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The concept of nanotechnology revolves around the delivery of nano particle incorporated drugs which are originally engineered technology. Nanoparticles are used for targeted delivery and controlled release of a curative agents. Nanotechnology is gaining
importance and is likely to be routine element of regular dental clinics. Nanomaterials
are being incorporated in toothpastes, mouth rinses for improved efficiencies. It has
found its use in restorative dental materials, anti-cariogenic enamel surface polishing
agents, implant materials, etc. Few nanoparticles possess antimicrobial propertiesand
intercepts bacterial activity. Nano dentistry is cost-effectiveness and timesaving compared to other techniques. Nano particles have also been beneficial to annihilate drug
resistance, prevention of metastasis or lesion recurrence by earmarking malignant
stem cells. Remarkable achievements were made in using nanoparticles for detecting
and treating multiple variety of malignancies including colon cancer, prostate cancer,
lung cancer, breast cancer, head and neck cancer, etc. This review was made to highlight the various clinical applications of nanotechnology in the diagnosis and curative
care for oral cancer.

Introduction

Types of Nanoparticles

Since time immemorial, the word “nano” has improved its
applications and has made way into the world’s daily performances. It has fabricated assumption about the tremulous shift in various aspects of engineering and medical
sciences. This is a Greek word meaning “dwarf.” A nanometer (nm) measures one thousand millionth of a meter.1
The American Chemical Society defined nanotechnology as
the design (at the atomic, molecule, and supra molecular levels) characterization, production, and utilization of constitutions, equipment, and systems by controlling shape and size
at a nanometer scale.2

➤ Nanosuspensions are colloidal dispersions of nano-sized
drug particles that are produced and synthesized by a
suitable stabilizer. The size ranges from 30 to 100 nm.
➤ Nanoparticles (NPs) are of two types namely, nanospheres
and nanocapsules.
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◦ Nanospheres are polymer matrices in which the drug is
dissolved and dispersed.
◦ Nanocapsules consist of polymer walls entrapping oil in
the core where the drug is diffused. They have advantages of improved efficiency, reduction in toxicity levels,
improved distribution, and observance.3
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The different categories of NP include polymeric, solid
lipid, magnetic, nanopores, quantum dots, polymeric
micelles, ceramic NPs, nanowires, liposomes, dendrimers,
nanoshells coated with gold, and ferrofluids.
NPs operate on innate immune systems and activate anticancer immune reaction. Innate immunity helps in maintaining the integrity of the body, by detecting and eliminating
damaged cells, proteins, and immediate defense against foreign invading agents. Interaction of NPs with monocytes and
macrophages has been widely studied in a range of cellular models in vitro and in vivo experimental animals. This
depends on the route of entry into the body and on the consequent “coating” of the reactive NP surface with microenvironmental proteins. The ability of NPs to adsorb different
types of molecules in a particular tissue microenvironment
makes a huge difference in innate immunity to recognize
them as foreign entities and to mount an inflammatory
response.4,5

Properties of Nanoparticles
Three layers are present in the NPs: the core, the surface
layer, and the shell layer. Surface layer consists of metal
ions, surfactants, and polymers. There are metallic NPs, nonmetal, ceramic, lipid, polymeric, and semiconductor NPs. The
properties vary according to the available sizes and type of
material.6
Super hard NPs are those which are sized below 50 nm.
The malleability and ductility also vary. Magnetic materials
show super para magnetism properties in some while quantum confinement Q-particles and surface plasmon resonance
in some. Some show solar radiation in photovoltaic cells and
enhanced diffusion at elevated temperatures owing to high
surface area to volume ratio. Improved image resolution
and contrast is another property of NPs because the NPs at
approximating infrared wavelengths initiate localized surface plasmon resonances.7

Applications of Nanotechnology
NPs are used in targeted drug delivery and the controlled
release of curative agents and the entire system of nanotechnology is an engineered technology with multiple applications. Recent and newer materials could be fabricated to
impersonate the human bone crystal mineral structure and
could also be used as dental restorative resin. Nanomaterials
have been used in dentifrices and mouth rinses for improved
oral healthcare. They are also used as dental adhesives, anticariogenic enamel polishing agent, and implant materials
much more successfully than the conventional materials.
They act as antimicrobial agents by preventing bacterial proliferation. Various nanosized carriers are efficiently involved
in improving pharmacokinetics and accumulation reduces
the adverse effect of antibiotics. The NPs are retained in our
body for a longer time for achieving sustained therapeutic
effects.8 Commercial applications have tailored gold NPs as
tools to detect targeted sequences of nucleic acids that are
clinically scrutinized as potential curatives for malignant
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conditions along with other diseases9 and to diagnose and
follow up oral malignant conditions.10

Advantages of Nanotechnology
➤ Cost-effectiveness, appropriate time management,
reduced patient anxiety as it is noninvasive.
➤ Biocompatible, easily synthesized, and has the potential to
reach specific target molecules.
➤ Reduction in drug resistance, tumor recurrence, and
metastasis prevention.
With increased dependency on the evidence-based-medicine, reviewing literature pertaining to diagnostic and
therapeutic improvements in the application of nanotechnology is gaining importance. Thus, the aim of this literature review is to critically appraise the various researches
that have been reported around the globe over the past few
decades.3,11

Disadvantage of Nanotechnology
There are certain health effects of NPs that should be considered. Various levels of toxicity have been reported for various nanomaterials. Toxicity of ferric NPs has been reported.
There are reports showing prevalence of cardiovascular disease with the increased presence of particular matter in the
air. Some of the NPs have been reported to cross blood–brain
barrier, thereby challenging its application in the field of
drug delivery.11

Background
Maxillofacial malignancies (oral cavity and oropharynx) are
the sixth most common type of cancer globally. It invades
local tissue, metastasizes, and has a high mortality rate.
Although there have been improvements in the medical
therapeutics, not much improvement in the survival rate has
been observed over the past two decades. Oral cancer is often
diagnosed at progressed stages when the malignant cells
become aggressive and immune to curative medications. In
India, five lives are lost hourly to oral cancer. The prevalence
is higher in males as compared with females. Oral cancer
incidence is 8.4 times higher in patients with smoking and
tobacco chewing habits.12
Preventive measures are on a rise to restrict the increasing incidence and mortality of oral cancer. The prognosis of
malignant lesions is dependent on the time of detection. Use
of nanodetection systems is increasing, and has emerged as
potential noninvasive systems bringing the detection sensitivity of biomarkers to nanoscale.13 Early diagnosis of potentially malignant oral disorders like leucoplakia, discoid lupus
erythematosus, erythroplakia, actinic keratosis, oral lichen
planus, and oral submucous fibrosis would help in improving
the prognosis of the lesion.14
Thus, recent diagnostic methods should be researched on
with better clinical benefits that would accurately predict
the risk of oral potentially malignant disorders, malignant
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transformation, diagnose oral cancer based on molecular targeting, provide ultrasensitive diagnosis strategies at
nanoscale, created real-time markings for the extent of surgical resection margins, and evaluate oral cancer prognosis in
an expedient way posttreatment.

Methodology
Article Selection for the Review

Original studies and review articles related to nanotechnology, history of development, clinical implications of nanotechnology in oral cancer prevention, and therapeutics
published between 1990 and 2020 were considered for the
study. A total of 200 articles were searched using various
databases: SCOPUS, PUBMED, PUBMED CENTRAL, MEDLINE,
and WEB OF SCIENCE database.

Nanotechnology-Based Therapeutic
Approaches in the Treatment of Oral
Carcinoma
1.
2.
3.
4.
5.

Photodynamic therapy (PDT)
Stem cell therapy
Nanotechnology-based radiation immunotherapy
Ultrasound nanotheranostics
Drug-delivery systems based on nanotechnology in oral
cancer therapy

Photodynamic Therapy
Ceron Jayme et al developed DNA polymer films (PFs), which
she used as a drug delivery method for treating oral carcinoma. DNA-PFs integrated with a photoactive compound:
chlorine aluminum phthalocyanine (DNA-PFs-AlClPc) were
used to cram the growth prototype of oral squamous cell carcinoma (OSCC) cells. The cell viability was measured using
flow cytometry post-application of DNA-PFs-AlClPc during
PDT. A positive response was noted toward photostimulation
with the light dosage including 300, 600, and 1200 mJ/cm2.
Reduced viability (30% at the highest dose [1200 mJ/cm2])
and increased apoptosis were noted with escalating doses
as compared with controls. Apoptosis was the main mechanism of cell death. This system recommends the application
of DNA-PFs-AlClPc as a drug delivery system for active molecules in treating pathologies. This also indicates the potency
of using nanostructure in novel ways to treat malignancies.
DNA nanostructured films could also be made to use as a
“curative material.”15
Eka-Putra et al conducted a study using PDT mixed to
lipid platinum chloride NPs to inhibit the multiplication
of OSCC. Lipid-platinum-chloride nanoparticles (LPC NPS)
were formed by encapsulating cisplatin (CDDP) into liposomes and anticancer effects in lesions like: liver cancer,
bladder and melanoma models. A xenograft model of OSCC
was used to revise the therapeutic effect of PDT+LPC and a
significant decrease in the lesion volume was noted (~112%).
Minimal side effects were noted in PDT+LPC or LPC treatment. PDT+LPC protracted inhibition of the growth of tumor
Indian Journal of Medical and Paediatric Oncology
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cells that resulted in minimal chemotherapy curatives.
A potential synergistic activity of chemotherapeutic efficacy
resulted.16
Zhu et al put forward a proposal where he used
ferroptosis-promoted PDT based on biochemical characteristics of cellular ferroptosis, which resulted in enhanced
PDT efficacy due to them by generation of reactive oxygen
species and O2 feasibly via Fenton reaction.17 Xue at al developed Trojan-Horse nanoparticle (pPhD NP) that was in dual
size/charge—transformable for delivering ultra-small, fully
active pharmaceutical ingredients nanotheranostics with
incorporated dual-modal imaging and trimodal therapeutic
activities.18 Gupta et al reported the multitasking potencies
of Ag-embedded ZnO nanocomposites (Ag-ZnO NCs). The
improved photocatalytic and antibacterial activity of Ag-ZnO
NCs is because of Ag NC anchorage onto ZnO along with
minor substitution of Ag ions in the lattice of ZnO.
Number of studies have reported that Ag5-ZnO NCs
destroys oral carcinoma cells under visible light irradiation, by working as photosensitizers toward PDT of malignancy due to the outstanding photocatalytic activity.19 Chu
et al used both the photothermal and photodynamic inactivation of cancer cells using surface plasmon resonance of
Au nanoring.20

Stem Cell Therapy
Studies have established stem cell markers to cooperate a
prominent role in improving the efficiency of chemotherapy and as a salient agent for targeted anticancer therapy.
The efficiency of targeted cell therapy directs the need to
investigate for novel biomarkers in rare orofacial cancers
including oral malignancies and salivary gland malignancies
and to detect the commonest malignant stem cell markers
potent as indicators for premalignant lesions, progression,
and the treatment of the malignant lesions. Stem cell markers are gene expression agents that are exceptionally related
to stem cells. The distinctive stem cell markers are suggestive
of being components of a core regulatory system in embryological mechanisms that are superintended for self-renewal,
maintaining an undifferentiated state, and reorganizing adult
cells. Similarly, the cancer stem cells (CSCs) present in the
oral cavity cancer articulate couple of these core regulatory
network proteins.
There are various techniques to isolate the CSCs and identify stemness related genes include:
• Flow cytometry
• Sphere formation-based techniques
• Side population cells21
The stemness-related markers include:
• C OCT4
• NANOG
• SOX2
Stem cells' surface markers include:
• CD44
• CD133
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ALDH
CD117
CD24
CD147
Musahi-1
c-MET
BMI1
LGR5
Renin-angiotensin markers22

CSCs are measured as significant targets for cancer therapy. Ma et al and Benezra et al coated CSCs with polyethylene
glycol (PEG). Their size (< 10 nm) provided better biodistribution in a melanoma model and a prominent brightness
was achieved by using NP-infused fluorescent dye. Pan et al
proved that magnetic NPs are a suitable magnetic resonance
imaging agent as they respond well to external magnetic
fields.
Vitamin C donates electron and indulges in various biochemical activities in stem cell, synthesis of collagen, and in
regulating hypoxia-inducible factor synthesis, affecting extracellular matrix remodeling and metastasis. Metered vitamin
C dosages inhibit glycolysis of malignant cells and wedges
synthesis of nitroso compounds indicating the impending of
vitamin C in cancer therapy. Studies revealed vitamin C to
enhance cancer's immune response to anti-PD-L1 treatment
through various indirect methods.23

Nanotechnology-Based Radiation
Immunotherapy
Localized radiotherapeutic techniques could utilize α NPs
in targeting tumor cells, which could help in identifying
epitopes to improve immune responses. Min et al at North
Carolina University reexperimented with a melanoma model
with absolutely no cure. They used NPs that captured antigen
to deliver tumor-specific epitopes toward antigen-presenting
cells. An improved T cell response with a cure rate of 20%
resulted after delivering them to the lymphocytes.
Lower growth rates were observed in the cells present
in the center of the spheroid due to hypoxia (usually compensated by angiogenesis) and reduced exposure to growth
factors. Tumor geometry is important to nanotechnology
in delivering antigenic NPs and for local treatment effects
of NPs, including radioactive AuNPor from Au NP used in
hyperthermia.

Ultrasound Nanotheranostics
Ultrasound imaging and therapy are growing in demand in
present times with the use of various organic nanomaterials like acoustic protein nanostructures,24 polymer-based
nanomaterials,25 porphyrin- and cyanine-based dyes,26,27 and
inorganic nanomaterials including carbon-based nanomaterials,28 metallic nanomaterials,29 and perfluorocarbon (PFC)
nanodroplets.30 NPs enhance precision ultrasound imaging, including TME responsive ultrasound imaging, photoacoustic imaging, and phase-change imaging. It also plays
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a synergistic role in ultrasound therapy, in sonodynamic
therapy (SDT),31 high intensity focused ultrasound (HIFU)
ablation,32 and on-demand drug release controlled by
ultrasound.33
Cancer treatment today includes newer, noninvasive,
deeper tissue-penetration, and promising therapeutic techniques such as SDT. It activates sonosensitizers to produce
huge amounts of high energy oxygen-containing molecules thereby inducing necrosis or cancer cell death under
low-intensity ultrasound irradiation.34,35 The inorganic semiconductor TiO2 NPs can be efficiently used in SDT because it
can penetrate deep into tissues thereby achieving a satisfactory therapeutic outcome.36
HIFU ablation efficiency is increased by using multifunctional silica nanocapsules with coencapsulated superparamagnetic magnetite NPs and liquid PFC simultaneously
improved cancer diagnostic efficacy.37 Mesoporous silica materials are used for ultrasound-assisted drug delivery due to its high loading capacity, robustness, suitability
for surface modification, and biocompatibility.38 Newer
developments include phase-changeable, folate-targeted
perfluoro hexane (PFH) nanodroplets which are infused
with 10-hydroxycamptothecin (HCPT) and superparamagnetic iron oxide (Fe3O4) (designed as FA-HCPT-Fe3O4-PFP)
for tumor-targeted curatives.39 Ultrasound-enhanced immunotherapy is a promising and effective therapeutic approach
for cancer.40

Nanotechnology-Based Drug-Delivery
Systems in Oral Cancer Therapy
Polymer-based, lipid-based, and metal-based nanocarriers
are few of the preclinical models of NPs that have been enveloped to evaluate the treatment of oral cancer. PH-sensitive
PDPA (poly (2-[methacryloyloxy] ethyl phosphorylcholine)
and PMPC (poly [2-diisopropylamino] ethyl methacrylate) polymersomes were used to summarize and distribute chemotherapeutic agent to the tumor cells to study the
improved collective anticancer therapy. PMPC-PDPA polymersomes increase the cytotoxic effect of chemotherapeutic
agents when they encapsulate Dox and paclitaxel for either
individual or combined drug-delivery systems.41
Endo et al used cisplatin to evaluate the safety and usefulness of loaded polymeric nanomicelles (NC-6004) in
OSCC therapeutics. In OSCC therapeutics, polymeric nanomicelles developed by conjugating Dox, and an autophagy
inhibitor, LY294002 (LY) exposed that LY-loaded HPAH-DOX
nanomicelles repressed tumor-cell proliferation in a synergistic manner.42 Gold–silica nanoshells infused with
anti-HER2 nanobodies when applied as photothermal
therapy (PTT) were found to be a potential OSCC therapeutic technique. Dox-loaded nanocarriers in the structure of
silica-coated gold nanoflowers used in combination with
near-infrared PTT in human tongue SCC Cal27 cells induced
rapid drug release.43 DOX–methotrexate NP systems were
able to decrease expression levels significantly for vascular
endothelial growth factor C (VEGF-C) in addition to promoting apoptosis. Chitosan NPs loaded with cupreous complexes
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provide promising results in the in vivo mouse model of KB
tumor.44
Natural compounds possessing proapoptotic effects like
ellagic acid, curcumin, and phenolic antioxidants loaded
on chitosan biopolymeric nanocarrier could be used in
oral cancer therapeutics.45,46 The biodegradable polymer
poly(lactic-co-glycolic acid)–PEG is utilized for creating polymeric self-assembled NPs because of its high cellular uptake
and superior apoptosis properties on oral cancer cells.47
Nanodelivery of RNA could serve as a promising oral cancer
therapeutic procedure.
Imai et al in his study reported that HIF1 decoy oligodeoxynucleotides caused hypoxia-mediated expression of
VEGF in tumor angiogenesis.48 NPs present in the proliferating basal layer help in the local delivery of chemotherapeutic agents.49 HIF1α siRNA combined to anis amide-targeted
lipid–calcium–phosphate NPs and combined PDT-PTT therapy is an emerging treatment approach for oral cancer that
uses rose Bengal-conjugated graphene nanoribbons specific
to oral cells.50
Scientists have been targeting boron neutron-capture
therapy with the use of nanocarriers for selectively building
tumor-targeting compounds including boron and neutron
irradiation.51 Tongue carcinoma patients were benefitted
from the association of ultrasound and bubble liposome
that introduced plasmid into the tongue tissue.52 64Cu liposomes added to head and neck squamous cell carcinoma
visualization have been efficient in the early diagnosis and
staging of oral cancer also.53 Naringenin-loaded NPs possess
an antitumor effect for the chemopreventive strategy for
OSCC. Graphene NPs-coated cetuximab showed enhanced
survival and reduced tumor size in an in vivo model due to
prominent radiation absorption.54 NPs get accumulated in
the internal organs commonly and elimination is a difficult
task.55
The biological effectiveness of epigallocatechin gallate
(EGCG) was improved due to induced apoptosis and reduction in angiogenesis by 10-fold. Using EGCG was beneficial in
nanochemo-prevention when used as a sustained bioactive
food release.56 Prabhu et al generated an aspirin, curcumin,
and sulforaphane (ACS) combination in solid-liquid nanoparticles that were used to perform multimodal targeting of
pancreatic cancer. It was observed that nanoencapsulated
ACS regimens reduced tumor incidence by as high as 75% at
doses 10 times lower than free drug combinations.57
In the near future, NPs-mediated drug delivery of RNAi in
the diagnosis and cure of HPV as an increased risk factor for
cervical or oral malignancies could prosper. Improvement in
nanoencapsulation methods could enhance the RNAi release
or anti-inflammatory agents. Eventually, it is our responsibility to import the best efforts in prevention and best utilize
nanotechnology.

Conclusion
Nanotechnology is gaining recognition in its application
in diagnostics of oral cancer. It could be used in various
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combinations in the therapeutics aspects of oral cancer also.
The changing trends of diseases and improvements in science and technology have led the world to look toward various alternatives including nanotechnology and its increasing
applicative sensitivity toward diagnosis and treatment of oral
malignancies.
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