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ABSTRACT
Cancer treatment is one of the major challenges of modern medicine. Several attempts have
been made, in order to find more successful treatments. Nanotechnology can be applied to
target drugs to the surface or to the interior of specific cells. In addition, it can also be used in
diagnosis and prognosis of diseases. Therefore, nanotechnology opened a new vast exploit-
ing area for cancer treatment. The studies must go on to obtain tailor-made therapies, with
low adverse side effects and improved efficacy.
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RESUMO

O tratamento do cancro é um dos grandes desafios da medicina moderna. Vérias tentativas
tém sido feitas nesta drea, com o objectivo de obter tratamentos mais eficientes. A nano-
tecnologia pode ser usada para direccionar formacos para a superficie ou para o interior de
células especificas. Estes sistemas podem ser usados no diagnostico e progndstico de doen-
¢as. A nanotecnologia surge assim como uma nova area de conhecimento do tratamento e
diagnostico do cancro. Os estudos devem prosseguir tendo em vista a obtengao de terapias
individuais, com poucos efeitos adversos.
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1.INTRODUCTION

Cancer is a widespread disease which has been extensively studied. Traditional treatments
with chemotherapeutic agents impart lots of toxicity problems to patients, because they
are not selective to tumour cells. The goal is to find a way of circumvent the problem, i.e,
develop a system that could target therapeutics to cancer cells, avoiding the healthy ones.

Nanotechnology has been claimed as a new smart technology that produces systems with
the ability of targeting drugs to specific sites in the body. Such systems include submicron
nanoparticles (NPs) composed of several materials (e.g., polymers, lipids, virus, metals), or
devices (e.g., carbon nanotubes and nanowires) (Cho et al.).

Although there is no thorough cure for cancer at later stages, cancer has a good chance to
be treatable and the prognostic could be favourable if it would be detected prematurely.
Therefore, the development of innovative technologies, specific and reliable for detecting
cancer at early stages, with easy access to patients is a demand (Kateb et al.).

This review refers the different applications of nanotechnology in cancer treatment, diagno-
sis and prognosis. Future direction of research is also suggested.

2.NANOTECHNOLOGY AND CANCER DIAGNOSIS

Concerning cancer diagnosis, the main areas in which nanotechnology is being developed
include: early stages cancer detection proteomics; improvement of sensitive and specific
nanoplatforms for simultaneous malignant mass analysis; identification of associated bio-
markers; imaging diagnostics.

The traditional screening methods for cancer diagnosis are usually at the tissue level, which
has low efficiency and specifically fails to detect cancer cells, namely at very early stages of
the disease (Choi et al.).

Molecularimaging has become a high accurate area in cancer diagnosis. Advances in nano-
technology have demonstrated the promise of NPs for non-invasive tumour imaging (Lee
et al; Medarova et al.). Starting with single biomarkers, initial successes of nanotechnology
in molecularimaging have been included in all imaging modalities such as optical, nuclear,
ultrasound, computed tomography, and magnetic resonance imaging (MRI).

Extensive research has shown that NPs are taken up and accumulate preferentially in various cell
lines, including cancer cells through an enhanced permeation and retention effect (Wang et al.).
The specific size-dependent properties of the NPs (e.g., optical, electronic, magnetic, chemical and
physical) allow to develop nanodevices, including target-specific and sensitive contrast agents,
multimodality imaging probes, or even multifunctional reagents for in vivo imaging. Nanodevices
have the potential to detect the presence of molecular changes associated with cancer, even
when they occur only in a small percentage of cells, providing a rapid and sensitive detection
of cancer-related molecules (Vishwakarma et al.). Different nanodevices have been applied in
cancer diagnosis such as gold NPs, quantum dots, magnetic NPs, magnetic iron oxide NPs, carbon
nanotubes and nanowires. Conjugated with drugs and targeting molecules, nanostructures have
the potential for selective imaging of different human cancers (Pathak and Katiyar).



Gold NPs have been used as stable and versatile agents for molecules due to their special
size-dependent optical properties (Yong et al.). According to their size and shape, gold NPs
can absorb and scatter light from the visible to near-infrared region providing deep tissue
penetration which is very important in in vivo imaging (Copland et al.). Modified gold NPs
have been developed to improve their contrast properties and higher affinity to cancer cells
than to healthy cells (Aaron et al,; Liu et al.,"A One-Step”; Mani et al.).

Quantum dots (QDs), nanoscale crystals of a semiconductor material, are very stable light-
emitters that are emerging as a powerful biomolecular and cellular imaging tool for better
cancer diagnosis since their discovery. QDs have unique optical and electronic properties
compared with traditional organic fluorescent dyes such as size-tunable light emission,
improved signal brightness, enhanced stability of the fluorescence signal, and the ability
of being excited with one source light and to emit simultaneously different fluorescence
colors (Chan and Nie). They can be bioconjugated with targeting antibodies to detect mo-
lecular signatures (Gao et al.). QDs are excellent optical imaging nanoprobes for evaluating
the specificity of tumour-targeting ligands in vitro in cancer cells and in vivo in animal cancer
models (Wang et al.). QDs have also been integrated into nano-biochips to detect multiple
cancer biomarkers, which can reduced the detection time compared to traditional enzyme-
linked immunosorbent assay (ELISA) (Jokerst).

Other types of NPs (e.g.,, magnetic NPs, silica NPs and metal NPs) have also been investigated
for cancer biomarker detection. Silica NPs doped with fluorescence resonance energy trans-
fer dyes have been used for the optical differentiation of leukaemia cells (Chen et al.). Super
paramagnetic iron oxide-based NPs have been used as precursors for the development of a
target-specific MRI contrast agent. These nanostructures present great advantages for in vivo
tumour imaging when compared to other types of NPs such as a long blood retention time,
biodegradable materials, and a low toxicity (Lee et al.).

Carbon nanotubes represent another potential type of nanodevices for cancer biomarker
detection which is currently being used to develop DNA biosensors. Carbon nanotubes-
based biosensor with a field-effect transistor has been used for detection of lung cancer bio-
markers from exhaled breath samples (Peng et al.). A multifunctional dendrimer-modified
multi-walled carbon nanotube has been recently developed (Shi et al.). Dendrimers have
a treelike, branched shape. The branching creates a large surface area into which several
ligands can be attached. These structures have been used in MRI as contrast agents and they
have aided visualization of various pathological processes.

Different types of nanowires (e.g,, silicon, gold, conducting polymer) have also been applied
to biomarker detection (Lee et al, "Nanogram”; Fan et al.; Fang et al.). Functionalized nanow-
ires are coated with capture ligands (e.g., antibodies or oligonucleotides) giving them excel-
lent properties of selectivity and specificity (Nie et al.). In the presence of target molecules,
the specific molecular binding will change immediately the electrical conductance within
the nanowire that can be measured.

Other nanotechnology with an interest in cancer diagnosis includes cantilevers (Liu et al,,
“Nanogram”) and nanopores. Nanoscale cantilevers can be used as components of biosen-
sors. These can be coated with molecules (e.g., antibodies) capable of binding to specific
biomolecules that only cancer cells secrete. When the target molecule binds to the anti-
body on the cantilever, produce a physical change of the nanostructured, which can be
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monitories in a real time. Nanoscale cantilevers can provide rapid and sensitive detection
of cancer-related molecules. Nanopores based on antigen-antibody interaction have been
investigated for detecting specific biomolecules related to cancer (Mirsaidov et al.).

3.NANOTECHNOLOGY AND CANCER THERAPY

Unfortunately, early cancer diagnosis is useless if not coupled with effective therapy. Con-
ventional chemotherapeutic treatments are not selective, affecting both cancer and healthy
cells, which induce severe systemic toxicity and produce drug resistance. A potential use of
nanotechnology in cancer therapy is the specific targeting of malignant cells while sparing the
healthy ones. This approach involves the attachment of monoclonal antibodies or cell surface
receptor ligands to NPs, which can then bind specifically to cancer cells and allow delivery of
smaller doses of toxic substances. Success of targeted therapies depends on the expression
of the targeted molecules by cancer cells, which can also serve as cancer-specific biomarkers.

Different types of NPs and nanodevices are under different stages of clinical development.
Due to its biological compatibility, lipids are one of the most promising strategies that can
be used to prepare delivery systems, like liposomes and solid lipid nanoparticles (SLN). Cur-
rently, liposomal formulations of several chemotherapeutic agents (e.g., doxorubicin and
daunorubicin) have been approved for treatment of metastatic breast cancer and Kaposi’s
sarcoma (Fanciullino and Ciccolini) or are currently in clinical trials. These drugs have also
been successfully encapsulated into SLN (Kang et al.). Coating the surface of NPs with poly-
ethylene glycol (PEG) is a common technique used to alter chemical formulations (liposome
or otherwise) into “stealthy” NPs with increased circulating half-lives (Ferrandina et al.).

Biodegradable polymers have increased the application of different polymer-based drug
delivery systems (e.g. NPs, micelles and dendrimers) in oncology. Several kinds of polyme-
ric based-NPS (e.g. albumin, poly(alkylcyanoacrylate), poly(lactic acid), poly(glycolic acid),
poly(lactide-co-glycolide)) are tested for the treatment of various cancers (Miele et al.). Multi-
functional polymeric micelles for targeting ligands and/or imaging and/or therapeutic agents
are being actively developed (Nasongkla et al.). Dendrimers are versatile particles regarding
their size and functionality. The easily modifiable surface characteristic of dendrimers enables
them to be simultaneously conjugated with several molecules including therapeutic drugs,
targeting ligands and/or other components to increase cancer specificity (Wang and Thanou).

Viruses have been explored as nano-containers for specific targeting applications. Interest-
ingly, there exists a subset of viruses with natural affinity for receptors of malignant cells that
could be exploited for nanotechnology applications. For example, the canine parvovirus
(CPV) utilizes transferrin receptors (TfRs), which are over-expressed by a variety of tumour
cells, for binding and entry into canine and human cancer cells (Singh et al.).

Other nanodevices have also been used in cancer therapy such as gold NPs. Gold NPs are
inorganic metal particles used for targeting tumours (Loo et al.; von Maltzahn et al.). When
studied in vivo in mice, gold NPs were “stealthed” with PEG and shown to accumulate prefer-
ably at the tumour site due to the highly permeable, poorly organized vascular networks
common in neoplastic tumours. Then, laser treatment of the bulk tissue selectively heats
and destroys the nanoshell tumour regions within the tissue, while leaving healthy sur-
rounding tissue intact (Feng et al.).



4. CHALLENGES AND FUTURE DIRECTIONS

The National Cancer Institute (NCI) has recognized the potential that nanotechnology holds
for cancer prevention, earlier detection, and prognosis at premalignant stages and treat-
ment. Assays that detect, accurately and quickly quantify, the presence of cancer-related
biomarkers simultaneously on single tumour sections or small tumour specimens will be
enabled by applying nanotechnology strategies.

Multifunctionality is the main advantage of NPs compared to conventional technological ap-
proaches. The future of nanodevices in clinical oncology will be passing by successful clinical
application of radiolabeled multifunctional nanoplatforms, to allow combination of both mo-
lecular therapies and multimodality targeted molecular imaging. In addition, it is required that
nanodevices allow specific in vivo drug delivery, without systemic toxicity, and that the dose
delivered can be accurately measured noninvasively over time (Cai et al.). Concerning cancer
treatment, future areas of nanotechnology innovation include the development of biorespon-
sive and self-regulated delivery systems. The most important innovations are taking place in
drug delivery, which involves the development of new NPs formulations to improve drug bio-
availability at specific sites and over a defined period of time, owing to an optimized therapy.

Although various radiolabeled nanocarriers have been effective in detecting and treating
cancer in animal models (Kaijzel et al.), further preclinical, clinical and toxicity assays will be
important for effective application in human patients.

Another important expectative of applying nanotechnology in medicine is the possibility to
obtain a tailor-made therapy.

In the near future, nanotechnology will bring an important set of research tools and clini-
cally helpful devices. The NCI expects new commercial applications in the pharmaceutical
industry that will include new drug delivery systems and therapies. Finally, a shift from the
possible to the potential will be made when nanorobots such as neuroelectronic interfaces
and cell-repair machines are available (Banerjee and Mukesh).

5. CONCLUSION

Several nanoscale carriers (e.g., polymeric, lipidic and gold NPs, dendrimers, quantum dots)
have been developed for the targeted delivery of cancer diagnostic and therapeutic agents.
In addition, nanotechnology will enable earlier detection of cancer stages which will greatly
improve disease prognostic. The current approaches for cancer treatment are still limited to
surgical resection, radiation, and chemotherapy. These traditional strategies are highly inva-
sive, nonspecific, often associated with traumatic side effects and toxicity, to both tumour
and healthy cells. The promises of nanotechnology in cancer research lies on the potential
to overcome these drawbacks. Advances in nanoimaging and nano drug delivery will drive
the future of tailor-made and targeted cancer therapy. There are some nanodevices already
available in clinical practice, which can concomitantly improve the efficacy and decrease the
toxicity of currently existing drugs. NPs are able to detect, diagnosis, imaging, transport and
controlled drug release, promoting target-specific tumour cell destruction, allowing greater
efficacy with lower drug concentrations, more sensitive diagnosis, early detection requiring
minimal amount of tissue and monitoring the progress of therapy over time.
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