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Abstract: Over the last ten years rapid progress is being made regarding the incorporation of nanoparticles in cancer
diagnosis and treatment. Besides the limitations that have to be addressed, there are various research studies
suggesting some promising nanodiagnostic and nanotherapeutic platforms for cancer managment. Nanotherapeutic
platforms are based on the localized application of nanoparticles using targeting moieties, most usually antibodies, in
order to in vivo direct nanoparticles to cancer cells. Thereafter, either nanoparticles react to external stimulus, for
example under radiofrequency waves nanoparticles generate thermal energy, or they are used for targeted drug-delivery
platforms, which allows the augmentation of drug concentration in the cancerous site of the body and thus minimizing
side effects and increasing the efficacy of the drug. Regarding nanodiagnostics, particular focus is paid on nanoparticles
that can act as contrast agents in cancer imaging for in vivo nanodiagnostics and on nanobiochips and nanobiosensor,
devices that incorporate the “lab on a chip” notion for in vitro nanodiagnostics. In this review, several advanced
nanodiagnostic and nanotherapeutic platforms are discussed, on the development of more effective and targeted

molecular techniques in the diagnosis and treatment of cancer.
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INTRODUCTION

Nanomedicine, the application of nanotechnology to
medicine, has been defined as the monitoring, repair,
construction and control of human biological systems at
the molecular level, using engineered nanodevices and
nanostructures. It is an emerging new field, which
accounts for about 5% of nanotechnology publications
worldwide and includes several distinct application
areas, such as drug delivery, in vivo imaging, in vitro
diagnostics, biomaterials and active implants. In the
context of in vitro nanodiagnostics, nanotechnology
allows the construction of novel sensors and in vitro
assays, in order to improve the sensitivity of existing
tests, to develop new diagnostic test platforms and to
allow point of care applications [1-3]. Such approaches
are the biosensor platforms that consist of
nanomaterials and the use of nanoparticles as
biomolecule markers. Furthermore, nowadays new
multifunctional nanoplatforms can be constructed that
have capabilities for in vivo disease targeting, using
moieties such as antibodies. Such nanoplatforms are
endowed with image contrast enhancement capabilities
for techniques like MRI and PET, and contain
therapeutic payloads that can be released at the
disease site. The notion of combining diagnostics and
therapeutics for the management of several diseases is
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now being referred to as theranostics. Regarding
cancer management, the combination of in vitro
diagnostics techniques, in vivo nano-imaging and
nanobased drug delivery could lead to targeted tumor
disruption or removal. Up to now, cancer still remains
the leading cause of death worldwide according to the
World Health Organization, besides significant
advances in cancer treatment the last decades. Current
diagnostic and therapeutic approaches for cancer
management are mostly based on invasive (i.e.
random biopsies, surgery) and non-specific techniques
(irradiation, chemotherapeutic agents). Thus, the use of
molecular nanoplatforms for the development of
molecular diagnostic tests and targeted therapeutics
will allow cancer management based on the goals of
individualizing treatment by targeting therapy to an
individual's’ specific cancer type and genetic profile.
This strategy will enable optimization of drug efficacy
and safety and will assist in streamlining the drug
development process [3].

This review provides a comprehensive summary of
recent progress in nanomedicine as it relates
specifically to cancer nanodiagnostic nanoparticles, to
cancer theragnostic nanoparticles and drug delivery
and advanced nanotherapeutic strategies for cancer
management.

IN VITRO NANODIAGNOSTICS

An in vitro diagnostic tool can be a single
chemosensor or biosensor, or an integrated device
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containing many sensors. Nanobiosensors are devices
on the nanoscale, which are consisted of an element
that is able to identify a biochemical change, activity or
concentration of a specific molecule of biological
importance in solution. A transducer is used to convert
the biochemical signal into a quantifiable signal. Thus
far, many types of nanomaterials, such as AuNPs,
semiconductor 1I-VlI quantum dots (QDs), silicon
nanowires (SNWs), carbon nanotubes (CNTs) and
graphene, have been utilized for constructing high-
performance nanoscale biosensors for the detection of
cancer markers (proteins/peptides or DNA/RNA) in a
sensitive and specific manner [1-3].

Nanowires and Nanotubes

Nanowires are currently believed to be unique and
advantageous for the construction of a nanobiosensing
device. Nanowires are nanoscales channels through
which current is passed and can be constructed from
carbon nanotubes, metal oxides or silicon. Antibodies
are usually used as detectors in the surface of the
nanowire. When antibodies interact with the biological
target of interest, the conformational change results in
a change in the current that passes through the
nanowire allowing the extremely sensitive and specific
detection. Because of the nanoscale size of a
nanowire, with a diameter of about 10 nm, even a small
change, like bonding an additional molecule to the
nanowire, can make a noticeable change in its
electrical properties. Using several nanowires in an
array with each nanowire functionalized with a different
antibody, allows each nanowire to be used to detect a
different type of disease or cancer type [4]. Sensors
based on silicon nanowires (SiNWs) operate as field
effect transistors (FETs) and their nano-dimensions
allow the sensitive detection of biomolecules [5].

For instance, FET-SiNWs have been used for the
detection of several prostate cancer biomarkers, such
as PSA (Prostate-specific antigen) at the level of fg/ml
of PSA for monitoring prostate cancer and predicting
the risk of early biochemical relapse [6, 7] and the
prostate biomarker 8-hydroxydeoxyguanosine (8-
OHdG) by using a SINW functionalized with antibodies
against 8-OHdG [8]. PSA, prostate-specific membrane
antigen, platelet factor-4 and interleukin-6 prostate
cancer biomarkers have also been detected by
electrochemical nanotubes [9]. Furthermore, using a
nanowire technology (nCounter Analysis System)
ribonucleic acid (RNA) expression levels of CTAs
(cancer-testis antigens) have been measured, as
biomarkers for aggressive prostate cancer [10]. This

nanowire technology offers the possibility of a sensor
chip, able to simultaneously detect more than one of
cancer marker and measure a panel of biomarkers
related to a specific cancer type or/and individual, thus
contributig to the personalization of cancer diagnosis.
Chen et al. measured the urinary of apolipoprotein A Il
protein (APOAZ2 protein), a biomarker for the diagnosis
of bladder cancer, using an n-type polycrystalline
silicon nanowire field-effect transistor (poly-SiINW-FET)
[11]. SiNWSs functionalized with specific antibodies
were also used to detect lung cancer biomarker,
interleukin-10, using a nanostructure approach which
leads to enhanced optical response, in comparison with
the bare silica substrate [12]. Abiri et al. constructed a
silicon nanowire-based electrical cell impedance
sensor (SINW-ECIS) as a diagnostic tool for cancerous
cultured living lung cells by monitoring their spreading
state compared to the normal ones [13], while Lee et
al. developed a nanowire substrate-enabled laser
scanning imaging combined with flow cytometry for the
isolation and quantitation of circulating tumor cells from
a human lung carcinoma sample mixture of tumor cells
and leukocytes [14]. Interestingly, carbon nanotubes
and SiNWs have been utilized for detection of various
volatile organic compounds (VOCs) in breath samples
of lung and gastric cancer patients respectively [15,
16]. Similar to other cancer types, FET-SiNWs were
used in order to detect ALCAM biomarker, which is an
early diagnostic biomarker for breast cancer. Thus,
Tran et al. constructed a portable readout NWs on-a-
chip device, by the addition of a metal oxide
semiconductor (CMOS) on FET-SiNWSs, creating a
nano-platform that could detect ALCAM in serum at a
detection limit of 15.5 pg/ml, in less than 30 minutes
[17]. In addition, FET-nanotubes functionalized with
antibodies against IGFIR and HER2 breast cancer
biomarkers, were utilized to detect circulating breast
cancer cells in blood [18], while carbon nanotube
based electrical cell impedance sensing biosensor
(CNT-ECIS) has been indicated as a rapid, sensitive
and specific device for the detection of colon cancer
cells [19].

Besides the cancer biomarker detection, FET-
SiNWs and zinc oxide nanowires (ZnONWSs) have been
used to detect ssDNA, as the binding of this negatively
charged polyanionic macromolecule to p-type NW
surfaces leads to an increase in conductance [20, 21].
These DNA biosensors have been used to detect
cancer mutations related with cancer types. For
example, a nanowire platform functionalized with
ssDNA detected the BRAF mutation for breast cancer,
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while a ZnONWSs conjugated with a specific ssDNA
oligonucleotide detected the specific for the breast
cancer 1 (BRCA1) gene [22, 23]. Furthermore, FET-
SiNW biosensors have been fabricated in order to
detect mi-RNAs (related to the initiation and
progression of various cancer types. For example, Lu
et al. have detected miRNAs (of miR-21 and miR-205),
at a limit of detection of 1 zeptomole in total RNA
extracted from lung cancer cells, as well as human
serum samples using CMOS on FET-SINW [24].

Nanocantilevers

Nanocantilevers, are based on the mechanical
detection of the three dimensional properties of an
object, with a precision of about 10nm. As force
sensors they can allow measurements at the level of
single molecules, thus cantilever nanobiosensing
provides an alternative PCR with possibilities to replace
microarray  detection methodologies  for  the
identification of SNPs, oncogenes, viruses, bacteria
and other pathogens. For instance, Huber et al. used
microcantilever arrays to detect BRAFV600E mutation
nanomechanically without amplification, from total RNA
samples isolated from malignant melanoma cells [25].
Wang et al. fabricated a new cantilever array-based
bio-sensor based on micro-electromechanical systems
(MEMS) for the detection of Alpha-Fetoprotein (AFP), a
liver cancer biomarker, with high accuracy [26], while
Liu et al detected the same biomarker for
hepatocellular carcinoma at the level of ng/ml, using a
resonant microcantilever electromagnetic resonance-
exciting and piezoresistive readout elements on-chip
integrated, in order to measure frequency-shift versus
specific-adsorbed mass [27]. Just like other nano-
biosensors, nanocantilevers were demonstrated to be
able to detect PSA at low levels (0.2 ng/ml to 60 pg/ml)
for the detection of prostate cancer [28]. PSA was also
detected in a liquid environment using piezoeclectric
nanomechanical  cantilevers, where resonance
frequency shift of the cantilever was proportional to the
PSA antigen concentration of analyte solution [29].

Nanoparticles

The use of nanoparticles promises to help promote
in vitro diagnostics to the next level of performance.
Quantum dots (QDs), gold nanoparticles (AuNPs), and
superparamagnetic nanoparticles are the most
promising nanostructures for in vitro diagnostic
applications. These nanoparticles can be conjugated to
recognition  moieties such as antibodies or
oligonucleotides for detection of target biomolecules. In

the field of in vitro diagnostics, nanoparticles are mainly
used as markers for biomolecules. On the other hand
conventional fluorescent dyes already used in medical
laboratory tests, in PCR assays and in biochips are not
photostable or suitable for multiplexing. Jokerst et al.
used semiconductor nanoparticle quantum dots (QDs)
combined with a microfluidic biosensor for the multiplex
quantitation of cancer biomarkers like,
carcinoembryonic antigen (CEA), cancer antigen 125
(CA125), and Her-2/Neu (C-erbB-2) in serum and
whole saliva specimens [30]. This QD nano-bio-chip
assay system resulted in a 30 times signal
amplification, compared with standard molecular
fluorophores. Moreover, supermagnetic iron oxide
nanoparticles are used, integrated with applications like
cell sorting, nucleic acid extraction and purification for
the detection and isolation of circulating tumor cells of
several types of cancer such as colorectal, lung and
breast cancer [31-33].

IN VIVO NANODIAGNOSTICS AND THERAGNO-
STICS

Nanostructures are incorporated in in vivo
nanodiagnostics via their use as contrast agents in a
variety of in vivo imaging modalities. Nowadays,
multiple imagine techniques hold a substantial role in
all stages of cancer management: prognosis,
screening, biopsy guidance, staging and detection of
metastasis, therapy, surgical guidance and recurrence.
In current clinical practice, cancer imaging includes
non-invasive imaging modalities, such as Computed
Tomography (CT) Scans, Magnetic Resonance (MR)
Imaging Scans, Positron Emission Tomography (PET)
Scans, Single Photon emission CT (SPECT),
Ultrasound (US) Scans and optical imaging for
macroscopically visualising tumours [34]. All of these
imaging modalities provide different information about
the patient: CT scan provides information about
structure and is most sensitive to electron-dense
elements, such as those found in bones and on the
other hand MRI scan provides information about soft
tissues, and is most sensitive to tissues and organs,
while PET scan can provide information about
metabolic parameters, and can be particularly sensitive
to detection of high-metabolism tumors and infections.
The resolution of both CT and MRI scans can be
significantly improved by introduction of contrast agents
that will further increase the electron density. However,
molecular imaging offers new insights to fight cancer in
microscopic level, for the detection of cancer- specific
biomolecules and signalling pathways in order to
diagnose cancer metastasis at early stages and to
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design drug systems focused on cancerous tissues
towards an era of personalized medicine [35].

Several NPs have been successfully combined with
imaging modalities, because of their beneficial
properties as fluorescent probes (controllable emission
wavelenghts, sharp emission profiles, robust signal
strength and the use of a single excitation source) and
their potential for functionalization with peptides,
antibodies and various drugs such as
chemotherapeutics [36]. Most studies suggest that NPs
systems based on passive targeting of tumor sites, can
be more effective for targeting solid, primary tumors
with fairly large size (at least 2mm) and well developed
vasculatory system. However, early stage primary
tumors and micro-metastases do not demand robust
blood supply and are not detectable via passive
targeting. Therefore, tumor-specific detection via active
targeting is still a challenge of great significance [37].
Recently, there is a growing interest for theragnostic
NPs, which combine therapy and diagnosis in a single
biocompatible and  biodegradable  nanosystem.
However, none of the so far described nanosystems
are incorporated in clinical practice, except for iron
oxide NPs (IONPs), particularly due to the lack of
reproducibility, suitable biodistribution and
pharmacokinetics [35]. The combination of the existing
imaging technology with theragnostic NPs, gives a
great advantage for high-resolution in vivo cancer
imaging, drug monitoring and drug delivery in a specific
mode of action. So far, FDA has approved 35 imaging
or/ and therapeutic NPs for clinical trials among them,
IONPs, gold nanocages and nanoshells, biodegraded
polymeric NPs, silica and silica-gold NPs. However, the
incorporation of NPs in molecular imaging still needs a
lot of progress since such nanomaterials are
characterized by pharmacokinetic properties that
cannot be easily controlled [36].

Targeted Delivery

Targeted delivery strategies offer the opportunity for
targeted and specific delivery of drugs to cancer sites.
There are two targeting strategies for drug delivery, the
active and the passive targeting, based on the EPR
effect (enhanced permeability and retention) [37]. In
active targeting, the NPs have to be functionalized with
a antibody, aptamer, peptide, oligonucleotide that are
cancer-specific. In the case of passive targeting, the
NPs are not specifically targeted by ligants, but
intermediate NPs (10-500nm in size) have the ability to
enter the tumorous permeable vasculature and
basement membrane, allowing the accumulation of

NPs in tumor sites. There have also been developed
several strategies for controlled drug release, such as
thermo-responsive release, enzyme responsive release
and pH responsive release [38]. For example,
biodegradable polyelectrolyte microcapsules (PMCs)
are supramolecular assemblies of enzyme responsive
release into viable cells that are suggested to be very
effective as drug-carriers that maximize drug's
exposure enhancing antitumor activity of neoplastic
drug in cancer cells [39]. Vergara et al. constructed
stable nanocolloids of paclitaxel and lapatinib via
sonication-assisted layer-by-layer (SLBL) technology
and treated a multidrug-resistant ovarian cancer cell
line. These multidrug nanocolloids inhibited cancer cell
growth indicating a strong potential for in vivo
application, especially in resistant or relapsed patients
[40]. The use of SLBL technology, offers the advantage
of reducing drug-dose escalation in clinical settings.
Pattekari et al. created nanocapsules with controllable
paclitaxel release rates, by assembling multilayer shells
in the surface of the nanocapsules [41], while Zhang et
al. proposed polyelectrolyte layer-by-layer
encapsulation for sustained drug release from
nanoparticles over the range of 10-20 h [42].
Researchers have constructed various nanosystems
for targeted drug delivery such as, liposomes and
micelles, natural and synthetic polymer nanoparticles,
metal, gold and magnetic nanoparticles, hydrogels,
Polymersomes, Nanotubes, Dendrimers, Nanocells,
XPclad® NPs. The choice of carrier system is a difficult
task, since there are many factors to be taken into
consideration like the type of drug delivered
(biodistribution and pharmacokinetics) and the carriers’
properties like its stability, size, rigidity, charge,
solubility and surface modifications. So far, the most
important nanocarrier systems in current drug delivery
are liposome-based delivery systems and polymer
nanoparticles [38, 43].

Theragnostic Nanoparticles: Image-Guided Cancer
Management

NPs can be easily combined with MRI, optical
imaging  and photoacoustic  imaging. When
appropriately functionalized with imaging probes they
can be incorporated in nearly all imaging modalities.
SPECT, PET and even more multimodal imaging
techniques like PET/SPECT, MRI, CT, NIRF combined
with  NPs, allow high sensitivity with minimized
background noise, measurement quantification and
non-invasive procedures, creating an indispensable
tool for targeted in vivo molecular imaging [44, 45].
There are various theragnostic NPs and delivery
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strategies used, depending on the imaging modality
combined with. Their size has a range of 10 to 100nm,
manufactured from soluble or colloidal polymeric
materials and functiolalized with an imaging probe
(encapsulated in the core or conjugated on the surface)
and another probe on the surface that recognizes the
tumor in a specific way [45, 46] (e.g targeting the folate
receptor, integrin av3, VEGF, PSMA that are
upregulated in different cancer types) [47-50]. The
desired nanosystem should be non-toxic, non-
immunogenic and active only in the tissue of interest
and not in bloodstream. PEG polymer (polyethylene
glycol) is approved by the FDA and conjugated to
several drugs such as, Oncaspar (asparaginase),
Neulasta (granulocyte colony stimulating factor), Peg-
Intron (a-interferon 2b). Monoclonal antibodies and
recombinant DNA are used to reduce immunogenic
reaction, enhance the stability of the nanosystem and
thus prolong half-life in bloodstream, while conjugated
linkers responsive to specific stimuli release the
encapsulated drug only in specific environments (eg.
pH sensitive, thermosensitive) [35, 36].

Polymeric micelles, liposomes and dendrimers are
usually combined with molecular imaging technology in
order to study pharmacokinetics, targeted drug
delivery, drug release and therapeutic efficacy. Xiao et
al. [51], demonstrated that multifunctional unimolecular
micelles showed passive and active tumor-targeting
abilities via c-RGD peptides for integrin avp3 targeting,
with pH-controlled drug release and PET imaging
capabilities for cancer-targeted drug delivery. The anti-
cancer drug, doxorubicin (DOX) was covalently
conjugated to the arms of a hyperbranched amphiphilic
block copolymer, in order to study its release and target
efficacy to the tumor. Tagami et al. [52], created a
liposomal nanosystem encapsulated with an MRI
gadolinium-based agent (Gd-DTPA) and DOX, which is
simultaneously released in a locally heated tumor
(HaT: Hyperthermia-activated-cytoToxic), to predict the
anti-tumor efficacy and release of DOX in a standard
pharmacological response model. In two other studies
[63, 54], theragnostic nanoparticles were developed, to
follow up tumor size in real time in relation to drug
uptake. Kaida et al. [53], used a mouse model with
human pancreatic tumor to evaluate the effect of
platinum anticancer drugs, in a polymeric micelle
conjugated with gadolinium-based agent, while Phillips
et al. [54], developed a radionuclide (rhenium 186)
liposome for enhanced contrast MRI scan, to study the
efficacy of brachytherapy in a glioma rat model, with
outsanding results regarding the tumor size. Another

interesting approach is the binding of siRNA anti-tumor
small drugs in solid lipid NPs or iron oxide NPs (10s),
with the possibility of co-encapsulation of other
chemotherapeutic drugs like paclitaxel for synergistic
chemotherapy and imaging at the same time [55-58].

Consequently, drug delivery and imaging
nanosystems exhibit many advantages regarding the
access in cancerous sites and the vasculatory system
of the tumor, the prolonged circulation, the
encapsulation of various drugs and imaging agents.
Thus, theragnostic NPs are suitable for imaging liver,
spleen, lymph nodes, organs that simultaneously take
up NPs and interesting candidates for the development
of a drug delivery nanosystem for imaging-guided
interventions regarding cancer management [58, 59].

ADVANCED NANO-THERAPEUTICS

Drug-Delivery Nanoplatforms for Cancer Vaccines

Cancer cells carry molecules in their membrane that
are not recognized as harmful from the immune system
or have the ability to evade the recognition procedure
by downregulation of MHC class | expression or
mutations on MHC class | gene. Even if the immune
system recognizes the cancer antigen, a strong attack
against cancer cells is not triggered, since cancer cells
suppress immune response by turning off activated T-
cells. But at the same time, it not fully understood how
cancer cells escape recognition and attack the immune
system, thus cancer vaccines are difficult to be
successfully fabricated. Treatment cancer vaccines are
mainly based on immunotherapy and consist of tumor-
associated antigens (TAAs), adjuvants or DNA/RNA
that could trigger the immune system to recognize
those antigens and orchestrate a response. In addition,
treatment vaccines can act based on targeted therapy
and aim to boost the immune system against cancer.
NPs have many properties that make them appropriate
for carriers of encapsulated or conjugated vaccine
molecules. They are proven to be stable and have
prolonged stay in circulation and to enter deep in the
tumor mass for the targeted release of the payload. For
instance, NPs of 10-100nm in diameter, have the ability
to passively enter lymphoid tissues and stay there long
enough, in order to allow APCs (antigen-presenting
cells) to present the vaccine [60]. Actually, it has been
demonstrated that nanobeads of 40nm conjugated with
an antigen (protein or peptide), trigger a specific T-cell
immune response that is boosted compared to
currently used cancer vaccines such as Alum
(aluminum salts), MPLA (monophosphoryl lipid A) and
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Quil-A (saponins' triterpene aglycone) [61]. Recently, it
has been shown that tumor-draining lymph node is a
great target of nano-vaccines (TAA-NPs and CpG-NPs)
in comparison to non tumor-draining lymph node, since
nano-vaccines can initiate there a strong cytotoxic
CDB8+ T-cell response, locally and systemically [62]. To
the same end, Thomas ef al. used 30 nm polymeric
NPs, designed to target dendritic cells (DCs, CD11c+)
in the lymph node, which are the most potent APCs.
CpG motifs (when unmethylated they act as
immunostimulants) and paclitaxel where encapsulated
in the NPs to activate DCs, which in turn caused the
redistribution of CD4(+) T cells, increased the
frequency of antigen-specific CD8(+) T cells in the
tumor and thus, decreased tumor growth [63]. NPs
have been also used as multifunctional carriers
combined with MRI [64] or NIRF [65], in order to
simultaneously track the nano-vaccine in vivo. A pH
controlled delivery strategy has been used to fabricate
nano-vaccines that promote cross-presentation, since
the presentation of an antigen via MHC-I to activate
cytotoxic T cells (CD8+ T cells), presupposes the
involvement of endoplasmic reticulum and endosomes,
subcellular compartments with acidic environment. This
strategy offers a safe and efficient cancer
immunotherapy [66].

DNA vaccination therapy is proposed to be an
appropriate type of cancer vaccine formulation, since
they it can trigger humoral and cellular immune
responses and is the safest vaccine up to now. DNA/
mRNA sequences that encode for tumor-related
proteins/peptides or immunostimulatory molecules, are
antigens of great interest, since they are easy to
fabricate. Polymers, ceramics, metals and biological
materials of various shapes, spherical, branched, shell
structures, are some of the nanoparticles used for DNA
delivery [67, 68]. Researchers are trying to deliver
naked DNA with no satisfying response rates and to
incorporate viral vectors and electroporation in order to
successfully transform the vaccine DNA, but safety
issues are still needed to be addressed. Synthetic
delivery systems seem to be a non toxic solution for
DNA vaccine in comparison to viral vectors. For
example, LPDs (liposome-polycation-DNA
nanoparticles), are a combination of DOTAP (1,2-
dioleoyl-3-trimethylammonium  propane)  modified
cationic liposome and a cationic polymer (protamine)
condensed DNA [69]. Cui et al. used an LPD (cationic
liposome-polycation-plasmid DNA) nanoparticle
platform to trigger immunostimulation. LPD-NPs
entered the tumor lymphoid tissues and managed to
activate APCs [70].

On the other hand, whole-cell cancer vaccines are
also an interesting strategy due to the broad immune
response they can trigger towards a more personalized
therapy approach. Fang et al. used polymeric
nanoparticles with a shell-layer of membrane from
cancer cells that could promote a tumor-specific
immune response for use in vaccine applications [71].
Gross et al. proposed a PLGA microparticle vaccine
formulation composed of a cocktail of Toll-like receptor
(TLR)-stimulating  adjuvants, in order manage
metastatic breast cancer. The vaccine formulation
entered the lymph nodes and was shown to be
successfully phagocytosed by dendritic cells (DCs)
within 48 h and to reduce metastatic lung tumors by
42%, without inducing autoimmunity [72]. Wang et al.
used a TLR3 agonist, polyribocytidylic acid (PIC),
combined with DOTAP cationic liposome to show that
PIC-DOTAP nanoformulation leaded to an enhanced
uptake of PIC compared to DOTAP or PIC alone. They
showed that PIC-DOTAP is a potent nanoformulation
that is able to increase antitumor effect of cancer
vaccines, via the promotion of DCs maturation, the
production of type | IFN and the triggering of TLR3
signaling in BMDCs (bone marrow DCs) [73].

DNA Nanostructures for Drug Delivery

Currently, one field that meets great interest is DNA
nanotechnology and the use of this technology in
cancer treatment. The breakthrough came in 2006 with
DNA origami, a method for folding long, single-
stranded DNA molecules into arbitrary two-dimensional
shapes, such as squares, disks and five-pointed stars
with a spatial resolution of 6 nm and a total diameter of
100nm [74]. Such DNA nanostructures can be very
useful in drug delivery or/and image guided therapy of
cancer. They have several advantages over
conventional delivery nanoparticles (liposomes,
polymeric systems) that are heterogeneous in size, in
composition and in their surface chemistry, leading to
decreased tissue specificity and toxicity. On the other
hand, ssDNA structures can be more easily be
controlled, thus cancer-specific ligands on the
nanoparticle surface can be successfully controlled
[75]. For example, Zhang et al. constructed a triangle-
shaped DNA origami loaded with the anticancer drug
doxorubicin, which passively accumulated in tumor
sites. These nanostructures are proposed to be a safe
approach of drug delivery of cancer therapeutics in
vivo, since no systemic toxicity has been observed in
mouse models [76]. Cho et al. created a DNA
structured multilayer nano-film, to achieve
biodegradable drug (doxorubicin)-delivery in a
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controlled manner [77]. Wang et al. showed that DNA
origami nanostructures can act as nano-carriers for
anticancer-drugs that can effectively circumvent the
drug resistance of cultured cancer cells [78]. In
addition, DNA nanostructures can be combined with
metallic or polymer nanomaterials appropriate to be
used as electronic nanodevices, while they will be able
to be loaded with various molecules and cell-targeting
agents simultaneously, in ordered to achieve targeted
therapy and combined administration of drugs. For
instance, Mou et al. proposed a DNA-protein hybrid co-
assembling nanowires, where proteins allow to the
nanostructure to perform a variety of functions on
biomolecules, while self-assembly DNA nanostructures
are limited in affecting other molecules. DNA
nanostructures are also good candidates for image
guided therapy [79]. Bhatia et al. assembled an
icosahedral DNA nanostructure loaded with a
fluorescent biopolymer that functions as a pH reporter,
an appropriate strategy for controlled drug delivery in
cancer targeted therapy that offers the opportunity of in
vivo imaging [80]. More recently, Zhang et al.
suggested an aptamer-based self-assembled DNA
dendrimer, as a potential multifunctional candidate for
image guided, targeted and controllable drug-delivery
in cancer cells [81]. Besides drugs, DNA
nanostructures could serve as nanocarriers for gene
therapy. For example, Lee et al. proposed a self-
assembled DNA tetrahedral nanoparticle for siRNA
delivery in cancer cells, in order to silence cancer
related genes in tumors [82]. The future in the use of
DNA nanostructures in nanomedicine and cancer
management are DNA nanorobots, which will be able
to interact with living animals [83] and with
computational regulated function [84].

DISCUSSION

The first critical step in cancer management is to
diagnose and stage the disease. Cancer diagnosis is
based on pathological examination, in vitro assays and
in the use of several imaging modalities. CAT scan is
able to show the presence, size and location of tumors,
while MRI the difference between normal and diseased
soft tissues of the body, like breasts, bones and joints,
organs in the pelvis, chest and abdomen (heart, liver,
kidney, spleen). The combination of PET with CT
imaging offers precision and detailed computerized
pictures of sites in the body that can aid with cancer
diagnosis and follow-up regarding the effectiveness of
treatments. Currently, PET-CT is used as the number
one tool in the delineation of tumor volumes,

stratification and treatment selection. This combination
has proven to be beneficial for active treatment
decisions, disease recurrence monitoring and patient
outcomes, such as disease-free progression. Cancer
imaging is subtended by in vitro assays, based on the
identification of cancer biomarkers, like a cancer
related protein, peptide and mutation. For example,
PSA detection in bloodstream for prostate cancer
diagnosis, the detection of the amplification of HER-
2/neu gene for herceptin treatment selection in breast
cancer, the detection of mutations in several cancer
related genes such as Ras, Braf, Brca that are all
assays approved by FDA and are already in clinical
practice. Regarding therapy, there are three major
approaches surgery, radiotherapy and systemic
therapy, but usually there is a combination of the three.
Surgery alone or radiation alone can only succeed in
localized and small sized tumors, while chemotherapy
alone can only be effective in leukaemias and
lymphomas. Besides the outstanding development in
the management of cancer disease, so far it is based
on invasive therapy techniques and late diagnosis,
when at the same time approaches towards a more
personalized way of disease management are not yet
used in every day clinical practice.

The incorporation of nanotechnology in cancer
management has so far beneficial effects, since
several nanoplatforms have been successfully
combined with all imaging modalities, have been used
for the construction of nanodiagnostic chips that can in
vivo recognize cancer biomarkers in the tumor site
or/and in CTCs (circulating tumor cells) in blood and
have been used for nanotherapeutic approaches, since
they are a great choice for targeted drug delivery. The
currently approved nanoplatforms have improved drug
efficacy and reduced drug toxicity. Nanoplatforms have
the advantage of multifunctionality regarding, the
ligands that can be conjugated, or/and the molecules
that can be encapsulated and the engeeniring
capabilities, like DNA origami, that will lead to the next
generation of theragnostic nanoplatforms, which will be
able to diagnose, stage the disease and treat at the
same time. Current research is now working on
fabricating such theragnostic nanoplatforms, incorpo-
rating safer nanomaterials with novel engineering
approaches, so that an increasing number of multifunc-
tional nanoparticles enter the clinic in the future.
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