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Nanotechnology is indisputably a scientific technique that offers the prospect of new
therapies, and hope, for the treatment of malignant illnesses. It is a novel technology
that offers new approaches for the diagnosis and management of diverse diseases.
Although the discovery of Quantum dots (QD) nano-transporters has already led to a
few positive developments, QD nano-transporters are still at their initial stage, though have
yet proven valuable to society. The excertion of QD indicates conversion in natural imaging
along with photograph have established incredible suitability in bio-imaging, new drug
development, targeted gene deliverance, biosensing, photodynamic treatment as well as
diagnosis. The present review aimed to confer the significance of QD in diagnosis as well as
in management of cancer. This review aims to impart fundamental insight as well as
conception of QD its merits, properties, utilization as well as mode of action. This review
highlight of different designing schemes of QD like hydrothermal, drop-casting, ultrasonic,
solvothermal, spin-coating, atomic layer desorption, layer by layer, polymethylmethacrylate
aided-transfer, electrochemical, ion beam sputtering deposition. Moreover, we have
elaborated on the diverse researches related to cytotoxic examination to reveal that QDs
are harmless. Concisely, the present review summarizes the fabrication schemes, current
research and utilization of QD in cancer treatment.

Keywords: quantum dots, drug resistance, nano carriers, cancer, chemotherapy, diagnostic

INTRODUCTION

The nanoparticle is a fast-growing sector of nanotechnology that offers new possibilities for disease
detection and therapy. In the diagnosis of malignancy, tluorescent nanoparticles can be utilized to
create diverse profiles of tumor biomarkers, and the availability of several genes and RNA segments
by using fluorescent in situ hybridization (Kumar et al, 2009). QD nanoparticles act as
semiconductors and are useful for depicting cells and live creatures in fluorescent form (Gao
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et al,, 2005). Depending on their composition and size, they can
be a good source of light spanning from UV to IR. In the crystal
core of a QD, there are around 100-100,000 atoms (Chen and
Liang, 2020). The typical size of a QD is between 2 and —10 nm in
diameter. The substance employed to manufacture Quantum
dots, on the other hand, is responsible for the dimensions of
the QD (Chen et al., 2020; Das et al., 2020).

The Bohr range is dependent on the substance (for example,
36 nm for InAs, 0.7 nm for CuCl), and hence there is no logical
line to draw when deciding whether a nanoparticle is a Quantum
Dot or not based only on its size. Quantum dots can be made out
of metals or semiconductor materials (Ni, Co., Pt, and Au)
(Rajamani et al, 2010; Tope et al, 2014). Aside from that,
some research with metalloid Quantum dots, such as silicon,
has been carried out (Ronak et al., 2011; Ye et al., 2014; Midha
et al, 2015). Due to their tiny size, quantum dots behave
differently than bulk solids due to quantum-control
phenomena that are accountable for their very appealing
characteristics.  Quantization effects in semiconductor
structures can be split into three classes based on whether
charge transporters are limited in one, many, or all
measurements. Due to one-way confinement, two-dimensional
(2-D) structures are also known as quantum films/wells.
Transporter confinement in two ways generates
dimensional (1D) quantum wires and confinement in three
measures provides quantum dots or quantum boxes, which are
zero-dimensional ~ (0D)  objects where electrons are
commonly held.

The use of QDs heralds a shift in natural bioimaging; their
photographic qualities broaden their scope, and they have shown
to be extremely useful in bio-imaging, drug research, and
diagnostics (Rajamani et al, 2010). The electrochemical
position of DNA or proteins is commonly referred to as
quantum dots (Tope et al,, 2014).

QDs fabricated with various legends or anticancer agents/
genes to simultaneously image tumor cells, malignant growth
therapy wvia specific authoritative to receptors over-
communicated on tumor cells and tissue surface can vastly
enlarge fluorescence bioimaging and target deliverance
proficiency (Ronak et al., 2011; Ye et al,, 2014).

There is a great significance of QDs in the treatment and
diagnosis of many malignancies: Apart from the benefits, this
study discusses the features, mechanism of action, different
schemes of QDs, function of QDs in early diagnosis, tumor
imaging (in vitro and in vivo), targeted drug administration,
photodynamic therapy, and so on. In addition, cytotoxicity
studies of QDs in cancer therapy are being pursued.

In this review, we aim to discuss the significance of Quantum
dots for the treatment and diagnosis of cancer. This review
intends to provide basic insight and understanding of
Quantum dots with their advantages, properties, mechanism
of action, and design strategies. Later, we elaborate on
applications of QDs such as early cancer diagnosis, in vitro
and in vivo tumor imaging, targeted gene delivery,
photodynamic therapy, diagnostics and imaging, and many
others. Cytotoxicity experiments related to QDs utility for the
treatment of cancer are highlighted in this review.

one-

Quantum Dots Approach in Cancer Therapy

Properties of Quantum Dots
Quantum dots are made from an extremely small metal particle

that is about a thousand times smaller than a hair. These are
shaped into a variety of forms and covered in a variety of
biomaterials. In UV light, these dots glow, and the shade of
Quantum dots is limited by their size. For example, QD (2 nm)
fluoresced clearly in green, whereas had redfluorescence.
Fluorescent quantum dots are mostly made up of chemicals
ranging from group II to VI and III to V, such as Cd, Hg, Se,
Ag,Ln, P, Pb, Te, and Zn. When the size of quantum dots shrinks,
the frequency they create becomes more restricted. They have a
precise discharge frequency, thus their spectra do not reveal a
variety of fluorescence radiations (Bentolila et al., 2009; Midha
et al., 2015; Zhao and Zhu, 2016).

Furthermore, as molecular network and community analysis
indicates, among 499 compounds, 212 possess PEG, benzene,
glucose-linked structures. Photo-induced OH™ and alkyl radicals
are important for Carbon QD(CQDs) degeneration may be
affected through temperature, wavelength, and pH, as well as
light intensity. = Marketed CQDs reveal analogous
photodegradation and cytotoxicity profiles, representing that
photodegradation-influenced ~ cytotoxicity  is  probably
characteristic of CQDs irrespective of their chemical
composition. Research findings highlighted the vital function
of light in CD cytocompatibility (Li et al., 2021).

CQDs are essentially non-cytotoxic, making them suitable for
various therapeutic applications. However, most cytotoxicity
investigations performed to date have been carried out in
dark. CQDs may also be used in bioimaging, photovoltaic
cells, photocatalysis, light-emitting diodes, etc in presence of
light. Moreover, CQDs are photosensitive; research findings
reveal that CQDs create nascent oxygen radicals, injurious to
bacteria, yeasts, etc. Despite its photoactivity, it is unclear whether
CQDs split up in presence of light and result in the degradation of
human cells (Midha et al., 2015).

Advantages of Quantum Dots
QDs have a higher potential to degrade than conventional optical
imaging tests, allowing them to track cell measurements for a
longer time and give fresh information on subatomic
collaborations (Ganguly et al, 2020; Shou et al, 2021).
Because QDs are nanoclusters, they provide excellent contrast
when imaging with an electron magnifying lens when dispersion
improves. Size-tunable discharge is demonstrated by QD (from
UV to IR). When compared to traditional hues, fluorescence lasts
a long time. With several paths in biotechnology and biological
sciences, QD has increased ocular mobility. Because of their small
size, quantum dots may be infused into a variety of situations,
including fluid combinations, textures, and polymer frameworks
(Madani et al., 2016).

The purpose of QD-based fluorescence testing is to avoid the
various drawbacks of natural color-based fluorophores, and they
have specific preferences, for example:

Photostability — When QD is exposed to light for more than
1 h, it produces constant excitation that is more stable than
traditional colors.
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FIGURE 1 | Schematic representation of simple Quantum dot assembly.
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Ratio of signal-to-noise— QDs can be easily energized using
excitation sources that are many nanometers away from
outflow frequency, which improves the sign-to-sound ratio
in a variety of applications (Kang et al., 2020).

Restricted emission - Multiplexing tests are made possible by
very tight, symmetric discharges. At lower frequencies, they
produce strong fluorescence with a larger excitation co-
proficient.

Fluorescence lifetimes - With significantly longer fluorescence
lifetimes, they are extremely photo-graph safe (Iravani and
Varma, 2020).

A single excitation source is possible - Almost every quantum
point may be stimulated with the same source. For stimulation,
more restricted frequency light sources, especially blue or UV,
can be used.

Effectively sensitive - QDs have broad excitation spectra,
allowing them to be used with existing excitation sources
and making image shaping easier. The size of the quantum
dots has a big impact on the recurrence of QD discharges. It is
available in various wavelengths such as 520 nm (Adirondack
green), 600 nm (Fort orange), 620 nm (Maple red-orange),
and 680 nm (Maple red-orange) (Mukherjee and Das, 2011).

Fabrication of Functional Quantum Dots
QDs should be combined with particles that can help differentiate
the goal. Surface changes can also help to lessen unfocused
binding, reduce buildup and aggregation, and make it easier to
obtain a clear objective picture and delivery (Aswathy et al., 2010;
Jin et al., 2011; Madani et al., 2016).

Diverse limits should be considered, and a few built-up
techniques may be selected in designing the primary QD for
malignant growth analysis and concentrate on conveyance

(disease therapy) (Figure 1). The main boundaries for their
fabrication are following:

1) Toxicology

2) Fluorescence qualities, such as quantum yield, ingestion cross-
section, lifespan, and opposition

3) The ability to change surface science of QDs fluorescence

4) The specific aim and targets.

The poisonousness of QDs is mostly determined by their
organization and surface science.

STRATEGIES FOR QUANTUM DOTS
PREPARATION

Hydrothermal Approach

The hydrothermal approach is an important method of material.
This approach is for accessible species that can be recrystallized or
split at high air pressure. A few of the interesting points of this
technique are: (I) it may utilize exceptional substances at
lukewarm temperature. (II) The material response rate is faster
in an aqueous cycle eg. warming temp. (80-240°C) for Barium
Carbonate powders in water, in contrast to conventional courses
approx. temp. (1000-1200°C) (Ciftci et al., 2001). Ferric oxide
QD/GR complex (Tong et al, 2017), CdTe QD’S-Titanium
oxide-GR complex (Liu et al, 2014), requires low energy
requirements and basic provisions, SnO, Quantum dots@GO
composite (Zhao et al., 2015), SnO, Quantum dots/GR composite
(Bera et al., 2010), and so on, have lately been orchestrated by the
aqueous strategy. It is mostly employed to synthesize QDs from
green sources because of its simplicity, it is less time consuming,
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requires only mild reaction conditions, and is capable of pilot-
scale production (Wang et al., 2019).

Solvothermal Approach

This method utilizes dissolvable substances comparative to water.
It is a simple and fast method for QD production. Water-
exquisite complexes cannot be incorporated because these
exploit an aqueous approach, normal solvents can be
employed with water, which is a cautious course for preparing
the constantly scattered QDs at the outer surface of graphene
through nucleation (Wang et al., 2020). This is a simple and rapid
method for the preparation of QDs.

Atomic Layer Desorption (ALD) Approach
This is a significant technique for a unique nuclear film with no
restricting reactions. The surface reaction of ALD consequences
self-assembling  characteristics belongs to major ALD
improvement. Shao et al, 2013 mixed ZnO QDs/GR mixture
through the ALD method (Shao et al, 2013). The reaction
involved is:

ZnOH* + Zn(CH2CH3)2/ZHOZH(CH2CH3)* + CH3CH3 (1)
Zn(CH,CH;)* + H,0/ZnOH* + CH;CH; (2)

In the above reactions, * species showed the surface properties.
The zinc oxide nanoparticles were related to expanding the
imperfections and irregulations on a graphene surface of size
approximately 9 nm.

Zinc oxide QDs/GR mixture was used as a photodetector and
is a sandwiched arrangement obtained through turn covering in
conductive polymers. The generated dynamic Quantum dots/GR
composite material achieved high photoresponsivity, inferable
from the synergistic effects brought about by the profoundly
photosensitive ZnO Quantum dots and the higher transporter
flexibility of graphene.

lon Beam Sputtering Deposition (IBSD)
Approach

Recently, one group used a unique approach to create Ge
Quantum dots directly on graphene, SiO,, or Si substrates
using the particle bar faltering testimony (IBSD) method,
paving way for low-cost and broad industrialization of Ge
Quantum dots or GR hybrids (Zhang et al, 2013). Ge
particles were maintained on graphene sheets using this
genuine self-gathering mechanism without the use of natural
or inorganic legends, which is unusual for a synthetic technique.
The entire procedure was carried out in a vacuum. At room
temperature, Ge particles were placed on graphene, SiO,, or Si
substrates for 60, 180, and 300 s at room temperature. In contrast,
the fourth specimen was fabricated at 500°C for 180s. The
interplay of advancement reveals that Ge particles nucleate on
the exterior part of graphene first, and then collect into Ge islands
without exterior aid. The XPS results showed that the Ge-Ge and
Ge-C bonds had pinnacles of 29.2 and 30.7 eV, respectively,
indicating the interfacial contact between Ge Quantum dots and
graphene.

Quantum Dots Approach in Cancer Therapy

The photoluminescence (PL) spectra from Si-based Ge
Quantum dots showed a wide range of radiance top
conditions, which was related to the scarcity of Si-Ge
intermixing and the influence of surface in Ge QDs. The IBSD
technique is seen as beneficial to designing QDs/GR composites
due to the benefits of minimum work and high skill in preparing
outstanding Quantum dots. It is important to note that this
method needs costly professional instruments and has a danger of
being affected by radiation, so this method is not been widely
employed (Zhao et al., 2020).

Drop-Casting Approach

This approach is widely used for planning film/sheets. A few
arrangements are dropped onto the substrate without being
transformed, then heated to remove the water. Using this
technique, a few groups have successfully constructed
Quantum dots/GR composites, such as Carbon dots/ZnS
Quantum dots/GR composite (Zhao et al, 2015), colloidal
ZnO Quantum dots/GR composite (Son et al, 2015), PbS
Quantum dots/GR composite (Liu et al., 2014; Turyanska
et al, 2015), and monster nanocrystal Quantum dots/GR
composite (Auchter et al, 2017), utilizing this technique.
Doping also can improve the quantum vyield of the QDs.
Various dopants such as N, S, and P have been widely
employed for evaluating QDs characteristic features towards
applications (Yi et al., 2019).

Spin-Coating Approach

The spin coating process can also be used for drop-casting. The
distinction is that for turn covering, this interaction needs the
employment of a turning substrate. The pivoting rate and
running duration can effectively restrict the thickness of the
film. Bright (UV) photodetectors based on colloidal ZnO
Quantum dots/GR have been manufactured using the wet turn
covering method (Ick Son et al., 2013). Colloidal ZnO QDs were
combined and put onto graphene fakes, after which composites
were reinforced for a few seconds to ensure that they would stay
dissolvable. The distribution of ZnO QDs on graphene sheets was
uniform. The most recent UV photodetector produced exhibited
a strong photocurrent to dull current ratio (1.1 x 104).

Layer Through Layer Approach

Many crossbreeds have lately been employed for field impact
phototransistors, and the layer-by-layer approach is a strong
mechanism for producing multilayer QDs/GR half-and-half
designs (FEpTs). The light intake layer was quantum dots, and
the charge transfer layer was graphene, resulting in ultrahigh
photoresponsivity. Zhang et al., used a sodden compound
procedure for the PbSe Quantum dots and a CVD method for
the graphene, which was subsequently transported to the
substrate, to create a PbSe Quantum dots or GR hybrid
(Zhang and Zhang, 2016).

Ultrasonic Approach

This is another effective method for arranging Quantum dots or
GR complex materials. The major objective of ultrasonication is
to develop graphene interlayer splitting and provide more strong
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stacking locations for SnO, Quantum dots on the graphene plane.
Furthermore, ultrasonication might prevent graphene stacking.
In the mixing cycle, sonication can be used to provide energy to
disintegration (Peng et al., 2012). Because the long reaction time
of the hydrothermal technique is a typical issue, microwave
technology has evolved into a quick heating method that is
extensively employed in the fabrication of nanomaterials. It
not only reduces reaction time but also boosts the yield of the
final product.

Chen et al., used SnCl, and 2H,0 as precursors to make a
SnO, Quantum dots or GR composite using a simple one-venture
ultrasonic advance (Huang et al., 2015). The SnO, Quantum dots
had a diameter of 4-6 nm, and the integrated Quantum dots were
evenly distributed on both sides of graphene. First, Sn®" particles
of the SnCl, arrangement were electrostatically attracted to
carbonyl and carboxyl groups on GO. Then, ultrasonic
vibrations were employed to create interlayer space that
allowed Sn** to move into the augmented layer, resulting in
GO stacks being excluded and the Sn®" stacking number being
upgraded. Finally, SnO, Quantum dots or GR composites were
attained after calcination. The grid boundaries are visible,
demonstrating that SnO, was cemented completely around the
rutile stage face. The exposed graphene sheets had a solid
diffraction top and the closeness of the SnO, QDs/GR
mixture. SnO, nanoparticles diffraction pinnacles revealed that
the SnO, QDs had solidified all nearby crossings.

Polymethylmethacrylate Aided-Transfer
Strategy

A typical graphene transport medium is polymethylmethacrylate.
The methods may be divided into three steps: (I) production of
polymethylmethacrylate, GR, or substrate in sandwich-form, (II)
removal of scratching arrangement or natural dissolvable from
the substrate, (III) breakage of polymethylmethacrylate in
CH;),CO and elimination of natural dissolvable from the
substrate (Chen et al., 2014).

Electrochemical Strategy

For mixing nano-scale materials with functionalized composites,
electrochemical synthesis has shown to be an effective process.
When compared to other designed tactics, the electrochemical
strategy offers a number of advantages, including mild response
conditions, environmental friendliness, speed, cost viability, and
basic activity. Recently, the electrochemical method has been
widely employed in the combination of Quantum dots and
nanoparticle-loaded graphene. For example, G-Quantum dots
(Tan et al., 2015), N-doped G Quantum dots (Tian et al., 2016),
and N-doped CQDs (Hasan et al., 2019) are designed successfully
with the cell imaging method. They deliver a variety of benefits,
including high vyield, minimal biotoxicity, and a large
amalgamation scope. On the other hand, G Quantum dots are
electrochemically choreographed (Deng et al., 2015). P-doped
G-Quantum dots (Li et al., 2017) indicated high movement for
glucose recognition and free revolutionary searching. They
deliver a variety of benefits, including high quantum yield,
minimal biotoxicity, and a large amalgamation scope.

Quantum Dots Approach in Cancer Therapy

G-Quantum dots, on the other hand, are electrochemically
choreographed (Madhu et al., 2015).

Without the need for complicated and dangerous oxidizing or
reducing chemicals, electrochemical synthesis may be carried out
at ambient temperature. It is a pretty straightforward setup for
effective QD synthesis on a pilot scale. The electrochemical
oxidation approach produces QD solutions with high levels of
stability, but it has the drawback of taking a long time to pre-treat
raw materials and purify QDs products. Furthermore, due to the
low yield of the product, mass manufacturing of QDs is
problematic.

Integrated Functionalities of Quantum Dots

1) Treatment and imaging: QDs can be used as an underlying
platform and a tumor imaging specialist. Small atom anti-
tumor drugs can also be fused into the core of Quantum dots
for targeted therapy of malignant growing tumors.

2) Label for other medication transporters: Due to the lack of
imaging of drug transportation, medication transporters built
of poly(lactic-co-glycolic corrosive) and polyethyleneimine
polymers are ineffective. The use of Quantum dots to label
these transporters can aid in seeing and keeping track of the
drugs delivered via transporters.

3) Protection: Drug transporters are more vulnerable to
biochemical alterations, rendering them useless, and
therefore the tagging of these drug transporters with QDs
renders them photobleaching resistant since the QDs
themselves are photobleaching resistant (Ali et al., 2016).

APPLICATIONS OF QUANTUM DOTS IN
CANCER TREATMENT

Early Diagnosis of Cancer by Quantum Dots
QDs can serve a crucial part in the diagnosis of tumors. The
detection of phase I disorders is associated with a 5-years
endurance rate of more than 90% in the vast majority of
instances due to remedial therapy. Fluorescence naming or
fluorescence imaging technologies are important tools in the
clinical resolution armory. Because of their photochemical
stability and strong fluorescence output, quantum dots are
mostly used to improve fluorescence imaging (Figure 2)
(Dongxiu et al, 2015). QDs are widely employed in
biomedical applications such as studying transport
mechanisms in cells, functional heterogeneity of cells,
diffusion movements of membrane transport proteins, non-
specific labeling for imaging and detection, the contrast of blood
and lymph vessels (including microvessels), diagnosis of
hepatoma in vivo, intracellular delivery, internalization of
QDs by live cells, probes in other bioassays, and many more
(Zhao et al., 2021).

Chung et al., used microwave irradiation to create fluorescent
iron oxide and carbon dots-based nanoparticles for cancer cell
fluorescence imaging and treatment. The use of these QDs as
fluorescent probes in cancer cell lines revealed that they were less
hazardous and allowed for quick and quantitative imaging
(Chung and Zhang, 2021).
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FIGURE 2 | Various applications of Quantum dots in bioimaging and diagnosis.
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Ma et al., designed a fluorescent probe for detecting protein
tyrosine kinase 7 in the peripheral circulation using multi-carbon
dots and an aptamer-based signal amplification ratiometric. As a
result, its presence in the peripheral circulation might help in
cancer diagnosis (Ma et al,, 2021a).

In Vitro Tumor Imaging

Several studies used Quantum dots to develop in vitro fluorescent
images of human malignant cells from melanoma, ovarian,
breast, pancreatic, glioblastoma, ovarian epidermoid, lung,
hepatocellular, and adenocarcinoma cancers.

According to Zhang et al, anti-type-1 insulin-like growth
factor receptor (IGF1R) quantum dots are a viable alternative
for focusing and imaging breast cancer cells. The discovery of
upregulated IGFIR in MCF-7 breast cancer cells using Quantum
dots-hostile to IGFR1 form was crucial in that research. The
epidermal growth factor receptor (EGFR), also known as human
epidermal receptor factor 2 (HER2), is a trans-membrane gp that
belongs to the erbB family of tyrosine kinase receptors. It can bind
to epidermal growth factor (EGF). The Quantum dots-EGF form
may be applied for various malignancy cells fluorescence imaging
since EGFR is over-communicated in many diseases (Zhang et al.,
2009; Kawashima et al., 2010).

For controlling apoptosis and autophagy in BI6F10 melanoma
malignant cells and in vitro imaging, Bajpai et al., employed a
single-step heat treatment to synthesize nitrogen-phosphorous-
doped carbon dots. Researchers assessed various parameters like
cell viability, morphology, fluorescent live-dead cell test,
mitochondrial potential assay, siRNA transfection cellular
bioimaging, and many others to validate its anticancer
potential (Bajpai et al., 2020).

In Vivo Tumor Imaging
One of the most significant ways for in vivo focusing and imaging
is to examine the bio-distribution and pharmacology of the

beneficial Quantum dots. The type and composition of natural
or bioorganic shells of Quantum dots determine their
biocompatibility. Tumor biomarkers are crucial in detecting
and diagnosing cancer at an early stage. If a number of tumor
markers can be found and appropriately differentiated between
carcinogenic and non-carcinogenic cells, biomarker testing might
be useful for cancer screening and analysis (Yang et al., 2011).

Angiogenesis is required for the growth and mobility of tumor
cells. Integrin v3, which binds to RGD-included interstitial lattice
segments, shows a vital function in tumor angiogenesis and
metastasis. Quantum dots provide a fantastic tool for tumor
vascular imaging and multimodal atomic imaging of angiogenesis.

Quantum dots are new illumination nanoparticles with unique
visual qualities and well-off plane science, making them ideal as
representation tests or transporters for distinguished conveyance
and treatment applications. As a consequence, realistic Quantum
dots that can execute imaging and drug conveyance duties
without the utilization of external colors have been produced
(Chen et al., 2012).

Drug-formed QDs may be transported to targets and therefore
drug particles discharge from the surface of QDs due to alteration
in pH or the presence of catalysts by direct non-covalence and
many others. Several experts have described how to focus on
medicine conveyance in vitro and in vivo by combining
medication particles with produced Quantum dots and
focusing on moieties (Cheki et al., 2013).

Yakavets et al., used ternary copper indium selenide/zinc
sulfide-based QDs emitting in the near-infrared (750 nm)
coupled to A20FMDV2 (peptide) to target v6 integrin-rich
head and neck squamous malignant cells. Nanoprobes for
imaging-guided surgery and NIR bioimaging can be made
with produced QDs (Yakavets et al., 2020).

Due to a high demand in biomedical imaging, Kwon et al.,
designed iron selenide (FeSe) QDs for in vivo multiphoton
imaging (Kwon et al.,, 2019).

Frontiers in Materials | www.frontiersin.org

January 2022 | Volume 8 | Article 798440


https://www.frontiersin.org/journals/materials
www.frontiersin.org
https://www.frontiersin.org/journals/materials#articles

Devi et al.

Quantum Dots Approach in Cancer Therapy

Qb Hoechst 33342

Bright field

FIGURE 3 | Confocal photographs of various cells treated with CdSe/ZnS@L-Cys-MPPDA (200 pg/ml) for 6 h at 37°C. Reproduced from Zhang et al. (2020) under
creative commons CC BY license. Copyright © 2020 Zhang et al.

Overlay

Each of these studies has contributed to the advancement of
Quantum dots as testing and transporters for target medication
conveyance research and applications.

Targeted Gene Delivery
Quantum dots have also been shown to have a potential for
delivering attributes greater in number, complexity, or both, such
as small interfering RNA, in addition to small atom medications
(siRNA). The therapeutic siRNA, which is small and two-fold
abandoned, acts by preventing the outflow of unwanted,
infection-causing properties. Free versions of them, on the other
hand, have a large negative charge and are easy to debase in body
milieu. As a result, they should be delivered in a blend with cationic
nanocarriers to achieve optimal capacity under physiological settings.
Nanocomposites like Quantum dots are appropriate candidates for
siRNA transporters as they give physiological dependability and
target specificity, as well as the ability to visually monitor the whole
nanocomposites. SIRNA protection, cell ingress, endosomal release,
transporter unloading, intracellular vehicle, and quality quieting were
considered by nanocomposites covered with Quantum dots.
According to Li et al, QDs could efficiently transport siRNA into
HelLa cells while maintaining objective quality, and nanocomposites
stacked with QDs could be used as fluorescence materials, allowing
for tracking and drawback of QDs amid deliverance and transfection
(Chen et al., 2005).

Zheng et al., cast off a one-step hydrothermal process to form
manganese-doped molybdenum disulfide (Mn-MoS,) QDs. On
Mn-MoS, QDs, the AS1411 aptamer was tweaked to increase

renal cell carcinoma selectivity. The developed QDs showed
potential in MR imaging and fluorescent labeling for renal
cancerous cells (Zheng et al., 2019).

Cas9 and gRNA were transferred into CFT073, a UPEC strain,
using CQDs by Gupta et al. To make nanocomplex CRISPR-dots,
the CQDs were chemically coupled to Cas9 and papG-targeted
guide RNA (gRNA). Targeting the virulence factor Fimbrial
Adhesion (papG gene) and a bacterial adhesion molecule are
their major potential (Gupta et al., 2021).

Zhang et al, created a lysosome-targetable fluorescent probe
using L-cysteine-polyamine-morpholine-modified QDs in the
4-5nm size range. Modified QDs fluoresced brightly in HeLa
cells and targeted the cells’” lysosomes, according to the findings
(Figure 3) (Zhang et al., 2020).

Manan et al., synthesized, characterized, and evaluated Mn:
ZnS QDs conjugated chitosan-based nanocarrier systems that
were encapsulated with Mitomycin C. The developed
formulations of QDs synergistically predicted effective
deliverance of anti-cancer drugs to their target sites and have
the potential to sustain it for a longer duration (Figure 4) (Manan
et al., 2021).

Huang et al, designed CKAP4 antibody-conjugated Si
quantum dot micelles for targeted imaging of lung cancer.
In vivo fluorescence-imaging investigation revealed that the Si
QDs micelles-CKAP4 were metabolized by the liver and
eliminated by the kidney. Moreover, they precisely targeted
lung cancer tissue in vivo compared with healthy lung tissue
(Huang et al., 2021). Cytotoxicity and hematoxylin and eosin
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staining investigations demonstrated that their high biosafety
(Figure 5).

Photodynamic Therapy With Quantum Dots
PDT has been established to be effective in the cure of lung and
gastrointestinal cancers. In the field of ophthalmology, this
operation is a well-known therapy option. PDT uses a simple
and controlled light-enacted approach to produce singlet oxygen
in the elaborate cells. This photosensitizer is designed to engross
light of an acceptable frequency and use that energy to enliven
oxygen to its singlet state, which causes malignancy cells to

apoptosis. The cytotoxic reactions are only impacted by cells
that are in touch with the photosensitizer, light, and oxygen at the
same time. CQDs have coupled to a silicon phthalocyanine (Pc4)
photosensitizer via an alkyl group. This was used as a vital energy
benefactor in Samia et al’s research. Reactive oxygen species
(ROS) were fabricated for PDT wusing the fluorescence
reverberation energy transfer device from Quantum dots to
the silicon Pc4 photosensitizer (Chen et al., 2005; Tan et al., 2007).

Song et al., developed polyvinylpyrrolidone-modified zinc
oxide QDs with high photoluminescence and a strong
inhibitory effect on SW480 tumor cells (Song et al, 2021).

Frontiers in Materials | www.frontiersin.org

January 2022 | Volume 8 | Article 798440


https://www.ncbi.nlm.nih.gov/pmc/about/copyright/
https://www.ncbi.nlm.nih.gov/pmc/about/copyright/
https://www.frontiersin.org/journals/materials
www.frontiersin.org
https://www.frontiersin.org/journals/materials#articles

Devi et al.

Quantum Dots Approach in Cancer Therapy

DOX loaded

5-ALA-

DOX loaded
5-ALA-
CQD-Glu-p-CD
without laser

5-ALA-
CQD-Glu-p-CD

S
2
o
=
=

DOX loaded

Copyright © 2020 The Author(s).

FIGURE 6 | Breast cancer (MCF-7) cells treated with DOX/CQD-Glu-b-CD after [(a) 6 h,
h, (h) 24 h], DOX/5-ALA-CQD-Glu-b-CD nanocarrier with irradiation [(i) 6 h, (j) 12 h, (k) 18 h, () 24 h] and DOX/5-ALA-CQD-Glu-b-CD nanocarrier without irradiation [(m) 6
h, (n) 12 h, (0) 18 h, (p) 24 h] and IC50 concentration of 60 Ig/mL underwent in vitro morphology. Reproduced froLi et al. (2020) under creative commons CC BY license.

(b)12h, (c) 18, (d) 24 h], 5-ALA-CQD-Glu-b-CD after [(€) 6 h, (f) 12 h, (g) 18

Menilli et al., created new cationic porphyrin PDT medicines for
bladder cancer using graphene quantum dots (Menilli et al,
2021).

Quantum Dots: Unique Carrier for Drug
Delivery

Long blood dissemination, ensuring freight corruption, huge
medication loading capacity, controlled discharge profile of
drugs, and the inclusion of numerous focusing ligands on their
surface are the benefits of nanoparticle drug transporters for
efficient focused conveyance (Tan et al, 2007). Similarly,
Quantum dots assays offer a novel approach to assessing drug
administration, since fluorescence may be used to track the
biodistribution of transporters and intracellular take-up
(Srinivasan et al, 2006; Jia et al, 2007). The popularity of
quantum dot-based medicine delivery applications has lately
risen (Jain et al, 2005). Chen et al, developed cotransfected
Quantum dots and siRNA using Lipofectamine 2000 and
assessed  transfection efficiency with Quantum  Dots
fluorescence. To build a relationship among QDs signal force
and the degree of quality silencing, they were combined 1:1
with transfection reagent. The quantum dots core may be used
as a base for stacking different kinds of medicinal atoms. The
adaptability of the shell design facilitates the construction of drug
transporters with a wide range of physical characteristics (for
example size, charge, biodegradability, and so on). The
attachment of the hypertension pharmaceutical captopril to

QDs surface increased therapeutic potential similar to that of
the free medication (Qi and Gao, 2008), while also allowing for
96-h monitoring of Quantum Dots-drug biodistribution (Manabe
et al., 2006).

Li et al, designed a CQD-based doxorubicin nanocarrier
system. The 5-ALA-CQD-Glu—CD system was loaded with
doxorubicin after CQD and 5-aminolevulinic acid (5-ALA)
was linked with a mono-(5-BOC-protected-glutamine-6-
deoxy)-cyclodextrin (CQD-Glu—CD) moiety. In vitro (breast
MCEF-7 cancer cells) investigation revealed that the produced
system had substantial cytotoxicity and morphological
abnormalities against cancer cells, as shown in Figure 6 (Li
et al., 2020).

Diagnostics and Imaging

HER2 (shaggy related 2) was discovered on SK-BR-3 breast
cancer cells using a modified enemy of HER2 antibody, a
biotinylated goat antihuman IgG, and streptavidin-covered
Quantum dots (Wang and Chen, 2011). When Quantum dots
are used in the immunofluorescence naming of mortalin,
different staining patterns emerge between normal and
malignant cells (Tholouli et al., 2008). Using streptavidin-
formed Quantum dots, the ovarian cancer marker CA 125 was
detected in several cases (Byers and Hitchman, 2011). Using
streptavidin-covered Quantum dots, a fluoroimmunoassay for
identifying prostate-explicit antigen was developed (True and
Gao, 2007). In fixed human sperm cells, quantum dots-based
FISH naming was used to identify explicit rehashes in the Y
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chromosome (He et al., 2010). In animals moved with human
prostate disease cells, antibody-formed Quantum dots were used
to detect the prostate malignant growth cell marker PSA, and the
Quantum dots forms differentiate the tumor location (Medarova
et al., 2007). Infusing water-dissolvable Quantum dots into the
skin and fat tissues of mice allows researchers to image their skin
and fat tissues (McCarthy et al., 2007). Sentinel lymph hubs are
being mapped at 1 cm tissue depth using oligomeric phosphine-
covered Quantum dots that transmit in the near-infrared range
(Harisinghani et al., 2003). Quantum dots were used to track the
dispersion components of glycine receptors (Rhyner et al., 2006).

Fluorescent CdSe/ZnS QDs were created by Li et al. By
absorbing negatively charged siRNAs to the surface of QDs,
QD-PEG/siRNA nanoplexes were created. In SK-N-SH cells,
QDs-siRNA nanoplexes help in targeting -secretase gene
silencing and intracellular imaging (Li et al., 2012).

Vinduska et al.,, captured exosomes by magnetic beads based
on CD81 protein expression. The clinical potential was validated
with pilot plasma samples using HER2-positive breast cancer as
the disease model. The outcomes indicated that exosomes from
HER2-positive breast cancer (BC) patients showed a 5-folds
higher level of HER2 expression than healthy controls
(Figure 7) (Vinduska et al., 2021).

Drug Delivery and Therapeutics

To maintain drug particles and synapses inside a mesoporous
silica nanosphere-based framework, surface-adjusted CQDs were
used as synthetically detachable coverings (Xing et al., 2007).
Quantum dots have shown promise as photosensitizers or as a

source of energy for other photosensitizers in photodynamic
therapy (Wu et al, 2003; Kim et al, 2004). Quantum Dots-
siRNA forms were used to screen siRNA groups and evaluate
RNAi delivery (Bruchez et al.,, 1998; Frangioni, 2008). Figure 8
depicts the manufacturing of quantum dots bioconjugates as well
as their active targeting of tumor cells. Figure 9 depicts a mouse
receiving Quantum Dot bioconjugates by intravenous injection
and their impact on the carcinogenic cells.

Mendes et al., applied a carbodiimide crosslinking process to
imatinib-loaded graphene QDs (GQDs@imatinb) for leukemia
therapy. GQDs@imatinb shown the ability to efficiently
internalize and destroy cancer cells by inducing apoptosis
(Mendes et al., 2021).

MECHANISM OF ACTIONS OF QUANTUM
DOTS

Consider the design, in vivo investigations using fluorescence
imaging, and the life pattern of microorganisms as one of the
energizing approaches (microbes, parasites, and infections).
Aside from the recently developed antibacterial nano-carriers,
graphene CQDs and quantum dots have shown increased utility
for biosensing of organisms and may therefore be used as an
optional clinical conclusion approach (Joo et al., 2008; Ma et al.,
2016). The use of quantum dabs for designating the infectious
envelope was demonstrated in 2008, followed by an analysis of
the take-up process (Ahamed et al., 2020). For detecting
organisms/biomolecules, carbon quantum specks are now
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undergoing imaging tests (chemosensors and biosensors). CQDs
in combination with an ultrasensitive horizontal stream
immunoassay framework have been found to effectively detect
influenza. Infection subtypes with excellent specificity were
compared to traditional diagnostic techniques (Ashiba et al,
2017).

Similarly, chiral zirconium QDs with blue fluorescence
emission were used to biosense irresistible bronchitis infection
(Ma et al., 2017). Quantum dabs fluorescent markers were made
by Ashiba et al., improved the affectability of surface plasmon
reverberation in fluoroimmuno examination that successfully
recognized norovirus infection-like particles (Liu et al., 2017).
Furthermore, live-cell imaging using quantum specks in
combination with record activator-like effectors has been used
to differentiate HIV-1 single-quality loci in human chromosomes
(Liu et al., 2020). Liu et al., fabricated carbon dots from the
powdered young grain leaves that display a variety of fluorescent
tones, including blue (b-Carbon dots) and cyanine (c-Carbon
dots) that are particularly employed for imaging of cells. Though
the c-Carbon dots are dispersed throughout the cell and in the
nucleus, the b-Carbon dots can selectively penetrate the
cytoplasm of PK-15 cells (Jha et al, 2008). Furthermore,
the b-Carbon dots were found to have antiviral properties
against pseudorabies infection. At present, COVID-19 sickness
is quickly spreading and the onset of indications differs from
person to person. There is a genuine need to identify new

suggestive tactics in this way. By distinguishing or adding
unique fluorescent-based QDs may be able to construct
successful COVID-19 analysis methods (Prajapat et al., 2020).
Analysts may be interested in the decisive invention relating to
using Quantum dots to cancel SARS-CoV-2 contaminations. The
primary motivation for using Quantum dots may be traced back
to their ability to be discerned at a certain frequency of light (Ting
et al, 2018). Furthermore, quantum dots with a size range
between 60 and —140 nm can be adjustable to the optimal size
(1-10 nm) and shape for effectively targeting/entering SARS-
CoV-2 (Dong et al, 2017; Chen et al., 2020). Quantum dots
made of carbon with a positive surface charge might be utilized to
sequester/handicap the protein of SARS-S CoV-2 (Du et al,
2016). Furthermore, the cationic surface charges presented by
Quantum dots interact with the negative RNA strand of the
infection, causing the production of reactive oxygen species
within SARS-CoV-2 (Barras et al., 2016). Furthermore, the
cationic surface charges presented by Quantum dots interact
with the infection’s negative RNA strand, causing the creation
of ROS within SARS-CoV-2 (Zhang et al., 2013). Carbon dots
activate interferon-stimulated properties, particularly the
production of interferon that stifles viral propagation.
Furthermore, using Quantum dots to consolidate desired
practical gatherings might effectively interact with SARS-CoV-
2 passage receptors and impact genomic replication (Yang et al.,
2014). Carbon dots derived from 4-aminophenyl boronic
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TABLE 1 | Recently employed Quantum dots for cancer targeting.

S.No Quantum dots Activity
1. MnO, quantum dots

stabilized by cysteine

Dopamine detection

2. Nitrogen-doped graphene
quantum dots

Spread of cancer cells

3. Duplex metal co-doped Synergistic cancer treatment
CQDs

4. pH-responsive black Photodynamic treatment for tumors
phosphorus QDs

5. Graphitic carbon nitride QDs ~ Combination chemo-photodynamic

treatment for tumors

6. Peptidoglycan-targeting Live Gram-positive bacteria tracking and
CQDs quick discriminating

7. CQDs - quinic acid Gemcitabine to breast cancer cells

8. Black phosphorus QDs Synergistic chemo-phototherapy and

dual-modality cancer imaging

corrosive hydrochloride (4-AB/C-spots) were shown to have
antiviral capabilities against herpes simplex virus type 1, with
Carbon dots specifically targeting early stages of viral infection.
Recently, Oczechin et al., revealed that different Carbon dots
prepared by aqueous carbonization and production with boronic
corrosive (CQDs 3) exhibit antiviral characteristics in a fraction
subordinate way against the extraordinarily pathogenic human
Covid (Loczechin et al, 2019). Furthermore, the practical
collection of Carbon dots cooperates with the S protein of
human Covid 229E, avoiding infection and collaboration with
the host cell layer. Carbon dots with a benzoxazine monomer are
immediately connected to the surface of virions (Japanese
encephalitis, Zika, and dengue infections, porcine parvovirus,
and adenovirus-related illness) and so inhibit infection and have
cell contact (Huang, 2008). Similarly, Gly-Carbon dots derived
from glycyrrhizic corrosive exhibited excellent antiviral activities,
suffocating the spread of porcine conceptive and respiratory virus
(Tong et al., 2020) (Table 1).

Quantum Dots Mechanism for Specific
Drug Delivery

Quantum dots demonstrate a specific technique for managing
and delivering drugs. Nano-transporters for drugs can
significantly increase the influence of the drug at confined
concentration, transport at shorter distances and lower doses,
and reduce patient outcomes and enduring. Antibodies,
aptamers, folic acid, and other natural particle drug-
encapsulated nano-carriers focused on delivering drugs to
specified organs were tweaked (Zhao and Zhu, 2016). Because
quantum dots have a bonding property and a small molecular
size, it is possible to raise the medication’s impact, increase drug

Quantum Dots Approach in Cancer Therapy

Inference Reference
The Cys-MnO, QD and PDA NPs were utilized to develop a selective  Ma et al.
and sensitive nanoplatform for DA via a self-catalyzed surface (2021b)
reaction-induced FRET mechanism.
Chemotherapeutic effectiveness was improved thanks to the use ofa ~ Frieler et al.
biocompatible N-GQD platform. (2021)
With few side effects, tumor development and metastasis were Han et al.
significantly slowed. (2001)
The anti-tumor effectiveness of BPQDs@PEI + RGD-EG + DMMAcan  Liu et al. (2021)
be improved. In vivo, BPQDs@PEI + RGD- EG + DMMA were stable.
In comparison to chemotherapy or PDT alone, g-CPF has high Zhang et al.
physiological stability, intense blue fluorescence, favorable (2021)

biocompatibility, FR-specific targeting, and visible light driven ROS-
generating capabilities, resulting in increased suppression of cancer
cell development.

T-SCQDs can precisely target peptidoglycan, giving them the ability
to identify and track Gram-positive bacteria quickly, reliably, and
easily. T-SCQDs have also been helpful in identifying colony kinds.

Yanetal. (2021)

The N-CQD-Quinic acid-Gem combination displayed increased Samimi et al.
cellular cytotoxicity and inhibited cancer cells more effectively than (2021)

free Gem. The biocompatibility of the N-CQDs was excellent.

In the end, the dual-modality imaging-assisted cooperative therapy  Yang et al.
technigue enhanced cancer therapeutic efficacy and patient survival — (2020)

rates. Enhanced PDT effectiveness in a synchronized manner.

contact criteria, and improve drug bioavailability and absorption
in the body (Singh and Lillard, 2009). Nanoparticle transporters
improve drug security and utilization by anticipating the rapid
breakdown of pharmaceuticals by stomach-related proteins in the
body (Rosenthal et al, 2011). The usage of quantum dots-
polypeptide nanogels in drug delivery proliferates the
opportunity of therapy in the detection, imaging, and
treatment of malignant growth (Yang et al, 2014). Because
they can modify the systems of layer transport and increase
the penetrability of medications in bio-films, medication
stacking nano-carriers improve medication absorption in cells
(Shahbazi and Santos, 2013). Because of their ability to overcome
obstacles like drug resistance, lack of selectivity, and solubility,
quantum dots (nanorobots) are truly perfect combatants for
target-based actions (Baudrit et al., 2017).

CYTOTOXICITY OF QUANTUM DOTS:
LIMITATIONS

Because of specific elements, such as significant metals (Cd and
Hg) in quantum dots, their toxicity is increased (Lim et al., 2003).
We discovered Quantum dot is hazardous in previous in vitro
studies. This danger arises as a result of several factors including
size, covering bioactivity tone, Quantum dot portion, covering
materials, shading, surface science, and handling limits (Gao
et al,, 2002; Jaiswal et al., 2003; Gao et al, 2004). Linkage of
quantum dots with intracellular components, desorption of free
CQDs, free excessive arrangement, and investigation of QDs
toxicity in a hepatocyte culture model revealed that openness
of center CQDs causes deterioration and desorption of Cd
particles in an oxidative environment (Bakalova et al., 2004;
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Chen and Gerion, 2004; Lidke et al., 2004). The oxidation of the
center/shell material of the nanoparticles, resulting in the
appearance of free cadmium, causes quantum dots to be toxic
(Chan and Nie, 1998; Han et al., 2001; Dubertret et al., 2002). This
is the main reason why they cannot be used in the human body
(Derfus et al., 2004; Shiohara et al., 2004; Oberdorster et al., 2005).
The presence of debasement items generate invulnerable
interactions in the blood, quantum dots might be harmful to
various cells, including illness cells, in natural applications
(malignancy imaging, focusing, and PDT therapy) (Lo et al,
2003; Gole et al., 2004; Oberdorster et al., 2004; Pietropaoli et al.,
2004; Tannazzo et al., 2018).

CUTTING-EDGE TECHNOLOGIES IN QDS

Owing to their interesting features and diverse uses in sensors,
diagnostics, and medication therapy, 2-D QDs have gotten a lot of
attention recently (James Singh et al., 2021). The following are
some of the most cutting-edge approaches in the realm of
Quantum dots:

Metal Oxide QDs

Photocatalysts and co-catalysts for CO, reduction have been
explored using metal oxides semiconductor materials such as
MgO, ZrO,, ZnO, WO;, and TiO,. 0D metal oxide QDs
(MOQDs) have been investigated for their bulk counterparts
to increase photocatalytic CO, reduction (Park et al., 2021).

To manufacture crystalline ZnO-QDs, Wahab et al,
employed a solution approach. On C2C12 myoblast cancer
cells, they utilized altered doses of ZnO-QDs for altered
incubation periods such as 24, 48, 72, and 96 h. According to
the results of reverse transcription-polymerase chain reaction
(RT-PCR), the caspase 3/7 genes were increased in cells when
treated with ZnO-QDs at low and high dosages, (Wahab et al.,
2016).

For identifying proteins and cancer cells, Wang et al
developed a fluorescent sensor array based on nanoparticles
and quantum dots. They employed conjugated CuO, ZnO,
Eu,0;, AuNPs, AgNPs, Au-Ag core-shell with CdSe QDs to
make the array multi-sensors (QDs) (Wang et al., 2017).

MXene QDs

MZXenes are 2-D transition metal carbides, nitrides, and
carbonitrides that have shown various applications. These are
designed by chemically selectively etching “A” layers from their
sandwich-like parent MAX phase precursors, which are built up
of stacked MXene nanosheets separated by A group element
layers (Park et al.,, 2021; Wyatt et al., 2021).

By adding Ti;C, MQDs onto Cu,O nanowires (NWs)/Cu mesh
(Ti;C, MQDs/Cu,O/Cu heterostructure), a simple self-assembly
strategy was recently proved to improve CO,R. (Zeng et al., 2019).
The grafting of MQDs boosted the stability of Cu,O NWs and led
to a significant improvement in CO,R performance by increasing
light assimilation and minimizing charge recombination.

In another research, Rosenkranz et al., investigated the light-
conversion capabilities of single-layer (FX) and multi-layer (MX)

Quantum Dots Approach in Cancer Therapy

Ti3C2Tx nanosheets for photothermal antibacterial therapy.
Because of MXenes reversible bacterium trapping, they
determined that whereas FX has better cytocompatibility and
light-to-heat conversion, MX has a stronger efficiency in
preventing the development of S. aureus and E. coli
(Rosenkranz et al., 2021).

MBenes QDs

MXenes (2-D transition metal borides) have emerged as
intriguing post-MXene materials with applications in various
biological areas. Despite the fact that they have potential
bioactive capabilities due to the presence of boron in their
structure, MXenes have shown that gaining a thorough
knowledge of their biological recognition and response, as well
as exploring their biological applications, is extremely difficult.
The biological impact of MBenes on living organisms is likely to
be either beneficial or harmful (Jakubczak et al,, 2021). The
nucleus of QDs cancer treatment coated with urea or an
acetate group may stain.

Zhu et al, investigated the catalytic potential of three 2-D
metal borides (MBenes), Mo,B,, Ti,B,, and Cr,B,, to produce
urea in ambient conditions. They observed that these three
MBenes not only have a greater inherent baseline capacity for
urea synthesis, but they can also outperform the competitive N,
reduction process (NRR) to NH;. Under electrochemical reaction
circumstances, Mo,B, and Cr,B, have better ability to control
surface oxidation and self-corrosion, making them potentially
attractive electrocatalysts for urea synthesis (Zhu et al., 2021).

Yang et al, investigated 10 different MBenes for NRR
electrocatalysis. They discovered that MBenes exhibit good
water stability and great selectivity for the NRR over the
hydrogen evolution process. Furthermore, by designing the
work function of these 2D borides, the activity of these
borides may be changed (Yang et al,, 2021).

Graphene QDs

Furthermore, graphene quantum dots (GQDs) with a transverse
size of less than 100 nm and remarkable chemical, physical, and
biological capabilities have recently appeared as 2-D graphene.
Only one atomic layer of carbon atoms makes up a perfect GQD.
The size of GQDs may be adjusted to give superior stability
qualities by allowing for more surface area, higher solubility, and
flexibility in doping with other nanomaterials (Yan et al., 2019).
GQDs have a greater chance in biological applications than
graphene or graphene oxide because of their modest size
(GO). GQDs demonstrated high biocompatibility and minimal
biotoxicity in studies (Zhao et al., 2020).

Xie et al., investigated cytotoxicity and autophagy induction of
cGQDs (HOOC-GQDs), hGQDs (HO-GQDs), and aGQDs
(H2N-GQDs) using lung cancer A549 cells. hGQDs were the
most hazardous, whereas cGQDs and aGQDs had no cytotoxicity
(Xie et al., 2019).

Peptide-influenced GQDs/iron oxide nanoparticles with a
diameter of 105nm were developed and manufactured by
Nafiujjaman et al., for bioimaging. They discovered that GQDs
retained their spectroscopic and functional capabilities for
fluorescence bioimaging. The iron oxide nanoparticles
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provided MRI potential, while iRGD moiety assisted in cancer cell
targeting (Nafiujjaman et al., 2017).

GQDs were created by Qi et al. to prevent tumor development
by specifically destroying cancer cell DNA. TAT peptides (TAT-
NGs) that target the nucleus were incorporated to amine-
functionalized GQDs, which were subsequently grafted with
cancer-cell-targeting folic acid (FA) modified PEG through
disulfide linkage (FAPEG-TNGs). The resulting FAPEG-TNGs
demonstrated excellent biocompatibility, nucleus uptake, and
cancer cell targeting abilities (Qi et al., 2021).

Carbon QDs

Han et al,, used L-arginine as a precursor to generate duplex metal
co-doped (Ag and Cu) CQDs-based drug delivery for doxorubicin
(Han et al., 2021). Quinic acid carbon quantum dots were produced
by Samimi et al., for the deliverance of gemcitabine. Quinic acid
conjugated N-CQDs showed interesting features like tumor
accumulation and luminescence, indicating that they might be
useful as multifunctional theranostic agents (Samimi et al., 2021).

Graphitic carbon nitride QDs (g-CNQDs) was produced by
Zhang et al., 2020, for bioimaging, medication delivery, and
photodynamic therapy (Zhang et al., 2020).

OPPORTUNITIES AND FUTURE SCENARIO

Even though the statistics that QDs have enormous applications
for bioimaging and discovery, toxicological and pharmacological
problems are limiting advances in cancer detection and therapy,
owing to significant metal and colloidal insecurity. These
problems may not stymie application development in vitro,
but they pose considerable obstacles to human usage of in vivo
malignant growth imaging. For future in vivo uses, efforts to
develop more durable and less toxic nanomaterials for in vivo
theranostic use (therapy and diagnostics) are crucial. The field is
still progressing quickly, with considerable advancements
predicted in the foreseeable future. However, issues such as
debasement of the covering shell as a result of changing
Quantum dots should be taken into account. The general
collecting of the RES, which includes the liver, spleen, and
lymphatic system, should be noticed as well.

Various attempts should be made to design unique QDs
depending on their composition, sizes, surface coatings, and
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