Execution of apoptosis: It is a caspase - mediated event
described in Figure 3.

Alternate pathway
Apoptosis can occur through alternate apoptotic pathways

wherein either cytotoxic T cell directly phagocytize the cell or via

Granzyme-Perforin mediated pathway/Novel pathway. The trans-
membrane pore forming molecules perforin is secreted which
facilitates exophytic release of cytoplasmic granules through pores
into the target cells.11,12

Apoptotic genes and its molecular biology
According to Jorge Finnigan A 2010, the genes participating in

apoptosis can be broadly classified as: i) Pro-apoptotic genes:
Includes Caspases, TNF (ligands and receptors), CARD, BCL-2,
Death, CIDE domain and P53 families (Appendix Table A); ii)
Anti-apoptotic genes: Comprises of different families like BCL-2,
IAP, TRAF, CARD, DED and few other genes like AKT1, BRAF

                                Review

Figure 1. (a-f ) Depicting chief Hallmarks of cancer described by Fouad YA (2017). 

Figure 2. Hallmarks of cancer by Hanahan et al. (2011). Acquisition of these hallmarks of cancer by cells is crucial and interrelated in
order to develop into cancerous growth. Though not always, in most of the cancers, cell needs to acquire all the hallmarks.
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and BFAR (Appendix Table B).
With an intention to comprehend the role of above -mentioned

genes in oral cancer, a discussion and their current update is pre-
sented, as follows. 

TNF family
TNF gene family codes for cytokines, which play vital roles in

inflammation, immunity, cell proliferation, differentiation, and
apoptosis.13,14 TNF gene family also codes for various ligands and
their respective receptors. Majority of the TNF family members act
as inducers of signaling pathways activating transcription factor
NF-κB, however few ligands may cause apoptosis via binding to
death receptors like Fas [CD95], TNFR1, TRAIL-R1 [DR4],
TRAIL-R2 [DR5], DR6, TRAMP [DR3] and EDAR containing
amino-terminal cysteine-rich domains (CRDs), to determine their
specificity for ligand and death domain (DD), comprising 60-70
amino acids necessary for induction of apoptosis.13,15,16

Below is a list of genes in TNF Family:
- LTA gene (6p21.33) codes for lymphotoxin alpha, which aids

in regulating innate immunity and has been shown to prevent can-
cer growth and destroy cancerous cell lines. LT-α, when secreted
can either form a soluble homo-trimeric molecule or can hetero-
trimerize with lymphotoxin-beta to form a membrane bound com-

plex (LT-α1-β2), which binds lymphotoxin-alpha with the surface
of the cell.17,18 Mutations/polymorphisms in LT-α can promote dis-
ruptions in cell signaling pathways leading to cancer. In a study by
Huang et al., 3 LTA polymorphisms were significantly associated
with risk of having cancer.19 However such an association with
oral cancer has not been reported much till date. Amongst the var-
ious polymorphisms reported, one reported by Vairaktaris et al.
showed significant association with OSCC.20

- TNFRSF3 gene (12p13.31) codes for Lymphotoxin beta-
receptor (LTBR), a cell surface receptor for ligand lymphotoxin
beta specifically LT-α1-β2 complex. LT-β receptors recruit lympho-
cytes to tumor cells to combat tumor growth.21 LTBR also interacts
with TRAF3. The binding of LT-α1-β2 complex and LTBR induces
activation of NF-κB leading to cell death. Yapijakis et al. demon-
strated a strong association of TNF-α and TNF-β high expression
alleles with increased risk of oral cancer.22

- TNF gene (TNFA) (6p21.3) codes for proteins which bind two
receptors, TNFR1 (CD120a) and TNFR2 (CD120b). TNF recep-
tors tri-merise upon contact with their ligand causing dissociation
of SODD (inhibitory protein) thus permitting binding of adaptor
protein TRADD to death domain causing: i) Activation of NF-κB
factor causing transcription of proteins involved in inflammatory
response, cell survival, proliferation, and anti-apoptotic factors);

                                                                                                                                Review

Figure 3. Extrinsic pathway involves transmembrane receptor mediated interactions. It involves mainly Caspases.
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ii) Activation of the MAPK pathways (involved in cell prolifera-
tion, differentiation, apoptosis); and iii) Induction of death signal-
ing via binding of TRADD and FADD to recruit caspase-8 leading
to cell apoptosis. Several attempts have been made to gauze the
association between tumor necrosis factor-alpha (TNFα) in oral
precancers and cancers. Single nucleotide polymorphism (SNPs)
in TNFα and TNF receptor 1 promoters have been significant with
Oral squamous cell carcinomas thus can be used as a useful marker
in high risk oral cancers.23-25 In oral premalignant lesions, signifi-
cant elevation of salivary concentrations has been observed.
However, in cancers not much change was observed indicating that
TNFα is mainly inflammation- associated gene. Also it is believed
that TNF is elevated only in premalignancies with higher compo-
nent of inflammation.26-28

- TNFSF10 gene (3q26.31) codes for ligand TRAIL (TNF-
related apoptosis-inducing ligand). TRAIL leads to cellular death
when it binds with death receptors DR4 (TRAIL-RI) and DR5
(TRAIL-RII) in normal cells.29 TRAIL also has capability to bind
to decoy receptors DcR1 and DcR2 leading to transcription of anti-
apoptotic genes that antagonizes the death-signaling pathway. This

is an observed mechanism in many cancer cells30 where it pro-
motes inflammation.31 Owing to their anticipated role TRAIL and
TRAIL receptors have been extensively evaluated for their expres-
sion in oral cancers and precancers. When compared to normal
epithelium, the expression progressively diminished in oral pre-
cancers and cancers. An elevated expression of DR4, DR5 and
DcR1 and a diminished DcR2 expression have been reported in
oral cancer.32,33 Nagar et al. reported primary cancer cells to be
more susceptible than metastatic secondary cells in TRAIL
induced apoptosis but through Lysosomal Protease Cathepsin B.34

Many substances like suberoylanilide hydroxamic acid and
esculetin have been observed to synergistically activate TRAIL
thus promoting apoptosis demonstrated in oral cancers, cancer cell
lines and animal models.35,36

- TNFRSF5 gene (20q13.12) codes for protein CD40 present
on antigen presenting cells (APCs). The binding of ligand CD154
(CD40L) on TH cells to CD40 activates APCs provoking immune
and inflammatory responses like expression of, chemokines
cytokines, growth factors, matrix metalloproteinases, and adhesion
molecules, via activation of NF kappa B.37 TNFRSF5 also inter-

                                Review

Figure 4. (a & b) Intrinsic pathway- Mitochondrial-initiated events having non-receptor mediated stimuli to produce intracellular sig-
nals act directly on targets within the cell causing changes in the inner mitochondrial membrane leading to opening of mitochondrial
permeability transition (MPT) pore causing loss of mitochondrial trans-membrane potential along with release of proteins that causes
oligo-nucleosomal DNA fragmentation followed by chromatin condensation.
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acts with TNFR-Receptor Associated Factor adaptor proteins
TRAF1, TRAF2, TRAF5 and TRAF6. Gene expression profiling
in Oral squamous cell carcinomas revealed that TNFRSF 5 was
constantly deregulated although the increase in expression was <2
folds. Also when oral cancer cell lines were exposed to CD40 lig-
and apoptosis was observed revealing their vital role in tumorige-
nesis.38,39 

- TNFRSF1 gene (12p13.31) codes for TNFR1 (tumor necrosis
factor receptor 1), which acts as pervasive membrane receptor to
bind TNFα also referred to as CD120a or tumor necrosis factor
receptor superfamily member 1A (TNFRSF1A). TNFR1 activates
the transcription factor NF-κB, regulates inflammation and recon-
ciles apoptosis. It also interacts with adaptor proteins TRADD and
TRAF2 and Anti-apoptotic protein BCL2-associated athanogene 4
(BAG4/SODD) hence regulating the receptor mediated signal
transduction.40,41 Assessment of SNPs by Gupta et al. (2008)
revealed lower expression in Tobacco related oral carcinomas thus
qualifying TNFRSF1 SNPs as markers for high- risk groups.42

- TNFRSF25 gene (1p36.31) codes for death receptor 3 (DR3),
a cell surface receptor that mediates apoptotic signaling and differ-
entiation through TRADD adaptor molecule to enhance NF-kappa
B activity or through the FADD adaptor molecule to enhance cas-
pase activation causing apoptosis.43,44 Daigeler et al. 2008 demon-
strated that combination of taurolidine and TRAIL led to upregula-
tion of TNFRSF25 along with other proapoptotic genes on squa-
mous carcinoma cells of the esophagus.45

- TNFRSF21 (tumor necrosis factor receptor superfamily
member 21) gene (6p12.13) codes for cell surface receptor referred
as death receptor 6 (DR6), which activates JNK/ MAPK8, NF-κB
pathway and interacts with TRADD protein that mediates signal
transduction of TNF-receptors to induce cell apoptosis.
Overexpression of DR6 induces apoptosis. Daniel et al. 2001
demonstrated that Bax translocation is mandatory for DR6 trig-
gered apoptosis, but the pathway is unknown.46 Wu et al. 2018
studied Upregulated miR-20a-5p expression in HNSCC cells and
observed downregulation of TNFRSF21 expression.47

- TNFRSF7 gene (12p13.31) codes for receptor protein CD27
that binds to ligand CD70 to transduce signals activating NF-κB
and MAPK8/JNK pathways. Adaptor proteins (TRAF2 and
TRAF5) also mediate the signaling.48,49 CD27 can also bind to a
pro-apoptotic protein (SIVA) inducing apoptosis.50 Binding of
CD27 to its ligand causes T cell activation, differentiation, and sur-
vival thus suggesting its chemotherapeutic role via T cell mediated
anti-tumor response.51

- TNFRSF9 gene (1p36.23) codes for receptor protein CD127
or 4-1BB and ILA (Induced by Lymphocyte Activation). The cyto-
plasmic domain of 4-1BB binds to TRAF proteins (TRAF1,
TRAF2, and TRAF3), initiating a signaling cascade causing acti-
vation of NFκB.52,53 In cancers TNFRSF9 is upregulated due to
antigen-induced activation of T cell causing their increased life
expectancy and growth. Thus CD137 could be an effective
biomarker which can identify antigen-stimulated T cells observed
in cancers and other infections.54

BCL-2 family
Bcl-2 along with its homologs are active apoptosis regulators.

In humans more than 20 members have been described. The pro-
teins encoded can be either anti-apoptotic {BCL-2, MCL-1, BCL-
XL, BCL-W and Boo (Diva)} or pro-apoptotic {Bax, Bak, Bad,
Bid, Bim, Bik, Hrk, Bcl-XS, Bcl-G, Nip3, APR (Noxa) and Nix
(BNIP)}. The relative proportion of these anti- and pro-apoptotic
proteins commands the response of cells to apoptotic stimuli.55

- BCL2 gene (18q21.33) codes for Anti-apoptotic protein bcl-
2. The bcl-2 proteins are confined to outer mitochondria, nuclear

membrane and at endoplasmic reticulum, and possess hydrophobic
amino acid band near C-end (trans-membrane domains) that binds
bcl-2 proteins to the outer mitochondrial membrane.56,57 Bcl-2
over expression has been observed in multiple tumors including
cancer of the lung, colon, glioblastomas, prostate and breast.58-60

Bcl-2 expression is also increased in OSCC and its precursor
lesions.61-63 Bcl-2 is a multi- functional protein, which dimerize
with another Bcl-2 proteins, binds to non- homologous proteins
and forms ion- channels/pores.

- HRK gene (12q24.22) codes for Bcl-2 Interacting protein
(Bip) also known as Harakiri protein. Bip localizes to membranes
of intracellular organelles and differs in homology with members
of Bcl-2 family apart from BH3 resembling region comprising of
8-amino acids. This BH3 domain facilitates interaction of HRK
and Bcl-2 along with Bcl-XL, but not with Bax, Bak, or Bcl-XS. 

- BIK gene (22q13.2) codes for Bcl-2-interacting killer protein.
This protein also possesses the critical BH3 domain that interacts
with Bcl-2 in order to enhance apoptosis. Bik protein is a target for
anti-apoptotic proteins since its activity gets suppressed in their
presence.64 Reis et al. studied genomic DNA from Primary oral
cancers to reveal loss in sequences related to progression of dis-
ease.65

- BAX gene (19q13.33) codes for pro-apoptotic bcl-2 like pro-
tein known as Bax (bcl-2-like protein 4). Bax and Bcl-2 compete
with each other and Bcl-2: Bax ratio decides the relative response
of cells to different apoptotic stimuli66 Bax hetero-dimerize with
bcl-2 to activate apoptosis. In normal human cells, BAX is
expressed in the cytosol. With onset of apoptosis, conformation of
bax shifts to associate it with mitochondrial membrane67 and caus-
es opening of voltage-dependent anion channel (VDAC), causing
fall of membrane potential followed by discharge of cytochrome C
and other pro-apoptotic factors from the mitochondria thus activat-
ing caspases. Bcl-2 along with p53 and Bif-1 activates BAX while
VDAC2, Pin1, and IBRDC2 inactivates it. Also BAX expression
is regulated by P53 and hence participates in P53-mediated apop-
tosis.68-70 Bax have been extensively studied particularly in con-
junction with other apoptotic proteins. Jordan et al. (1996) studied
squamous cell carcinomas of the oral cavity and observed that both
bcl-2 and bax were expressed differentially.71 In 2015, Kim et al.
demonstrated anticancer properties of Berberine, which employed
upregulation of bax and down regulation of bcl-1 and bcl-xL.72

- BCLAF1 gene (6p23.3) encodes a transcriptional repressor
Bcl-2-associated transcription factor 1 which communicates with
other Bcl-2 family proteins. Its overexpression induces and co-
expression of BCL2 proteins suppresses apoptosis. BCLAF 1 is
present all through the nucleus but in apoptotic cells it gets redis-
tributed to a zone adjacent to the nuclear envelope.73 BCLAF1 has
been observed to be suppressed in tumor cells and can promote
apoptosis via disturbing the p21 mediated inhibition of caspase
dependent pathway in mitochondria.74

Caspase family
The aspartate-specific cysteine protease (caspase) cascade is

the main pathway orchestrating cellular death. The caspases can
either be Inflammatory (involved in cytokine processing e.g. cas-
pase-1, 4, 5, 13, and 14) or Apoptotic like caspase-2, 3, 6, 7, 8, 9
and 10. According to role they are grouped into Initiator caspases
like caspase-2, 8, 9 and 10 causing initiation of the apoptosis and
Effector caspases like caspase-3, 6 and 7, causing actual cleavage
of components within the cell.75

Caspases are produced as inactive zymogens (pro-caspases)
that dimerise/oligomerise followed by cleavage into a small sub-
unit and large subunit upon receiving appropriate stimulus.76 This
cleavage makes favorable conformational change to expose active-
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site loops for enzymatic activity.
- CASP1 gene (11q22.3) codes for Caspase1 protein also

known as Interleukin-1 converting enzyme (ICE). It is formed as a
zymogen/procaspase1which gets cleaved into subunits 20 kDa
(p20) and 10 kDa (p10) to become part of the active enzyme.
Caspase1 is chiefly involved in inflammation thus can play a major
role in cancer associated inflammation. Tsai et al. (2004) reported
dysregulation of CASP1 gene in oral cancer.77

- CASP3 gene (4q35.1) codes for protein Caspase 3. This exe-
cutioner caspase gets activated by caspase 8, 9, 10 and in turn
cleaves and activates caspases 6 and 7. Similar to other caspases,
caspase 3 also occurs in procaspase form i.e 32 kDa and is cleaved
into 17 kDa and 12 kDa (p17 and p12) subunits. Caspase-3 can be
activated either by extrinsic, intrinsic or alternate pathways.
Caspase 3 downregulation have been observed by many
researchers in various cancers including oral cancers and correla-
tion with degree of cellular differentiation was significantly
demonstrated.78 Andressakis et al. (2008) observed reduced
expression of Caspase 3 proteins in Tongue squamous cell carcino-
mas and that its activation induces apoptosis, a mechanism
involved in many therapeutic strategies for example berberine and
Ginko biloba.79-81

- CASP7 gene (10q25.3) codes for protein caspase 7 which acts
as executioner for apoptosis. It exists as inactive procaspase that is
proteolytically processed by upstream caspases (caspase-8, -9) to
form large and small subunits, which fuses and transform into
active enzyme. Caspase 7 expression has been studied in Oral can-
cers with a large sample size revealing a very occasional expres-
sion of caspase 7 suggesting it to be a regulator of tumorigenesis
and predictor of recurrence (prognostic significance).82

- CASP9 gene (1p36.21) codes for an initiator protein caspase
9. Cytochrome c is released from mitochondria and activates apaf-
1 (apoptosome) to cleave procaspase-9 into the active dimer form
of caspase 9.83 Once activated, caspase-9 cleaves caspase-3, 6 and
7, inducing the caspase cascade causing apoptosis. Caspase 9 also
gets suppressed in oral cancers and therapies targeted to activate
Caspase 9 tend to induce apoptosis and hence aid in chemopreven-
tion. For example, celecoxib derivatives and Alsterpaullone,
(cyclin-dependent kinase inhibitor) induces apoptosis mediated by
caspase-9 activation.84,85

- CASP10 gene (2q33.1) codes for Caspase10, which exists as
procaspase10. Caspase 8 processes it leading to its activation.
Activated caspase 10 subsequently cleaves caspases 3 and 7 to
activate them and cause apoptosis. It was demonstrated by Wang et
al. (2001) that the death-effector domains of caspase-8 and 10
interact with the DED of FADD. Cengiz et al. (2007) observed loss
of heterozygosity (LOH) of long arm of chromosome 2 in normal
oral and cancerous tissues and elucidated that the preferentially
deleted region corresponded to caspase 10 suggesting its crucial
role in oral cancer development.86

CARD family
The interaction motifs called Caspase activation and recruit-

ment domains (CARDs) are observed in many proteins involved in
apoptosis. These domains/modules form a six to seven antiparallel
α-helical bundle known as death domain fold that mediates the for-
mation of larger protein complexes. CARD domains are found on
kinases, helicases, caspases, mitochondrial proteins, and other
cytoplasmic factors. CARDs, DEDs or DDs containing proteins
exhibit homotypic interactions resulting in activation of caspase
leading to apoptosis.87

- CARD9 gene (19q13.33) codes for caspase recruitment
domain-containing protein 9 or TUCAN (tumor-up-regulated
CARD-containing antagonist of caspase nine). Pathan et al. (2001)

observed that CARD-containing protein is overexpressed in few
cancer types and it binds and suppresses procaspase-9 activation, it
also interferes with binding of procaspase-9 of Apaf1 and sup-
presses caspase activation induced by cytochrome c.88

- APAF 1 gene (12q23.1) codes for apoptotic protease activat-
ing factor 1, a cytoplasmic protein containing CARD, ATPase
domain (NB-ARC), some short helical domains and many WD40
repeat domain.89 Binding of APAF 1 to cytochrome c and dATP,
leads to formation of apoptosome, which activates procaspase 9
that stimulates the subsequent caspase cascade leading to apopto-
sis.90 BCL-XL binds preferentially to Apaf 1 thus inhibiting its
binding to caspase 9 thereby inhibiting caspase 9 mediated path-
way. Lo Muzio et al. (2014) reported a decreased expression of
APAF1 in oral cancer as compared to normal mucosa. Berberine
has been reported to upregulate activation of Apaf 1 along with
other proapoptotic factors and downregulation of antiapoptotic
factors suggesting its therapeutic benefits reported in oral can-
cers.72

- NOD1 gene (7p14.3) codes for a CARD containing receptor
protein nucleotide-binding oligomerization domain-containing
protein 1 (nod1). Stimulation of NOD1 by iE-DAP containing
molecules causes transcription factor NF-κB activation.91 Wang et
al. (2014) reported significantly decreased expression of NOD1
along with the progression of OSCC in terms of tumor differentia-
tion, lymph node metastasis, and size.92

- NOL3 gene (16q22.1) codes for Nucleolar protein 3, a
Caspase recruitment domain containing apoptotic repressor
[ARC]. It can inhibit cell death by antagonizing both intrinsic and
extrinsic pathways in contrast to most apoptosis inhibitors, which
interfere with circumscribed portions of either of them.93

NOL3/ARC is found majority of cells within their cytoplasm, but
in some solid tumor cell lines it was reported to be localize to the
nucleus.94 Also in cancer cells ARC protein suppresses activation
of NF-κB pathway and disrupts transcriptional activity of p53 by
direct interaction.95,96

- CFLAR gene (2q33.1) codes for CASP8 and FADD-like
apoptosis regulator protein. It is seldom known as c-FLIP (FLICE-
like inhibitory protein). The protein structurally resembles cas-
pase-8 but lacks caspase activity. Caspase 8 cleaves FLIP into 2
short peptides and thus is a regulator of apoptosis. c-FLIP has 3
splice isoforms which inhibit death receptor induced apoptosis.97,98

c-FLIP competes with procaspase-8 directly for recruitment to
FADD.99 Yajima et al. (2009) performed Gene Chip microarray
and qRT-PCR to reveal that the cells of the side population of
human oral squamous cell carcinoma cell line exhibited signifi-
cantly increased CFLAR expression.100

Death Family
- DAPK1 gene (9q21.33) codes for Death-associated protein

kinase 1 which positively mediates gamma-interferon induced
apoptosis. Cohen et al. (1997) demonstrated that the cytoskeletal
alterations occurring during cell death causes activation of DAP-
kinases via Ca2/calmodulin. There are 5 DAPK1 members report-
ed which are capable of inducing apoptosis.101 Inactivation of
DAP-kinase due to aberrant methylation in the promoter region is
observed in many cancers including oral cancer. DAPK1 can also
be used as a molecular marker for prognosis.102-105 Zhao et al.
(2015) demonstrated that DAPK1 is essential for growth of p53-
mutant cancers.106

- FADD gene (11q13.3) codes for FADD (Fas-associated pro-
tein with death domain) or MORT1 adaptor protein comprising
death domain (DD) and death effector domain (DED) at C terminal
and N terminal respectively. During apoptosis it unites members of
the TNFR superfamily (Fas-receptor) with procaspases 8 and 10 to
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constitute DISC (death inducing signaling complex).107 Pattje et
al. (2013) reported significant up-regulated FADD expression in
head and neck cancers.108 Genomic characterization sequencing in
oral cancers revealed gain of function in genomic locus correspon-
ding to FADD this is further supported by multiplex ligation-
dependent probe amplification (MLPA) panel directed to head and
neck cancer revealing gain of genetic material in FADD chromo-
some loci.109-110 Lo Muzio et al. (2014) also demonstrated differ-
ent expression levels of many genes including FADD in OSCC
compared to normal mucosa by cDNA macroarray analysis and
Real-time PCR.111-113 Squamous carcinoma cells with the expres-
sion of FADD were observed to become metastatic and to worsen
survival rates.114 Another DD- containing adaptor protein named
TRADD, binds to activated TNF1R, forming complex I, which
gets internalized. Also FADD binds to TRADD through Death
Domains of both adapter proteins, constituting complex II. This
activates NFκB pathway and recruiting procaspase 8 to activate
caspase cascade leading to apoptosis.115

CIDE domain Family
DNA fragmentation is a critical step in programmed cellular

death and is initiated by DNA fragmentation factor (DFF) com-
prised of two subunits, DFF40 (a 40kDa caspase-activated nucle-
ase) and DFF45 (45kDa inhibitor). In 1997, Liu X et al described
a family of cell-death-inducing DFF45-like effectors (CIDEs). In
1998 Inohara N et al identified CIDE-A and CIDE-B, encoding
proteins homologous to the N-terminal region of DFF45.55 Liang
et al. in 2003 identified and described CIDE 3 that was later
termed as CIDE-C.116

CIDEs possess a conserved amino acid sequence resembling
CIDE-N domains in DFF40/CAD and its inhibitor DFF45/ICAD
both existing as a complex from which they are released after
cleavage by Caspase 3 to trigger fragmentation of DNA and
nuclear condensation.

CIDEA gene (18p11.21) codes for CIDE-A and CIDEB gene
(14q12.) codes for CIDE-B. These activate apoptosis inhibited by
DFF45 in mammalian cells but not by caspase inhibitors.
Overexpression of CIDE-B results in cell death associated with
DNA fragmentation.55 Down-regulation of CIDE B has been
observed in many cancers including head and neck cancers.

Tp53 family
TP53 gene (17p13.1) a tumor suppressor gene, codes for

Tumor protein p53, known as p53 is popularly referred to as the
guardian of the genome since it conserves genomic stability by
checking mutation.117 More than 50% human cancer exhibit muta-
tion of TP53 indicating its crucial involvement in cancer preven-
tion as well.118 Mechanisms behind anti-carcinogenic functions
includes: i) Activation of DNA-repair proteins on detecting sus-
tained DNA damage; ii) Arrests growth by halting the cell cycle at
the G1/S regulation point on recognizing DNA; damage (Enabling
DNA repair proteins to mend the damage for cell cycle continua-
tion); iii) Initiates cell death if irreparable DNA damage present;
iv) It aids in shortening of telomeres due to senescence; v) It also
inhibits angiogenesis.

p53 pathway
A negative regulator mdm2 binds to p53 in normal cells which

dissociates upon DNA damage or other stresses causing p53 acti-
vation and cell cycle arrest or apoptosis. Cancerous cells overcome
this checkpoint leading to cell survival119 (Figure 5).

There are numerous studies indicating involvement of p53 in
oral cancer and precancer.

IAP family
This family comprises of proteins, which are Inhibitors of

Apoptosis (IAP). They can undermine apoptosis induced via either
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Figure 5. p53 pathway- In a normal cell, p53 is inactivated by its negative regulator, mdm2. Upon DNA damage or other stresses, var-
ious pathways will lead to the dissociation of the p53 and mdm2 complex. Once activated, p53 will induce a cell cycle arrest to allow
either repair - survival of the cell or apoptosis to discard the damaged cell.
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intrinsic or extrinsic stimuli. X-linked IAP (XIAP) blocks apopto-
sis by directly inhibiting caspase-3, 7, and 9. The basic technique
by which other IAPs inhibit apoptosis is not much known. Many
IAPs can bind to caspases, but are unable to inhibit the proteolytic
activity of these enzymes.

IAP family members contain small, zinc-coordinated domains
known as 1-3 baculoviral IAP repeat (BIR) domains (essential for
the anti-apoptotic activity).120

Roy et al. (1995) 1st isolated the gene, encoding neuronal apop-
tosis inhibitor protein (NAIP) located on 5q13.2. This gene was
later designated as BIRC1 (Baculoviral IAP repeat-containing pro-
tein1).121

- BIRC2 gene (11q22.2) codes for protein birc2 (Baculoviral
IAP repeat-containing protein2) or cIAP1 (cellular inhibitor of
apoptosis protein-1). BIRC2 gene has one BIR (Baculoviral IAP
repeat) domain. cIAP1 is a multi-functional protein that can be
found in normal cell cytoplasm and in the nucleus of tumor cells.
Thus this protein has a big influence in the growth of diverse can-
cers including oral cancers.

- BIRC3 gene (11q22.2) codes for cIAP2 protein. It inhibits
apoptosis by interfering with caspase activation. The cIAP2 pro-
tein is comprised of three BIR domains along with UBA, CARD
and RING finger domains.122,123 Nagata M et al. (2011) reported
down-regulation of cIAP2 and increased apoptosis using DNA
microarray in parental and 5-FU-resistant OSCC cell lines, which
exhibited significant increase in sensitivity of 5-FU-resistant cells
to 5-FU. Also high cIAP2 tumor expression was significantly cor-
related with chemotherapeutic response. Thus in 5-FU resistant
cases cIAP2 is a potentially useful therapeutic target, enhancing
prognosis in OSCC patients.123

- XIAP gene (Xq24-25) codes for X-linked inhibitor of apopto-
sis protein (XIAP) popularly referred to as inhibitor of apoptosis
protein 3 (IAP3) or Baculoviral IAP repeat-containing protein 4
(BIRC4). XIAP binding inhibits caspase 3, 7 and 9 leading to
apoptosis inhibition. Caspase 3 and 7 are down regulated by BIR2
and caspase 9 is inhibited by BIR3 domain of XIAP.

TRAF Family
TNFR-associated factors (TRAFs) are a family of structurally

related phylo-genetically conserved group of scaffold proteins that
mediates transduction of signals from TNFR receptors to signaling
cascades, causing activation of NF-kappa B and MAPK. TRAF
proteins also aid in transcriptional and posttranslational regulation
of majority of signaling pathway regulators.124,125

In mammals, earlier 6 members of TRAF family are identified
but now TRAF 7 have also been identified, however it is contro-
versial as it lacks the TRAF homology domain.

- TRAF2 gene (9q34.3) codes for TNF receptor-associated fac-
tor 2 (TRAF2). It causes TNF-alpha-mediated activation of
MAPK8/JNK and NF-κB. Interaction with TNFR2 and TRADD
involves C terminus whereas interaction with RIP is through N-ter-
minus of the TRAF-C domain. Activation of NF-kB requires
RING finger at the N-terminal along with adjacent two zinc fin-
gers.126

- TRAF3 gene (14q32.32) codes for TNF receptor-associated
factor 3 (TRAF3) protein. It binds to CD40 (cytoplasmic tail) and
LTbR in a ligand dependent manner to inhibit NF-kB activation.
Since it participates in induction of LT-b mediated cell death and
not TNF, apoptosis is inhibited by its dominant negative mutant.127

- TRAF4 gene (17q11.2) codes for TNF receptor-associated
factor 4 (TRAF4) protein. TRAF4 was earlier designated CART1
due to presence of a C-rich domain associated with RING.
Localisation of TRAF predominantly to the nucleus renders it
unable to regulate cell surface receptors signaling.128 Jianbin Yang

et al (2015) studied the expression and effect of TRAF4 on cell
growth, invasion and migration in OSCC cell lines. Up-regulation
in TRAF4 mRNA levels was demonstrated with an increase in
TRAF4 protein levels evaluated by Western blotting analysis.
TRAF4 elevation also increased cell invasion and migration.129

AKT1 
AKT1 gene codes enzyme Serine/threonine-protein kinase. Akt

exists in 3 mammalian isoforms (Akt1, Akt2 and Akt3). Akt
becomes activated by lipid kinase phosphoinositide-3 kinase
(PI3K).130,131 AKT1 phosphorylates many downstream substrates
to regulate cell metabolism, proliferation, survival, growth and
angiogenesis. AKT regulates NF-kappa-B-dependent gene tran-
scription and activity of cyclic AMP response element binding pro-
tein (CREB1). The phosphorylation of CREB1 aids in binding of
accessory proteins needed for transcription of anti-apoptotic
genes-BCL2 and MCL1. Also AKT mediates the anti-apoptotic
effects of (Insulin like Growth Factor 1) IGF-I.132 Green et al.
(2013) demonstrated that p53-dependent apoptosis pathway is
repressed, Puma is transcriptionally upregulated and survival of
Bim- or Bad-deficient cells was prolonged by Akt1.133 Kuo et al.
(2013) examined the efficacy of caffeic acid phenethyl ester
(CAPE) on cellular cycle, proliferation and expression of signaling
proteins in TW2.6 human oral cancer cells and demonstrated that
CAPE down-regulated the proliferation and survival of cancer
cells by inhibiting Akt signaling.134 Cohen et al. (2011) suggested
that AKT1 dysregulation was observed in tongue squamous cell
carcinoma (TSCC) and AKT1upregulation was correlated with
lymph node metastasis and with reduced overall survival. Also
missense mutation in the PIK3CA oncogene activated
PIK3CA/AKT pathway.135 Similarly Lim et al. (2005) reported a
significant correlation of p-Akt with lymph node metastasis and
TNM staging in OSCC, thus aiding in prognosis of the disease.136

BRAF
It is a human gene referred as proto-oncogene B-Raf and v-Raf

murine sarcoma viral oncogene homolog B coding for serine/thre-
onine-specific protein kinase.137 It phosphorylates downstream
kinase MAPK (Mitogen-activated protein kinase)/ ERK
(Extracellular signal-regulated kinase). The MEK/ERK/RAS/RAF
pathway identifies and transduces extracellular signals (Cytokines,
hormones and growth factors) to nucleus of the cell, causing pro-
liferation, growth, differentiation, and apoptosis.138 Mutations
causing gain-of-function in BRAF is observed in cancers (about 7-
8%) comprising malignant melanomas (>50%), papillary thyroid
cancer (˜45%), colorectal cancer (˜10%), ovarian cancer (˜10%),
and small percentage of other cancers.139 In another study, about
30 mutations of the BRAF gene have been observed. Out of all,
BRAFV600E mutation is observed in about 8% of all cancers,
>60% of melanomas, almost all hairy-cell leukemia and 10% of
colorectal cancers.139,140 Brown et al. (2014) revealed that somatic
FGFR2-RAS-BRAF mutations are frequently involved in the
pathogenesis of majority of Ameloblastomas. (However
Odontogenic neoplasms without ameloblastic epithelium lacks
BRAF V600E mutation, suggesting its efficacy as a diagnostic
marker). BRAF V600E was common in early onset and BRAF
wild- type is more frequently in the maxilla and exhibited earlier
recurrences. BRAF inhibitor vemurafenib inhibits proliferation of
ameloblastoma cells and MAPK pathway activation therefore can
be used as targeted therapy in management of ameloblastoma.141 

BFAR/BAR gene 
It codes for Bi-functional Apoptosis Regulator protein (a mul-

                                Review



tidomain protein initially considered as inhibitor of Bax-induced
cell death). BFAR inhibits apoptosis induced by both extrinsic as
well as intrinsic pathway. BAR protein contains a domain (termed
pseudo DEDs) resembling death effector domains, which mediates
Caspase-8 binding.142,143 The SAM domain of BFAR protein inter-
acts with Bcl-2 and Bcl-XL and suppress Bax-induced cell death
while DED-like domain interacts with pro-caspases containing
DED to suppress apoptosis induced by Fas. BFAR also fuses pro-
caspase-8 with Bcl-2 to form a protein complex. Therefore,
BFAR/BAR behaves like protein with a scaffolding property so
that it could link extrinsic and intrinsic apoptotic pathways.143

Conclusions
The genetics and genomics behind oral cancer is still not fully

understood. However, information available with present age
should immediately be placed to use in order to stop the rising
prevalence of oral cancer. Translational approach using available
resources and knowledge is required in solving the oral cancer
problem. Interventions right at the early stage of oral cancer will
be most beneficial. Similarly, targeted destruction of cancerous
cells should be the ideal intervention. Regulating apoptosis seems
the best way out. Various genes and pathways in apoptosis have
common endpoint that is cellular death. Facilitating auto cell death
of cancerous cells is achievable target and efforts in silencing or
promoting involved genes is much needed.
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