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Abstract

Oral cancer continues to be one of the leading causes of death globally, being more prevalent in
developing countries. Radiation, chemotherapy, targeted therapy, immunotherapy, hormone-based
therapies, and surgery are common treatment plans for oral cancer that lead to a range of short- and
long-term side effects resulting in an urgent need to develop treatment options with minimal or no
adverse effects. Recently, numerous bioactive compounds derived from various plants have garnered
attention as potential therapeutic options for cancer treatment.Thuja occidentalis, also known as
Eastern White Cedar, has been traditionally used for its medicinal properties. The components of this
plant like thujone, flavonoids, and polysaccharides, have demonstrated significant pharmacological
properties, including antimicrobial, antioxidant, anti-inflammatory, and anti-cancer effects. These
compounds work through various mechanisms, such as promoting apoptosis, reducing oxidative stress,
and enhancing the immune response. There is no literature available assessing the role of
T.occidentalis in Oral Squamous Cell Carcinoma (OSCC) and the current article will be a novel
overview discussing its pharmacological properties and its potential role in the treatment of OSCC.
However, further research is needed to understand the precise molecular mechanisms, optimal dosage,
and evaluate the synergistic effects with conventional cancer therapies.

Keywords: Anti-cancer Properties, Immunomodulation, Oral Squamous Cell Carcinoma, Thuja
occidentalis, Thujone.

Introduction advancements in oncology research, cancer
remains a formidable challenge and is often
viewed as a 'hopeless case.'" Over the past
decades, extensive studies have explored
diverse approaches to cancer treatment.
However, the search for a definitive cure
continues to be elusive, highlighting the

Cancer, often referred to as the "king of all
maladies,” is swiftly emerging as the most
prevalent non-communicable disease globally
and is the leading causes of mortality and
morbidity in both developed and developing
countries  [1,2]. Despite  considerable
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complexity and heterogeneity of this disease
[3]. Oral squamous cell carcinoma (OSCC) is
the most prevalent type of oral cancer,
comprising over 90% of cases. It exhibits
varying degrees of histological differentiation
and is characterized by a high potential for
invasion and metastasis [4]. It arises in the
mucosal epithelium of the oral cavity and
leads to functional impairments, which in turn
affect the physical appearance, speech, ability
to swallow and sense of taste, all of which
impacting the quality of life. OSCC is marked
by its aggressive behaviour, frequent
recurrence, and tendency to spread to nearby
and distant areas (metastasize), often resulting
in late diagnosis and a bleak outlook. It poses a
significant public health challenge due to its
high mortality rate and poor prognosis, along
with  the ineffectiveness of standard
chemotherapy treatments administered to the
patients [5].

According to data from the Global Cancer
Observatory, there were 3,77,713 cases of
OSCC reported globally in 2020, with a
significant diseased population reported in
Asia. OSCC predominantly affects middle-
aged to older adults, with males being more
susceptible than females. The incidence of
OSCC is expected to rise by approximately
40% by 2040, accompanied by an increase in
mortality rates [6]. Clinically, OSCC manifests
as distinctive lesions with a combination of red
and white patches featuring uneven surfaces
and irregular borders. In the early stages, these
lesions are often asymptomatic, but they can
progress to exhibit symptoms such as
ulceration, nodule formation, and tissue
attachment in the later stages of the disease [7].

Despite all the advancements in research and
high-end technologies, the 5-year survival rate
is low, with a mortality rate of around 40%,
majorly due to tumour metastasis and
subsequent recurrence, and the treatment of
OSCC remains a significant challenge.
Developing effective therapies is difficult, as
current treatments have limited efficacy and
substantial side effects [8]. The lack of reliable
biomarkers and the dire need for early
prognosis also makes it challenging to identify
patients for targeted interventions for
personalized medicine [9]. The high incidence
and mortality of OSCC underscore the pressing
need for novel, more effective therapeutic
strategies to combat this devastating disease.

The use of complementary therapies is
gaining attraction as an increasingly common
approach to treatment. Among these, the
utilization of plants for the management of
various medical conditions, including cancer,
has emerged as a significant modality. Folk
medicine, relying on the application of plants
(flora) and their extracts, has been widely
practised all over the world for ages despite not
being officially recognized in many countries.
Over 80% of the population in Africa and Asia
rely on plants and plant-derived products as
their primary means of treating a wide range of
diseases [10]. One such plant is Thuja
occidentalis, also known as ‘Eastern White
Cedar’. It is a coniferous tree native to Eastern
North America. Thuja genus under the family
of Cupressaceae belongs to the order Pineales
that are 3 to 60 m tall and includes five species:
Thujakoraiensis, T. occidentalis, Thujaplicata,
Thujastandishii, and Thujasutchuenensis. Fig.
1 shows T. occidentalis.
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Figure 1.7 occidentalis in USA [pic courtesy: Joshua Mayer from Madison, WI, USA]

All of these species have been known for
their well-established medicinal uses. T.
koraiensis has antimicrobial and antioxidant
properties. T. occidentalis has a wide range of
applications, from antimicrobial, antioxidant,
anti-inflammatory, anti-atherosclerotic, anti-
diabetic, antipyretic and anti-cancer properties.
T. pilata is a well-known agent of
immunomodulation and tissue remodelling.
Similarly, T. standishii and T. sutchuenensis
have also been found to have antimicrobial and
anti-tumor properties. T. occidentalis has been
a blessed herb when it comes to healing a wide
range of ailments and its chemical composition
has been explored to a great depth. A fresh plant
of T. occidentalis is composed of 0.6%
essential oils that are majorly monoterpenes
like Thujone (65%), isothujone (8%), fenchone
(8%), sabines (5%), and a-pinene (2%). The
essential oil Thujone is composed of a-thujone
(85%) and B-thujone (15%). Additionally,
around 2.07% reducing sugar, 2.11% minerals,
1.67% free acids, 4% proteins and
polysaccharides and around 1.31% tannic
agents form the rest of the composition.
However, apart from a plethora of essential oils,
the dried herbal form vyields other bioactive
components like a wide range of flavonoids,
coumarins, proanthocyanidins, and tannins
[11].

T. occidentalis has been used in traditional
medicine for centuries, with evidence of its use

dating back to the early 17th century. T.
occidentalis leaves are rich in vitamin C and
were utilized by American indigenous people
and early European explorers to treat scurvy
back in history. The leaves and bark of the tree
were used to treat liver diseases, bronchitis, and
rheumatism, to name a few.The plant also
showed effective results in treating skin
ailments such as eczema and psoriasis [11].
Recent research has demonstrated that extracts
derived from the T. occidentalis plant exhibit a
wide range of beneficial properties, including
immunostimulatory, anti-cancer, antibacterial,
antifungal, and antiviral effects, making it a
potentially  valuable resource for the
development of new medicinal treatments [12].

Additionally, the leaves and the seeds of the
plant have been found to possess antimicrobial
activity against various bacterial strains, and
the ethanolic extract of the leaves has been
shown to have anticonvulsant potential,
suggesting its possible use in the management
of epilepsy. Few studies have collected
evidence on the pharmacological effects of T.
occidentalis on cancer. However, no literature
has been documented that evaluates the impact
of T. occidentalis on oral cancer [13].
Therefore, the present review will discuss the
link of pharmacological properties ofT.
Occidentalis with the pathophysiology of
OSCC. Moreover, the review will also shed
light on the mechanism of action involved in



the modulation of cancer and the counter effects
of T. occidentalis, along with the preclinical
and clinical studies related to T. occidentalis
and OSCC.

Pathophysiology of OSCC

OSCC is a complex and multifaceted disease
that originates from the epithelial cells of the
oral cavity. The development and progression
of OSCC involve the intricate interplay of
various genetic and epigenetic mechanisms.
These molecular pathways and their alterations
contribute to the malignant transformation and
aggressive behavior exhibited by OSCC. The
onset and progression of this disease are
influenced by a multitude of factors, including
genetic mutations, epigenetic modifications,
immunological components, and
environmental exposures. It commonly
originates from prolonged exposure to
carcinogenic agents, primarily tobacco and
alcohol, which can cause genetic mutations in
the oral epithelium. The inherent genomic
instability of these mutated cells results in the
further accumulation of genetic aberrations,
facilitating the stepwise transition from normal
healthy epithelium to dysplasia and ultimately
to the establishment of carcinoma [14,15].

Genetic mutations, particularly in the H-Ras
gene, majorly contribute to the development
OSCC. A systematic review of H-Ras
expression and mutation in OSCC found that
H-Ras mutations are prevalent in OSCC and are
associated with poor prognosis. Furthermore,
elevated H-Ras expression is often observed in
OSCC, which can contribute to the progression
of the disease [16]. This increased expression of
H-Ras can drive disease progression by
promoting uncontrolled cell growth, evading
programmed cell death, and activating
PI3K/AKT and MAPK signaling pathways,
which are crucial for the development and
progression of OSCC [17].

Similarly, the presence of the YAP1 gene in
the Hippo Signalling pathway has been found
to be linked with OSCC differentiation,

suggesting its role in tumor progression and
development [18]. The Hippo signaling
pathway is crucial for regulating cell
proliferation and determining cell fate, thereby
controlling organ growth and regeneration.
Many components of this pathway are found at
cell-cell junctions and help regulate Hippo
signaling through cell polarity, cell contacts,
and the cytoskeleton. When Hippo signaling is
downregulated, it can lead to uncontrolled cell
proliferation and impaired differentiation,
which is linked to cancer [19]. Epigenetic
aberrant  DNA
methylation, histone modifications, and micro

alterations,  including
RNA dysregulation, play a crucial role in the
development and progression of OSCC by
influencing gene expression and cellular
behavior  [20,21].  Another
component which contributes to the

important

progression of OSCC is the extracellular matrix
(ECM). It not only provides structural support
but also regulates various cellular functions via
biochemical signalling [22]. Changes in the
composition of the ECM can impact the growth
and dissemination of tumours. The dynamic
interactions between cancer cells and the ECM
components enable malignant cells to invade
surrounding tissues and metastasize to distant
sites, which, in turn, enhance tumour growth
[23].

Pharmacological
Occidentalis

Properties of T.

Modern-day research has thoroughly
investigated the pharmacological properties of
T.  occidentalis, highlighting its active
compounds, including  essential  oils,
flavonoids, tannins, and polysaccharides. These
bioactive constituents have shown a variety of
significant biological activities such as
antimicrobial, anti-inflammatory, antioxidant,
and anti-cancer effects. The essential oils,
particularly rich in a-thujone and B-thujone like
isothujone, fenchone, sabinene and others,
exhibit strong antimicrobial properties.

Coumarins like p-coumaric acid and



umbelliferone, along with flavonoids like
quercetin, kaempferol, and myricetin, are
potent antioxidants and anti-inflammatory
agents. Tannins such as  catechins,
proanthocyanidins and tannic acid contribute to
the antiviral and astringent properties of the
plant. At the same time, polysaccharides and
proteins  are  recognized  for their
immunomodulatory and anti-tumor activities
[11,24].  This

emphasizes the medicinal potential of T

comprehensive  profile

occidentalis in modern pharmacology.

A study conducted by Kim et al. (2007)
showed that polysaccharides derived from T.
occidentalis can stimulate macrophages and
enhance the generation of nitric oxide, an
essential molecule in the body’s defence
against  pathogens.  Furthermore, these
polysaccharides have been observed to
demonstrate anti-tumour effects by stimulating
the growth of immune cells and triggering
programmed cell death in cancer cells
[12,24,25].

Following this direction, Saha et al. (2014)
found that T. occidentalis extract triggered
programmed cell death by the activation of the
caspase enzymes and inducing the apoptotic
pathways in human breast cancer cells. Apart
from the pro-apoptotic roles, the antioxidant
properties of flavonoids and other plant
compounds found in 7. occidentalis play a
significant role in its anti-cancer effects by
reducing oxidative stress, which is a known
factor in cancer development [26].

Phytodynamic Effects of T. occidentalis
in OSCC

Several research studies have shown that T

occidentalis  has  potential  anti-cancer
properties, particularly in its thujone-rich
fraction, which has demonstrated enhanced
cytotoxic, anti-proliferative, and pro-apoptotic
effects compared to the whole plant extract.
These effects have been observed in various
cancer cell lines, such as melanoma, lung, and

prostate cancer. Contemporary research has

well established the activation of the Gamma
delta (y6) T cells in the success of cancer
immuno therapeutics. The significance of the
vd T cells lies in their direct recognition and
targeting of the transformed cells without
depending upon the HLA-antigen status of the
cells [26].

In OSCC, the role of yd T cells has been
already explored in depth previously [27]. In
this context, the ability of Thujone to proliferate
vd T cells and subsequently up-regulate the
expression of perforin [28] suggests its
potential as an adjunctive therapeutic agent in
relieving OSCC prognosis. The upregulation of
the perforin allows cytolytic T-cells to
effectively target and damage cancer cells by
perforating their cell membranes, leading either
to apoptosis or cell lysis. Therefore, from
understanding the importance of the increased
proliferation of these yd T cells, the application
of Thujone and its standardization have the
potential to be utilized as an immunomodulator
that may complement other cancer therapeutic
modalities like chemo- or radiotherapy.
Thujone might be effectively increasing the
population of ¥ T cells in the tumour
microenvironment [28,29] thereby enabling
these cells to recognize and damage tumours
even in the metastasis stage. However, given
the clinical utility of Thujone in tumour
treatment, more research and trials, especially
in OSCC settings, are warranted to support its
safety, efficacy, mechanism, and therapeutic
potential.

Additionally, Thujone, especially o-
Thujone, has been reported to increase the
expression of cytotoxicity markers CD107a and
other cell damage markers p-ERK1/2 and p-Akt
in colon cancer cell lines. Meanwhile, o-
Thujone was able to achieve this feat even
without damaging the normal proliferation of
the cell lines HCT116 and SW620 cells under
study [29,30]. Such a mechanical and
molecular approach is expected to be involved
in the activity of a-Thujone in OSCC as well.
The effects of 7. Occidentalis in the



pathophysiological mechanism of OSCC have
been extracted from some of the major studies
(Table 1) [26-30].

Table 1. Findings of the Major Studies

PathophysiologicalMec
hanism in OSCC

Effect of T.Occidentalis

Genetic Mutations

Thuja components, like thujone, reduce
genetic mutations bypromoting apoptosis and
inhibiting cell proliferation.

Epigenetic Alterations

Compounds in Thuja can modulate epigenetic
alterations,influencing  gene
favorably.

expression

TumorMicroenvironment

Thuja enhances immune cell activity,
improving the tumor microenvironment.

Anti-inflammatory  properties of Thuja

Inflammation

reduce inflammation,

progression.

slowing  tumor

Oxidative Stress

Antioxidant compounds in Thuja reduce
oxidative stress, which is a factor in cancer
development.

Immune Response

Thuja stimulates the immune system,
enhancing the activity of macrophages, T-
cells, and NK cells.

Apoptosis

Thuja induces programmed cell death
(apoptosis) through the activation of caspase
enzymes.

There have been numerous studies that have
explored the molecular-level anti-tumour
changes that are caused by the administration of
the bioactive components derived from 7.
occidentalis. For instance, a study done to
evaluate the anti-cancer properties of the
polysaccharides derived from 7. occidentalis
was found to improve the cell-mediated
immune response in metastatic tumour-bearing
animals. The polysaccharide compounds were
reported to cause an increase in the proliferation
of T cells, NK cells, and especially yd T cells,

thereby enhancing the production of cytokines
like IFN-y, TNF-a, and IL-2 [30]. In another
study conducted on the A375 melanoma cells,
it was found that the thujone-rich fraction of 7.
exhibited
proliferative, pro-apoptotic, and anti-metastatic

occidentalis significant  anti-
effects. The bioactive component, Thujone, was
able to perform these functions by targeting the
apoptotic pathway through the activation of
caspase-3 and PARP cleavage, meanwhile
inhibiting the migration and invasion of A375
cells [31].



Another mechanism of action was identified
in context to the anti-tumor functioning of
T occidentalisis autophagy. Such a mechanism
was deciphered in a study done on cervical
cancer cells using the mother tincture of
T occidentalis. The researchers reported that in
addition to the induction of apoptosis via
activation of caspases, thujone tincture was
able to induce autophagy through a Beclin-1-
dependent pathway, leading to the inhibition of
cervical cancer cell growth [31]. However, one
of the significant anti-cancer findings of
T.occidentalis is its ability to increase the levels
of p53 and induce apoptosis, as was reported in
the case of mammary epithelial carcinoma
cells. T.occidentalis was able to cause this anti-
tumour effect via the activation of a highly
specialized ROS-p53 feedback loop [32].

Apart from polysaccharides, the
monoterpene a-thujone, the main compound of
T.occidentalis essential oil, has demonstrated a
significant therapeutic potential against various
cancer cell lines, including glioblastoma [33].
Similarly, another study explored the ethyl
acetate-soluble extract of T.occidentalis leaves
and twigs that contained (+)-7-0x0-13-epi-
pimara-8,15-dien-18-oic acid and was found to
exhibit potential anti-tumor-promoting activity
[34]. Through these mechanisms, it is believed
that T.occidentalis and its derivatives have the
capabilities to be utilized in the clinical
management of OSCC [35].

Challenges and Future Directions

Despite the advantages and applications,
there are challenges in using T occidentalis as
an anti-cancer treatment, and that majorly
includes the unavailability of reports on its
efficacy, safety, and proper dosage guidelines as
it has been reported that the anti-cancer effects
of T.occidentalis and its bioactive compounds
like Thujone are dependent on the p53 status of
the cancer cells. However, the compound had
improved efficacy in cells with functional p53
expression compared to p53-deficient cells
[32]. This further suggests the need to carefully

select cancer types and patient populations that
are most likely to respond to Thuja-based
treatments. Although Thuja or Thuja-based
compounds are natural products, yet ensuring
their consistent quality, potency, and bioactive
composition of extracts or preparations can be
a challenge. Rigorous quality control measures
would be required for clinical development.

Additionally, when it comes to the potential
synergistic effects of Toccidentalis with
standard cancer treatments like chemotherapy
or radiation therapy we have almost no
literature  available to understand this
significance. Therefore, evaluating such
combinatorial approaches would be an
important future direction. Another limitation
has been the unavailability of details on the
absorption, distribution, metabolism, and
excretion of the key bioactive compounds from
T.occidentalis. Understanding the
pharmacokinetic profile would be crucial for
optimizing dosing and administration routes
[36].

Challenges and hurdles like these warrant
numerous future directions that should majorly
focus on elucidating molecular mechanisms
[35,36]. This involves understanding the
precise molecular pathways and signalling
cascades by which Toccidentalis and its
bioactive compounds exert their anti-cancer
effects, especially in relation to p53 status and
other genetic factors. Secondly, the evaluation
of the
Toccidentalis  with ~ conventional cancer

synergistic =~ combinations  of
therapies could expand its clinical utility and
improve treatment outcomes. Most importantly,
conducting well-designed, randomized, and
controlled robust clinical trials is necessary to
conclusively demonstrate the safety and
efficacy of T.occidentalis or its extracts as anti-
cancer agents in human patients [35].

Studies aimed at improving and developing
optimized formulations and delivery systems
for Thuja-based anti-cancer agents could
enhance their bioavailability, stability, and
targeted delivery to tumour sites. As the anti-



cancer implication of the Thuja-based treatment
modalities has been scarce in numerous types
of cancers, expanding the evaluation of the anti-
cancer potential of Toccidentalis across a
broader range of cancer types would be an
important future direction [37]. Mineralisation
of artificial substitutes likecalcium carbonate,
prf, nano hydroxyapatite have shown to have
clinical benefits across various fields [38-40].
To summarize, while T occidentalis shows
promise as an anti-cancer agent, addressing the
specificity,
standardization, combination therapies, and

challenges related to

pharmacokinetics will be crucial for realizing
its full clinical potential.

References

[1]. Jayaraman, S., Natarajan, S.R., Veeraraghavan,
V.P. and Jasmine, S., 2023, Unveiling the anti-
cancer mechanisms of calotropin: Insights into cell
growth inhibition, cell cycle arrest, and metabolic
regulation in human oral squamous carcinoma cells
(HSC-3), Journal of Oral Biology and Craniofacial
Research, 13(6), doi: 10.1016/j.jobcr.2023.09.002

[2]. Chanda, S., Kataki, A.C., Dogra, V., Bhagabaty,
S.M., Varma, D. and Hegde, S., 2019, Community
Based Mobile Screening Programme for Oral,
Breast and Cervical Cancers: A Programmatic
Insight from rural Assam, India, Texila International
Journal  of Public Health, 7(1), doi:
10.21522/T1JPH.2013.07.01.Art009

[3]. Kumar, R.S., Amudha, P., Vidya, R., Kalpana,
C.S. and Sudhashini, S., 2024, A Review on
Anticancer Properties of Chebulagic Acid from
Terminalia chebula, Texila International Journal of
Public Health , 12(3) doi:
10.21522/T1JPH.2013.12.03. Art047

[4]. Selvaraj, F.M., Joseph, A.P., Pillai, V.R,
Ramani, P., Pazhani, J. and Mony, V., 2023,
Significance of tumour budding and invasive
characteristics in grading of oral squamous cell
carcinoma, Journal of Oral and Maxillofacial
Pathology, 27(4), doi:
10.4103/jomfp.jomfp_410 23

Conclusion

In conclusion, T. occidentalis shows promise
as an adjunctive therapeutic agent for OSCC.
Addressing current research gaps and
conducting comprehensive clinical trials are
critical steps towards integrating T. occidentalis
into cancer treatment regimens, potentially
enhancing the efficacy of existing therapies and
improving patient outcomes.

Conflict of Interest Statement
None.
Acknowledgements

None.

[5]. Ojeda, D., Huber, M.A. and Kerr, A.R., 2020,
Oral potentially malignant disorders and oral cavity
cancer, Dermatologic Clinics, 38(4), pp.507-521,
doi: 10.1016/j.det.2020.05.011.

[6]. Tan, Y., Wang, Z., Xu, M., Li, B., Huang, Z.,
Qin, S., Nice, E.C., Tang, J. and Huang, C., 2023,
Oral squamous cell carcinomas: state of the field and
emerging directions, International Journal of Oral
Science, 15(1), p.44, doi:10.1038/s41368-023-
00249-w.

[7]. McCord, C., Kiss, A., Magalhaes, M.A., Leong,
I.T., Jorden, T. and Bradley, G., 2021, Oral
squamous cell carcinoma associated with precursor
lesions, Cancer Prevention Research, 14(9),
pp.873-884, doi:10.1158/1940-6207.CAPR-21-
0047.

[8]. Irani, S., 2022, Diagnostic Strategies for Early
Detection of Oral Squamous Cell Carcinoma: A
Review Article, Avicenna Journal of Dental
Research, 14(3), pp.137-143,
doi:10.34172/ajdr.2022.25.

[9]. Ling, Z., Cheng, B. and Tao, X., 2021,
Epithelial- to- mesenchymal transition in oral
squamous  cell carcinoma: challenges and
opportunities, International Journal of
Cancer, 148(7), pp.1548-1561,
doi:10.1002/ijc.33352.

[10]. Naeem, A., Hu, P., Yang, M., Zhang, J., Liu,
Y., Zhu, W. and Zheng, Q., 2022, Natural products


https://doi.org/10.1016/j.jobcr.2023.09.002

as anticancer agents: Current status and future
perspectives, Molecules, 27(23), p.8367,
doi:10.3390/molecules27238367.

[11]. Caruntu, S., Ciceu, A., Olah, N.K., Don, 1.,
Hermenean, A. and Cotoraci, C., 2020, Thuja

occidentalis  L.(Cupressaceae): Ethnobotany,
phytochemistry and biological activity,
Molecules, 25(22), p.5416,

doi:10.3390/molecules25225416.

[12]. Thakur, M., Sobti, R. and Kaur, T., 2023,
Asian Pacific Journal of Tropical Medicine, Asian
Pacific Journal of Tropical Medicine, 16(4),
doi:10.4103/1995-7645.374353.

[13]. Adhikary, K., 2020, Plant with Beneficial
Properties Thuja occidentalis L.(Cupressaceae)-A
Review, International Journal for Research in
Applied Science & Engineering Technology, 8,
pp.2407-2409, doi:10.22214/ijraset.2020.6387.
[14]. Ghantous, Y., Schussel, J.L. and Brait, M.,
2018, Tobacco and alcohol-induced epigenetic
changes in oral carcinoma, Current Opinion in
Oncology, 30(3), pp.152-158,
doi:10.1097/CC0.0000000000000444.

[15]. Markopoulos, A.K., 2012, Current aspects on
oral squamous cell carcinoma, The Open Dentistry
Journal, 6, p.126,
doi:10.2174/1874210601206010126.

[16]. Devi, P., Dwivedi, R., Sankar, R., Jain, A.,
Gupta, S. and Gupta, S., 2024, Unraveling the
Genetic Web: H-Ras Expression and Mutation in
Oral Squamous Cell Carcinoma—A Systematic
Review, Head and Neck Pathology, 18(1), p.21,
d0i:10.1007/s12105-024-01623-8.

[17]. Krishna, A., Singh, S., Singh, V., Kumar, V.,
Singh, U.S. and Sankhwar, S.N., 2018, Does
Harvey-Ras gene expression lead to oral squamous
cell carcinoma? A clinicopathological aspect,
Journal of Oral and Maxillofacial Pathology, 22(1),
pp.65-72, doi:10.4103/jomfp.JOMFP_246_17.
[18]. Gunardi, I., Sufiawati, I., Goenawan, H.,
Herawati, D.M.D., Lesmana, R, and Abdullah,
A.G., 2023, Research Trends in Molecular
Biological Studies on Oral Squamous Cell
Carcinoma: A Bibliometric Analysis, Oncology
Reviews, 17, p.11585, doi:10.3389/0r.2023.11585.

[19]. Misra, J.R. and Irvine, K.D., 2018, The Hippo
signaling network and its biological functions,
Annual Review of Genetics, 52(1), pp.65-87, doi:
10.1146/annurev-genet-120417-031621.

[20]. Mesgari, H., Esmaelian, S., Nasiri, K,
Ghasemzadeh, S., Doroudgar, P. and Payandeh, Z.,
2023, Epigenetic regulation in oral squamous cell
carcinoma microenvironment: A comprehensive
review, Cancers, 15(23),
p.5600,doi:10.3390/cancers15235600.

[21]. Kim, S.Y., Han, Y.K., Song, J.M., Lee, C.H.,
Kang, K., Yi, J.M. and Park, H.R., 2019, Aberrantly
hypermethylated tumor suppressor genes were
identified in oral squamous cell carcinoma (OSCC),
Clinical Epigenetics, 11, pp.1-12,
doi:10.1186/s13148-019-0715-0.

[22]. Qiao, B., Li, S., Wang, D. and Wu, D., 2022,
Genetics and Molecular Mechanisms of Oral and
Esophageal Squamous Cell Carcinoma, Frontiers in
Oncology, 12, p.874353,
doi:10.3389/fonc.2022.874353.

[23]. Mastronikolis, N.S., Kyrodimos, E.,
Piperigkou, Z., Spyropoulou, D., Delides, A,
Giotakis, E., Alexopoulou, M., Bakalis, N.A. and
Karamanos, N.K., 2024, Matrix- based molecular
mechanisms, targeting and diagnostics in oral
squamous  cell ~carcinoma, [IUBMB Life,
d0i:10.1002/iub.2803.

[24]. Bharti, K., Sharma, M., Vyas, G.K. and
Sharma, S., 2022, A review on phytochemical
pharmacological and biological activities of thuja
occidentalis, Asian Journal of Pharmaceutical
Research and Development, 10(2), pp.111-115.
doi:10.22270/ajprd.v10i2.1105.

[25]. Naser, B., Bodinet, C., Tegtmeier, M. and
Lindequist, U., 2005, Thuja occidentalis (Arbor
vitae): a review of its pharmaceutical,
pharmacological and clinical properties, Evidence-
Based Complementary and Alternative
Medicine, 2(1), pp.69-78,
doi:10.1093/ecam/neh065.

[26]. Hovav, A.H. and Wilensky, A., 2024, The role
of the epithelial sentinels, Langerhans cells and yo6T
cells, in oral squamous cell carcinoma,
Periodontology 2000, doi:10.1111/prd.12544.



[27]. Wei, X.Y., Tan, Y.Q. and Zhou, G., 2024, v
T cells in oral diseases, Inflammation
Research, 73(5), pp.867-876, doi:10.1007/s00011-
024-01870-z.

[28]. Liang, S.B., Zhang, Y.Y., Shen, C., Liang,
C.H., Lai, B.Y., Dai, N., Li, Y.Q., Tian, Z.Y.,
Zhang, X.W., Jiang, Y. and Xiong, M., 2021,
Chinese herbal medicine used with or without
conventional Western therapy for COVID-19: an
evidence review of clinical studies, Frontiers in
Pharmacology, 11, p.583450, doi:
10.3389/fphar.2020.583450.

[29]. Chan, K.F., Duarte, J.D.G., Ostrouska, S. and
Behren, A., 2022, y& T cells in the tumor
microenvironment—Interactions with other
immune cells, Frontiers in Immunology, 13,
p.894315, doi:10.3389/fimmu.2022.894315.

[30]. zhou, Y., Liu, J.Q., Zhou, Z.H., Lv, X.T,,
Chen, Y.Q., Sun, L.Q. and Chen, F.X., 2016,
Enhancement of CD3AK cell proliferation and
killing ability by a-thujone, International
Immunopharmacology, 30, pp.57-61,
d0i:10.1016/j.intimp.2015.11.027.

[31]. Sunila, E.S., Hamsa, T.P. and Kuttan, G., 2011,
Effect of Thuja occidentalis and its polysaccharide
on cell-mediated immune responses and cytokine
levels of metastatic tumor-bearing animals,
Pharmaceutical Biology, 49(10), pp.1065-1073,
doi:10.3109/13880209.2011.565351.

[32]. Biswas, R., Mandal, S.K., Dutta, S.,
Bhattacharyya, S.S., Boujedaini, N. and Khuda-
Bukhsh, A.R., 2011, Thujone- rich fraction of Thuja
occidentalis demonstrates major anti- cancer
potentials: Evidences from in vitro studies on A375
cells, Evidence- Based Complementary and
Alternative Medicine, 2011(1), p.568148.
doi:10.1093/ecam/neq042.

[33] Saha, S., Bhattacharjee, P., Mukherjee, S.,
Mazumdar, M., Chakraborty, S., Khurana, A,
Nayak, D., Manchanda, R., Chakrabarty, R., Das, T.
and Sa, G., 2014, Contribution of the ROS-p53
feedback loop in thuja-induced apoptosis of
mammary epithelial carcinoma cells, Oncology
Reports, 31(4), pp.1589-1598.
doi:10.3892/0r.2014.2993.

[34] Pudetek, M., Catapano, J., Kochanowski, P.,
Mrowiec, K., Janik-Olchawa, N., Czyz, J. and
Ryszawy, D., 2019, Therapeutic potential of
monoterpene o-thujone, the main compound of
Thuja occidentalis L. essential oil, against malignant
glioblastoma  multiforme  cells in  vitro,
Fitoterapia, 134, pp.172-
181.doi:10.1016/j.fitote.2019.02.020.

[35] Renu, K., 2024. A molecular viewpoint of the
intricate relationships among HNSCC, HPV
infections, and the oral microbiota
dysbiosis. Journal of Stomatology, Oral and
Maxillofacial Surgery, p.102134.

[36] Chang, L.C., Song, L.L., Park, E.J., Luyengi,
L., Lee, K.J., Farnsworth, N.R., Pezzuto, J.M. and
Kinghorn, A.D., 2000, Bioactive Constituents of
Thuja o ccidentalis. Journal  of  Natural
Products, 63(9), pp.1235-1238,
d0i:10.1021/np0001575.

[37] Bagot, J.L., 2020, How to prescribe Thuja
occidentalis in oncology? Analysis of the literature,
study of practices and personal experience, La
Revue d'Homéopathie, 11(3), pp.e26-e32,
doi:10.1016/j.revhom.2020.07.001.

[38] Kaarthikeyan, G., Jayakumar, N.D. and
Sivakumar, D., 2019. Comparative Evaluation of
Bone Formation between PRF and Blood Clot
Alone as the Sole Sinus-Filling Material in
Maxillary Sinus Augmentation with the Implant as
a Tent Pole: A Randomized Split-Mouth
Study. Journal of long-term effects of medical
implants, 29(2).

[39] Kavarthapu, A. and Malaiappan, S., 2019.
Comparative evaluation of demineralized bone
matrix and type Il collagen membrane versus
eggshell powder as a graft material and membrane
in rat model. Indian Journal of Dental
Research, 30(6), pp.877-880.

[40] Manchery, N., John, J., Nagappan, N., Subbiah,
G.K. and Premnath, P., 2019. Remineralization
potential of dentifrice containing
nanohydroxyapatite on artificial carious lesions of
enamel: A comparative: in vitro: study. Dental
research journal, 16(5), pp.310-317.


https://sciwheel.com/work/bibliography/15866017
https://sciwheel.com/work/bibliography/15866017
https://sciwheel.com/work/bibliography/15866017
https://sciwheel.com/work/bibliography/15866017
https://sciwheel.com/work/bibliography/15866017
https://sciwheel.com/work/bibliography/16598375
https://sciwheel.com/work/bibliography/16598375
https://sciwheel.com/work/bibliography/16598375
https://sciwheel.com/work/bibliography/16598375
https://sciwheel.com/work/bibliography/16598375
https://sciwheel.com/work/bibliography/16598375

