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AćĘęėĆĈę

The cancer stem cells (CSC) are responsible for the growth of cancerous
tumours. The renewal of cancer stem cells is considered synonymous with
that of normal cells. The cancer cells are considered a progeny of speciϐic and
designated stem cells. The identiϐication of these cancer stem cells has proven
to bemore difϐicult than anticipated due to the speciϐic niches they are present
in, within the tumour. Oral squamous carcinoma is the Sixth most common
cancer constituting up to 2–4% of all malignancies worldwide and with poor
prognosis. Tumour size and extent of lymph node metastasis are the most
important predictors. The CSC works on the mechanism of bulk tumour cell
formation and treatment resistance. But there are increased studies under
this topic as it has been found that speciϐically targeting these cells can curb
cancer. This review compiles information about the role of CSC in oral squa-
mous cell carcinomas, the applications of CSC, and their use in the develop-
ment of novel treatment options for oral cancer.
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INTRODUCTION

Stem cells refer to those cells having the unique abil-
ity to divide and differentiate into a variety of cells
and form different organs. Cancer stem cells are
similar to that of the normal physiologic stem cells
by the fact that they can divide and form huge num-
bers of cells and differentiate. They form 1-2% of

the tumour in cancer conditions. They have the
properties of mutagenicity and tumorigenicity. On
the surface of these cells, there are speciϐic tumori-
genic and non-tumorigenic surface markers that
mediate their functions. The various hallmarks of
cancer include activation of invasion and metasta-
sis, enabling replicative immortality, induction of
angiogenesis, and resistance to cell death. Cancer
stem cells are known to showcase such properties.
Oral squamous cell carcinomas are one of the most
common heterogeneous cancers arising from the
mucosal lining of the oral cavity. Oral cancer con-
stitutes about 30% of cancers in India (Ezhilarasan
et al., 2017).

The origin of these cancers is due to poor lifestyle
habits such as smoking, betel quid chewing, and
excess alcohol consumption. The approved treat-
ment for OSCC as of 2006 is Cetuximab which is a
targeted molecular therapy. It selectively acts on
the epidermal growth factor receptor. It is the only
approved molecular therapy for the treatment of
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OSCC. Cancer stem cells are found in the tumorous
part of the bodyduring the cancerous condition. The
tumours can be CSC positive or CSC negative. If the
tumour is CSCpositive, theprognosis for that stage is
relatively lower compared to the treatment of a CSC
negative tumor. Thus, the CSCs play a major role in
predicting the course of treatment of the OSCC and
the prognosis. The CSC is essentially cancer stimula-
tors. Thus speciϐic targeted therapy against the sur-
face markers is highly necessary.

In a recent study, they were able to isolate CSC and
CSC like cells from OSCC cell lines. It was suggested
that CSC like cells possessed the reduced ability of
cell proliferation. Theywere also able to identify the
CSC marker CD133 which is responsible for uncon-
trolled proliferation. There was minimal to no trace
of Ki67, which is a marker that suggests reduced
drug sensitivity. In a recent 2019 study, Syringic
acid (SA), known to possess antioxidant, hepato-
protective, and anti-cancer effects. This traditional
medicine was tested to check the efϐiciency of apop-
tosis on the oral squamous cancer cells through the
mitochondrial pathway. The results of this study
were positive and suggest a novel treatmentmethod
for OSCC (Ezhilarasan and Abijeth, 2020).

It is proven that there is signiϐicant downregulation
ofMir 21 andMir- 3 observed in the exosomeswhich
have been isolated from the stem cell populations of
OSCC tumors. This suggests that oral cancer cells
have unique mi-RNA proϐiling. A remarkable study
by discovered that the BMI1 inhibitor has thera-
peutic effects in cisplatin-resistant tumours. This
is possible as it can reduce metastasis which is ini-
tiated by the circulating CSCs. The BMI1 inhibitor
eventually leads to the necrotic cell death of CSCs.
Thus, it was concluded that BMI 1 targeted inhibi-
tion is a novel treatment method for oral squamous
cell carcinomas the authors of a review published
recently suggested that the CSCs have the ability
of epithelial-mesenchymal transitionwhich acceler-
ates the metastasis. They also suggested that the
molecular-level understanding of CSC can help pro-
duce vaccines for cancer (Gurel, 2019).

This review is of importance currently due to the
escalating number of patients succumbing to the
harmful effects of cancer and in India, especially oral
cancer. Finding a speciϐic novel treatment and even
possibly designing a vaccine against cancer can sig-
niϐicantly reduce the frequency of the occurrence of
cancer. A few challenges and difϐiculties faced by the
other authors include the lack of single and speciϐic
biomarkers. The biomarkers for CSC are so many
that it is not possible to target all of themat the same
time. The treatment also can work only if a narrow-

targeted therapy is provided, so it is a daunting
task to identify sensitive biomarkers for successful
results correctly. This review also helps to under-
standCSCs,whichprovides anopportunity for creat-
ing unique treatment protocols. This research aims
to help understand the role of cancer stem cells in
oral squamous carcinomas.

MATERIALS ANDMETHODS

Cancer stem cells

The cancer stem cells (CSC) are specialized cells
that function on the principle that tumor growth is
analogous to the renewal of healthy tissues. Can-
cer stem cells from a small population of dedicated
stem cells. Many tumors harbour CSCs in dedicated
niches, thus making the identiϐication of such cells
very difϐicult. A recent study on gene-expression
of cancer stem cell populations mediated a discov-
ery of new prognostic biomarkers and pharmaco-
logical targets. Tumorigenic cancer stem cells have
been observed to behave analogously to normal
stem cells. The cancer stem cells possess the func-
tional and phenotypic attributes similar to the nor-
mal physiologic cell from which they are derived.
The main differentiating feature of the tumorigenic
cancer stem cells and the physiologic stem cells are
that they undergo a poorly regulated process of
organogenesis. The importance of identiϐication of
the tumor subtypes is necessary as they possess the
differential response to the anti-tumour drugs. This
is possible via newer research avenues andadvances
made in the ϐield of clinical oncology.

Oral squamous carcinoma

It is considered as the sixth most common can-
cer, accounting for up to 2–4% of all malignancies
worldwide. Malignancy of oral cancers is relatively
rare in the European expanse of the world. But in
India, especially in Chennai, room for an exception
must be anticipated. It is suggested that approxi-
mately 40% of malignant neoplasms in males are
oral, and about 9% for the same among females.
Amongoral cancers, it is estimated that about 94.5%
of them constitute oral squamous cell cancer. It
is usually diagnosed with poor prognosis. The
diagnosis and prognosis of oral squamous cell can-
cer can be made by careful analysis of the human
metabolome.The results of the study suggest that
the diagnostic potential for OSCC can be measured
by evaluating the upregulation of L-carnitine, lysine,
2-methylcitric acid, putrescine; 8-hydroxyadenine;
17-estradiol; 5,6-dihydrouridine; and MTA (Sridha-
ran et al., 2017).

A similar study suggested that saliva can be used

154 © International Journal of Research in Pharmaceutical Sciences



Devaraj Ezhilarasan et al., Int. J. Res. Pharm. Sci., 2020, 11 (SPL3), 153-158

as a biomarker for the positive diagnosis of oral
squamous cell carcinoma (Umamaheswari, 2014).
Speciϐic markers include MMP-9; Chemerin is used
for early diagnosis of oral squamous cell carcinoma.
The tumor size is proportionate to the extent of
metastasis in the lymph node. They are one of the
most important predictors of the extent of cancer.
Oral squamous carcinomas are usually associated
and accompanied by perineural invasions making
the prognosis of the same worse. Poor clinical out-
comes for oral squamous carcinoma is closely asso-
ciatedwith the presence ofmultifocal and Extratem-
poral PNI.

The tumor in oral squamous carcinoma is known
to secrete exosomes surrounding the extracellular
environment. This promotes the horizontal trans-
fer of bioactive molecules via mechanisms involv-
ing microRNA. One of the important considerations
to be looked at after tumor ablation is the func-
tional and reconstruction of the dental structures
with adequate rehabilitation. The problem of the
hour is the lack of awareness among dental students
about the methods diagnosis and prevention of oral
cancer. This result is suggested by two different
studies, conducted in India and Nepal (Prenit and
Bandana, 2018).

Oral squamous carcinoma - normal propagation
A signiϐicant correlation has been established with
RNF 8, and the predictive features of the tumor such
as tumor thickness, ECS and nodal stage, radiore-
sistance is expressed with causes spread of OSCC.
About 30% of OSCC is RNF 8 positive. An OSCC
tumor that is RNF8negative results in amuch better
prognosis. Recently, a novel DNA damage response
protein has been discovered against RNF 8. It inte-
grates protein phosphorylation, ubiquitylation sig-
nalling and plays a major role in cellular response
by inducing genotoxic stress. Another reason for
thepropagationof oral squamous cancer is oxidative
stress due to the reactive oxygen species. Oxidative
stress potentiates the metastasis of cancer. This is
similar to the effect of ROS in chronic liver disease,
too (Ezhilarasan, 2018).

Application of cancer stem cells
The presence of CSCs in the tumor will acceler-
ate cancer progression and metastasis and cause a
low proliferation rate and high drug resistance, thus
evading treatment. The cancer stem cells being a
minor constituent of the tumor, can differentiate
into bulk tumor cells. The cancer stem cells can also
metastasize and cause alteration of adjacent stro-
mal cells. This eventually causes the evasion of con-
ventional treatment therapies. Thus, leading to a
poorer prognosis. The cancer stem cells possess fea-

tures allowing its migration, invasion, and metasta-
sis. Such features of the cancer stem cells interfere
with the treatment process and eventually become
treatment-resistant cells. One of the studies sug-
gests that cancer stem cells can potentially be man-
aged by bioenergetic signalling pathways involving
fatty acid metabolism, glutamine metabolism, and
the AKT-mTOR pathway (Chae and Kim, 2018).

The cancer stem cells are very dangerous and difϐi-
cult to identify because they notoriously imitate the
physiologic stem cells. One such case is that the can-
cer stem cells use the same signalling pathways that
are found in normal stem cells which are the Wnt,
Notch, and Hedgehog (Hh) pathway (Marimuthu,
2018). The main applications of cancer stem cells
depend on two critical properties of the establish-
ment and recurrence of cancerous tumors. Novel
treatment using target therapy to treat cancers
mainly works on the principle of intervening tumor
progression and targeted inhibition of the cancer
stem cells. Their self-renewal capacity and potential
to differentiate is unlimited. They form heteroge-
neous populations of cancer cells. Novel therapeutic
targets can bemade for treatment by the prevention
of tumor progression. The severity of cancer can be
determined by evaluating the composition of CSCs
within a tumor. The more stem cells, the larger is
the tumor, and the poorer is the prognosis.

Current treatment options

The CSCs have components of the Renin-
Angiotensin System, which combine with cancer
stem cells which can be applied as a part of future
cancer treatment. Octamer binding transcription 4
(OCT 4) and histone modiϐication methods can be
used to regulate the embryogenesis and pluripo-
tency of CSC’s. The ”Two – hit” therapy involves the
metabolic inhibitors which inhibit CSC propagation.
Vitamin C is used as a target inhibitor of the glycol-
ysis pathway, thus affecting CSC’s (Satheesh et al.,
2020). It has been suggested in a review article that
Vitamin C is a powerful antioxidant in physiologic
oral tissues.

It has been noted that the pro-oxidant activity of
Vitamin C is activated in pathological oral tissues.
This brings a conϐlict on the extensive use of Vita-
min C as a target inhibitor. According to a study
performed by (Francesco, 2019) suggest that TPP
derivatives are considered a ”powerful” candidate to
block CSCs (Francesco, 2019). A meta-analysis for
the novel treatment for oral tongue squamous cell
cancer suggests that prognosis is possible through
certain indicators such as occult node positivity,
expression of E- cadherin and assessment of MMP9
at ITF. These markers are especially useful for high-
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risk patients requiring invasive treatment strate-
gies.

Another prognostic marker for oral tongue squa-
mous cell cancer is based on the extent of p53
expression. It is associated with tumor depth and
aggressiveness. It has been proven that a patient
whohasunderlying conditions such asdiabetesmel-
litus, can aggravate the metastasis of their tongue
squamous cell carcinoma. Thus, hyperglycemia
potentiates propagation and metastasis of tongue
squamous cell carcinoma. It can thus be useful to
reduce the blood glucose level to prevent spread and
metastasis of cancer. This can be achieved using
natural bioactive compounds such as those from
Caralluma Fimbriata (Ashwini et al., 2017). Natu-
ral extracts of neem are also known to have anti-
cariogenic properties against some oral cancers.

Cancer stem cells in all cancers

Cancer stem cells can be found in tumors of var-
ious types of cancers. They have been isolated
and identiϐied in myeloid leukaemia and more com-
monly in solid tumors of brain and breast cancer.
Tumorigenic cancer stem cells have been isolated
in Glioblastoma multiforme and medulloblastoma.
The further detailed study concluded that the can-
cer stem cells had been restricted to the CD133+
subpopulation. Some of the most accepted theo-
ries suggest that the CSC arise as a result of epige-
netic and genetic alterations to these resident tissue
stem cells. Self-renewal and differentiation capabil-
ities reside within the subpopulation of tumor cells,
termed cancer stem cells (CSCs). The remaining
tumor cell population cannot initiate tumor devel-
opment or support continued tumor growth and
proliferation. Cancer is metastatic primarily due to
the ability of suchCSCs toproliferate. Themainprin-
ciple that governs the functions of CSCs is that the
cancers are dysregulated tissue clones with contin-
ual, distinct subsets of cells.

Cancer stem cells in oral squamous carcinoma

Cancer stem cells are of many subpopulations in
the OSCC tumors. They show signalling pathways
that are very similar to physiologic stem cells - Wnt,
Notch, and Hedgehog (Hh) pathway. The cancer
stem cells have the property of chemoresistance
and radioresistance, allowing it to evade treatment.
Even if treatment in oral squamous cell carcinoma.
The recurrence is a more dangerous and aggressive
form of cancer that can be fatal. The recurrence rate
is 32.7% of the cases. The recurrence time ranges
from 2-96 months, with an average of 14 months.
Thus, it is necessary ϐirst to identify and then inhibit
these cancer stem cells.

To identify such stem cells, it is necessary to know
the various biomarkers of the cancer stem cells.
Thus, in a similar review, where the markers have
been isolated by ϐlow cytometry. The CD-24 marker
is known to promote tumor growth and facilitate
angiogenesis. CD-29 is another biomarker which
helps in tumor invasion, migration and metastasis
of CSC (De Moraes, 2017). CD-44 is closely associ-
ated with the general characteristics of cancer stem
cells. CD-98 promotes the tumor generation and
at high levels destroys DNA repair genes. CD-133
can demonstrate the properties of cancer stem cells,
especially of oral squamous carcinoma. A trans-
lational regulator, Musashi - 1, is considered as a
marker of oral squamous cancer stem cells. It is
known to be closely related to CD 133, indicating
their utilitarian role in oral carcinogenesis (Jayanthi
et al., 2020).

Another common biomarker speciϐic to oral squa-
mous carcinoma is Nestin. Nestin aids in neovas-
cularization and angiogenesis. It is considered as
an early biomarker for oral squamous carcinoma.
Prognosis of OSCC can be predicted by the CSC pro-
portion, tumor size and stage by examining the pri-
mary patient tumor. For inhibiting the biomarkers,
it has been found that SOX 2 is a CSC regulator, so by
inhibiting SOX 2, we can control the proliferation of
CSCs also. It has also been suggested that the upreg-
ulation of BAX and PARP cleavage causes the simul-
taneous downregulation of Bcl-xl. This principle can
be applied for long term treatment of CSCs, where
the majority of cells undergo apoptosis. Acacia cat-
echu has been known to increase the expression of
the bax and Bcl-x gene and induce anti-cancer prop-
erties in SCC-25 cells (Ezhilarasan et al., 2017).

Novel treatment options

The main reason for seeking novel treatment
options apart from the conventional cancer treat-
ment options is that conventional methods such as
chemotherapy, radiation and surgical intervention
are unspeciϐic. These methods subject the adjacent
healthy cells to unwanted trauma. Hence, the neces-
sity for newer speciϐic treatment options arises. QKI
is known to be a novel CSC inhibitor. It impairs
multiple oral cancer stem cell properties via par-
tial repression of SOX 2. Quinacrine based on gold
hybrid nanoparticles has been used to inhibit DNA
repair in cancer stem cells. Various stem cell mark-
ers such as Oct 4, SOX 2, Nestin, CD 44, can be sup-
pressed by all-trans-retinoic acid.

NK cell function has been observed to increase in
function when cultured with CSC of oral squamous
carcinoma. This principle can thus be used to pre-
pare novel treatment. NK cells can be repeatedly
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transplanted to the site of the tumor, which causes
the speciϐic elimination of the oral squamous can-
cer cells. Histone modiϐication which alters cal-
cium regulation can control the signalling pathway
of the CSC, which can be used as a novel treat-
ment. TPP derivatives are considered powerful tar-
get inhibitors that block CSCs. Another novel treat-
ment option to block the CSC is an iron chelator tar-
get therapy. The iron chelator is combined with
chemotherapy which suppresses the stemness of
the cancer stem cells. It can be used especially for
oral squamous cell carcinoma.

In silico and in-vitro trials prove that coumarin
derivatives help in an intrinsic pathway mediated
apoptosis. This was tested for human stomach can-
cer cells, but this can also be tested against human
oral cancer cells (Perumalsamy, 2018). The newer
drugs can also be modiϐied and made into nanopar-
ticles and liposomes. This allows for better drug
delivery and allows for efϐicient drug action. Among
nanoparticles, it has been proven that selenium and
zinc oxide nanoparticles are good chemotherapeu-
tic agents (Menon, 2018). Target therapy to enhance
pro-apoptotic agents is also considered as a novel
treatment method for OSCC.

CONCLUSION

One of the main limitations of the study is that there
is a variety of biomarkers for CSCs. It is extremely
difϐicult to individualize one speciϐic biomarker for
treatment to fulϐil the criteria of narrow range ther-
apy to inhibit cancer stem cells. There is a risk of
reoccurrence of cancer due to the progressive action
of CSC and its metastasis. Thus, further research for
speciϐic target therapies is required. Understand-
ing the mechanism of CSC will help develop novel
treatment methods for cancer. Vaccine develop-
ment based on principles of CSCs is underway and
may eradicate cancer shortly. The study suggests
that there is a signiϐicant role of cancer stem cells in
oral squamous carcinoma.
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