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Abstract

Hemophilia, cancer, diabetes, cardiovascular disease, mental health issues, immunological deficiencies, neuromuscular disease, blind-
ness, and other ailments can all be treated with gene silencing and gene therapy, a growing discipline in medicine. It typically refers
to a range of therapeutic techniques in which a patient’s body’s particular cells are given genetic material designed to correct and erase
genetic flaws. The advancements in genetics and bioengineering have paved the way for the conceptualization of gene therapy through
the manipulation of vectors, enabling the targeted transfer of extrachromosomal material to specific cells. One of the main focus areas
of this methodology is the escalation of delivery vehicles (vectors), primarily plasmids or viruses; it still has difficulties because there
is no good delivery mechanism that can precisely deliver stable small interfering Ribonucleic Acid (siRNA) or DNA to the target tissue
location. As they are non-fluorescent, the siRNA or DNA delivery procedure is unable to be monitored by these carriers. In the context
of quantum dots (QDs), the formation of QD-siRNA or QD/DNA complexes facilitated the real-time monitoring and precise localization
of QDs during the silencing, delivery, and transfection processes. The unique dual-modality optical and fluorescent properties exhibited
by quantum dots contribute to their utility as versatile imaging probes. The research studies discussed in this review article will provide
a framework for designing efficient QD-based nanocarriers that can successfully carry therapeutic genetic tools into targeted cells. As a
result of their findings, the researchers developed some unique QDs that successfully attached to the siRNA or DNA and carried it to the
desired place. The use of these QD-based delivery devices could enhance the field of gene silencing and gene delivery.
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1. Introduction

Quantum dots (QDs) are nano-sized semiconductor
crystals, typically ranging from 1 to 10 nanometers in diam-
eter, and they exhibit exceptional optical properties that are
central to this burgeoning scientific progress and an arising
topic in the field of nanotechnology imparting a great ef-
fect on science by collaborating with biology. They were
initially discovered in the 1980s by physicist Alexei Eki-
mov, who devoted his research to the study of semiconduc-
tors [1]. The classification of QDs into distinct categories
is primarily determined by their chemical composition and
the arrangement of constituent elements within the periodic
table. Depending on these factors, QDs can be categorized
into 12 different classes, each exhibiting unique properties
and characteristics. For instance, QDs belonging to group
IV A elements encompass carbon (C), silicon (Si), and ger-
manium (Ge). These elements are tetravalent, with four
electrons in their outermost electron shell. Indeed, the ele-
ments C, Si, and Ge share common physicochemical char-
acteristics due to their metalloid nature and semiconducting
electrical properties [2]. The majority of QDs used in var-
ious applications exhibit a specific chemical composition
characterized by a core-shell structure. The core consists of
a heavy metal element, such as lead selenide (PbSe), cad-
mium telluride (CdTe), zinc selenide (ZnSe), or cadmium

sulfide (CdS). To enhance stability, biocompatibility, and
fluorescence efficiency, a bandgap semiconductor shell is
enveloped around the heavy metal core. This semiconduc-
tor shell, often composed of silicon dioxide (SiO2), serves
as a protective barrier, shielding the heavy metal core from
direct exposure to the surroundings [3,4].

Undeniably, within the realm of QuantumDots (QDs),
there are two notable exceptions based on a single semicon-
ductor element, such as Silicon QuantumDots (Si QDs) and
QDs made from semiconducting polymers, also known as
P dots. The general characteristics of QDs, which include
their small particle size, high quantum yield, tunable com-
position and properties, intermittent light emission (blink-
ing), and high brightness, have attracted them across an ar-
ray of applications, including LED technology, solar cells,
and biomedical ones like drug delivery, imaging, and can-
cer photodynamic therapy [5–7]. Some of the commercial-
ized goods based on QDs technology for biosensor medi-
cal applications have been out in the global market, such as
NANOCOTM [8], HEATWAVETM [8], VIVODOTS® [8],
NN-Labs® [9], VISIRIUM® [10]. These real applied ap-
plications of QDs are used to non-invasively quantify a va-
riety of interesting biomolecules in human blood, to map
tumorous tissues intraoperatively and prevent the needless
excision of healthy tissues, and to help persons with vision
impairments [8–10].
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Scheme 1. Schematic representation of producing Quantum Dots through the microwave process and its microscopic images.

QDs exhibit distinctive electronic behavior in contrast
to bulk semiconductors, primarily owing to their extremely
small size, which can be on the order of nanometers. This
nanoscale dimensionality imparts unique quantummechan-
ical properties to QDs, akin to those found in single atoms,
setting them apart from conventional bulk semiconductors.
The tiny size resembling atoms in QDs gives rise to a fas-
cinating phenomenon called “quantum confinement”, in
which the band gap energy—i.e., a comparatively substan-
tial amount of energy is required to excite one electron from
the low-energy valence band to the high-energy conduction
band. The band gap energy in Quantum Dots (QDs) in-
creases for smaller QDs and decreases for larger QDs. This
leads to a rise in the energy of the emitted photon, resulting
in a shorter emission wavelength. Consequently, the optical
behavior of QDs is primarily determined by their size rather
than the material they are made of. This size-dependent
property enables precise control over the electromagnetic
radiation of QDs across a broad spectrum, from ultravio-
let (UV) to far infrared, simply by adjusting the particle
size [11,12]. Quantum Dots (QDs) demonstrate a strong
“Stokes shift” effect, where there is a noticeable separa-
tion between the excitation and emission spectra. When
exciting QDs, energy is absorbed at a shorter wavelength,
leading to the promotion of electrons. In contrast, the emit-
ted light occurs at a longer wavelength. This Stokes shift
phenomenon offers several advantages in practical applica-
tions. Firstly, it improves detection sensitivity by reducing
interference from scattered excitation light during fluores-
cence measurements. Secondly, it decreases optical over-
lap between the excitation and emission spectra, prevent-
ing cross-talk and enhancing the accuracy and specificity

of fluorescence-based measurements. The Stokes shift ef-
fect enhances QDs’ effectiveness as fluorescence probes in
various scientific and biomedical applications [13,14].

The methods for producing quantum dots are divided
into two categories: “top-down” (Electrochemical oxida-
tion, Laser ablation, Ultrasonic synthesis, Chemical ox-
idation) and “bottom-up” (Thermal decomposition, Mi-
crowave synthesis — Scheme 1, Templated method, Hy-
drothermal treatment) [15]. Quantum dots are frequently
used for various biomedical-oriented fields, particularly
in bioimaging, diagnostics, drug delivery, single molecule
probes, and drug analysis, including drug targeting and en-
hancing drug bioavailability [16], among many other areas,
according to recent research or data-based data [17]. How-
ever, cutting-edge medicine and biomedical research have
undeniably raised people’s quality of life. The treatment
with nanodots in cancer, immune disorders, neurological
conditions, more importantly, gene therapy helps signifi-
cantly rather than with the conventional diagnosis and treat-
ment of such illnesses [18]. Gene therapy normally states
a group of therapeutic methods in which a patient’s body’s
specific cells receive a genetic material that is intended to
repair and eradicate genetic defects [19,20]. Gene therapy
has evolved into a promising treatment approach for numer-
ous human diseases nearly five decades after the concept
was initially proposed. The road to success has been ar-
duous. Early clinical studies experienced severe adverse
effects, but this fueled basic research that resulted in safer
and more effective gene transfer vectors. Patients with a
range of inherited and acquired illnesses, such as diabetes,
cancer, hemophilia, cardiovascular conditions, immune de-
ficiencies, mental disorders, neuromuscular disease, blind-
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Fig. 1. Approach to gene therapy using Ex-vivo and In-vivo: A device is employed to transport the gene to the target organ once it
has been encapsulated within one of several vectors. The gene is inserted into a plasmid and subsequently administered to the patient
(on the left). Ex-vivomethods involve removing cells from the target tissue, genetically modifying them in a lab dish, and after genetically
modifying the cells, they are re-administered to the patient. The vectors utilized for In-vivo gene transduction can also facilitate gene
transduction In-vitro.

ness, and other diseases, have benefited clinically from var-
ious forms of gene therapy. The utilization of nucleic acids
as gene therapy modalities, for example, mRNA, plasmid
DNA (pDNA), and noncoding RNAs, is quickly making its
way into clinical practice [21].

In this review, we summarized different types of quan-
tum dots used in gene delivery and gene silencing. Over
the past few decades, this discipline has made excellent
progress, and numerous obstacles have been surmounted
in the quest to create novel, effective, and non-toxic quan-
tum dots for gene therapy. Here, we have explored various
distinctive approaches to designing different types of quan-
tum dots and their potential applications in gene therapy and
gene silencing. As far as we are aware, no recent review ar-
ticles have explored such unique strategies collectively.

2. A Brief Explanation of Gene Therapy and
Gene Silencing

Gene therapy was first discovered in the 1980s, a few
years after genes were first isolated from DNA. In 1970,
the discovery of certain enzymes allowed for the precise

separation and repeatable reinsertion of genes at specific lo-
cations along the DNA molecule. These breakthroughs in
genetic manipulation laid the foundation for genetic engi-
neering, opening up avenues for the creation of new medi-
cations, antibodies, and the potential for gene therapy [22].

The most straightforward definition of gene therapy is
the genetic alteration of cells to achieve a therapeutic out-
come. Ex-vivo approaches (carrying out such genetic al-
terations in cultured cells, which are then administered to
the patient for therapeutic purposes) or In-vivo approaches
(carrying out such alterations in living cells) are both possi-
ble. In the majority of early studies of gene therapy, patients
with single-gene genetic disorders had their defective gene
attempted to be replaced with a functional copy of the gene
[23]. Gene therapy entails the deliberate incorporation of
a normal and functional gene into the genome of affected
cells to substitute or rectify an aberrant gene accountable
for a specific disease. One of the major challenges in the
process is effectively delivering the gene into the stem cell.
For successful gene delivery, a “vector”, which is a molecu-
lar carrier, must possess specific attributes. It should exhibit
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Scheme 2. The uses of different quantum dots and their different biological applications.

high specificity in releasing one or more genes of sizes suit-
able for clinical applications. Additionally, the vector must
evade immune recognition and be purified in large quanti-
ties and high concentrations to enable large-scale produc-
tion and accessibility (Fig. 1). After the vector has been in-
troduced, it mustn’t induce allergic reactions or inflamma-
tory responses. Rather, the vector should promote benefi-
cial functions, compensate for deficiencies, or inhibit harm-
ful behaviors within the target cells. This ensures that the
gene therapy approach is safe and effective in achieving the
desired therapeutic outcomes. Moreover, the vector must
demonstrate safety for both the patient and the environment,
as well as for the healthcare professionals administering the
therapy. Additionally, the vector should be capable of sus-
tained gene expression throughout the patient’s lifetime, en-
suring long-term therapeutic benefits and minimizing the
need for repeated treatments [22,24].

RNA interference (RNAi) therapy still faces difficul-
ties owing to the absence of a reliable delivery system
capable of effectively delivering stable small interfering
RNA (siRNA) In-vivo and exhibiting high selectivity for
the target tissue region. The methods used today to trans-
port siRNA include liposomes, virus-based vectors, poly-
mers, peptides, etc. Nonetheless, these carriers do not
possess the capability to track the siRNA delivery process
due to their non-fluorescent nature. Regular methods for
measuring siRNA distribution involve co-transfecting re-
porter plasmids or monitoring fluorescently end-modified
siRNA. Nevertheless, these techniques faced issues such as
rapid photobleaching, inability to monitor multiple siRNA
molecules simultaneously, and lack of sensitivity to various
heterogeneous siRNA delivery methods. Quantum dots ex-
hibit distinct optical characteristics that set them apart, in-
cluding exceptional resistance to photobleaching, the abil-
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Fig. 2. A multifunctional nanoparticle was created to facilitate small interfering Ribonucleic Acid (siRNA) delivery. Quantum
dots (QDs) were identified as suitable carriers for transporting siRNA into living cells both In-vitro and In-vivo due to their photostable
fluorescence and multivalency. The conjugation of homing peptides to the QD surface (together with the siRNA cargo) enables targeted
internalization in tumor cells. After cellular uptake, these particles must evade the endolysosomal route and enter the cytoplasm. In
the cytoplasm, they interact with the RNA-induced silencing complex (RISC), which leads to the degradation of messenger Ribonucleic
Acid (mRNA) homologous to the siRNA sequence. PEG, polyethylene glycol.

ity to tune their fluorescent peaks based on size, and a broad
excitation spectrum coupled with a narrow emission spec-
trum; these are recently being employed as co-transfection
reagents or delivery systems for tracking the distribution of
siRNA. The distinctive optical properties of quantum dots
make them well-suited for in situ real-time monitoring of
the siRNA delivery process [25]. The advantages and dis-
advantages of mostly used viral and non-viral vectors for
gene delivery are summarized in Table 1.

3. Quantum Dots in Gene Silencing and
Delivery

The employment of diagnostic tools and therapeutic
modalities in the treatment of human diseases like cancer
is typically sequential. This paradigm may shift as a re-
sult of multifunctional platforms that combine therapeu-
tic and diagnostic imaging functions into a single machine
(Scheme 2). Particularly, multifunctional nanoparticle-
based systems can enhance drug formulation pharmacoki-
netics and enable the incorporation of disease-targeting and
diagnostic imaging characteristics. They used these ideas
to administer small interfering RNA (siRNA) treatments
in situations where systemic delivery is impeded through
quick excretion and non-targeted tissue distribution.

3.1 Role of Quantum Dots in Gene Silencing
3.1.1 Semiconductor Particles-Based Quantum Dots
Mediated Gene Silencing

In 2007, Derfus et al. [26] utilized a PEGylated quan-
tum dot (QD) core as a scaffold, to which they attached
siRNA and tumor-homing peptides (F3) through functional
groups on the particle’s surface (Fig. 2). Their discover-
ies revealed the crucial role of the homing peptide in aiding
the targeted internalization of siRNA cargo into tumor cells.
Furthermore, they observed that co-attaching siRNA cargo
did not impede the peptide’s ability to carry out its intended
function. The impact of conjugation chemistry was inves-
tigated by employing an enhanced green fluorescent pro-
tein (EGFP) model system, where siRNA was attached to
the particle using disulfide (sulfo-LC-SPDP) and covalent
(sulfo-SMCC) cross-linkers demonstrating higher silenc-
ing efficiency compared to attachment via a nonreducible
thioether linkage (Fig. 3). Further, they conducted a de-
tailed investigation into the interplay between the quantity
of F3 peptides and siRNA on each particle. As a result, they
achieved an optimized formulation considering that each
particle can accommodate only a limited number of attach-
ment sites for the peptides and siRNA. EGFP signal was
significantly knocked down upon delivering F3/siRNA-
QDs to EGFP-transfected HeLa cells and subsequently re-
leasing them from endosomal entrapment. In the future, this
technology has the potential to be adapted for both treat-
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Table 1. Comparison of different ways of tracking gene delivery, advantages, and disadvantages.
Vector Advantages Disadvantages

Viral

Retrovirus

• Effective over an extended period • Insert in size, maximum 8 kb
• Low host immunological response • Depends on the mitosis of the target cell
• Efficient Ex-vivo transfection • Inefficient In-vivo transfection
• Transfer to dividing cells • Inactivation by the complement cascade

• Safety concerns

Adenovirus

• High infection efficiency • Insert size, max 7.5 kb
• Efficient both In-vivo and Ex-vivo transfection • High immune response
• Deliver large DNA • Transitory gene expression
• Transduce non-dividing and dividing cells • The vector genome does not undergo integration into the genome of the host cell

Lentivirus
• shRNA/miRNA, CRISPR/Cas9, and customized cloning for any other gene ORF expression • Active translocation into the cell is required.
• No reported immunogenic proteins were produced. • Technologically challenging

• Deliver complex genetic elements
• Recombinant lentivirus vectors based on HIV-1 require at least three HIV-1 genes (gag,
pol, and rev) for synthesis, making them insufficiently secure for use in gene therapy

Adeno-associated virus

• Transduce non-dividing and dividing cells • Insert size
• Low host immunological response • Safety concerns
• Efficient In-vivo transfection • High immune response

• Technologically challenging

Non-Viral

Gold nanoparticles
•Multimodal applications (tumor imaging, therapy) • Large-scale productions are expensive
• Less invasive • Non-biodegradable
• Ability to target functionality • Absence of standard protocols for implementation in clinics

Quantum Dots

• High photostability and biocompatibility • A non-specific binding with any organic molecule is possible
• Long lifetime • The instability of a colloid system of QDs in a wide variety of рH and ionic environments
• Exhibit remarkable resistance to photobleaching • Toxicity concern while using an In-vivo system
•Multiple molecular targets
• Size-tunable fluorescent peaks and a broad excitation profile, resulting in narrow emission spectra
• Easy to recognize

Liposome

• Non-immunogenic • Transitory gene expression
• Ability to deliver chemotherapy and gene therapy simultaneously • Smaller half-life and shelf-life
• Capability to target functionality • Inefficient transfection

• Cationic lipids have a higher cytotoxicity

Poly(β-amino ester)
• Biodegradable

• Confined control over the release of treatments• Compared to other cationic polymers, cytotoxicity is lower
• High transfection efficiency
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Fig. 3. Cross-linking siRNA to QDs using cleavable or non-cleavable cross-linkers. The water-soluble heterobifunctional cross-
linkers sulfo-SMCC (sulfosuccinimidyl 4-(N-maleimidomethyl)cyclohexane-1-carboxylate) and sulfo-LC-SPDP (sulfosuccinimidyl 6-
(3′-[2-pyridyldithio]-propionamido)hexanoate) were used to attach thiol-modified siRNA to PEG-amino QDs (A). SPDP produces a
cleavable cross-link with 2-mercaptoethanol (2-ME), whereas SMCC produces a nonreducible linkage. The disulfide-linked conjugates
gel electrophoresis revealed that no siRNA is electrostatically attached to the conjugate.

ment and imaging of diseases like cancer. By customiz-
ing the siRNA sequence to target specific therapeutic goals,
such as oncogenes, instead of EGFP, it could be harnessed
for precise and targeted therapy along with imaging capa-
bilities across diverse disease conditions [26].

In 2008, Yezhelyev et al. [27] presented a methodical
approach for developing multifunctional nanoparticles con-
sisting of semiconductor quantum dots (QDs) and proton-
absorbing polymeric coatings (proton sponges) measuring
6 nm in size, as observed through Transmission Electron
Microscopy (TEM). These nanoparticles were designed to
lubricate the short-interfering RNA (siRNA) delivery and
imaging. The nanoparticles were meticulously designed
with a well-balanced composition of tertiary amine and
carboxylic acid groups to overcome longstanding barriers
in siRNA delivery, such as endosomal release, intracel-
lular transport, cellular penetration, and carrier unpacking
(Fig. 4). The hydrodynamic diameters of the proton-sponge
dots are approximately 13 nm before siRNA binding, and
they increase to about 17 nm after siRNA binding. When
compared to existing transfection agents for MDA-MB-
231 cells, the results indicate a remarkable 10–20-fold im-
provement in gene silencing efficiency, with a substantial
5–6-fold reduction in cellular toxicity. To assess cellu-
lar toxicity, the Sulforhodamine B (SRB) assay was em-
ployed to compare proton-sponge-coated QDs with com-
mercial transfection agents. The results revealed that the
proton-sponge-coated QDs exhibited almost negligible tox-
icity to MDA-MB-231 cells. In addition, the QD-siRNA
nanoparticles act as probes with dual-modality optical and
electron-microscopy functionality, enabling the precise lo-

calization of QDs within their ultrastructure and real-time
tracking of their movement during delivery and transfec-
tion processes. These novel findings and capabilities imply
significant progress in the realm of nanoparticle engineer-
ing, propelling their potential for imaging and therapeutic
applications [27].

Specially designed functional quantum dots (QDs)
were developed to overcome siRNA delivery challenges,
including cellular penetration, intracellular transport, car-
rier unpacking, endosomal release, siRNA protection, and
gene silencing. In 2011, Li et al. [28] developed a new
category of multifunctional complexes for siRNA deliv-
ery and intracellular imaging. These complexes were cre-
ated by employing direct ligand-exchange reactions to load
CdSe/ZnSe QDs onto L-Arg (L-arginine) and β-CD-L-Arg
(Fig. 5). The diameter of two organic hybrid QDs was
determined to be approximately 5 nm and 7 nm through
the use of TEM. After siRNA binding, TEM investigations
demonstrated that the sizes of the L-Arg-QD-siRNA com-
plex expanded to approximately 10 nm, while the sizes
of the β-CD-L-Arg-QD-siRNA complex expanded to ap-
proximately 12 nm. Systematic biological tests demon-
strated that two modified QDs effectively protected naked
siRNA and had remarkably low cytotoxicity. The cytotox-
icity of QDs was assessed in HeLa cells using the stan-
dard MTT assay. It is noteworthy that β-CD-L-Arg-QDs
have β-cyclodextrin (β-CD) to demonstrate superior prop-
erties compared to L-Arg-QDs. As a result of the QD
coating with L-Arg and β-CD-L-Arg, the findings demon-
strated that both types of modified QDs exhibited remark-
ably low cytotoxicity. The modification involving L-Arg
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Fig. 4. Proton-sponge coated quantum dots: rational design and application as a multifunctional nanoscale carrier for siRNA
administration and intracellular imaging. (a) Chemical alteration of polymer-encapsulated QDs to introduce tertiary amine groups,
and electrostatic adsorption of siRNA on the particle surface. (b) Schematic depiction of siRNA-QD membrane binding, cellular entry,
endosomal escape, capture by RNA binding proteins, loading into RNA-induced silencing complexes (RISC), and target destruction. (c)
Diagram of the proton-sponge action, demonstrating the participation of the membrane protein ATPase (proton pump), osmotic pressure
buildup, and organelle swelling and rupture.

and β-CD-L-Arg effectively reduced the cytotoxicity of the
CdSe/ZnSe core. As a consequence of the presence of β-
CD, the β-CD-L-Arg-QDs exhibited notably low cytotox-
icity. Flow cytometric and confocal microscopic analyses

demonstrated the efficient cellular uptake of the QD-siRNA
complexes, indicating their ready internalization into cells.
Prominently, these QD-siRNA complexes demonstrated
outstanding gene silencing efficiency (more than 80%) ac-
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Fig. 5. Adsorption of siRNA onto L-arginine-functional. QDs (A) and L-arginine-functional β-cyclodextrin-modified QDs. (B) are
depicted schematically.

cording to the results obtained from reverse transcription-
PCR (RT-PCR) and Western blotting. Furthermore, it also
demonstrates the dual-modality optical and fluorescence
capabilities of the QD-siRNA complexes, allowing for real-
time monitoring and precise localization of QDs during de-
livery and transfection. These QD-siRNA complexes hold
great promise as candidates for both In-vitro and In-vivo
gene therapy, especially for cancer treatment. Further opti-
mization of their properties can enhance their potential for
cancer cell targeting, tumor fluorescence probing, and drug
tracing applications [28].

The main driver of Alzheimer’s disease (AD) patho-
genesis is the accumulation of β-amyloid (Aβ) in the brain
[29,30]. Numerous studies have demonstrated that the ex-
pression of sequence-specific BACE1 messenger RNA is
significantly suppressed by small interfering RNA (siRNA)
targeting β-secretase (BACE1). This leads to a reduction

in the production and accumulation of β-amyloid (Aβ).
Presently, there is a lot of interest in how RNA interfer-
ence decreases the production of Aβ [31–33]. Despite the
promising potential of siRNAs in targeting BACE1 and
reducing Aβ production, their effectiveness is limited in
treating central nervous system diseases due to challenges
in crossing the blood-brain barrier and cell membranes of
nerve cells. These barriers hinder the delivery of siRNAs
to the central nervous system, posing restrictions on RNA
interference techniques for such diseases [34–36]. But QDs
can freely pass through blood-brain barriers and cell mem-
branes. Thus, modified QDs’ can carry siRNA [37,38].

In 2012, Li et al. [39] developed a Quantum-siRNA
nanoplex to silence the BACE1 gene and perform intracel-
lular imaging in SK-N-SHCells (human neuroblastoma cell
line). Modified CdSe/ZnS QDs were synthesized by intro-
ducing amino-polyethylene glycol (PEG-QDs), and subse-
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Fig. 6. The formation of QD-PEG/siRNA complexes is depicted diagrammatically.

Fig. 7. QD-PMAL-PEI synthesized for siRNA delivery illustrated schematically. PMAL, polymaleic anhydride-alt-1-decene; PEI,
polyethyleneimine.

quently, QD-PEG/siRNA nanoplexes were formed by elec-
trostatically adsorbing negatively charged siRNAs onto the
surface of QDs (Fig. 6). TEM image revealed that the
QDs were monodisperse with a diameter of 5 ± 2 nm. It
is reported that when this siRNA is bound to QD-PEG,
the formed nanoplex promotes the transfection efficiency
of siRNA. The BACE1gene is effectively silenced by the
siRNAs from non-packaged nanoplexes that are abundantly

present in cell bodies and metabolic processes, resulting in
a decrease in β-amyloid (Aβ) to be linked to Alzheimer’s
disease (AD). The cytotoxicity of PEG-QDs was accu-
rately assessed by evaluating cell viability through theMTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide) colorimetric assay. The integrity and activity of the
mitochondria are shown by the cell’s capacity to decrease
MTT. In the current study, different incubation conditions

10

https://www.imrpress.com


were tested, but no statistically significant alterations were
observed due to the presence of PEG-QDs. The biodegrad-
able PEG polymer coating layer likely offers protection to
QDs by preventing their exposure to the intracellular envi-
ronment and inhibiting the release of toxic Cd2+ ions. Al-
though PEG-QDs led to a time-dependent decrease in cell
number, cell viability remained above 85% after 24 hours
of transfection, showcasing the remarkable biocompatibil-
ity of the PEG-QDs developed in this study [39].

In 2013, Amphipol PMAL, which serves as an en-
capsulating polymer, was grafted with polyethyleneimine
(PEI) to create proton-sponge coated quantum dots by Qi
et al. [25] (Fig. 7). TEM imaging reveals that the initial
QDs exhibit uniform dispersion and possess a core size of
approximately 10 nm, and this size remains unchanged in
QD-PMAL and QD-PMALPEI configurations. Dynamic
light scattering (DLS)measurements indicated that the orig-
inal QDs had a hydrodynamic diameter of about 12.1 nm,
while QD-PMAL and QD-PMAL-PEI had hydrodynamic
diameters of approximately 14.7 nm and 32.5 nm, respec-
tively. A standard MTT experiment was carried out to as-
sess the cytotoxicity of the QD-PMAL-PEI and QD-siRNA
complexes. In serum-containing media, the QD-PMAL-
PEI nanoparticles demonstrated negligible toxicity and re-
markable efficiency in silencing the junctional adhesion
molecule-2 (JAM-2) gene, which is prominently found in
glioma cells. Confocal microscopy examination revealed
that siRNA was efficiently released intracellularly. For the
first time, it is noted that QD-mediated JAM-2 knockdowns
facilitated the prevention of glioma cell migration. More-
over, downregulation of the JAM-2 gene’s downstream
genes HES1 and HES5 indicated that the Notch pathway
was the JAM-2 gene’s intended target. Besides their role
as multifaceted carriers for siRNA, enabling efficient gene
silencing and real-time intracellular imaging, the unique
proton-sponge coated QDs offer promising potential for the
advancement of novel and biocompatible siRNA delivery
systems [25].

The occurrence and growth of human tumors are
caused by genetic abnormalities, which then cause apop-
tosis. Survivin is a recent addition to the family of pro-
teins that suppress apoptosis, inhibit caspases, and prevent
cellular apoptosis. The majority of normal, non-diverging
adult tissues have very modest levels of survivin expres-
sion to significantly and preferentially upregulated cancer
cells. The biochemical processes of apoptosis and prolif-
eration are programmable; studies have shown that intro-
ducing survivin short interfering RNA (siRNA) into cells
can effectively suppress survivin production, which conse-
quently causes a huge rise in the rate of apoptosis. Survivin
presents a promising therapeutic target to suppress cancer
cell development due to its distinct expression in cancer
cells in contrast to normal tissue and its essential function in
regulating cancer cell division (proliferation) and survival.

In 2013, Zhao et al. [40] conducted research to inves-
tigate the potential of quantum dots (QDs) as non-viral gene

vectors for delivering survivin siRNA and downregulating
survivin gene expression in oral squamous cell carcinoma
Tca8113 cells. In their study, the researchers employed
water-dispersible cationically modified QDs to electrostati-
cally bind to anionic siRNAmolecules to reduce the expres-
sion of the survivin gene. The cellular uptake and distri-
bution of QD-siRNA complexes in Tca8113 cells were ob-
served through confocal laser scanning microscopy. Real-
time polymerase chain reaction (PCR) was utilized to quan-
tify the levels of survivin messenger RNA (mRNA). High-
intensity fluorescence was used to view CdSe QDs while
utilizing confocal laser scanning microscopy. Six hours
after the incubation, Tca8113 cells effectively transfected
with CdSeQDs carrying survivin siRNA exhibited clear red
fluorescence from the QDs and green fluorescein amidite
fluorescence from the siRNA. Reduced survivin mRNA
levels detected by real-time PCR quantification supported
the deliverance of siRNA into the cytoplasm. In this study,
survivin siRNA effectively suppressed the expression of
the survivin gene in Tca8113 oral squamous cell carcinoma
cells and formed stable complexes with water-soluble CdSe
QDs, which exhibited strong fluorescence characteristics.
This demonstrates the potential of CdSe QDs as a distinc-
tive non-viral vector for gene delivery [40].

On the other hand, a highly promising approach for
cancer gene therapy involves RNA interference (RNAi)
through the use of short interfering RNA (siRNA). Nev-
ertheless, the clinical application of RNAi remains limited
due to the scarcity of effective and safe carriers for de-
livering siRNA. The most fatal CNS (central nervous sys-
tem) tumor is glioblastoma because of its aggressiveness.
Through the implementation of gene therapy, the siRNA-
based RNAi technology shows promising potential in pro-
viding patients with a means to combat this deadly disease.
The medical research community has made great efforts to
find efficient gene targets for the treatment of glioblastoma,
and many approaches have been suggested and identified.
As telomerase is highly prevalent in the majority of tumor
cells, anti-tumor therapeutics targeting telomerase reverse
transcriptase (TERT) are used in Guimiao Lin’s study as an
innovative therapeutic strategy.

In 2017, Guimiao Lin et al. [41] created nanocarri-
ers for In-vitro gene delivery based on cadmium sulphose-
lenide/zinc sulfide quantum dots (CdSSe/ZnS QDs).
When functionalized with polyethyleneimine (PEI), these
CdSSe/ZnSQDs create a stable nanoplex (QD-PEI) capable
of loading siRNA and specifically targeting human telom-
erase reverse transcriptase (TERT). DLS results showed
that QDs have a hydrodynamic diameter of 12.97 ± 4.62
nm and a narrow size distribution. On the glioblastoma
cell lines U87 and U251, a high gene transfection efficiency
(>80%) was attained. Following a 48-hour transfection of
tumor cells, a notable reduction in gene expression levels of
TERT was observed (49.9 ± 10.23% for U87 and 43.28 ±
9.66% for U251), as well as a significant decrease in pro-
tein expression levels (51.58 ± 7.88% for U87 and 50.69
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Fig. 8. Diagram showing the creation of Cdots and the Cdots-based nanocarrier for siRNA delivery.

± 7.59% for U251). The most significant outcome was
the notable suppression of glioblastoma cell proliferation
achieved through the silencing of TERT gene expression.
These QD-PEI nanoplexes did not appear to be cytotoxic,
even at doses that were ten times higher than those used
for transfection. These findings lead them to believe that
the QDs they have engineered hold great promise as a po-
tential tool for upcoming cancer gene therapy applications
and serve as a reliable gene nanocarrier for the delivery of
siRNA [41].

3.1.2 Carbon Quantum Dots Mediated Gene Silencing

In 2014, Wang et al. [42] developed a nanocarrier
called Cdots@PEI by adsorbing polyethyleneimine (PEI)
onto carbon dots (C-dots). This nanocarrier was designed
for the delivery of small interfering RNA (siRNA) against
the antiapoptotic protein Survivin in the human gastric can-
cer cell line MGC-803 (Fig. 8). The Cdots were devel-
oped through a microwave-assisted process, where citric
acid served as the carbon source, and tryptophan acted as
both the passivation agent and nitrogen source. The result-
ing Cdots exhibited water dispersibility, biocompatibility,
and a high quantum yield. The siRNACdots@ PEI com-
plexes had hydrodynamic particle sizes that were 4.7± 0.8
nm, somewhat larger than those of Cdots. The Cdots exhib-
ited remarkable uniformity in size, appearing as spherical
structures with an average diameter of approximately 2.6
nm, as evidenced by the HRTEM image. To determine their
crystalline nature, X-ray diffraction (XRD) analysis was
performed. In the carefully designed siRNA-Cdots@PEI

complexes, Cdots functioned as both a nanocarrier and a
fluorescent indicator, while positively charged PEI acted as
a linker, attaching the negatively charged siRNA to Cdots.
MTT assays were used to assess the cell toxicity of Cdots
and Cdots@PEI complexes. The outcome demonstrates
that cell permeability occurs without cytotoxicity. Fur-
thermore, confocal fluorescence images demonstrated cel-
lular uptake of siRNACdots@ PEI complexes, and quan-
titative reverse transcription-PCR (qRT-PCR) and Western
blot analysis verified the successful entry of siRNA into
MGC-803 cells, leading to highly effective gene silencing.
Interestingly, the siRNA-Cdots@PEI complexes, directed
against the Survivin gene, induce apoptosis and halt the cell
cycle in the G1 phase in human gastric cancer cells (MGC-
803). The results indicate that siRNA effectively binds to
the surface of Cdots@PEI complexes, resulting in a sub-
stantial improvement in gene delivery efficiency. This ap-
proach opens up new opportunities for utilizing Cdots as
versatile transmembrane carriers for drug delivery and in-
tracellular genes, along with their potential applications in
imaging [42].

3.2 Role of Quantum Dots in Gene Delivery

3.2.1 Semiconductor Particles-Based Quantum Dots
Mediated Gene Delivery

Quantum dots (QDs) offer a biocompatible and opti-
cally fluorescent surface that can serve as a versatile plat-
form for gene therapy delivery. A biocompatible water-
soluble QD was designed and functionalized on the sur-
face with plasmid DNA, making it suitable for direct ap-
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Fig. 9. Diagram illustrating the synthesis of both QDs passivated by 100% CAAKA-TAT and QDs co-passivated by 10%
CAAKATAT and 90% CAAKA.

plication in gene therapy. To regulate the timing of pro-
tein expression, this method employs chemoselective cou-
pling chemistry between an InP/ZnS quantum dot (QD)
and a linker DNA (DNAlinker). The QD-DNAlinker was
employed to condense linear DNA (lDNA) containing the
CMV promoter and DsRed-Express gene on its surface.
Following transfection of the QD-lDNA into Chinese Ham-
ster Ovary (CHO) cells, analysis of DsRed-Express expres-
sion through optical and flow cytometry methods showed
delayed protein expression for both coupling chemistries
compared to naked lDNA. The results indicate that QD-S-
lDNA produces proteins more quickly than QD-NH-lDNA.
Their analysis suggests that the protein expression delay can
be attributed to the specific site of coupling between the
QD and DNAlinker, as well as its effect on the strength of
lDNA packing. The NH-DNAlinker is thought to couple
to the facets through a condensation reaction, while the S-
DNAlinker is hypothesized to couple via direct exchange at
the vertices of the QDs. The protein expression delay is a
consequence of the slower exchange rate at the facets com-
pared to the vertices. The ability to regulate coupling chem-
istry and release timing from the QD surface offers a means
for dose control in transient gene therapeutics. Moreover,
it underscores the potential of QD delivery strategies as
multifunctional, targeted drug-carrying platforms capable
of concurrently regulating dosing. To visualize the effect
of functionalization on the surface of the QD along with
toxicological effects within the cells, researchers mainly fo-
cused on HIV cell-penetrating peptide functionalization as

well as on “Trans-Activator of Transcription” (TAT). Uti-
lizing optical microscopy, the cellular uptake of both 10%
TAT and 100% TAT passivated QDs is observed to exhibit
swift and widespread accumulation throughout the cell cy-
tosol (Fig. 9). The impact of these substances on necro-
sis, apoptosis, and metabolic damage in CHO cells were
examined in toxicity studies using flow cytometry. Accord-
ing to this research, the toxic effects of the cell-penetrating
QDs depend on both the concentration of QDs added and
how much CAAKA-TAT is applied to the QD’s surface.
These findings support the suitability of QDs as nanoscale,
self-transfecting delivery platforms for gene or drug ther-
apy [43].

Parkinson’s disease (PD) is a prevalent neurodegen-
erative condition characterized by the gradual loss of
dopaminergic neurons in the substantia nigra pars com-
pacta, leading to a decline in dopamine levels in the brain.
Levodopa (L-DOPA) and dopamine agonists are two med-
ications used to treat Parkinson’s disease, providing tem-
porary release from symptoms during the early stages of
the disease. Nevertheless, it is challenging to halt or slow
the neurodegenerative progression of PD by utilizing these
treatment approaches. As a result, there is a pressing need
to develop innovative andmore effective treatments for PD.

To cure Parkinson’s disease (PD), in 2022, Lin et al.
[44] created a unique brain-targeted ZnO quantum dots
(QDs) nanoplatforms that deliver genes into the brain to
interfere with SNCA expression. A composite containing
nerve growth factor (NGF) graft and glutathione (GSH)-
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Fig. 10. Schematic representation of the ZnO@Polymer-NpG therapy for Parkinson’s disease. As a brain-targeted ligand that
penetrates the BBB, GSH binds to cell surface receptors on brain endothelial cells and then facilitates the transcytosis of nanoparticles
across the cell layer. When ZnO@Polymer-NpG is internalized, lysosomal escape causes the release of NGF and pDNA, which creates
siRNA to silence the cellular SNCA (α-synuclein) gene and stimulates cell differentiation and neurite outgrowth.

modified ZnO QDs was developed and employed for gene
delivery in the treatment of Parkinson’s disease (PD) mod-
els (Fig. 10). TEM images of spherical ZnO@Polymer and
ZnO@Polymer-NpG particles showed an average size of
around 5 nm. Additionally, by using DLS, the average
hydrodynamic size of ZnO@Polymer and ZnO@Polymer-
NpG was determined to be approximately 10 nm. The fluo-
rescence tracking data revealed that the ZnO QDs compos-

ites were capable of delivering genes into the brain, crossing
the blood-brain barrier (BBB), and subsequently releasing
genes through lysosomal escape. Moreover, both In-vitro
and In-vivo experiments demonstrated the neuroprotective
effects of the ZnO QDs composites laden with interfering
genes and nerve growth factor (NGF) in treating Parkin-
son’s disease. The treatment efficiently reversed the neu-
rodegenerative process with minimal toxicity. Investiga-
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Fig. 11. Illustration of the CD-PEI and CD-PEI/pDNA complex formation. CD, Carbon Dot.

tion of the toxic effects of ZnO QDs composites on organs
apart from the brain was done using histopathological ex-
amination. After receiving treatment, no discernible patho-
logical abnormalities were found in the mice’s major or-
gans, according to the hematoxylin and eosin (H&E) stain-
ing data. Additionally, routine blood testing revealed that
the particles had no appreciable inflammatory effect on PD
mice. The findings indicate that ZnO@Polymer-NpG ex-
hibited favorable biocompatibility when tested In-vivo. By
integrating these versatile ZnO QDs nanoplatforms, they
present a promising theranostic approach to Parkinson’s
disease treatment [44].

3.2.2 Carbon Quantum Dots Mediated Gene Delivery

In 2012 and 2014, Liu et al. [45] andWang et al. [46],
respectively, introduced Carbon Quantum Dots (CQDs) as
nanocarriers capable of In-vitro and In-vivo gene delivery,
with the unique feature of being trackable for imaging pur-
poses.

Liu et al. [45] in 2012, by pyrolyzing glyc-
erol and branched PEI25k in a single step with mi-
crowave assistance, carbon nanoparticle formation and sur-
face passivation were carried out simultaneously, yielding
polyethyleneimine (PEI) functionalized carbon dots (CD-
PEI) (Fig. 11). The presence of the cationic polymer layer
on the surface of the nanocarrier is expected to aid in the
transfection of plasmid DNA, while the embedded carbon
dots that exhibit visible fluorescence properties can serve as
effective agents for bioimaging. Here, three CD-PEIs (CD-
PEI-A, CD-PEI-B, and CD-PEI-C) were designed by vary-

ingmicrowave irradiation times. Elementary analysis of the
nanoparticles reveals that they are composed of CD-PEI-
A containing 47.53% carbon, 24.71% nitrogen, 9.82% hy-
drogen, and 17.94% oxygen. CD-PEI-B includes 54.13%
carbon, 22.93% nitrogen, 9.41% hydrogen, and 13.53%
oxygen. High-resolution transmission electron microscopy
(HRTEM) images show that the particle size ranges from
4 to 12 nm. To determine the surface functional groups
of the CD-PEIs, Fourier Transform Infrared Spectroscopy
(FT-IR) spectra were examined. It was established that this
CD-PEI is water soluble and relies on excitationwavelength
to emit stable, bright multicolor fluorescence. All CD-PEI
samples were found to be capable of condensing DNA at
a very low weight ratio by agarose gel electrophoresis as-
say. All three CD-PEIs can condense DNA into nanopar-
ticles (below 50 nm), which is advantageous for effective
cellular transport, according to HRTEM pictures of the CD-
PEI/pDNA complexes. It was found that in comparison
to control PEI25k, CD-PEIs obtained at the proper pyrol-
ysis time displayed less hazardous and greater or equiv-
alent levels of plasmid DNA gene expression in COS-7
and HepG2 cells. Achieving the optimal performance of
the CD-PEI vector required careful control of the pyroly-
sis time to strike a balance between C-dot generation and
PEI degradation. The multicolor fluorescence of the C-
dot/DNA complexes was vividly visible in the cytoplasm,
illuminating CD-enormous PEI’s potential for bioimaging
and biolabeling [45].

In 2014, using Alkyl-PEI2k for surface passivation,
Wang et al. [46] successfully created and characterized a
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Fig. 12. Diagram showing the creation of Alkyl-PEI2k-Cdots/siRNA complex and delivery into cancer cells.

novel class of photonic Cdot-based gene delivery nanocar-
rier. Alkyl-PEI2k was employed for both surface pas-
sivation and gene delivery to create Alkyl-PEI2k-Cdots
(Fig. 12). According to their research, the nano vector was
found to exhibit uniformity with a narrow size distribution,
favorable stability, and photoluminescent properties. The
Alkyl-PEI2k-Cdots sample was examined using scanning
transmission electron microscopy (STEM), which revealed
that the Alkyl-PEI2k-Cdots sample displayed excellent dis-
persion, with individual Cdots having an average particle
size of approximately 10 nm. The average height and length
of the Cdots were determined using an atomic force micro-
scope (AFM) and found to be roughly around 15 nm. In
addition, through agarose gel electrophoresis, fluorescence
performance analyses, and toxicity assessments, it was ob-
served that Alkyl-PEI2k-Cdots exhibit stable binding, pro-
tection, and efficient delivery of siRNA and plasmid DNA
(pDNA), making them promising candidates for gene ther-
apy applications due to their retained fluorescence proper-
ties and high biocompatibility. In general, PEI’s molecular
weight substantially correlates with its transfection effec-
tiveness and cytotoxicity. In contrast to lesser molecular

weight PEI, like PEI2k, which has less cytotoxicity, PEI-
2k is an extremely effective gene transfection agent. An
MTT cell viability assay was used in the current work to
measure the cytotoxicity of Alkyl-PEI2k-Cdots following
transfection treatment. According to the results, even at
the greatest N/P ratio, the Alkyl-PEI2k-Cdots/siRNA com-
plexes cytotoxicity remained relatively low compared to
other control groups. The low molecular weight and low
density of amino groups in Alkyl-PEI2k may be responsi-
ble for the complexes’ low cytotoxicity. They believe that
Alkyl-PEI2k-Cdots, which have minimal cytotoxicity, ef-
ficient gene delivery, and fluorescent features, offer a safe
and effective route for gene therapy and optical molecular
imaging based on this methodical research [46].

3.2.3 Graphene Quantum Dots Mediated Gene Delivery

Oncemore, a successful gene therapy process depends
on identifying the therapeutic gene, delivering its effective
delivery into the nuclei of specific cells, and accurately
monitoring its presence and activity. For gene therapy, a
good nanocarrier must be highly effective, free of cytotox-
icity and immunogenicity, able to carry the gene and safe-
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Fig. 13. MPG-2H1/pDNA/GQDs complexes are assembled schematically by non-covalent interactions, transfection into cells, and
excitation.

guard it from deterioration, cross biological barriers, and
deliver the gene. Non-viral vectors, such as cationic lipids
and polypeptides, have gained attention as safe alternatives
to viral vectors, as they do not exhibit negative side ef-
fects like cytotoxicity and immunogenicity. As a result,
significant research is being done to discover new non-viral
nanocarriers that will effectively deliver therapeutic genetic
tools into desired cells. Fusion nano-peptides, acting as ver-
satile carriers, play a crucial role in gene transfer into cells
by efficiently condensing DNA, rupturing endosome mem-
branes, and promoting DNA translocation to the nucleus.

In 2017, Ghafary et al. [47] developed non-
toxic graphene quantum dots (GQDs) (graphene quan-
tum dots (GQDs) with non-toxic properties) using Hum-
mer’s method that emits two distinct colors (green and
red). Through non-covalent interactions, the MPG-2H1
chimeric peptide and plasmid DNA (pDNA) are conjugated
to the GQDs (Fig. 13). TEM was used to analyze the
shape and size distribution of both GQDs and their com-
plexes. According to the results, the MPG-2H1/pDNA
complexes have an average size of 200 nm. The typical
diameter of GQDs is approximately 80 nm. The MPG-
2H1/pDNA/GQDs complexes, as measured by DLS, have
a size range of 135–280 nm, with an increased ζ-potential
from 36.87 to 2.56 mV. The remarkable transfection effi-
ciency of the construct, as well as the observations from
confocal microscopy, demonstrate its suitability as a safe
carrier (non-toxic) for gene delivery and effective target-
ing of the cell nucleus. The MTT assay was used to evalu-
ate the cytotoxicity of various concentrations of MPG-2H1

peptides and synthesized GQDs after 48-hour incubation.
After 48 hours of incubation, the results revealed that the
various tested concentrations of GQDs (up to 400 nM) and
MPG-2H1 chimeric peptide (up to a concentration of 27.6
µg) did not exhibit notable cytotoxic effects in HEK 293T
cells [47].

Features of Quantum Dots used for gene delivery and
gene silencing are summarized in Table 2 (Ref. [25–28,39–
47].

4. Conclusions
The majority of experts concur that gene therapy rep-

resents a highly intriguing and promising application of
DNA research to date. The ease of the process will deter-
mine how widely this therapy could be used. Scientists an-
ticipate that within the next 20 years, gene therapy could
potentially serve as the ultimate cure for all hereditary dis-
eases. It is a developing field that necessitates multifunc-
tional delivery platforms to overcome cellular barriers. It
still faces difficulties due to the absence of a reliable de-
livery system that can administer stable small interfering
RNA (siRNA) or DNA selectively to the target tissue re-
gion. siRNAorDNA is transported by amultifariousness of
mechanisms, such as liposomes, polymers, peptides, virus-
based vectors, etc. Since they are non-fluorescent, these
carriers cannot be used to observe the siRNA or DNA distri-
bution procedure. Quantum dots, due to their dual-modality
optical and fluorescent characteristics, enabled real-time
monitoring and precise ultrastructural localization of the
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Table 2. Explanation of different types of Quantum dots, their uses, advantages, and disadvantages.
Sl. No Quantum dots Activity • Advantages and Disadvantages

1 Proton-sponge-coated quantum dots were prepared by using
amphipol PMAL, grafted with polyethyleneimine (PEI) as an
encapsulation polymer. QD-PMAL-PEI nanoparticles [25].

Prevention of glioma cell migration • Negligible cytotoxicity and superior gene silencing efficacy

2
Used PEGlyated quantum dot (QD) core as a scaffold. siRNA
and tumor-homing peptides (F3) were conjugated to functional
groups on the particle’s surface [26].

To treat metastatic cancer
• Greater silencing efficiency.
• Concerns regarding the cytotoxicity of QDs and their limited tissue inter-
nalization capability when exposed to light

3 Proton-Sponge Coated Quantum Dots [27] To assess and enhance the effectiveness of imaging and thera-
peutic nanoparticles

• A significant enhancement of 10–20 times in gene silencing effectiveness
and a remarkable decrease of 5–6 times in cellular toxicity

4
L-Arg (L-arginine) and β-CD-L-Arg loaded with CdSe/ZnSe
QDs [28]

The use of siRNA delivery to silence the HPV18 E6 gene and
facilitate intracellular imaging.

• CdSe/ZnSe core’s cytotoxicity was lessened by the alteration
• The complexes exhibit efficient internalization into cells
• Greater gene silencing efficiency

5 CdSe/ZnS QDs with the conjugation of amino-polyethylene
glycol (PEG) [39]

Treating neurodegenerative disorders like Alzheimer’s disease • Promising for overcoming significant challenges in siRNA transfection
into neurons

6 CdSe core, ZnS shell QDs [40]
For the targeted silencing of the survivin gene using RNA
interference (RNAi) in Tca8113 human tongue cancer cells

• Reduction of survivin mRNA levels
• No migration of QDs into the gel (agarose gel)

7
Cadmium sulphoselenide/zinc sulfide quantum dots
(CdSSe/ZnS QDs) [41].

Genetic therapy of glioblastoma.
•No obvious cytotoxicity was observed over 10 times the transfected doses,
and downregulation of the TERT gene expression resulted in significant in-
hibition of glioblastoma cell proliferation
• Achieving complete suppression of cancer cell proliferation remains a
challenging task

8 Cdots-based and PEI-adsorbed nanocarrier (Cdots@PEI) [42]
Delivery of siRNA in human gastric cancer cell line
MGC-803 against antiapoptotic protein Survivin.

• The Cdots-based nanocarriers show potential for versatile use in various
siRNA delivery systems for cancer therapy
• Excellent water dispersibility, biocompatibility, superior gene silencing
efficiency, and high quantum yield.

9 InP/ZnS quantum dot (QD) [43] Self-transfecting delivery scaffolds for gene or drug therapy.
• Highly promising contenders as multifunctional drug delivery platforms
with targeted capabilities, offering the ability to regulate dosing effectively
• Concerns over QD cytotoxicity

10 ZnO quantum dots [44] Treating Parkinson’s disease
•With no appreciable inflammatory effect.
• Good biocompatibility In-vivo

11
Polyethyleneimine (PEI) functionalized carbon dots
(CD-PEI) [45]

Gene delivery and bioimaging • Demonstrates excellent water solubility, bright multicolor fluorescence,
and remarkable photostability, outstanding features of CD-PEI, including
its bioimaging and biolabeling capabilities

12 Alkyl-PEI2k-Cdots [46] Surface passivation and gene delivery • Good stability, minimal cytotoxicity, monodispersity with a narrow size
distribution, and high gene delivery efficiency.

13 Graphene quantum dots (GQDs) using Hummer’s method [47] Simultaneous Gene Delivery and Tracking • Improved nuclear internalization and enabled effective tracking of pDNA
both In-vitro and In-vivo
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QD-siRNA or QD/DNA complexes during delivery and
transfection processes. Despite the difficulties in clinical
translation, QDs are scientific advances that might rev-
olutionize cancer diagnostics. Although it is clear that
QDs-based In-vivo molecular imaging has benefits, their
biosafety still has to be thoroughly investigated and as-
sessed. Researchers are still concerned about the clearance
of the consumed QDs from the system. Renal filtration and
urine excretion are effective ways to remove quantum dots.
Additionally, if the nanoparticles are not eliminated, and
there is a means to remove them from the body, the toxi-
city of the nanoparticles should be reduced. QDs are cur-
rently used In-vitro for the detection of cancer-associated
proteins, the capture of CTCs, and molecular pathology.
These applications highlight the dynamic process of can-
cer formation and enable the creation of a new platform
for improved comprehension of tumor heterogeneity. Nan-
otechnology has a clinical advantage for the detection, ther-
apy, and prevention of cancer. Although the progress in
developing quantum dot nano-transporters for pharmaceu-
tical purposes has encountered unforeseen obstacles, this
technology remains nascent. Nonetheless, quantum dots
have shown significant utility and promise across diverse
domains, underscoring their value in advancing scientific
and medical applications for the benefit of humanity. The
research studies discussed in this review article will provide
a framework for designing efficient QD-based nanocarri-
ers that can successfully carry therapeutic genetic tools into
targeted cells. Following these discoveries, the researchers
created some special QDs that successfully attached to the
siRNA or DNA and delivered it to its intended site. The
field of gene delivery may be advanced with the deploy-
ment of these QD-based delivery systems.
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