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Abstract 
 

Areas of application of nanotechnologies in medicine are 

predominantly related to the disciplines of drug delivery, tissue 

engineering and enhanced medical diagnostics capable of 

detecting cellular alterations and improving patient prognosis by 

early screening of diseases prior to overt symptom presentations.  

With time, technology will also develop molecular engineering, 

micro- and nano-scale machineryandcapable of creating new 

tissues and organs (bioartificial organs applications). In 

nanomedicine, great possibilities have been discovered at 

incremental level, given the many in drug development, 

diagnostics, detection, therapy and therapeutic monitoring.  

Based on continuous research in nanopharmaceuticals, scientists 

have improved the delivery and efficacy of traditional drugs, 

while bringing revolutionary progress and accelerating future 

drug development and delivery.  New nanotechnologies can 

provide the only hope for systematically available and 

long−term improvements in the health status of the population.  

Nanotherapies combined with associated advances in surgery, 

therapeutics, diagnostics and computerization could be over a 

long period of time more economical, effective and safer and 

additionally greatly reduce or significantly eliminate current 

medical procedures and side effects.  This paper presents current 

developments in exciting uses of nanoparticles and 

nanoprocedures for novel biomedical diagnoses and targeted 

delivery of nanoscopic drug doses.  We have also explained the 

role of nanoparticles using as drug carriers in the treatment of 

cancers.  Available and clinically applicable new, cutting-edge, 

and innovative nanoparticulate−based platforms for breast 

cancer nano-based therapies are discussed in this review.  Also, 

this manuscript will provide an overview of the various 

therapeutic strategies for the treatment of brain cancer, risk 
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factors, and co-morbidities entailing them and the latest 

developments for brain drug pharmaceutical delivery.  
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Introduction 
 

The applications of nanotechnology are present in all areas of 

modern human activity: medicine, bioinformatics, environment, 

engineering, biology, chemistry, computing, materials science, 

military industry and communications.  The main advantages of 

nanotechnologies are related to the improvement of the 

production of water purification systems, energy systems, the 

improvement of nanomedicine, food production and the 

automotive industry [1].  Nano optimists, including many 

governments in advanced parts of the world, estimate that 

nanotechnologies will enable the production of an abundance of 

benign materials for the environment, the delivery of clean 

water, atomically engineered food with higher productivity 

cheaper and higher energy production.  Additionally, 

nanoengineering can radically improve drug formulations, 

diagnostics and organ replacement.  In addition, nanotechnology 

products are highly efficient, robust and customizable to suit the 

end-user’s needs [2].  Nanoparticles can be made in several 

ways: by grinding or homogenizing under high pressure large 

crystal particles, controlled precipitation and a combination of 

microprecipitation and homogenization.  Chen (2012) points out 

that the bioactivity, biocompatibility, stability and mechanical 

properties of nanomaterials are usually determined by their 

composition, structure, morphology and crystal size, which 

depends on the method of synthesis.  From the point of view of 

health impact, we distinguish three types of nanostructures: 

nanocomposites, nanostructured designed surfaces and 

nanocomponents (electronics, optics, sensors), where nanoscale 

particles are embedded in substances, material or device.  Free 

nanoparticles can be elements of nanoscale species or simple 

compounds, but also complex compounds, where the 
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nanoparticles of individual elements are covered with another 

substance (coated nanoparticles or “core−shell” nanoparticles). 

Free nanoparticles pose a health risk via mechanisms still 

unknown.  Powders or liquids containing nanoparticles are 

almost never monodisperse and contain some distribution.  This 

further complicates the risk analysis of the application of such 

systems, because larger nanoparticles can have different 

properties compared to small ones.  Nanoparticle materials have 

a much larger specific surface area, so that their numerous 

properties, including optical properties, such as fluorescence, 

become particle diameter functions.  Traditional polymers, if 

strengthened with nanoparticles become new materials that due 

to their low mass and exceptional mechanical properties can 

replace even metals.  Nanotechnologies have the potential to 

improve the properties of materials, reduce their mass, increase 

their stability and improve their functionality.  Therefore, 

applications of nanotechnologies in various areas of human 

activity, such as medicine which includes diagnostics, drug 

delivery and tissue and organ engineering are becoming more 

widespread [3].  Biological and medical research today is 

focused on finding materials suitable for applications as contrast 

agents for the so-called "imaging" cells for therapeutic 

applications in the treatment of various diseases, among which 

the treatment of cancer is of particular importance [4] To 

describe this hybrid field of application of nanomaterials and 

nanotechnologies, new scientific disciplines are introduced 

under a number of terms such as biomedical nanotechnologies, 

bio nanotechnologies and nanomedicines.  The particle size of 

nanomaterials, which is similar to the size of biological 

molecules and structures suggests the possible application of 

nanomaterials in “in vitro” and “in vivo” biomedical researches.  

The integration of nanomaterials with biology leads to the 

development and application of nanomaterials in the 

construction of modern diagnostic devices, contrast agents, 

analytical tools, applications in physical therapy and drug [4].  

The application of nanotechnology in medicine has led to the 

development of a new scientific discipline−nanomedicine, which 

deals with the testing of nanomaterials in order to improve the 

diagnosis, control, prevention and treatment of various diseases 

[5]. Nanotechnology in the field of medicine is being intensively 
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researched with the aim of improving current therapeutic 

strategies and at the same time reducing the side effects of 

therapeutics.  Researches have made remarkable progress, but 

further trials are needed for clinical applicability, taking into 

account the changing biological environment, physiological 

barriers, as well as the physicochemical properties of new 

nanoparticles, [6,7].  Nanoparticles as drug carriers can play 

several roles during drug delivery: encapsulation of poorly 

soluble drugs [8,9], protection of therapeutic molecules and 

changes in drug distribution and blood circulation [10,11], 

which is very important in oncology, because it enables 

encapsulation of cytotoxic agents that exhibit nonselective 

toxicity.  Nanoparticles used for drug delivery to tumours and 

diagnostics can be based on polymers, liposomes, peptide 

conjugates, cyclodextrins, magnetic, gold, carbon and silicon 

nanoparticles [12-19].  In order to develop a safe nanodrug, it is 

necessary to consider side effects, which could be manifested 

due to the specific properties of nanomaterials.  Therefore, it is 

very important to examine in detail the interactions between 

nanodrugs and the physiological system, where special attention 

is paid to the relationship between structure and size with the 

efficacy and toxicity of nanodrugs.  Nanocarriers used for 

medical purposes can be biocompatible, which means that they 

do not excite the immune system or any other side effect.  In 

addition, they must be nontoxic, i,e.  harmless to a given 

biological system [20].  For testing the activity of nanoparticles 

in vivo, as well as for determining the in vitro activity of 

nanoparticles in a variety of cell types, it is necessary that the 

nanoparticles are dispersed in a variety of physiological 

environments.  Under different physiological conditions, 

nanoparticles can agglomerate into larger particles [21,22], that 

sometimes reach micrometer dimensions and in that case show 

different biological effects compared to well dispersed 

nanoparticles [23,24].  Nanotechnology has achieved a strong 

influence in various fields of medicine, including 

ophthalmology, cardiology, endocrinology, oncology, 

immunology, but above all in highly specialized areas, such as 

gene delivery, brain targeting, tumors and oral vaccine 

formulation [25].  This technology creates intelligent systems, 

devices and materials for better pharmaceutical applications and 



Advances in Cancer Research 

6                                                                      www.academicreads.com 

represents the most significant technological support for 

individually tailored therapy and personalized medicine.  Much 

progress has been made in the field of tumour diagnosis and 

therapy.  Various nanomaterials are used here, such as: 

polymers, liposomes, quantum particles, iron oxides, nanotubes, 

nanowires and gold nanoparticles [26].  Nanomedicine is a 

branch of medicine, that is based on the medical application of 

nanotechnologies through the application of nanomaterials, 

nanoelectronic biosensors and molecular nanotechnology.  The 

particle size of nanomaterials (<100nm), which is similar to the 

size of biological molecules and structures (proteins 5nm, 

organelles 100−200 nm) indicates on the possible application of 

nanomaterials in in vivo and in vitro biomedical researches [27].  

Bearing in mind that nanomedical drugs made from 

nanomaterials and nanoparticles (compared to drugs made from 

the same materials in the classical way), have up to ten times 

larger interactive surface, it unequivocally indicates a possible 

improvement of pharmacokinetic and pharmacodynamic 

properties of the drug.   

 

Classification of Nanocarriers for Drug 

Delivery 
 

Generally, drug carriers can be divided into two main groups: 

Organic carriers and inorganic carriers.  Drug carriers, which 

include organic particles (liposomes, dendrimers, carbon 

nanotubes, emulsion, aptammers, solid lipid nanoparticles, 

nanobodies) as their main structure are categorized in the first 

group.  In the second group can be classified the drug carriers 

which include inorganic nanoparticles (metallic nanoparticles, 

fullerenes and carbon nanotubes, ceramic nanoparticles as their 

central nucleus (Park 2002; Wesolowski et al.  2009).  We are 

considered the organic particles.  On Schemes 1 is shown the 

classification of inorganic nanoparticles as nanocarriers of drugs.  
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Scheme 1: Overview of classification of inorganic nanoparticles as 

nanocarriers of drugs.  

 

Metallic nanoparticles represent a significant approach for the 

future of medicine.  These particles have a great importance in 

various biomedical applications, such as site−specific imaging in 

vivo, cancer detection, cancer therapy, neurodegenerative 

disease therapy, HIV ∕ AIDS therapy, ocular disease therapy and 

respiratory disease therapy [28] Metallic nanoparticles are 

particularly valuable for cancer therapeutic applications and 

immunotherapy, since their relevant precision with which their 

shape, size, charge and surface modification can be efficiently 

controlled.  Metallic nanoparticles of elevated density tend to be 

more easily taken up by relevant cells, providing significant 

benefits for cancer vaccination strategies and approaches.  

Metallic nanoparticles improve the efficiencies and to some 

extent safety profiles of vaccinesby uptake of antigens by 

dendritic cells (and other antigen−presenting cells), wherein 
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improving the resulting anti−tumour cytotoxic T cell response 

[28].  Gold nanoparticles (AuNPs) are generally utilised 

metallic-based nanoparticles, particulary in cancer diagnosis and 

treatments.  The main reason for such utilisation is the unique 

optical and localized well−documented feature of surface 

Plasmon resonance (LSPR) and to some extent relatively low 

cytotoxicity, as a result of the inert nature of gold.  When the 

light with suitable wavelength gets administered to gold 

nanoparticles in way of external stimuli, due to the localized 

surface plazmon resonance property, they result in the 

photothermal conversion and heat up the targeted tumor tissue to 

kill cancer cells.  Gold nanoparticles (AuNPs) are used for drug 

delivery, where (at the targeted site) the light irradiation can 

trigger the drug release [28].  On Figure 1 is shown the gold and 

the silver nanoparticles.  

 

 
 
Figure 1: Schematic representation ofgold and silver nanoparticles.  

 

Carbon Nanotubes is an allotropic modification of carbon in the 

form of a cylindrical nanostructure.  They are built of graphene 

plane twisted into a seamless cylinder.  These cylindrical carbon 

molecules have properties that enable them to be used in many 

applications in nanotechnology, electronics, optics and other 

areas [29].  In the last two decades more intensive application of 

carbon nanotubes has placed the requirements for development 

of new methods for their synthesis in large quantities and 

without structural defects.  Carbon nanotubes can be used as 

drug carriers to treat tumors [30].  The efficacy of used 

anticancer drugs is limited to some extent not merely by their 

toxicity, but also by resistance to drugs, as well as limited 

cellular penetration abilities.  Because the carbon nanotubes can, 
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in most cases, be easily across the cytoplasmic membrane and 

nuclear membrane, anticancer drugs’ transported by this carrier 

at times will be released in situ with intact concentration and 

consequently its action in the cancer cell will be higher than 

administered alone by traditional therapy studied to date [31].  It 

is needed the development of efficient delivery systems with the 

ability to improve cellular uptake of existing potent drugs [32].  

Many anticancer drugs have been conjugated with 

functionalized carbon nanotubes and successfully tested in vitro 

and in vivo such as epirubicin, doxorubicin, cisplatin, 

methotrexate, quercetin and paclitaxel.  On Figure 2 is shown 

the carbon nanotube.  

 
Figure 2: Schematic representation of carbon nanotube.  
 

Fullerenes are fourth allotropic modification of carbon that have 

been widely studied.  In comparison with diamond and graphite, 

with extended solid-state structures, fullerenes are in general 

molecules with spherical structures, which have various 

solubilities in various organic solvents.  Fullerenes are 

composed of fused hexagons and pentagons.   

 

C60 andC70are most common members of this family.  Due to 

their shape, as well as the fact that they have a large number of 

conjugated double bonds, fullerenes can easily bind the radical 

molecules [33].  The great advantages of fullerenes as medical 

antioxidants, which are water−soluble are reflected in their 

ability to be incorporated into mitochondria and other parts of 

cells, where free radicals are formed.  Fullerene has paradoxical 
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properties: it can be an effective radical scavenger, on the other 

hand can create radicals during photoradiation [34].  

Photodynamic therapy is a technology that is used in the 

treatment of tumor tissue.  It includes a photosensitizer, light and 

oxygen which is located in the tissue [35].  The fullerene core is 

very hydrophobic.  Fullerenes can become water−soluble and be 

capable for carrying of drugs and genes for the cellular delivery 

by attaching of hydrophobic parts.  The conjugation of 

Doxorubicin (Dox) and Cisplatin (Cis) with the C60 fullerene 

resulted in substantial increase in its potential toxicity toward 

different human tumor cell lines, when using in vitro techniques, 

and greatly enhances the inhibitory effect ofsuch drugs on the 

growth of Lewis lung carcinoma in animal models, in vivo [36-

39].  It is worth stating that it has also been documented in the 

literature that common mechanisms of antineoplastic effect of 

C60 fullerene−based nano-formulations are based on the 

amalgamation of the direct effect on tumour cells (modulation of 

apoptosis, oxidative stress, necrosis and autophagy) and on the 

effect of these fullerene on tutor microenvironment (reduction of 

the blood supply to tumour tissues) and activation of the host 

immune system [40,41].  Liu et al.  [42] have explained that C60 

fullerene and its derivatives exhibit the potent 

immunomodulatory pro−inflammatory activites by increasing of 

TNFα production and enhance the cell immune response.  They 

don’t show the harmful effect on the viability of immune cells.   

 

Fujita et al.  [43] discovered that genetic materials that were part 

of the cellular inflammatory response, oxidative stress, 

metalloendopeptidase effects, and main histocompatibility 

complex expression were in fact, increased in immune cells after 

the exposure to C60 fullerene.  On Figure 3 is shown the structure 

of fullerene.   
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Figure 3: Schematic representation of fullerene.  
 

Ceramic nanoparticles are essentially consisted from inorganic 

compounds including silica or alumina.  Ceramic nanoparticles 

have shown to be capable to permeate into cells as a result of 

their small size and appropriate physicochemical properties.  

Cellular endocytosis, subcellular localization and settling, and 

the affinity to induce production of oxidative products, depend 

on the nanoparticle's chemistry, size, and shape [44].  The 

mechanism by which the ceramic nanoparticles penetrate 

through the cells without specific receptors on their outer surface 

is considered by passive uptake or adhesive interaction.  Ceramic 

nanoparticles (CNs) are defined as drug delivery carriers, mainly 

due to the small size (<50 nm) and physicochemical properties, 

and include particles made from albumin, iron oxide, or silica 

[45].  The most commonly used ceramic nanoparticles for the 

design of nanocarriers is aluminum oxide (Al2O3), zinc oxide 

(ZnO) and titanium dioxide (TiO2).  TiO2 nanoparticles seem to 

exhibit significant beneficial properties and can be considered as 

a good choice for transforming of photon energy into heat by the 

partial thromboplastin time (PTT) method.  Due to their super 

lipophobocity, low toxicity, high thermal conductivity, desirable 

optical absorption and chemical and thermal stability profiles, in 

vivo [45].  TiO2 nanostructures have been Widley used in drug 

delivery platforms and systems for applications of different anti 

cancer drugs, such as daunorubicin, temozolomide, doxorubicin 

and cisplatin.  In the purpose of increasing the biocompatibility 

of TiO2 nanoparticles, polyethylene glycol could be attached to 
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their surfaces.  PEGylated nanoparticles could escape the 

Reticulo−Endothelial System (RES) [46].  Due to the high 

biocompatibility, ability of drug releasing and low toxicity, TiO2 

nanostructures are accepted as an appropriate candidates for 

increasing of the clinical therapeutic effect of conventional 

chemotherapeutic agents through targeted delivery and 

controlled release.  TiO2-based nanostructures are potent systems 

for both targeted delivery and controlled release of cytotoxic 

anticancer agents [47].  Titanium dioxide can enter into the body 

on the three different ways: orally, transdermally or by injection.  

The biodistribution of TiO2 nanoparticles can performed via two 

kinetic processes using their ability to penetrate through the 

blood vessels to the organs and by phagocytosis of nanoparticles 

by the mononuclear phagocyte system.  The pharmacokinetic 

property of TiO2 nanoparticle depends on many factors, such as 

surface charge, surface coating size, dose, particle type and 

exposure route [48].  Titanium dioxide nanoparticles don’t 

penetrate through the gastrointestinal tract at all or to a minimal 

extent.  Histopathological study confirmed that after intravenous 

administration, the TiO2nanoparticles accumulate mainly in the 

liver and to some extent in the spleen, lungs and kidneys [49].  

Kidney excretion is anticipated as the primary pathway of 

elimination of TiO2 nanoparticles.  TiO2 in combination with 

many anticancer drugs offers a platform and a consolidated 

system for better and more efficient delivery systems for 

chemotherapeutics.  Thanks to either release profilesthat are pH-

dependent, irradiation-triggered, or simple delivery and 

diffusion-based profiles, drug release in tumour cells is much 

higher than in healthy cells.  TiO2 nanoparticles were applied for 

use in pharmacy, especially in pharmaceutical chemistry and 

technology, as well as medicine, including areas related to 

dentistry and surgery [50].  Al2O3 nanoparticles can be used as a 

candidates of prospective adjuvant for anticancer 

immunotherapy, which need to be safe and efficacy.  Aluminium 

hydroxide, phosphate or hydroxyphosphate has an excellent 

safety results for systemic vaccination.  Aluminium oxide 

nanoparticles have been used as adjuvant in veterinary and 

human vaccines [51]. It is mostly considered that aluminium 

oxide nanoparticles are Th2 stimulators of the immune system 

and primarily enhance the antibody−mediated reaction [52].  It 
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has limited the influence on the cytotoxic T cell-mediated 

response, which presents the main mechanism of anticancer 

immune effects.  Aluminium oxide nanoparticles have been used 

as a cancer antigen carrier to autophagosomes of dendritic cells, 

whereby the delivered antigens are effectively presented to 

T−cells.  Application of aluminium oxide nanoparticles resulted 

in a significant increase in the number of activated T−cells that 

led to creating a potent antitumor activity of these cells and to a 

significant cancer remission [52].  It has been confirmed that 

aluminium oxide nanoparticles efficient act as nano-adjuvants to 

elicit the systematic and mucosal immunity according to 

potential use for designing an anti−HIV vaccine [51].  The 

aluminium oxide nanomaterials have been shown the potential 

antimicrobial properties against E. coli and Staphylococcus 

epidermidis (S. epidermidis), when used in the form of 

aluminium oxide–silver nanocomposite, indicating the potential 

biomedical applications of nano−aluminium oxide as composite 

structures [53].  Zinc oxide nanoparticles have been applied in 

biomedical and preclinical research, including the cellular 

imaging and drug delivery.  It has been proven that zinc oxide 

nanoparticles have an effect on many cancer cells in vitro [54].  

Wang and colleagues determined that zinc oxide nanoparticles 

protect macrophages from the cytotoxic effects of an anticancer 

drug [55], whereas Fujihara and colleagues confirmed that 

intravenously administered of zinc oxide nanoparticles 

accumulate in several tissues, particularly lung tissues and cause 

the reactive oxygen species−related phenomena using healthy 

mice [56].  

 

The influence of zinc oxide nanoparticles against human lung 

cancer cells in vitro and in orthotopic mouse models have been 

examined [57].  The cytotoxicity of zinc oxide nanoparticles 

against cancer was explained for the first time in 2016 by 

Hassan et al.  in the case of chemically induced human 

hepatocellular carcinoma (HCC) in rats [58].  The anti−cancer 

effect of biosynthesized zinc nanoparticles has been discovered 

by Raajshree et al.  in the murine model of Dalton’s lymphoma 

ascites [59].  Tanino et al.  have determined the genotoxicity of 

zinc oxide nanoparticles and low maintenance of lung cancer in 

mice as response to the treatment [57].  Effects on normal cells 
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are minimal and the effectiveness of tumor inhibition has been 

found.  The therapeutic response to Zn NP in breast cancer in 

vivo has been achieved, although multiple reports indicate on a 

significant impact of MCF-7 cell lines proliferation and 

viability.  The cytotoxicity of zinc nanoparticles has been 

investigated to chemically induced breast adenocarcinoma, 

based on a rodent model [60].  On Scheme 2 is shown the 

classification of organic nanoparticles as nanocarriers of drugs. 

 
 

Scheme 2: Overview of classification of organic nanoparticles as nanocarriers 

of drugs.  
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 Solid lipid nanoparticles are aqueous colloidal dispersions of 

particles submicron dimensions (50−1000 nm).  They consist of 

biodegradable lipids, surfactants, drugs or cosmetically active 

substances and copolymer block and represent interesting carrier 

systems for targeted delivery of lipophilic and amphiphilic 

compounds [61].  Solid lipid nanoparticles are made by 

emulsifying dissolved lipids in aqueous phase.  The method of 

choice is homogenization under high pressure, which enables 

production in large series [62].  This method produces 

submicron vesicles that are obtained with monodisperse size 

distribution, thus meet the requirements in terms of particle size 

for intravenous administration.  Emulsified lipids crystallize on 

cold to form particles with a nucleus composed of lipids or 

mixture of lipids, which are solid at room or body temperature 

[62].  A solid lipid nanoparticles core that is usually composed 

of glycerids surrounds the layer phospholipids and block 

copolymers of adequate consistency [63].  On Figure 4 is shown 

the structure of a solid lipidic nanoparticle.  

 

 
Figure 4: Schematic representation of a solid lipidic nanoparticle.  
   

Micelles are aggregates of molecules in water with non−polar 

parts in the interior and polar on the surface exposed to water.  

Surface active substance form micelles at the critical micellar 

concentration at which there is a sudden change in the physical 

properties of micellar systems [64].  These are aggregates of 

surface scattered molecules in liquid colloid, their size and shape 

can be changed.  Drugs can be trapped in the nucleus of the 

micelle and transported in concentrations even higher than their 

actual solubility in water [65].  An extra shell around the 

  

Emulsifier layer  

Lipophilic bioactive  

compound  

Solid lipid core  
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mycelium can also form and effectively protects the contents and 

prevents the recognition by the reticuloendothelial system and 

thus premature removal from blood system.  Micelles can be 

chemically modified to selectively target the broad range of 

disease sites [63].  On Figure 5 is shown the structure of micelle.   

 

 
 
Figure 5: Schematic representation of micelle.  
 

Liposomes are vesicles that consist of one or more chemically 

active fatty bilayers wherebydrug molecules can be encapsulated 

and dissolved within of this bilayer.  Some proteins can be 

incorporated into the liposome membrane and act as selective 

filters allowing only the diffusion of small dissolved particles 

such as ions, nutrients and antibiotics [66].  Liposomes are 

closed matrix-systems that are formed by hydration of dry 

phospholipids and depending on the charge are divided into 

uncharged (lecithin cholesterol), negatively charged 

(lecithin−cholesterol−phosphatidic acid−dicetyl phosphate) and 

positively charged (lecithin−cholesterol−stearylamine) [63].  

They are classified into several groups based on size and number 

of bilayers. The multilaminar bubble consists of several lipids 

bilayers, which are separated from one another with water.  The 

size of liposomes ranges from a few hundreds to several 

thousand nanometers.  A small particle size means a large 

relative area.  This can create problems of agglomeration of 

primary nanoparticles in the [67], which than affects on the 

effective size of nanoparticles and their rate of removal from the 

body. Molecules drugs are either trapped in water or intercalated 

into a lipid bilayer or liposomes depending on properties of 

drugs that are transmitted inside the body.  Application is limited 

due problems such as low encapsulation efficiency, low storage 
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stability.  Polymer nanoparticles have a number of advantages in 

compared to liposomes, such as increasing drug stability and 

easier storage [63]. On Figure 6 is shown the structure of 

liposome.  

 

 
 
Figure 6: Schematic representation of liposome.  
 

Polymeric nanoparticles are nanoparticles synthesized from a 

polymer.  In recent years, nanoparticles have attracted much 

attention from researchers as materials for obtaining the system 

for controlled drug delivery [68,69].  Polymeric nanoparticles 

used in the controlled delivery of medicines must be chemically 

inert, non−toxic, biocompatible, easy to sterilize, without 

unwanted products, degradation, etc.  Also, they are often used 

for various non−biological purposes [70].  Natural and synthetic 

polymers can be used for the transfer of bioactive agents and for 

other pharmaceutical, medical and biological needs and they 

include cellulose, albumin, heparin, poly (2−hydroxy ethyl 

methacrylate), poly (vinyl alcohol), poly (acrylic acid), 

polyacrylamide, poly (N−vinyl pyrrolidone), poly (methyl 



Advances in Cancer Research 

18                                                                      www.academicreads.com 

methacrylate), poly (ethylene co−vinyl acetate), poly (ethylene 

glycol), poly (methacrylic acid [71,72]. In recent years, 

polymeric materials have been designed specifically for medical 

and pharmaceutical needs and include poly (lactide), poly 

(glycolide), poly (lactide−co−glycolide), poly 

(DL−lactide−co−glycolide), polyanhidrides, polyorthoesters, 

polycyanoacrylates, polycaprolactone [63,73].  

 

Polymer micelles are self assemblies of macromolecules, which 

are made of block copolymers via noncovalent bounds and have 

a core−shell structure [74].  Compared to other micelles, 

polymer micelles are more stable, characterized by a 

significantly lower critical micellar concentration.  They 

decompose more slowly, which prolongs releasing of the drug 

and its possibly higher concentration on site where its action is 

desired [63].  On Figure 7 is shown the polymer micelle.  

 

 
Figure 7: Schematic representation of polymer micelle.  

 

Polymersomes are made from amphiphilic copolymers that have 

a bilayer structure in water.  

 

These structures have lower penetration into the cells in 

comparison with the liposomes (liposomes have a phospholipid 

viscelar structure).  Polymersomes have higher mechanical and 

biological stability in comparison with liposomes, because the 
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intervention of viscelar and macrophage structures are lower in 

copolymers [75].  Hydrophilic drugs or imaging agents are 

usually added to the aqueous buffer during polymersome 

preparation.  By the preparation of paclitaxel encapsulated 

polymersomes (from pre−formed vesicles), it was revealed that 

drug loading efficiency is about 10−fold higher than liposomes 

[76].  The higher efficiency is attributed to the presence of 

thicker hydrophobic membrane in polymersomes structure 

compared to the liposomal lipid bilayer [63].  On Figure 8 is 

shown the structure of polymersome.   

 

 
 
Figure 8: Schematic representation of polymersome.  
 

Liquid Crystals Combine the properties of both liquid and solid 

states, and can be made so that to form different geometries with 

alternating polar and nonpolar layers, which can be incorporated 

with aqueous solutions of the drug [77].  Techniques based on 

the application of nanowheels can also be useful in treatment of 

diabetes, where instead of injecting insulin, the patient uses a 

ballpoint pen of the size of an IR laser to heat the skin and inject 

a polymer in the form of a nanowrap.  Heat from the nanowrap 

makes the polymer release the pulse of insulin and unlike the 

injection received by several times a day, the 

nanowrap−polymer system stays in the body for months [78].  

On Figure 9 is shown the structures of liquid crystals.  
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Figure 9: Schematic representations of liquid crystals.  
 

Nanocapsules are very important in drug delivery systems 

because of control release and targeteddelivery of drugs.  They 

also exhibit size high specificity and controlled release kinetics. 

The size of nanocapsules varies from 5 to 1000 nm, but 

generally average around 100–500 nm.  Nanocapsules can be 

prepared by using natural or synthetic polymers.  They have the 

potential to protect the peptides, hormones, proteins, enzymes, 

drugs, metabolites, or reporter molecules against biological and 

chemical degradation. In nanocapsules, drugs are placed into an 

inside core cavity, whereby it has been achieved a protection 

from rapid degradation [79].  Drug−filled nanocapsules can be 

covered with antibodies or cell surface receptors that bind to 

cancer or various cells and release their biological compound on 

contact with that specific tissue [80].  It has also been confirmed 

that nanocapsules are very similar to a vesicular system that 

contains the drug inside its cavity, which consists from liquid 

core and polymer matrix surrounded by polymeric membrane.  

The nanocapsules have attracted a great importance due 

themselves protective coating, which is usually pyrophoric and 

easily oxidized.  Most of them are used in cancer therapy and 

diagnosis.  It is very important to point out that nanocapsules 

have been designed as systems for delivering of anticancer 

drugs, owing to their inner hollow structure.  The lipid 

nanocapsules, as a nanovector− based formulation with 

biomimetic properties have been used as very effective 

therapeutic option for hepatocellular carcinoma treatment [81]. 

On Figure 10 are shown both systems ofnanocapsules for 

controlling the release of a drug and protectingit from the 

surrounding environment.  
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Figure 10: Schematic representation of both systems of nanocapsules for 

controlling the release of a drug and protecting it from the surrounding 

environment.  
 

The size of nanospheres is in the range from 10 to 200 nm.  

Polymeric nanospheres are uniform spherical structures of size 

less than a micron made from nonbiodegradable or 

biodegradable polymers.  The aqueous polymer is dispersed in 

an organic phase and then cross−linked to form spherical 

structures.  Drug molecules can be entrapped in the interior of a 

hollow nanosphere or incorporated into the matrix of a solid 

nanosphere.  The matrices which are applied in nanospheres 

presented natural polymers or lipids that must fulfil certain 

requirements [82].  They cannot be toxic or carcinogenic, 

whereby should not induce an immune response and accumulate 

in the form of metabolic products.  The lactic acid polymers 

(PLA), glycol acid polymers (PGA), poly (lactic−co−glycolic 

acid) and poly (methyl methacrylate) are used as matrices [83].  

Nanospheres are capable to deliver the concentrate dose of the 

drug to the tumour targets through permeability enhancing and 

retention effect or active targeting by ligands on the surface of 

nanospheres.  It is very important to accentuate that the toxicity 

can be reduced, by decreasing of the drug exposure to healthy 

tissue, by limiting of drug distribution to the target organ.  

Nanospheres have the higher concentration, which manifested in 

liver, spleen and lungs than in other parts of body [84].  

Nanospheres and nanocapsules are small vesicles used to 

transport drugs.  Both systems are useful for controlling the 

release of a drug and protecting it from the surrounding 

environment.  On Figure 11 are shown both systems 
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ofnanospheres for controlling the release of a drug and 

protectingit from the surrounding environment.   

 
 
Figure 11: Schematic representation of both systems of nanospheres for 

controlling the release of a drug and protecting it from the surrounding 

environment.   

 

Hydrogel nanoparticles are known as nanogels and have 

attracted the great attention in nanomedicine especially for 

pharmaceutical applications.  They have been used in different 

areas, from passively controlled drug release to targeted drug 

delivery, stimuli−responsive drug delivery and bioimaging.  

Nanogels, due to their small size are suitable for intravenous 

injections and undisturbed cross through the blood− brain barrier 

[85].  They may encapsulate and protect biomolecules against 

chemical and enzymatic degradation, while allowing their 

functionality and the free flow of substrates and products.  It is 

very important to point out that nanogels are novel carrier 

systems, not only for therapeutic, but also for diagnostic and 

theranostic purposes with potential application in glioblastoma 

multiforme.  The positively charged hydrogel nanoparticles may 

promote a spontaneous interaction with the negatively charged 

parts of RNA molecules, thus forming nano−polyplexes with 

good capacity and size properties [63].  The protection from 

degradation providing by nanogels and the possible surface 

modulation strategies make these systems a very effective and 

suitable in treatment of several types of cancer, including 

glioblastoma multiforme.  Hydrogel nanoparticles have been 

attracted the attention in recent years as one of the most 

promising nanoparticulate drug delivery systems, thanks to their 

unique potentials via combining the characteristics of a hydrogel 
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system with a nanoparticles.  Nanogels are superior drug 

delivery system than others because the particle size and surface 

properties can be manipulated to avoid rapid clearance by 

Phagocytic cells, allowing both passive and active drug 

targeting.  Controlled and continuously of drug release at the 

target side, improves the therapeutic efficacy and reduces the 

side effects.  Drug loading is relatively high and may be 

achieved without chemical reactions.  This is the important 

factor for preserving the drug activity [63].  On Figure 12 is 

shown the nanogel formation by polymerization process from 

precursors and monomers.   

    

 
 
Figure 12: Schematic representation of nanogel formation by polymerization 

process from precursors and monomers.  
 

Dendrimers are synthesized and branched macromolecules with 

a tree−like structure and specific size and shape.  These 

structures are monodispersed. The dendrimer is decorated with 

specific DNA fragments that are injected into biological tissues 

(Madaan et al.  2014).  When they come across living cells, 

dendrimers cause the process of endocytosis in which the outer 

cell membrane deforms into the bubble or vesicle and then is 

transferred to the inside of the cell [86].  When enters the cell, 

DNA is released and goes to the nucleus where it becomes part 

of the cell's genome.  Their surface can be modified with 

chemical reactions and physical interventions.  Dendrimers have 

been made as nanodevices, either in nanocarrier drug approaches 

or as drugs per es [87].  They can be produced to the appropriate 
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size that encapsulate the drug, allowing the optimal delivery.  

The degree of encapsulation can determine the rate of release in 

a controlled way [88].  Nanodimensions of dendrimers can be 

adapted to correspond to a particular receptor, focusing on drug 

delivery.  Although, traditional drug delivery is monovalent, 

dendrimers can be produced to transfer a large number of drug 

molecules to their spherical exteriors in a way that interaction 

with the cell membrane “nailed” to the receptor mimics the 

natural binding of a large viral body to a target cell [89].  The 

biological effect of dendrimers is caused by therminal parts and 

is responsible for the global efficiency.  The applications of 

dendrimers are successful, due to their properties, optimized and 

reproducible design parameters [63] Dendrimers overcome the 

physicochemical limitations of classical drugs (for example 

solubility, specificity, stability, biodistribution and therapeutic 

efficiency).  They are also able to leave out the biological 

problems to achieve right targets, such as first pass effect, 

immune clearance, cell penetration and interactions outside of 

targeting [90].  Dendrimers have been used as passive anticancer 

nanocarriers.  Antibody−dendrimer conjugates showed better 

efficacy than free antibodies [89].  It has been proven that 

dendrimers modified with folic acid on the surface produce a 

stronger reduction of the tumor mass.  The anticancer drug can 

be either non−covalently encapsulated in the core of the 

dendrimer or covalently conjugated to its surface.  The 

amphiphilic dendrimers with a hydrophobic core and 

hydrophilic branches encapsulate the anticancer drugs.  This 

process contributes that mentioned amphiphilic dendrimers are 

used in local treatments such as intratumoral injections [91].  On 

Figure 13 are shown the architectural components of 

dendrimers.   
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Figure 13: Architectural components of dendrimers.   
 

Quantum Dots represent semiconductor nanostructures whose 

charge carriers spatially limited in all three dimensions.  As a 

consequence, the properties of such systems are quite different 

from the properties of macroscopic semiconductors.  Lately 

quantum dots were studied in transistors, solar cells, LEDs and 

diode lasers.  Also, there is the application of these systems in 

medicine.  Some quantum dots are even commercial available.  

The main techniques for making of quantum dots are electronic 

lithography, self−organization and interfacial fluctuation.  The 

process of self−organization of quantum dots is called SK 

transition, since it implies the Stranski−Krastan method of 

growth [92].  Self-organizing quantum dots are sizes between 10 

nm and 50 nm, although depending on the method of 

manufacture they can reach sizes over 100 nm, may occur 

spontaneously under certain conditions during epitaxy of 

thinlayers or metal-organic chemical vaporization, when 

applying the material to the substrate whose crystal lattices do 

not match.  In the case of increasing the thickness of the 

crystalline layer leads to the amplification of tension, ie internal 

voltage.  In order to compensate the internal stress, clusters are 

formed after reaching the critical value of the layer thickness 

[93].  
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One of the more interesting properties of quantum dots is their 

coloration.  Material from whom the points are made defines 

their characteristic energy values.  However, the accurate value 

of the energy gap are determined by the size of the point, ie the 

strength of the quantum confinement.   

 

The consequence of this is the fact that the points made from the 

same material, but different sizes emit radiation of different 

wavelengths [93].  The size of dot can have the significant 

influence on its color, ie the characteristics of its spectrum.  It 

has been proven that the size of dot directly affects on the 

lifetime of the fluorescence.  Electron−cavity pairs in larger 

points live longer because they need less energy to excite.  

Quantum dots are mainly found in the examination of dynamic 

processes in living systems.  These colloidal semiconductors are 

crystals whose size and shape can be precisely controlled, which 

determines their resorption and emission properties [94].  Thus, 

researches can accurately create fluorophores, whose emission is 

directly related to their size (so called “quantum closure”), so 

that the Q point will emit photons in a narrowly defined colour 

spectrum.  It is even possible to track individual ones molecules.  

The specificity of Q−points can be achieved by coating with 

streptavidin and after that by conjugation with a biotinized 

antibody.  In this state, the Q point can bind to a specific cell 

receptor or other cellular target.  In addition to their contribution 

in the relationship with recognition, different functionalities can 

be added to individual Q points, which results in powerful 

probes [94]. On Figure 14 are shown the quantum dots.  
 

 
Figure 14: Schematic representation of quantum dots.   
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On Figure 15 is shown the concept of activation of drug release 

from the carrier surface in the vicinity of tumor tissue by the 

action of various stimulants.  

 
 
Figure 15: Illustrations of the concept of activation of drug release from the 

carrier surface in the vicinity of tumor tissue by the action of various 

stimulants.   
 

Interactions of Nanoparticles with Cells 
 

Cell interactions with nanoparticle largely depend on the 

chemical composition, size, surface morphology and particle 

charge [95].  Upon entry into the biological system, 

nanoparticles can interact with a number of molecules, such as 

proteins, DNA, RNA, carbohydrates, lipoproteins, various 

metabolites and others.  Proteins bound to nanoparticles can 

undergo structural changes, including denaturation [96,97].  

Protein adsorption can also result in agglomeration of 

nanoparticles, which leads to the activation of the 

complementary immune system, ie.  aggregate uptake by 

phagocytes, adhesion of aggregation material to blood vessel 

walls, thrombin activation due to tissue injury, anaphylaxis with 

possible fatal outcome.  A key in the development of 

nanoparticles with biocompatibility in the design of in vitro 

studies, which provides insight into the cellular response to a 

given system.  In order to achieve the design of safe and 

efficient nanoparticles, it is necessary to understand the 

relationship between the physicochemical properties of 
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nanoparticles and the biological effects they cause.  The effects 

of nanoparticles depend on their hydrodynamic size, shape, 

composition and loaded drug content, surface, mode of 

administration, immune system response and systemic uptake 

and distribution [20].  The shape of the nanoparticles is of great 

importance for entering in the cells.  Gratton and co-workers 

proved that rod−shaped particles have the largest uptake from 

HeLa cells, followed by spherical, cylindrical and cuboidal cells 

[98].  Other studies indicate that at particles smaller than 10 nm, 

the spherical shape has the advantage over the rod−shape 

[99,100].  In addition to other physicochemical parameters, the 

charge of nanoparticles affects on the length of systemic 

circulation and intratumoral processes [10,11,101].  The 

presence of charge on the surface of the nanoparticles can alter 

opsonization, cell recognition and plasma circulation flow 

[10,102].  It has been confirmed that positive particles are 

introduced into the cell by endocytosis to a greater extent than 

neutral and negative ones, because the negative charge of cell 

membranes facilitates the passage of positive particles [103].  

Positive charge probably favours the interactions of 

nanoparticles with the blood vessels of the tumour, due to which 

there is no possibility of deeper penetration into the tumour, 

while the possibility of redistribution of such nanoparticles into 

the systemic circulation is preserved.  This phenomenon has 

been used for therapeutic purposes to target the endothelium of 

tumour blood vessels with angiogenesis drugs in a preclinical 

model [104,105] and more recently in a human model[106,107].  

 

It is important to note that nanoparticles do not arrive in cells in 

their native form, but in dynamic exchange with the biological 

environment, they survive changes and are quickly wrapped in 

biomolecules and proteins, which are collectively called corona 

[108], which affects on the further fate of nanoparticles.  This is 

very important when nanoparticles are applied in “in vivo” 

systems.  While neutral particles stay in the circulation the 

longest, positive ones are eliminated from the body very quickly 

and lead to the complications, such as haemolysis and platelet 

aggregation [109].  The protein corona appears to be a key factor 

in these differences, as different surface characteristics of the 

particles (morphology and charge) attract different proteins 
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(immunoglobulins, lipoproteins and coagulation factors) during 

corona formation [110].  The interaction of nanoparticles with 

blood proteins is considered to be the most critical step in 

determining the biodistribution, toxicity and efficacy of 

nanoparticles [111].  Bihari et al.  [112] established that human 

serum albumin, after being added to dispersed TiO2 

nanoparticles, adheres to the surface of the particles, which can 

be monitored by measuring the change in particle dimensions by 

dynamic light scattering.  This is in accordance with the theory 

of the emergence of the so−called corona nanoparticle−protein 

whose formation occurs after incubation of the nanoparticle with 

proteins [113].  Lindman and coworkers determined that 

particles larger than 120 nm were enveloped in a single−layer 

protein coat.  They discovered that nanoparticles came into 

contact with albumin and other serum proteins after entering in 

the circulation, thus building a protein corona [114].  The 

application of different nanoparticles in vitro has resulted in the 

induction of oxidative stress, cytokine production and apoptosis, 

however it is not uncommon for in vitro and in vivo results for 

the same particles to be inconsistent [115,116].  A through 

physicochemical characterization of the particles and a better 

understanding of their interactions with cell membranes and 

intracellular contents would contribute to elucidating the 

differences between in vivo and in vitro results.  The results of 

studies in which examining the take over of different 

nanoparticles from cells, differ due to different cell properties, 

such as membrane fluidity, cell cycle, presence of receptors, etc.  

Given the numerous factors, that can condition the toxicity of 

nanoparticles, it is very difficult to assume their action.  Detailed 

toxicological studies are required for each new formulation.  

Taking into account a numerous studies, some general 

conclusions can be drawn regarding the relationship: the 

property-toxicity of the nanoparticle.  In terms of nanoparticle 

size, smaller particles have a larger contact area, so they are 

considered more reactive and toxic.  Particles with a 

hydrodynamic diameter of 10-100 nm showed optimal 

pharmacokinetic properties for in vivo administration.  Smaller 

particles subject to renal clearance, while larger ones become 

fast opsonized and removed from the circulation by the action of 

macrophages of the reticuloendothelial system [117].   
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Directing of Nanoparticles to Macrophages, 

Endothelial Cells and Tumor Cells 
 

Macrophages are key components of innate immunity, which 

have the ability to recognize and ingest foreign particles through 

the process of phagocytosis, thus providing a rational approach 

to directing nanoparticles towards these cells.  Changes in 

effector functions of macrophages contribute to many 

pathological conditions such as atherosclerosis, autoimmune 

diseases and infections.  Thus, the macrophage is a 

pharmaceutical target and there are numerous possibilities for 

therapeutic approaches based on the selective delivery of 

nanoparticles to macrophages.  Labeling macrophages with 

contrast agents in the form of nanoparticles is an interesting 

diagnostic approach [118].  After existing the bloodstream, 

intravenously injected paramagnetic iron oxide nanocrystals are 

retained in the lymph node macrophages.  Their intracellular 

accumulation shortens spin relaxation processes, so on magnetic 

resonance imaging these nodes (which accumulate iron oxide 

crystals) are detected as darker than the rest of the tissue.  This 

discovery facilitated the distinction between normal and tumoral 

lymph nodes [119].   

 

Endothelial cells the concept of directing nanoparticles to blood 

vessels is very attractive, given the important role of the blood 

endothelium in a number of pathological processes including 

tumors, inflammation, vascular thrombosis, etc.  This approach 

is used to direct therapeutic agents into the vasculature of solid 

tumors using nanopeptides that are specifically bind to 

endothelial molecules of the integrin class.  By binding integrin 

–specific nanopeptide for the antitumor drug doxyrubicin 

created a compound that is significantly more effective and with 

minor side effects on the heart and liver [120].  

 

Tumour Cells the development of “stealth” technologies by 

which nanoparticles are modified in this way to become 

“invisible” to macrophages, enabled the avoidance od 

phagocytosis and passive accumulation of intravenously injected 

nanoparticles (20−150 nm) in tumors, which are known to have 

“permeable” blood vessels with large pores between endothelial 
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cells.  However, due to the heterogenous blood flow through the 

tumor, the spatial distribution of “stealth” nanoparticles is 

heterogenous and unpredictable and structural and functional 

abnormalities of blood and lymph vessels, as well as cells inside 

solid tumors interfere the efficient nanoparticle delivery [121].  

Although, there are results describing the active targeting of 

nanoparticles to tumor cells, the drug delivery in these cases 

remained passive [122].  Nanoparticles can be directed towards 

tumor cells using tumor−specific antibodies or other molecules 

(such as folic acid) that specifically bind to tumor cells.  

Expression of folic acid receptor is limited to cancers of the 

uterus, rectum and lungs and is generally not a feature of normal 

tissue, so the guidance for folic acid is an interesting approach 

and provides numerous advantages over antibodies [122].  

 

The Application of Nanoparticles in the 

Treatment of Breast Cancer 
 

There are different kinds of therapeutic methods for breast 

cancer, such as surgery, radiotherapy and hormone therapy.  

Each of these methods has own disadvantages and side effects.  

For example, tamoxifen which is used in chemotherapy of breast 

cancer can cause cancer in the endometrial tissue of the womb.  

Therefore, the new system without serious side effects is 

necessary for drug delivery to tumor tissues (Javid et al.  2017).  

It has been performed a wide range of studies about using 

nanoparticles as a new method for the simultaneous protection 

of healthy tissues and eradication of cancer cells.  Liposomal 

anthracycline is used for all the levels of breast cancer.  The 

wide use of this drug is limited due to its toxic effects on the 

heart.  The hybridization of a liposomal anthracycline with a 

monoclonal antibody against human epidermal growth factor 

receptor 2 or HER2 ∕ neu can result in more efficient outcomes 

[123,124].  The overexpression of HER2 can be utilized in the 

development of targeting nanomedicine to treat HER2−positive 

breast cancer [125].  The first clinical HER2 targeting agent is 

the humanized monoclonal antibody, trastuzumab (Herceptin®) 

[126].  Two antigen−specific sites in trastuzumab, which can 

bind to HER2 prevent the activation of tyrosine kinase and 

HER2 dimerization.  The presence of trastuzumab enhances the 
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therapeutic effects of other chemotherapeutics.  It is important to 

point out that trastuzumab is widely used as a single agent or 

combined with other chemotherapeutics in adjuvant therapy to 

reduce breast cancer recurrence rate and improve the overall 

survival of HER2−positive breast cancer patients clinically 

[127]. In the treatment of metastatic breast cancer has been used 

the combination of liposome with doxorubicin contained 

epiglottitis liposomes, which have higher efficiency [128,129]. 

Paclitaxel nanoparticles are surrounded with albumin are highly 

efficient in carrying hydrophobic molecules in breast cancer.  

Paraclinical research indicated that paclitaxel, which contained 

nanoparticles surrounded by albumin are more efficient for 

tumors in comparison with ordinary paclitaxel.  Paclitaxel is 

indicated in the adjuvant treatment of patients with lymph 

node−positive breast cancer after treatment with anthracycline 

and cyclophosphamide (AC therapy).  Adjuvant therapy with 

paclitaxel is an alternative to prolonging AC therapy [130].  

Paclitaxel is indicated in the first−line treatment of locally 

advanced or metastatic breast cancer either in combination with 

anthracycline in patients suitable for anthracycline treatment or 

in combination with trastuzumab in patients with pronounced 

HER2 expression [131].  Also, it is considered that the targeted 

delivery of tamoxifen as nonsteroidal, antiestrogen and the 

hydrophobic drug is carried out in all levels of breast cancer.  

Tamoxifen is most commonly prescribed as adjuvant therapy in 

combination with nanoparticles in the treatment of breast cancer 

in women who are not candidates for the use of an aromatase 

inhibitor.  Tamoxifen is also approved for the prevention of 

breast cancer in high−risk women and for the treatment of 

combination with tamoxifen increases the penetrability into the 

tumor tissue.  In this case metastatic forms of breast cancer. 

Application of nanoparticles in, the toxic effects of nanoparticles 

on healthy tissues will be decreased [132].  Genexol®−PM, 

paclitaxel−doped poly (D,L−lactic acid) is one of the polymeric 

nanomedicine in clinical trials for breast cancer treatment.  

 

Triple−Negative Breast Cancer (TNBC) is a subgroup of breast 

cancers, which is characterized by an absence or poor expression 

of estrogen receptor, progesterone receptorand HER2 [133].  

Chemotherapeutics for triple−negative breast cancer treatment 
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include anthracyclines, taxanes and cisplatin [134], but the 

overall chemotherapy outcome for patients with triple−negative 

breast cancer is worse than patients with other breast cancer 

subtypes [135].  The treatment of triple−negative breast cancer 

is a clinical challenge due to the high proliferative rates of 

triple−negative breast cancer cells, early reccurence and poor 

survival rate. Gold nanoparticles are the most extensively 

investigated and promising metal nanoparticles known to deliver 

paclitaxel, a widely known drug for treatment of triple negative 

breast cancer.  The main properties of serum coated gold 

nanoparticles are inherited ability to regulate the energy 

regulation−related genes expression.  Due to reduced energy, 

migration and invasion of cancer cells are inhibited in both 

in−vitro and in−vivo. Andey et al.  also showed the inhibition ∕ 

suppression of the triple negative breast cancer and metastasis 

using the combination of cisplatin with gold nanoparticles and 

near infrared laser [136].  Silver nanoparticles are known for its 

antiproliferative, proapoptotic and anti−angiogenic effects on 

triple−negative breast cancer cells.  As a radiosenzitizing agents, 

gold nanoparticles react with acidic environment in cancer cells 

and increase oxidative stress by the production of reactive 

oxygen species, which eventually induce damage and apoptosis.  

Liu et al.  observed the promising results of treatment by silver 

nanoparticles followed by radiotherapy on gliomas [137].  It is 

very important to point out that zinc oxide nanoparticles form 

micronucleus inside the tumor cell, which finally increase 

mitotic and and interphase apoptosis death of the cell [138].  

Asparaginaze is a well−known anticancerous enzyme used as a 

chemotherapeutic agent in other cancer treatment, so zinc oxide 

nanoparticles carrying asparaginase, further increase the 

specificity and stability, when are given in combination with 

paclitaxel and daunorubicin [139].  It has been confirmed that 

zinc oxide nanoparticles in combination with drugs paclitaxel 

and cisplatin show reduced toxicity and increase efficacy in 

triple−negative breast cancer cells.  Other metal nanoparticles 

such as iron oxide nanoparticles (Fe2O3NP), cooper oxide 

nanoparticles (CuO, NP), silica, cerium oxide and titanium oxide 

are also being explored and used in triple−negative breast cancer 

diagnosis and treatment.  Dual modal therapy employs 

photodermal and radiotherapy with Cu−64 labelled cooper 
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sulfide nanoparticles (CuS NP) showed the suppression of tumor 

growth in subcutaneous BT474 breast cancer model and 

prolonged the survival of mice bearing orthotopic 4T1 breast 

tumors [140].  Human breast carcinoma cells (in vitro) and 

HER2+ breast carcinoma cells are specifically targeted by 

anti−HER2 antibody conjugated with silica−gold nanoshells in 

photothermal therapy.  Cerium oxide nanoparticlesact as a 

radiosensitizing agents, thereby increase the oxidative stress and 

apoptotic tumor cell death by following the biological 

mechanism of DNA damage [141].  

 

RNA Interference (RNAi) has the role to silence 

tumor−associated genes, that are difficult for targeting of 

antibodies or inhibitors and is expected to be a useful therapeutic 

approach for advanced breast cancer [142,143].  The clinical use 

of RNAi includes the rapid intravascular degradation of RNA 

and safe and effective delivery of siRNA to target tissues 

[144,145].  RNAi can be used for improving of 

chemotherapeutic effects or for overcoming of drug resistance.  

Honma et al.  prepared a stable nano−sized RPN2 

siRNA−atelocollagen complex and tested the improving of 

sensitivity effects of MCF7−ADR cells, a human breast cancer 

cell line in vitro and in vivo that is resistant to multiple drugs, 

such as doxorubicin and taxanes [146].  RNAi is a novel 

approach for breast cancer treatment with unique and critical 

potentials.  There are still several challenges, such as 

intracellular targeting, immune−mediated toxicities and 

oversaturation of extraneous RNAs, which need to be overcome 

before successful clinical applications [147].  

 

Nanoparticle-Mediated Photothermal Ablation (PTA) is 

innovative and noninvasive therapeutic approach, which can be 

used for breast cancer treatment, especially for the patients, who 

do not respond to conventional chemotherapies or radiation 

treatment.  In nanoparticle− mediated photothermal ablation, 

nanoparticles delivered to cancer tissues, absorb the energy from 

near infrared irradiation and transform the energy into heat, 

known as the photothermal effect [148].  Metallic nanomaterials, 

especially gold or silver based nanoparticles are often used for 

photothermal ablation due to the strong absorption inside the 
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NIR region and high photothermal conversion efficiency [149].  

Carpin et al.  studied silica−gold nanoshells conjugated with 

anti−HER2 antibody for photothermal ablation of trastuzumab 

resistance breast tumors [150].  Significantly more anti−HER2 

nanoshells bound to HER2 overexpressed breast cancer cells 

SK−BR−3 (trastuzumab−sensitive) and BT474 AZ LR 

(trastuzumab−resistant) compared with HER2 negative breast 

cancer cells MCF10A [150].  

 

Calcium Phosphosilicate Nanoparticles (CPSNPs) can be used to 

encapsulate many kinds of chemotherapeutics [151,152].  

Calcium phosphosilicate is relatively insoluble at physiological 

pH (pH 7. 4), such as in the blood stream, but more soluble in 

acidic environments, such as solid tumor environment (pH 5. 

8−7. 8) and the intracellular late stage endo−lysosomes (pH 4. 

8−5. 5), where encapsulants are released after endocytosis.  

Docetaxel−doped calcium phosphosilicate nanoparticles are 

emerging as a useful nanomedicine in breast cancer treatment 

Docetaxel, the membrane of the taxane family can be surface 

functionalized with either polyethylene glycol for passive 

accumulation via enhanced permeability and retention effects or 

anti−CD71 for active targeting to breast cancer cells [153,154].  

Barth et al.  CD−71−Docetaxel−calcium phosphosilicate 

nanoparticles can provide prolonged circulation time, enhanced 

accumulation and targeting and improved drug efficiency with 

reduced or eliminated side effects.  Future study should focus on 

improving of the encapsulation of docetaxel and other 

chemotherapeutics for breast cancer treatment [155].  In Table 1 

are shown the innovative nanotherapies for breast cancer.  

 

HER2 Targeted Nanotherapies: HER2 is a transmembrane 

receptor with tyrosine kinase activity.  In comparison to other 

members of the HER family (HER1, HER3 and HER4), there is 

no identifiable ligand for HER2.  The heterodimerization 

process leads to the phosphorylation of the HER kinase 

domains.  It has been activated the several signal pathways that 

releated to transcription, translation and protein stability, 

including the MAPK, PI3K ∕ Akt and phospholipase Cy.  

HER2isimportantin the regulation of gene expression, cell 

mobility, growth, proliferation, apoptosis and other cellular 
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responses, especially for cancerous cells.  HER2 ∕ HER3 is the 

most active and tumor promoting dimerized combination.  

HER2 is overexpressed by ≈20−30% of human breast tumors, 

leading to a higher reccurence rate and mortality rate for 

HER2−positive breast cancer.  The overexpression of HER2 can 

be utilized in the development of targeting nanomedicine to treat 

HER2−positive breast cancer.  The first clinical HER2 targeting 

agent is the humanized monoclonal antibody, trastuzumab 

(Herceptin) [156].   

 
Table 1: Review of innovative nanotherapies for breast cancer.  

 
Innovative nanotherapies for breast cancer  

Nanotherapy  Active agents  

HER2 targeted 

nanotherapies  

Trastuzumab, pertuzuma and 

lapatinib  

Triple−negative breast 

cancer  

 

Adeno−Associated Virus 

Type 2  

(AAV2)  

RNAinterference 

(RNAi) 

si−RNA, 

si−RNA−atelocollagen 

complex 

Nanoparticle−mediated 

photothermal ablation 

(PTA)  

Metalic−based 

nanomaterials  

(gold or silver) or materials 

with high photothermal 

conversioneffects 

Calcium phosphosilicate 

nanoparticles (CPSNPs)  
Docetaxel, indocyanine green 

(photosensitizer for 

photoimmunonanotherapy  

 

Application of Nanoparticles in Diagnosis and 

Treatment of Brain Cancer 
 

Nanomedicine for treatment of brain cancer are classified in 

non−invasive delivery systems like liposomes, nanoparticles, 

polymeric micelles or dendrimers.  They must be biodegradable, 
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non immunogenic, biocompatible and stable in blood 

circulation.  They have emerged as an effective choice of 

therapy against brain tumors.  Drug loaded nanoparticles showed 

high uptake of the drug in the brain with the selective killing of 

the p−glycoprotein expressing cancerous cells (Koziara et al.  

2004).  Nanoparticles represent one of the possibilities of 

overcoming the blood−brain barrier and delivering anticancer 

drugs to the brain.  Intravenously administered nanoparticles for 

delivery of therapeutic agents in the treatment of brain cancer 

have been shown the enhanced permeability and retention effect.  

[157,158].  Nanoparticles have been used to passively target 

drugs to intracranial tumors, for intravenous injection, in 

purpose to enable delivery of therapeutics across the 

blood−brain barrier to the brain.  Nanoparticles are able to 

accumulate the drug at tumor sites and also enable tissue or 

organ−specific transport of drug and perform the delivery of 

hydrophobic and metabolically labile drugs [159,160].  Solid 

lipid nanoparticles have the ability to deliver anticancer drugs to 

the brain.  It has been confirmed that solid lipid nanoparticles 

have the ability to penetrate the blood−brain barrier.  This 

penetration may be caused by endothelial cells that have the 

capability to recognize specific blood proteins, adsorbed on the 

surface of solid lipid nanoparticles followed by various 

processes like transcytosis, endocytosis and P−glycoprotein 

inhibition [161].  Solid lipid nanoparticles grafted with 

antiepithelial growth factor receptor showed high specificity and 

high antitumor activity towards U87MG cells.  Nanoparticles of 

monocrystaline Fe3O4 were used in brain tumor imaging.  They 

were connected to tumor−specific monoclonal antibodies [162].  

Veiseh et al.  have discovered that the incorporation of 

chlorotoxin into functionalized Fe3O4 nanoparticles resulted in a 

significant increase of the total uptake inside the brain tumors of 

mice after in vivo injection in compared with untargeted 

particles applying mAb therapy to brain tumors [163].  Chartok 

et al.  have been determined in themselves research work the 

suitability of magnetic nanoparticles for both magnetically 

improved accumulation in brain cancer and non-invasive 

magnetic resonance imaging (MRI) screening [164].  After 

detailed considerations, they have concluded that accumulation 

of magnetic nanoparticles in gliosarcomas could be substantially 
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increased with magnetic targeting.  This is successfully assessed 

by magnetic resonance imaging.  The scientists were noticed 

that ultrasmall superparamagnetic iron oxide nanoparticles can 

be used to explore areas inside brain tumors with increased 

blood flow, which have indicated on tumor reccurence [165].  

These areas can also be used for recognition and determination 

of pseudo progression in brain tumors after standard adjuvant 

therapies, such as radiotherapy and chemotherapy [166].  

Magnetic nanoparticles can be designed to target cancer by 

modification of their surface with the addition of a peptide or 

specific antibody to cancer cells [167].  Investigation on rabbits 

has consisted from intravenous injection of specially designed 

magnetic nanoparticles and subsequent exposure to an external 

magnetic field resulted in permanent remission of squamous cell 

carcinoma [164].  Cetuximab−magnetic iron oxide nanoparticles 

that bind to both wild type EGFR  (epidermal growth factor 

receptor) and mutated EGFR cells of glioblastoma which 

originate from patients are internalized by tumor cells and 

promote internalization of the EGFR, resulting in enhanced 

apoptosis.  Treatment with cetuximab−iron oxide nanoparticles 

proved efficacious in orthotopic glioblastoma xenografts in 

mouse and rats and showed a favorable safety profile, because it 

was not observed the toxicity on healthy immunocompetent 

mice [168].  

 

Lipid nanoparticles filled with doxorubicinhave been explored 

as a potential drug carrier to the brain, although doxorubicin 

cannot cross the blood−brain barrier. Doxorubicin bound to 

polysorbate−coated nanoparticles was associated with 

significantly longer survival of glioblastoma at rats compared 

with groups treated with free doxorubicin or noncoated 

nanoparticles with doxorubicin [169].  Docetaxel−incorporated 

albumin−lipid nanoparticles in vitro induce apoptosis of several 

cancer cell lines and in vivo accumulate at the glioma site. It has 

been developed and suggested the mechanism for targeted 

bioadhesive micelles with docetaxel encapsulation for brain 

cancer treatment [170]. Orringer et al.  designed a new cancer 

target nanosystems for intra−operative demarcation of brain 

tumors [162].  The researchers determined the ability of 

dye−stuffed polyacrylamide nanoparticles that contain 
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coomassie blue, methylene blue or indocyanine green to produce 

a change in color in 9L glioma cells.  Organic nanoparticles, 

polymers, dendrimers and hydrogels have been studied for brain 

cancer treatment [171].  Biodegradable polymer−based 

nanoparticles and gold nanoparticles have provided the 

delivering of drugs across the blood−brain barrier to treat glioma 

[172].  Carbon nanotubes can improve the chemotherapy of 

brain tumors and offer better applications in clinical practices 

[173].  Ren et al.  have designed a dual−targeted poly ethylene 

glycol based oxidized multi walled carbon nanotubes conjugated 

with Angiopep−2 for the treatment of brain glioma [174].  The 

first phase of clinical study of paclitaxel−Angiopep−2 

peptide−drug conjugate that binds to the protein−1 receptor 

related to the low−density lipoprotein receptor has been carried 

out in patients with recurrent glioma grade 2−4.  

 

GRN1005 is a peptide-drug conjugate, which facilitated the 

penetration of paclitaxel into tumor tissue [175].  By application 

of quantum dots (QDs), Fe3O4 nanoparticles and gold 

nanoparticles, the scientists have been achieved the higher 

success in the treatment of brain cancer in comparison with 

theranostic nanoparticles.  All of them are used as carrirers for 

drug delivery and imaging [63,176,177].  Nanoparticles promise 

the specific and efficient intracerebral delivery of drugs for the 

treatment of glioma [178,179].  It has been confirmed that 

two−dose regimen of topotecan non−PEGylated liposomes, 

locally administered with paramagnetic gadodiamide 

nanoparticles, increased survival rates in a U87MG glioblastoma 

intracranial xenograft model in compared with controls; the 

effect was depending from topotecan dose [180].  Bohl Kullberg 

et al.  [181] have discovered the PEGylated liposomes coated 

with epidermal growth factor (EGF) for effective boron neutron 

capture therapy (BNCT) of brain cancer.  The different 

nanoparticle formulations have been investigated to deliver 

chemotherapeutic drugs for the treatment of brain cancer.  

Polymeric nanoparticles are defined as submicron colloidal 

nanoparticles and are used as carriers for different drugs, such as 

chemotherapeutic drugs using in the treatment of brain cancer, 

which are either absorbed on the surface or encapsulated inside 

the nanoparticles.  Poly (lactic−co−glycolic) acid, polyglycolic 
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acid (PGA) and polylactic acid (PLA) are the most commonly 

used polymers in drug delivery to the brain, because of their 

biocompatibility and low toxicity compared to other polymers 

[182,183].  Poly−lactic−co−glycolic acid (PLGA) camptothecin-

loaded nanoparticles were investigated in orthotopic murine 

glioma.  Nanoparticles were well tolerated and effective against 

glioma [184].  Camptothecin−loaded poly (lactic−co−glycolic 

acid, PLGA) nanoparticles accumulated in GL261 tumors in 

C57BL ∕ 6 albino mice at 10−fold higher levels compared to 

healthy brain.  These nanoparticles were applied in slowing the 

growth of intracranial GL261 tumors, providing a significant 

survival benefit compared to mice receiving saline or free 

camptothecine.  Kafa et al.  have discovered that multi−walled 

carbon nanotubes with a needle−like shape and flexible structure 

passively accumulate in the brain following systemic 

administration [185].  The successful development of polymeric 

nanoparticles for drug delivery to the brain will require an 

understanding of the molecular weight, crystallinity and stability 

of the polymers as well as physicochemical properties of the 

drug [186].  Calvo et al.  prepared polyethylene 

glycol−(poly(hexadecyl cyanoacrylate)) nanoparticles which 

demonstrated a greater accumulation in the brain, when 

compared to the p80 formulation, which may be consequence of 

passive diffusion or intake via macrophages [187].  Vila et al.  

produced polyethylene glycol−polylactic acid (PEG−PLA) 

nanoparticles densities of polyethylene glycol with different 

coating and demonstrated that the smaller nanoparticles with the 

higher density of polyethylene glycol were characterized by 

greater accumulation in the brain [188].  The active targeting of 

polymeric nanoparticles via surface modification with ligands 

that bind to target molecules on the surface of cancer cells or 

other cells inside the body is a significant development in 

nanotechnology.  The affinity ligands bind directly to antigens, 

that are differentially overexpressed on the plasma membrane of 

cells or to extracellular proteins on the target tissue [189].  

Transferrin receptors and low density lipoprotein receptor 

related protein (LRP) are known to be overexpressed on glioma 

cells.  Mentioned two receptors target to polymeric nanoparticles 

in glioma cells by attaching the anti−transferrin and angiopep 

ligands to their surface.  Anti−transferrin can cross the 
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blood−brain barrier through transferring receptor, while the 

angiopep ligand binds to lipoprotein receptor related protein on 

the surface of glioma cells [190,191].  In Table 2 is shown 

thedivision ofnano formulated anti glioblastoma multiforme 

drugs, which can improve the efficacy of chemotherapy by 

increasing the activity of various anti−tumor drugs.    

 
Table 2: Division ofnano formulated anti glioblastoma multiforme drugs, 

which can improve the efficacy of chemotherapy by increasing the activity of 

various anti−tumor drugs.   
 

Nano formulated anti glioblastoma multiforme 

drugs can improve the efficacy of 

chemotherapy by increasing the activity of 

various anti−tumor drugs, such as:  

Reference 

1)Secondary metabolites of algae induce 

the cytotoxicity according to A−172 

glioblastoma cells when loaded in 

nanoparticles.   

Karakas et 

al.  [192] 

2)Arsenic trioxide (As2O3) encapsulates 

the treating of glioblastoma multiforme 

cells resistant on temozolomide(TMZ) 

following their encapsulation in liposomes 

in the presence of manganese.   

Zhang et al.  

[193] 

3)Carboplatin leads to higher cytotoxicity 

in cancer cells, whereby it reduces the 

neuronal toxicity and prolonges the tissue 

half−life on rat and porcine glioblastoma 

multiforme model associated with Poly 

Lactic−co−Glycolic acid copolymer.  

Arshad et al.  

[194] 

4)Efficacy of chlorotoxin is increased 

compared with free drugs, when they are 

conjugated with iron oxide nanoparticles.  

It is important to point out that 

nanoparticles are characterized by a 

longerhalf−life in blood, a better ability to 

cross the blood−brain barrier and the 

easiness of internalization in cells without 

losing its therapeutic activity (Mu et al.  

2016).   

Mu et al.  

[195] 
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5) Cisplatin can move inside the porous 

extracellular matrix between glioblastoma 

multiforme cells when loaded with 

polyethylene glycol−coated nanoparticles.  

It causes the deeper penetration in brain 

than non−pegylated cisplatin and resulting 

in an increased survival of rats, who suffer 

from glioblastoma multiforme by more 

than two weeks in compared with cisplatin 

alone.  

Zhang et al.  

[196] 

6)Bioavailability and water solubility 

of Curcumines are increased when are 

encapsulated in a dendrosome, 

suppressing U87MG cells growth 

without affecting on healthy cells.   

Mirgani et 

al.  [197] 

7)Doxorubicin leads to remission of 

malignant disease such as glioblastoma 

multiforme which occurs among 20% of 

rats treated with doxorubicin bound to 

polysorbate –coated nanoparticles.  

Steiniger et 

al.  [169] 

8)Paclitaxel is more efficiently transported 

through the blood−brain barrier and 

improves the anti−proliferative efficacy, 

when it is associated with nanoparticles 

and specific peptides Pep−1 designed to 

cross the blood−brain barrier, than when it 

is free.   

Ma and 

Mumper 

[198] 

9)Temozolomide (TMZ) which doesn’t 

denature, can be specifically delivered to 

glioblastoma multiforme cells with the 

help of the targeting peptide chlorotoxin 

(CTX), leading to enhanced cytotoxicity 

towards glioblastoma multiforme cells 

compared with free temozolomide.   

 

 

Fang et al.  

[199] 

 

Importance of Nanooncology 
 

Diagnosis, treatment and monitoring of the progress of therapy 

in individual malignancies diseases are the main goals of 

oncologists for which nanotechnology provides solutions.  
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Possibility of shaping molecules with great precision opens the 

door to a new generation of drugs, agents for recording and 

diagnostics.  Zheng and colleagues used silicone−based 

nanowires to detect marker proteins by electrically way that are 

overexpressed in circulation of patients who have had cancer 

[200,201].  These devices act like computer chips, when they are 

coated with the antibodies can be transmitted the electrical 

signals from target proteins to antibodies, leading to a change in 

conductivity nanowires [202].  Mentioned electrical signals can 

be measured and show the presence and amount of antigenic 

protein and make it possible to measure the number of markers 

in a single blood sample.  By application of these detection 

systems, avoids the complex polymerase chain reaction 

technology or the use of fluorescent probe for detecting 

cancer−related antigens.  Early detection of cancer using 

Q−points is the subject of intensive research [203].  Kim and 

colleagues described the use of Q−points composed of an inner 

core of cadmium and telerium surrounded by a layer of a 

cadmium and selenium and a closed organic compound as would 

make the particles soluble in water.  When they were injected 

into pigs, the lymph cells were cleaned the Q−points and 

directed them to the lymph nodes [204,205].  By illuminating 

the skin of animals with infrared lamps, it was easy to identify 

and localize lymph nodes due to their emission wavelengths in 

the infrared range.  This technology should prove useful for 

localization of cancer near the skin [206].  It has been examined 

an analogous approach for the localization of deep tumors, 

distant from surfaces, using magnetic nanoparticles.  Also, 

nanoparticles were used as luminescent probes for optical 

imaging and as magnetic probe for nuclear MRI [207].  The use 

of near−infrared luminescence nanoparticles for optical imaging 

of deep tissue were described by Morgan and colleagues, who 

demonstrated the application of nanocrystals (the term 

synonymous for Q−points) as an angiographic contrast agent for 

blood vessels supplying squamous cell carcinoma.  The 

researchers prepared nanocrystals−semiconductors from 

CdMnTe ∕ Hg coated with serum albumin [208,209].  The 

penetration depth for excitation and emission was estimated by 

imaging the heart of a mouse beating through an intact thorax 

and after a thoracotomy[210].  Nanocrystals did not show any 
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significant photofading or degradation after one hour continuous 

excitations.  These technologies are associated with equipment 

costs that are much lower than competitive technologies such as 

magnetic resonance imaging.  Dendrimers are being intensively 

tested due to their role in detection and therapy of cancer.  In 

animal models, by adding chemotherapeutic agents to 

dendrimers, it has been enabled the delivery of small doses of 

the drug directly to the cancer cells, which greatly accelerates 

survival [211].  Since dendrimers are also fluorescently labeled, 

it is possible to monitor their movement towards the cells.  Due 

to their small size (≈ 5 nm), they can cross mucous membranes 

barriers and vascular pores and kidneys can safely remove them 

from bloodstream.  Future applications include targeting specific 

genotypes of individuals as well monitoring responses to 

antineoplastic drugs [212].  Alternatively, some tumors have a 

larger number of types cancer cells and each of them requires a 

different antineoplastic drug.  Dendrimers could use for 

detecting cell types which are present and which deliver the 

required chemotherapeutic.  Also, it is possible that they monitor 

how individual cells respond, allowing to doctor that modifies 

the treatment [87].  Several different nanotechnological 

therapeutic modalities are in various stages of development.  

Chemotherapeutic nanoparticles consisting of polyethylene 

glycol / phosphatidyl ethanolamine conjugates have been 

developed.  This strategy enabled the solubilization of the 

sparingly soluble photodynamic therapeutic agent, 

meso−tetraphenylporphine (TPP).  Researches have developed 

tumor−directed polymer micelles in which TPP was 

encapsulated.  When it is coated with antitumor antibody, it has 

been noticed a significantly improved anticancer effect of 

micelles on human and mouse cancer cells in vitro after light 

emission [213].  The strategy allows the introduction of large 

amounts of drugs into the cells, which results in significant 

target killing.  Biocompatible and biodegradable nanoparticles 

appear to be an effective way of transferring therapeutic agents 

into tumor cells [214].  Other groups also work on 

multi−purpose platforms for the detection and treatment of 

cancer, but they have yet to show that their devices can come out 

from the bloodstream and later from the body.  The researchers 

added antibodies to the gold nanoparticles and after that the 
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particles selectively bound to specific cancer cells.  The light 

which reflected from those particles reveals their location.  

Because of the light absorbed by the particles that heat up, 

occurs to destruction of targets, leaving surrounding healthy 

cells intact [215].  

 

Conclusion 
 

Nanomedicine opens new knowledge about the phenomenon of 

life, and thus new ways of diagnosis and treatment.  In the 

future, the creation of new devices and devices to be applied in 

medicine should be guided by the idea of a modern approach to 

the human being, as a classical quantum system, whereby a full 

understanding of life processes should be sought, in order to 

achieve complementarity and compatibility with biological 

systems.  Significant properties of any nanomaterial used in 

biomedical delivery are its biocompatibility and 

biodegradability.  These attractive properties along with low 

toxicity have enabled the nanomedicine research community to 

use organic nanomaterials as drug delivery vehicles to target 

specifc tissues and controlled release of the drug molecules.  In 

the coming years it is expected that significant researches will be 

undertaken in the following directions of nanomedicine:  

 

• Synthesis and use of new nanomaterials and nanostructures 

(less antigenic), then biomimetic nanostructures (synthetic 

products developed on the basis of understanding biological 

systems and the development of multifunctional biological 

nanostructures, devices and system for diagnosis and 

combined delivery of drugs,  

• Development of analytical methods and instruments for the 

study of individual biomolecules and production of 

non−invasive in vivo analytical nano−tools with improved 

sensitivity and resolution for molecular imaging and 

examination of pathological processes;  

• Construction of devices and nanosensors for early detection 

of diseases and pathogens.  

 

Nanoparticles as carriers for anticancer drugs make them 

promising candidates to overcome chemoresistance of cancer 
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cells. Nanoparticles loaded by cytostatic drugs improve their 

cellular uptake and significantly decrease their efflux, prolong 

drug systemic circulation lifetime, and enable targeted drug 

delivery.  The encapsulating process of anti−cancer drugs into 

polymeric nanoparticles improves the bioavailability and 

efficiency of the therapeutic activity.  Nanoparticles allow the 

delivery of multiple active agents with the ability to target 

various types of cancer. The greatest impact of nanotechnologies 

in cancer therapy is in drug delivery.  In the case of central 

nervous system cancers, many drugs have difficulty in crossing 

the blood– brain barrier to attack the tumor.  It has been 

concluded that drug−loaded nanoparticles are able to penetrate 

this barrier, and have been shown to greatly increase therapeutic 

concentrations of anticancer drugs in brain tumors.  Innovative 

nanotherapies targeting HER2 breast cancer and triple negative 

breast cancer or nanotherapies based on RNA interference, 

nanoparticle-mediated photothermal ablation and calcium 

phosphosilicate nanoparticles bring various perspectives beyond 

conventional breast cancer treatment.  Nanoparticles can be used 

in the diagnosis and treatment of diseases, drug delivery and 

biomedical imaging.  It is important to point out that the 

development of nanotechnology will provide more opportunities 

for simultaneous targeting of multiple molecules of tumor 

samples and adopting suitable therapeutic strategies.   

 

The main goal of nanomedicine is to learn from nature - in terms 

of understanding the structure and functions of biological 

devices and the use of natural solutions to advance science and 

technology.  
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