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Abstract: Cancer is a highly complex disease to understand, because it entails multiple cellular 

physiological systems. The most common cancer treatments are restricted to chemotherapy, 

radiation and surgery. Moreover, the early recognition and treatment of cancer remains a 

technological bottleneck. There is an urgent need to develop new and innovative technologies 

that could help to delineate tumor margins, identify residual tumor cells and micrometastases, 

and determine whether a tumor has been completely removed or not. Nanotechnology has 

witnessed significant progress in the past few decades, and its effect is widespread nowadays 

in every field. Nanoparticles can be modified in numerous ways to prolong circulation, enhance 

drug localization, increase drug efficacy, and potentially decrease chances of multidrug resis-

tance by the use of nanotechnology. Recently, research in the field of cancer nanotechnology 

has made remarkable advances. The present review summarizes the application of various 

nanotechnology-based approaches towards the diagnostics and therapeutics of cancer.
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Introduction
Cancer is a highly heterogeneous complex disease that encompasses a group of disor-

ders characterized by continuous indefinite growth.1 Through the annals of history, the 

malaise of cancer has ailed humans. Despite impressive advances in cancer biology, 

it is the leading cause of death worldwide and remains a challenge. There are over 

200 different types of cancer reported all over the globe.2 In 2008, approximately 

12.7 million cancer cases were reported, causing approximately 7.6 million cancer 

deaths, out of which 64% of the deaths were reported from economically developing 

countries.3 The complexity of this disease at genetic and phenotypic levels clarifies 

its clinical diversity and therapeutic resistance. There is a 5-year relative survival rate 

of cancer patients,4 which provides potential opportunities for early diagnosis and 

improved treatment, which in turn is highly desirable because of widespread occur-

rence, high death rate, and recurrence after treatment.5

Nanotechnology is an interdisciplinary research field developed with an amal-

gamation of chemistry, engineering, biology, and medicine, and has various useful 

applications in cancer biology, such as early detection of tumors, discovery of cancer 

biomarkers, and development of novel treatments.6 It is a rapidly evolving and 

expanding discipline that has gained public and media interest worldwide. Use of 

nanotechnology in cancer biology has provided hope within scientific communities of 

developing novel cancer therapeutic strategies. Nanotechnology involves the creation 

and/or manipulation of materials at nanometer scale, either by scaling up from single 
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groups of atoms or by refining or reducing bulk materials 

into nanoparticles (NPs).7 NPs are typically several hundred 

nanometers in size and can offer unprecedented interactions 

with biomolecules present both on the cell surface as well as 

inside the cell.8 NPs can be engineered as nanoplatforms for 

effective and targeted delivery of drugs, and imaging labels 

by overcoming many biological, biophysical, and biomedical 

barriers. For in vitro and ex vivo applications, the advan-

tages of state-of-the-art nanodevices such as nanochips and 

nanosensors over traditional methods are quite obvious.9,10 

A variety of NPs are used for diagnosis-cum-therapy of dif-

ferent cancer types, by visualizing tumors and carrying out 

targeted delivery of drugs with reduced toxic side effects. 

Cancer related examples of nanodevices include quantum 

dots (QDs), carbon nanotubes (CNTs), paramagnetic NPs, 

liposomes, gold NPs (GNPs), magnetic resonance imaging 

(MRI) contrast agents for intraoperative imaging, and a novel 

NP-based method for high-specificity detection of DNA and 

protein.6,11–15

Recent advances have led to development of bioaffinity 

NP probes for molecular and cellular imaging, targeted NP 

drugs for cancer therapy, and integrated nanodevices for 

early screening and detection of cancer. These developments 

raise exciting opportunities for personalized oncology in 

which genetic and protein biomarkers are used to diagnose 

and treat cancer, based on the molecular profiles of indi-

vidual patients. However, several barriers do exist for in 

vivo applications of nanodevices in preclinical and clinical 

use of nanotechnology. Amongst them are biocompatibil-

ity, in vivo kinetics, tumor-targeting efficacy, acute and 

chronic toxicity, ability to escape the reticuloendothelial 

system, and cost-effectiveness.6,16 The development of novel 

nanotechnology-based approaches towards cancer treatment 

provides a new ray of hope in the cancer research field. The 

present review article summarizes the application of various 

nanotechnology-based approaches towards the diagnostics 

and therapeutics of cancer.

Use of nanotechnology  
in cancer treatment
Current therapies and their drawbacks
In the past decade, remarkable progress has been made 

towards understanding the proposed hallmarks of cancer 

progression and treatment. With time, the cancer burden is 

changing for combined types as well as individual types of 

cancer. However, with ever-increasing incidence, the clinical 

management of cancer continues to be a grim challenge for 

the twenty-first century. Over the past couple of decades, 

a huge amount of detailed data have been amassed regard-

ing the basic biological processes that become perturbed 

in cancer, such as disturbances in growth-factor binding, 

signal transduction, gene transcription control, cell-cycle 

checkpoints, apoptosis, and angiogenesis.17 These in turn 

have prompted the search for rational anticancer drugs and 

produced a record number of novel compounds, currently 

being used in cancer treatment trials.

A number of targeted drugs are licensed for routine clini-

cal use, including rituximab, trastuzumab, imatinib, gefitinib, 

bevacizumab, lapatinib, and cetuximab.17 Present therapeutic 

approaches are based on rectifying the damaging mechanism 

of the genes or by stopping the blood supply to the cancer 

cells or by destroying the cancer cells itself.18 Conventional 

treatment options like surgical excision to remove cancerous 

parts, radiation therapy, and chemotherapy have their own 

limitations. Surgery cannot be applied for all types of cancers 

and might result in loss of an organ, coupled with the risk 

of cancer recurrence. The radiation approach kills cancerous 

cells, but it also damages the surrounding healthy cells.18 

The most common therapeutic approach, chemotherapy, is 

used either alone or in combination with other therapeutic 

approaches that kill cancer cells by drug toxicity or by pre-

venting cell division, either by stopping the nutrient uptake 

or by inhibiting the mechanism responsible for cell division.19 

However, this approach is gross and rarely successful for 

advanced stages of cancer, as pharmacologically active can-

cer drugs reach the tumor site with poor specificity and dose-

limiting toxicity.20 Currently available chemotherapeutic 

agents are time-tested and confer good disease-free survival 

only for a limited period of time. Nevertheless, nontarget 

tissue toxicity and drug resistance curtails the utility of these 

agents. There is scope to develop newer agents or site-specific 

delivery systems to transfer these chemotherapeutic agents, 

which can nullify the major obstacles of toxicity and drug 

resistance.21 The destruction of cancer cells with minimum 

harm to healthy tissues and delivery of high doses of drug 

molecules to tumor sites for maximum treatment efficacy are 

the needs of the hour.

Will nanotechnology-based approaches 
help in cancer treatment?
Cancer nanotechnology is a rapidly growing field and has 

made a remarkable contribution to treatment strategies by 

enabling site-specific release of chemotherapeutic agents, 

based on their physicochemical characteristics and biological 

attributes.21,22 Several stability and drug-payload studies on 

NP formulations have shown that they are quite stable with 
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high carrier capacity, and are suitable for administration of 

both hydrophilic and hydrophobic substances by various 

routes.23 They also have the ability to carry loaded active 

drugs to cancer cells by selectively utilizing the unique 

pathophysiology of tumors.22 Due to the advances in synthetic 

chemistry over the last few decades, different biological 

nanomaterials have been developed, which can be used for a 

variety of biological therapies, such as drug delivery, cancer 

diagnosis, treatment, and imaging.24

The nanotechnology-based drug-delivery system (NDDS) 

targeted specifically towards cancer cells has several advan-

tages over conventional therapies, such as longer shelf life, 

improvement in biodistribution of cancer drugs, and admin-

istration of both hydrophilic and hydrophobic substances, 

through oral, nasal, parenteral, and intraocular routes.19

Current NP systems for cancer 
therapeutics
There are a variety of NP systems currently being explored 

for cancer therapeutics.25 The material properties of some NP 

systems have been developed to enhance their delivery to the 

tumor site directly.26 Functionalization of NPs by the incorpo-

ration of a hydrophilic polymer creates a stealth surface from 

opsonization.26 Currently used NPs in cancer therapeutics 

include dendrimers, liposomes, lipid NPs (LNPs), polymeric 

NPs (PNPs), micelles, protein NPs, ceramic NPs, viral NPs, 

metallic NPs, and CNTs.26–28 Despite extensive research on NP 

systems for cancer therapeutics, there are only a few NDDSs 

approved by the US Federal Drug Administration and Euro-

pean Medicines Agency. Specifically, the NDDSs that have 

been approved include liposomal doxorubicin (Myocet; Elan 

Pharmaceuticals, Cedar Knolls, NJ), PEGylated liposomal 

doxorubicin (Doxil; Ortho Biotech, and Caelyx; Schering-

Plough), PEGylated liposomal daunorubicin (DaunoXome; 

Diatos), and the recently approved albumin-bound paclitaxel-

loaded NPs (Abraxane; Abraxis Bioscience).26

Various approaches towards cancer 
treatment with different nanomaterials
Targeted drug delivery via nanocarriers
The development of targeted therapy represents an exciting 

approach towards cancer treatment.21 Different targeting 

strategies suggest the potential effect of NP systems and will 

possibly revolutionize current methods in cancer treatment. 

Different significant events in cancer mechanisms like angio-

genesis, uncontrolled cell proliferation, and tumor mass are 

the targets for NP systems.26 The effectiveness of NP carrier 

systems reflects their ability to reduce the tumor or related 

events without damaging healthy tissues. Moreover, the 

major improvements offered by NP systems include higher 

efficacy, lesser side effects, site specificity, efficient delivery, 

and overcoming multidrug resistance (MDR).29

Targeting tumor cells
The most common targeting strategy is ligand-mediated 

specific interactions between NPs and cancer cell surface. 

Longer circulation times and easier endocytosis are the 

significant factors that need to be considered while choos-

ing target moieties for effective delivery of NPs.30 These 

ligand-targeted NPs are expected to deliver cytotoxic agents 

selectively and specifically to tumor cells via receptor-

mediated endocytosis, thereby enhancing intracellular drug 

accumulation. A variety of tumor-targeting ligands, such 

as antibodies, folate or growth factors, and cytokines have 

been used to facilitate the uptake of carriers into target 

cells.31 Moreover, monoclonal antibodies and antibody 

fragments can reduce immunogenicity and improve phar-

macokinetics.32 Artificially engineered antibodies have also 

been reported as a conjugate to thermosensitive liposomes 

(affisomes) and to poly-(d,l-lactic acid)-polyethylene 

glycol (PLA-PEG) maleimide copolymer for the delivery 

of paclitaxel.33,34

Internalization in cancer cells is an important step, 

because it reduces the dispersal of the drug outside the 

cancerous cell and can enhance the therapeutic potential of 

the said drug.35–37 Passive targeting approaches have also 

been reported for the delivery of NPs in angiogenesis as a 

compensatory mechanism of diffusion. It depends upon the 

properties of NPs, such as, size, surface nature, and circula-

tion half-life.19,38 Passive targeting also involves the use of 

other innate characteristics of NPs (viz charge) capable of 

inducing tumor targeting. Cationic liposomes are reported 

to bind by electrostatic interactions to negatively charged 

phospholipid head groups, preferentially expressed on tumor 

endothelial cells.19,39 Human cervical carcinoma cells devoid 

of folate receptor are incapable of cellular uptake of folate-

conjugated NPs.40 Similarly, enhanced antiproliferative 

potential of epirubicin going from folate receptor (−) to folate 

receptor (++) cells was also observed.41 The uptake of folic 

acid–conjugated doxorubicin by HeLa cells has also been 

reported.40 The anticancer activity of transferring-conjugated 

solid-lipid NPs of curcumin on the MCF-7 cell line is also 

evident.42 Several such studies suggested the potential of 

targeted therapeutic nanoparticles (TNPs) as effective anti-

cancer drug-delivery systems.2,22,25,40,43 In an in vivo animal 

study, targeted TNP-delivered paclitaxel was mainly located 
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in tumor cells, while nontargeted TNP-delivered paclitaxel 

was detected at intercellular level.44

Targeting the tumor microenvironment
It has been debated that the tumor microenvironment 

enhanced permeability and retention (EPR) effect might be 

a key rationale for the development of nanoscale carriers to 

solid tumors. As an outcome of EPR, nanotherapeutics are 

expected to improve drug and detection probe delivery, have 

less adverse effects, and thus result in improved detection 

and treatment of tumors.45 Exploiting the abnormal tumor 

microenvironment for selective and homogeneous delivery 

of nanomedicines to tumor sites is another way of cancer 

treatment.46

The caveolae (endothelium transcytosis vesicles)-induced 

accumulation of an albumin-bound nanomedicine (Abraxane) 

is initiated by the binding of albumin to a cell surface gly-

coprotein receptor, suggesting that caveolae targeting might 

provide a universal portal to pump drugs out of the blood 

into nearby tissue.47 Moreover, arginine–glycine–aspartic 

acid (RGD) motif has been found to exhibit a strong affin-

ity and selectivity for cell surface in many proteins, thus 

proclaiming it to be a suitable ligand for tumor targeting by 

therapeutic NPs.48

Targeting recurrent and drug-resistant cancers
Due to the lack of specific ligands, the specific killing of recur-

rent cancer cells by using targeted TNPs is still unexplored. 

Although many studies have illustrated the potential use 

of TNPs to minimize drug resistance, the lack of specific 

ligands for drug-resistant cancer cells limits the application 

of targeted TNPs to these aggressive populations. However, 

targeting of well-progressed cancer environments like recur-

rence and metastasis is still a challenge. Advanced knowledge 

of the molecular mechanisms of late-stage cancer has given 

new leads to target metastatic cancer with NP systems. 

Moreover, PEGylated liposome modified with a fibronectin-

mimetic peptide has been reported to target metastatic colon 

cancer cells (which overexpress integrins α5β1).49

Nanotechnology-based drug-delivery 
systems
Nanotechnology-based systems can be used to deliver thera-

peutic entities such as small-molecule drugs, peptides, pro-

teins, and nucleic acids, either alone or in combinations.48,50 

Their properties could be attributed to their small sizes, lower 

drug toxicity, maximized bioavailability, cell death, and 

modification of drug pharmacokinetics.51–53 Figure 1 depicts 

several nanotechnology based drug delivery systems used 

in recent years. Several anticancer drugs, such as paclitaxel, 

doxorubicin, 5-fluorouracil, and dexamethasone, have been 

successfully formulated using nanomaterials.51 Polylactic/

glycolic acid (PLGA)-based NPs have been formulated 

to encapsulate dexamethasone.51 It has also been reported 

that NPs can escape from the vasculature through the leaky 

endothelial tissue that surrounds the tumor54 and can accumu-

late in certain solid tumors via the EPR effect.55 In contrast, 

tumor-targeted NPs can enter tumor cells from the extracel-

lular space via receptor-mediated endocytosis.56 Significant 

progress has been made in tumor-targeted nanotherapeutics, 

and some are already in clinical trials or have been approved 

by the FDA.37 Kang et al studied doxorubicin-loaded solid-

lipid NPs on a doxorubicin-resistant breast cancer cell line 

(MCF-7/ADR).57 Their results showed that doxorubicin-

loaded solid-lipid NPs efficiently enhanced apoptotic cell 

death through higher accumulation of doxorubicin in MCF-7/

ADR cells compared with free doxorubicin.

Advantages of NP drug-delivery system
1.	 To overcome lack of selectivity of anticancer drugs: The 

major goal of targeted therapies is to target the chemo-

therapeutics to cancer cells, which ultimately reduces the 

side effects. To decrease the toxicity and to enhance the 

selectivity of existing drugs, many NDDSs have been 

developed in recent years that target specific sites either 

actively or passively.19

2.	 To overcome MDR: Cancers such as non-small-cell 

lung cancer, and rectal cancer may not respond to standard 

chemotherapy from the beginning, which is known as 

primary resistance, while some sensitive tumors respond 

well to chemotherapy drugs initially but develop acquired 

resistance later. MDR is mostly due to increased efflux 

pumps in the cell membrane, such as P-glycoprotein (Pgp). 

The adenosine triphosphate–binding cassette superfamily 

includes MDR-associated proteins and breast cancer-

resistant proteins. Several studies reported NP-based drug-

delivery systems to overcome MDR.19,58,59 It was reported 

that paclitaxel-loaded NP-based drugs could be introduced 

inside the cells without triggering the Pgp pump in human 

colorectal tumor.60 Also, paclitaxel entrapped in emulsify-

ing wax NPs was shown to overcome drug resistance in a 

human colon adenocarcinoma cell line (HCT-15).51 The 

PLGA NPs were reported to moderately reverse MDR 

activity in MCF-7/ADR cells.59 The activity of doxoru-

bicin and Bcl-2-targeted siRNA on multidrug-resistant 

A2780/AD human ovarian cancer cells was studied by 
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Chen et al, using mesoporous silica NPs.58 They showed 

that by delivering doxorubicin and Bcl-2 siRNA simulta-

neously into cancer cells, the Bcl-2 siRNA can effectively 

silence the Bcl-2 mRNA, significantly suppress non-pump 

resistance, and substantially enhance the anticancer poten-

tial of doxorubicin. Moreover, poloxamer 188 NPs have 

been reported to overcome MDR in human breast cancer 

cells.61

3.	 To overcome low aqueous solubility of anticancer drugs: 

Most of the anticancer drugs exhibit poor solubility, which 

results in reduced bioavailability, increased chances of 

food effect, frequent incomplete release in dosage form, 

and higher interpatient variability. Paclitaxel bound to 

biocompatible proteins is an injectable nanosuspension, 

that has been approved by the FDA, and is in phase trials 

for a variety of cancers.62,63

Liposomal nanoparticles as a targeted  
drug-delivery system
Liposomes are colloidal carriers, formed spontaneously when 

certain lipids are hydrated in aqueous media. They consist 

of an aqueous volume entrapped by one or more bilayers of 

natural and/or synthetic lipids. They are comparatively stable, 

biocompatible, biodegradable, self-assembled phospholipid 

membranes with an inner core where hydrophilic drugs could 

be encapsulated. Liposomes have been suggested as carriers 

of antineoplastic and antimicrobial drugs, chelating agents, 

steroids, vaccines, and genetic materials.64 They are efficient 

vehicles for targeted delivery of hydrophobic drugs without 

eliciting an immune response.21 Drugs with widely varying 

lipophilicities can be encapsulated in liposomes, either in 

the phospholipid bilayer, in the entrapped aqueous volume, 

or at the bilayer interface. Drugs encapsulated within this 

Figure 1 (a–j) Illustration to clarify the described drug-delivery systems of various nanoparticles (NPs). (a) Liposomal nanoparticle; (b) solid lipid nanoparticle; 
(c) gold nanoparticle; (d) nanodiamond; (e) magnetic nanovector;220 (f) carbon nanotube; (g) quantum dot nanocarrier; (h) polymeric nanoparticle;  
(i) dendrimer nanoparticle; (j) virus-mediated nanocarrier.219
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lipid bilayer are, therefore, protected from extra-liposomal 

reactions that could alter the effectiveness of the drug.65 The 

lipid bilayer could have a marked effect on the pharmacokinet-

ics and biodistribution of LNPs. In one study, Johnston et al 

reported significant increase in drug-retention properties in 

LNPs containing sphingomyelin lipid.66 Generally, liposomes 

have advantages over polymer-based NPs for the formula-

tion of cancer therapeutics.67 In most of the cases, the lipid 

membrane structure mimics the most common structure, 

which provides a remarkable permeability barrier. Moreover, 

liposome-encapsulated drugs are protected from extraliposomal 

reactions, which enhance the effectiveness of the said drug.

LNPs encapsulating therapeutic agents or liposomal 

nanomedicines represent one of the most advanced classes 

of drug-delivery systems, with several currently in the 

market and many more in clinical trials.68 There are sev-

eral examples of LNPs for conventional small-molecule 

drugs.65,69 Curcumin’s efficacy as a chemotherapeutic agent 

against several cancers of the stomach, prostate, breast, and 

lung has been well documented.70,71 Cheng et  al reported 

the development of liposomal curcumin encompassing the 

anticancer curcumin within liposomal formulations.72 In 

another study, liposome preparations of curcumin exhib-

ited superior antiproliferative and apoptotic effects on six 

pancreatic cancer cells, and also inhibited pancreatic tumor 

growth in mouse models.73 Use of the ionophore method 

of drug loading allows much higher drug:lipid ratios than 

the conventional citrate method.74 This formulation has 

given excellent results in studies comparing the efficacy of 

conventional CHOP (chemotherapy treatment composed of 

cyclophosphamide, doxorubicin, vincristine, and prednisone) 

and CHOP in which the vincristine has been replaced by 

LNP-vincristine.75,76 Moreover, increased drug retention 

of vincristine has been reported to be related to increased 

drug:lipid ratios.75 Lipid-based nanocapsules have given a 

novel approach to scientific communities for encapsulation 

of poorly soluble drugs like cisplatin.21

Drug delivery via carbon nanotubes
CNTs have shown great promise as nanoscale vehicles for 

targeted drug delivery.2 In the past, there have been numerous 

experimental studies performed in vitro and in vivo using 

antibody-functionalized CNTs loaded with chemothera-

peutic agents.2,77–79 It has been suggested that CNTs could 

be used as nanocarriers for delivering drugs into the body 

via intravenous routes.80 Drugs can either attach to the outer 

surface of CNTs via functional groups or be loaded inside 

the CNTs.2 Nanoscale size and ease of cellular uptake makes 

single-walled carbon nanotubes (SWCNTs) useful for drug 

delivery, and their photothermal effects make them potentially 

useful in a wide range of applications. The poor solubility of 

SWCNTs could be overcome by functionalization of the sur-

face of the tubes. Multiwalled carbon nanotubes (MWCNTs) 

have been reported to possess shorter incubation time and 

relatively higher cytotoxic potential. MWCNT-g-PCA-PTX 

compared with free drug suggests improved cell penetra-

tion of MWCNT-g-PCA-PTX.81 The grafting of drugs to 

SWCNTs can be used as a new tool and useful method for 

potential drug delivery in cancer patients.82

Drug delivery via nanodiamonds
Nanodiamonds (NDs) are attractive agents for use in 

medicobiological applications, largely due to their greater 

biocompatibility than other carbon nanomaterials, stable 

photoluminescence, commercial availability, minimal 

cytotoxicity, and ease of purification.83,84 NDs could be func-

tionalized and conjugated to a variety of molecules for the 

purpose of cell labeling and drug delivery that can improve 

their solubility, direct them to specific binding sites on target 

cells and tissues, and reduce their effects on normal tissues.83 

The diversity of ND functionalization broadens the scope of 

their potential diagnostic and therapeutic applications. They 

are suitable for controlled drug-delivery applications because 

of their capability to release drugs slowly and consistently 

and have abundant capacity for drug loading due to their 

large surface area:volume ratio.85,86 A thin film made of ND 

clusters loaded with doxorubicin was found to effectively 

release the drug and kill the target cells.85 They could also 

be used to solubilize and efficiently deliver water-insoluble 

chemotherapeutic agents to breast and liver tumor cells.58,86 

NDs can be used for cell labeling and tracing because they 

do not interrupt cell division or differentiation and have 

less cytotoxicity as well. They have successfully been used 

as biomarkers or tracers to label or trace HeLa cells, lung 

cancer cells, and murine fibroblasts.84,87

Virus-mediated nanocarriers for drug delivery
Different virus-based nanocarriers for drug delivery have also 

been reported in scientific literature as an emerging nano-

carrier platform.43,88–90 The versatile hierarchical assembly 

of viral coat protein subunits provides a natural and easy 

way of drug packaging. Virus-like particles (VLPs) can 

easily meet the requirements needed for a drug nanocarrier 

system, such as biocompatibility, water solubility, and high 

uptake efficiency. Moreover, VLPs can be modified with 

polymers such as PEG to improve their half-life in the host 
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by moderating their immunogenicity.43 Different viruses such 

as cowpea chlorotic mottle virus (CCMV), a member of the 

bromovirus group of the Bromoviridae,43 cowpea mosaic 

virus, and red clover necrotic mosaic virus88 have been 

reported as viral nanocarriers. Recently, nanocarriers based 

on CCMV have also been suggested.89 The incorporation of 

CdSe/ZnS semiconductor QDs into brome mosaic virus for 

the design of intracellular microscopic probes and vectors 

have also been reported.90 GNPs could also be encapsulated 

in VLPs like MS2 bacteriophage in a similar way.91

Magnetic nanovectors for drug delivery
Use of NP platforms holds the promise of novel and more 

effective site-specific delivery of therapeutic agents to tumors 

by magnetic vectoring of magnetically responsive NPs.92 

Nanovectors based on the three ferromagnetic elements Co, 

Ni, and Fe can be used either to mediate a hyperthermic effect 

(predominantly causing tumor necrosis) or to deliver drugs to 

achieve intratumoral levels. Nickel-based nanomaterials have 

also been reported for tumor targeting by serving either as 

inducers of hyperthermia in response to an externally applied 

magnetic field (as drug-delivery platforms)93 or directly as 

proapoptotic mediators.94 Liu et  al synthesized a Co- and 

Cu-based nonviral carrier for DNA transfer in gene therapy.95 

Strong binding to DNA involves electrostatic attractions as 

well as intercalation of the ligands between DNA base pairs, 

and these complexes efficiently condensed free DNA into 

globular NPs. Magnetite NPs have reportedly been loaded 

with daunorubicin to overcome MDR of K562-n/VCR human 

erythroid leukemia cells.96

Enzyme-responsive nanoparticles for drug release
Enzyme-responsive NPs (ENPs), such as polymer-based 

NPs, liposomes, GNPs, and QDs have been introduced 

recently and the modulation of their physicochemical 

properties by the enzymes has been accentuated. Unique 

physical properties of nanomaterials combined with ENPs 

are designed with high specificity for triggering the stimulus 

in drug-delivery schemes.97 Hydrolases are the most widely 

used enzymes for drug delivery, probably due to their facile 

design.98 The attachment of bioactive moieties to carrier 

through enzyme-cleavable units triggers drug delivery from 

NP-based carriers.99 Similarly, the dispersion of inorganic 

NPs can be triggered by a hydrolase when the NPs are 

assembled by biomolecules presenting cleavable units. 

The rational design and development of a novel enzyme-

responsive, doxorubicin peptide–coated magnetic silica 

NP was conjugated for selectively triggering intracellular 

delivery of doxorubicin into the tumor cells with specific 

protease enzyme expression.100 The highly efficient doxoru-

bicin is released by the said ENP conjugate upon the specific 

enzyme interactions in vitro. Some hydrolase-responsive 

nanomaterials are already under clinical trials.98,101 The 

utilization of oxidoreductase is still in the proof-of-concept 

stage, and some pioneering examples of their utilization for 

drug delivery and diagnostics are being debated.99 Other 

enzymes such as kinases and acetyltransferase have also 

been explored recently in this field.99

Dendrimers as nanoparticle drug-carrier system
Dendrimers are a unique class of repeatedly branched 

polymeric macromolecules with numerous arms extending 

from the center, resulting in a nearly perfect 3-D geometric 

pattern.102 They comprise a series of branches around an inner 

core, the size and shape of which can be modulated as per the 

requirement. NPs based on dendrimers and oligonucleotide-

linked dendrimers are expected to improve the therapeutic 

index of cytotoxic drugs by direct delivery to cancerous 

cells.103 There is also hope that delivering drugs by this 

approach could overcome drug resistance in tumor cells via 

bypassing Pgp pumps,103 which could serve as an attractive 

modality for drug delivery.104–106

The following proper ties are associated with 

dendrimers:102,107

1.	 Nanoscale sizes that have similar dimensions to important 

biobuilding blocks.

2.	 Numbers of terminal surface groups suitable for biocon-

jugation of drugs, signaling groups, targeting moieties, 

or biocompatibility groups.

3.	 Surfaces designed with functional groups to aug-

ment or resist transcellular, epithelial, or vascular 

biopermeability.

4.	 An interior void space may be used to encapsulate 

small-molecule drugs, metals, or imaging moieties and 

facilitates controlled release.

5.	 Positive biocompatibility patterns that are associated 

with lower generation of anionic or neutral polar terminal 

surface groups compared with higher-generation neutral 

apolar and cationic surface groups.

6.	 Non- or low immunogenicity associated with most den-

drimer surfaces modified with small functional groups 

or PEG.

7.	 Surface groups that can be modified to optimize biodis-

tribution, receptor-mediated targeting, therapy dosage, 

or controlled release of drug from the interior space.

8.	 Ability to arrange excretion mode from body.
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The possibility of a 2,2-bis(hydroxymethyl) propanoic 

acid-based dendritic scaffold as a delivery carrier for 

doxorubicin in vitro and in vivo has been explored.108 In an 

attempt to improve the efficacy of doxorubicin, photochemi-

cal internalization technology was utilized for site-specific 

delivery of membrane-impermeable macromolecules from 

endocytic vesicles into cytosol.109 Many researchers have 

also explored the feasibility of cisplatin incorporation in 

dendrimers.102,110,111 Polyamidoamine dendrimer complexes 

are reported to be used for DNA delivery to cell nucleus due 

to their high transfection efficiency and very low toxicity.102 

They are favorite candidates to be used as the backbone of 

multitasking therapeutics because of their well-defined sur-

face functionality, good water solubility, low polydispersity, 

and lack of immunogenicity.102 One of the early examples 

of polyamidoamine dendrimer having a fairly water-soluble 

nanoformulation has the ability to release cisplatin slowly 

in vitro.112 PEG-dendrimers are generally synthesized by 

the conjugation of PEG or polyethylene oxide chains to a 

multifunctional dendritic chain.113 They constitute a sub-

class of dendrimers that has attracted numerous researchers 

because of their prolonged blood circulation time, lower 

level of toxicity, and relatively lower accumulation in dif-

ferent organs.114

Targeted drug delivery using gold nanoparticles
GNPs are nanometer-sized colloidal suspensions. 

Multifunctional GNPs have been demonstrated to be highly 

stable and versatile scaffolds for drug delivery, due to 

their unique size coupled with their chemical and physical 

properties.115 The multiple receptor targeting, multimodality 

imaging, and multiple therapeutic entities holds the promise 

for a “magic gold bullet” against cancer.6 Different subtypes of 

GNPs such as gold nanospheres, nanorods, nanoshells, nano-

cages, and SERS NPs have been reported in literature based 

on their size, shape, and physical properties.6,116,117 Colloidal 

GNPs have great potential to overcome delivery limitations 

because of their biocompatibility, low toxicity, small size, 

and tunable surface functionalities.118 In cancer cell cultures, 

surface properties have been shown to regulate cellular 

uptake, intracellular release, and distribution in subcellular 

compartments.118 Modification of the surface properties of 

GNPs has potential to control accumulation in tumors, where 

drug payloads are released. GNPs functionalized with a 

thiolated PEG monolayer capped with a carboxylate group 

showed an improvement in platinum-based anticancer drugs, 

such as cisplatin, carboplatin, and oxaliplatin efficacy.119 

Recently, GNPs conjugated with bovine serum albumin 

have been reported as one of the best vehicles for drug 

release.120 A modification of GNPs was reported, in which 

11-mercapto-undecanoic acid-modified GNPs conjugated 

with chloroquine act as an efficient cancer therapy.121

Quantum-dot nanocarrier systems for drug delivery
QDs are spherical light-emitting NPs composed of a semi-

conductor material. They are a promising class of fluorescent 

probes for cancer screening from biological fluids, classifica-

tion of tumor from biopsies, and for high-resolution biomo-

lecular and cellular imaging.122,123 Initial results displayed 

by QDs synthesized by using reduced glutathione and TGA 

co-capped CdTe with good biological compatibility and high 

fluorescence intensity are quite encouraging for the treatment 

of colorectal cancer.124 Novel folate-conjugated carboxymethyl 

chitosan–ferroferric oxide-doped cadmium telluride QD 

NPs were developed with high drug-loading efficiency, low 

cytotoxicity, and favorable cell compatibility, and are prom-

ising candidates for carboxymethyl chitosan-based targeted 

drug delivery and cellular imaging.125 Codelivery of siRNA 

and chemotherapeutic agents has been developed recently to 

combat MDR in cancer therapy. Several QDs functionalized 

by β-cyclodextrin coupled to amino acids have been reported 

recently, some of which can be used to facilitate the delivery 

of siRNA. The intrinsic fluorescence of the QDs provides an 

opportunity to track the system by laser confocal microscopy. 

These multifunctional QDs are promising vehicles for the 

codelivery of nucleic acids and chemotherapeutics, and for 

real-time tracking during cancer treatment.126 Recent advances 

have led to multifunctional NP probes that are highly bright 

and stable under complex in vivo conditions. Polymer-encap-

sulated QDs are essentially nontoxic to cells and small animals, 

but their long term in vivo toxicity and degradation needs to be 

carefully studied. Nonetheless, bioconjugated QDs have raised 

new possibilities for ultrasensitive and multiplexed imaging 

of molecular targets in living cells and animal models.123 

Moreover, magnetic NPs and QDs have been used effectively 

to achieve early diagnosis and recurrence prevention of lung 

cancer micrometastases in peripheral blood.127

Solid-lipid nanoparticles as targeted  
drug-delivery system
SLNs are physiological lipid-based NP systems that offer 

physical stability, protection of labile drugs from degrada-

tion, easy preparation, and low toxicity.57 SLNs have been 

developed as an alternative system to the existing traditional 

carriers, such as liposomes and polymeric NPs. They are 

new-generation submicron-sized lipid emulsions where 
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the liquid lipid has been substituted by a solid lipid. SLNs 

offer unique properties, such as small size, large surface 

area, high drug loading, and the interaction of phases at the 

interfaces, and are attractive for their potential to improve 

performance of pharmaceuticals, neutraceuticals, and other 

materials.128 Recently, several studies reported the use of 

SLNs as tumor-targeted drug-delivery systems.42,57,129,130 

SLNs loaded with doxorubicin were studied in Pgp-over-

expressing MCF-7/ADR cell lines.57 Efficiently enhanced 

apoptotic cell death via higher accumulation of doxoru-

bicin by SLNs in cancer cells was also reported.57 Tar-

geted delivery of a potent anticancer compound, namely 

curcumin, incorporated with transferrin-mediated SLNs 

has also been reported in MCF-7 breast cancer cells.42 

More recently, high-pressure homogenized emodin-loaded 

SLNs gave positive antitumor activity in vitro.129 Moreover, 

cationic lipid-bound oligonucleotide-loaded SLNs are also 

reported as a potential new approach for carrying anti-

miRNA inhibitors for cancer therapy.130

Polymeric nanoparticles as targeted  
drug-delivery system
PNPs offer a promising means of targeted drug delivery of 

chemotherapeutic drugs with enhanced efficacy, reduced 

toxicity, controlled and long-term release rates, prolonged 

bioactivity, increased patient compliance due to less adminis-

tration frequency, and the ability to codeliver multiple drugs 

with synergistic effects at the same site.131 A protective cover-

ing provided by the PNPs to chemotherapeutic drugs limits 

their interaction with healthy cells.131 PNPs are available in 

different types, such as nanospheres, in which the particles’ 

entire mass is solid and molecules may be adsorbed at the 

sphere surface or encapsulated within the particle matrix, 

and nanocapsules, in which the entrapped substances are 

confined to a cavity consisting of a liquid core (either oil or 

water) surrounded by a solid material shell.132 The properties 

of PNPs need to be optimized depending on the particular 

application. In order to achieve the properties of interest, the 

mode of preparation plays a vital role.132

There is scope for many variations in polymer chemistry 

where PNPs can be easily manipulated without loss of their 

desired physical, chemical, and biological properties.133 PNPs 

are often produced by pairing PEG with the polymer of NPs. 

PEG inhibits binding of plasma proteins to the surface of 

PNPs, which provides prolonged systemic circulation time, 

prevents recognition by the reticuloendothelial system,134 and 

an EPR effect in different types of tumors.131 Hu et al reported 

prolonged circulation and enhanced anticancer potential of 

one anticancer agent, endostar, a novel recombinant human 

endostatin, which was approved by the Chinese State Food 

and Drug Administration in 2005 with PNPs (PEG-PLGA 

nanoparticles).135

PNPs coupled with ligands and aptamers have been 

reported as a way to actively target cancerous cells that fur-

ther induce receptor-mediated endocytosis for intracellular 

delivery. A novel injectable formulation of an anticancer 

drug, sirolimus, using PNP has been reported as an attrac-

tive new therapeutic approach for cancer therapy that offers 

improved pharmacokinetic features and gets readily dispersed 

in physiological media without any surfactants or cosolvents. 

PNP-sirolimus effectively inhibited tumor cell proliferation 

and tumor mass growth and enhanced radiation-induced cell 

death by inhibition of the mammalian target of rapamycin 

(mTOR), mTOR pathway and activation of autophagy.136

Anticancer drugs loaded in PLGA-lecithin-PEG NPs and 

functionalized with AS1411 antinucleolin aptamers have been 

reported as having high encapsulation efficiency and superior 

sustained drug release for differential targeted drug delivery 

in cancer treatment.137 Aptamer-functionalized PEG-PLGA 

nanoparticles have been reported with enhanced delivery 

of paclitaxel as a therapeutic application in the treatment of 

gliomas.138 Targeted delivery of an anticancer agent, cisplatin, 

against prostate cancer cells by aptamer-functionalized Pt(IV) 

prodrug-PLGA-PEG NPs have been also reported with higher 

efficiency compared with free cisplatin.139 Enhanced cellular 

uptake of folic acid–conjugated PLGA-PEG nanoparticles 

loaded with vincristine sulfate have been reported to contain 

significantly higher cellular uptake in the folic acid receptor 

over expressed MCF-7  cells, compared to PLGA-mPEG 

NPs without folic acid modification.140 A novel redox-

sensitive biodegradable polymer with “trimethyl-locked” 

benzoquinone has been reported for the preparation of 

paclitaxel-incorporated NPs to release paclitaxel in response 

to chemically triggered reduction.141 With further develop-

ment in these technologies and other methods of triggering 

and targeting, polymer nanomaterials will provide improved 

cancer treatment methods.

Use of NPs in cancer treatment  
via thermal ablation
There is a great demand for minimally invasive options to 

conventional surgery like thermal ablative technologies for 

the treatment of cancer.142 Radio-frequency, microwave, 

and laser-based hyperthermia allow less invasive treatments 

but still require insertion of a probe into the lesion to be 

treated.143 Recent advances in nanoscale materials have 
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provided a potentially noninvasive means of heating cells to 

cytotoxic levels. Temperatures above 42°C induce cell death 

in some tissues. Cells of any nature (cancerous or normal) 

heated to temperatures in the range of 41°C–47°C begin to 

show signs of apoptosis,144 while temperatures above 50°C 

are associated with less apoptosis and more necrosis.145 

Hyperthermic adjuvant chemotherapy plays an increasing 

role in multimodality cancer treatment.146 It has been sug-

gested that minimal tissue hyperthermia increases the blood 

flow and yields higher concentrations of chemotherapeutic 

agents, which results in enhanced therapeutic effect. Similar 

to chemotherapy, radiotherapy is also more effective using 

hyperthermia as an adjunct treatment.145 Targeted hyper-

thermia is achieved by using nanoscale metallic particles that 

convert electromagnetic energy into heat. Metal NPs exem-

plify the potential for application in targeted hyperthermic 

therapy, specifically iron oxide NPs, gold-silica nanoshells, 

solid-gold NPs and CNTs.145,147 Iron oxide NPs have been 

used as both diagnostic and therapeutic nanoscale materials 

to treat deep tissue tumors. With certain drawbacks, iron NPs 

continue to be actively investigated because of their minimal 

toxicity and potential for rapid heating.148 GNPs could be 

heated with shortwave radio-frequency fields. By labeling 

GNPs with antibodies against particular cancer cells, higher 

concentrations of GNPs could be achieved. Once the particles 

are internalized, radio-frequency fields applied to cells result 

in localized heat and killing of cancer cells.145

CNTs are capable of being targeted and delivered to 

specific cells either through direct covalent functionalization 

or through noncovalent wrapping of targeting moieties. The 

absorption characteristics of CNTs have been utilized as 

hyperthermic enhancers using near-infrared absorptions.149 

CNTs significantly absorb intense heat release under capaci-

tively coupled radio-frequency fields, similar to GNPs.150 

QDs also have great potential in photodynamic therapy, 

where they act as either photosensitizers themselves or as 

a carrier.151,152 Although nanotechnology is a relatively new 

field of investigation, using targeted NPs in the hyperthermic 

treatment of cancer cells is expected to be a viable option 

for cancer treatment.145 Moreover, these days application of 

nanotechnology for laser thermal-based killing of cancerous 

cells, targeted with absorbing NPs, is becoming an extensive 

area of research.153

Use of nanotechnology in cancer 
treatment via gene therapy
Gene therapy can be defined as the transfer of genetic 

material to the cells of an individual, in order to ensure a 

targeted molecular intervention and achieve a higher level 

of specific action than conventional cytotoxic chemotherapy. 

Recently, the gene-silencing technique has gained much 

popularity. There are three major nucleic acid-based gene-

silencing molecules viz antisense oligodeoxyribonucleic 

acids, siRNA, and micro RNA. Despite so much promise 

of gene therapy, a number of difficulties remain to be con-

quered; the most important is the need for more efficient 

gene-delivery systems. The success of a gene therapy 

largely depends upon the activity induced by the target 

genes and the efficiency of gene delivery resulting from 

the combined effects of the delivery vector and the applied 

delivery route.154 Various NPs have been investigated for 

gene delivery, including GNPs,155 silver NPs,156 CNTs,157 

liposomes,158 polymersomes,159 and polyplexes. Use of 

NPs enables targeting of tumor tissue through the EPR 

effect in gene therapy. Kim et al reported a mannosylated 

chitosan NP-mediated cytokine gene-delivery system for 

cancer immunotherapy.160 Recently, thiolated chitosan NPs 

as a delivery system for antisense therapy has also been 

reported in T47D breast cancer cells.161 A nanosized immune 

liposome-based delivery complex was also reported, 

which preferentially targets and delivers molecules useful 

in gene medicine, including plasmid DNA and antisense 

oligonucleotides to tumor cells.162 This tumor-targeting NP 

delivery vehicle can also deliver siRNA to both primary 

and metastatic cells.

A gene-delivery vehicle, nonviral vector DOTAP: 

cholesterol has been suggested as an effective systemic gene-

delivery vector that efficiently delivers tumor-suppressor 

genes to disseminated lung tumors.163 A promising role 

of novel nonviral gene carrier heparin-polyethyleneimine 

(HPEI) NP-mediated ms-T34 A in C-26 colon carcinoma 

therapy was also reported.164 PEI-derived NPs such as poly 

(ε-caprolactone)-pluronic-poly(ε-caprolactone)-grafted PEI 

(PCFC-g-PEI), folic acid–PCFC-isophorone diidocyanate- 

PEI and HPEI are reported as gene-therapy delivery sys-

tems for renal cell carcinoma.165 It has been reported in 

the literature that QDs may also function as gene-delivery 

vehicles if modified with lipofectamine,166,167 encapsulated in 

poly(maleic-anhydride-alt-1-decene), surface-modified with 

dimethylamino propylamine and poly(maleic-anhydride-alt-

1-decene) coated. QDs have been reported as siRNA delivery 

vehicles and exhibit up to a 20-fold increase in silencing 

effect and a sixfold decrease in toxicity compared with other 

common delivery agents.167

Gene delivery could also be achieved by the use of 

CNTs.2 They are a good nonviral vector for gene therapy, 
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and can cross the cell membrane by an endocytosis 

process.168 CNTs are promising vectors for gene and pro-

tein, for which they have shown much greater fluorescent 

activity of protein and DNA when conjugated to single-

walled NTs.169 The delivery of siRNA for treatment of 

tumor cells using functionalized MWCNTs and liposomes 

showed that the siRNA delivered via MWCNTs achieved 

significant inhibition of tumor growth.170 Dendrimers have 

also been reported to enter tumors and carry either che-

motherapeutic agents or genetic therapeutics. They could 

be conjugated to fluorochromes and possess the ability 

to enter into cells. They can then be detected within the 

cell in a manner compatible with sensing apparatus for 

evaluation of physiologic changes.171 DNA-assembled 

polyamidoamine dendrimer clusters for cancer cell-specific 

targeting were also reported. Dendrimer-5-fluorouracil 

(5FU) conjugates were prepared by acetylation, and upon 

hydrolysis release free 5FU, thus minimizing the toxicity 

of 5FU.172 In earlier studies, researchers have shown that 

cisplatin encapsulated in dendrimer polymers has increased 

efficacy and is comparatively less toxic.173 Novel gene-

silencing strategy in gene therapy involving the use of 

siRNA can be conjugated to phospholipid-functionalized 

SWNTs using a cleavable disulfide linker, resulting in effi-

cient gene silencing and subsequent death of the targeted 

cell.149 Amino-functionalized MWNT–siRNA complexes 

have shown successful suppression of tumor and pro-

longed survival in lung tumor in animal model.170 CNTs 

cationically functionalized with PEI have been shown to 

be capable of complexing with siRNA and significantly 

increasing silencing activity and cytotoxicity.174 A highly 

efficient, low-toxic, and specifically targeting gene-delivery 

vector (H1) was also reported.175 Peritumoral injection of 

H1/pIL-2  NPs displayed effective antitumor potential. 

Researchers have derived PEI-coated virus-like particles 

from an adeno-associated virus type 2 delivery system for 

potential therapy of breast cancer.176

Nanotechnology-based approaches 
in cancer diagnostics
One of the major reasons behind low survival rates among 

cancer patients is the failure to detect the disease at an early 

stage. Modern imaging technologies have made enormous 

advances. However, the effective early detection of precancer-

ous and neoplastic lesions remains an elusive goal. The chal-

lenge is to find a test that can detect clinically apparent cancer 

cases at an early stage, long before the symptoms become 

visible. A variety of highly integrated nanotechnology 

platforms to diagnose cancer hold considerable promise. NP 

probes, nanocantilever, nanowire, and nanotube arrays are 

expected to solve the problem of early detection of different 

types of cancer.13 Nanomaterials possess long-term stability 

and enable the design of powerful bioassays for simulta-

neous measurements of multiple markers of a disease.177 

Nanomaterial-based probes involve the use of nanotechnol-

ogy to meet the demands of in vitro diagnostics for increased 

sensitivity and rapid detection from complex environmental 

systems.178 NPs labeled in vivo signaling moiety offer better 

molecularly targeted specificity than conventional imaging 

techniques. Various combinations of multifunctional NPs 

have been established with imaging agents like radioisotopes, 

lanthanides, or fluorophores.179 Hopefully, nanotechnology 

could lead to a paradigm shift in cancer detection, diagnosis, 

and therapy.

Some of the existing technologies for cancer imaging 

include noninvasive imaging techniques, such as computed 

tomography (CT), magnetic resonance imaging (MRI), 

positron emission tomography (PET), ultrasound scans, 

single-photon emission CT, optical imaging, and macro-

scopically visualizing tumors.180 Unfortunately, most of 

these imaging techniques are somewhat limited to detecting 

abnormalities at the microscopic level. It is possible, how-

ever, to combine existing optical imaging technologies with 

sophisticated NP-based optical contrast agents for high-

resolution in vivo cancer imaging. Recently, this strategy 

has been successfully demonstrated for detecting tumors.181 

However, developing reliable early detection approaches 

from serum, other biological fluids, or any sample obtained 

through minimal or noninvasive procedures remains of 

supreme importance.

Various nanotechnology platforms  
for the detection of cancer
Approaches for the in vivo detection  
and monitoring of cancer biomarkers
To identify malignancies based on their molecular expres-

sion profiles, all imaging technologies require contrast 

agents, comprising a signal-amplifying material conjugated 

to a molecular recognition and targeting agent such as an 

antibody.13

In vitro detection
Various novel assemblies of NP systems have been 

reported as nanoprobes for the early detection of cancer. 

Nanomaterials such as NPs, nanowires, nanotubes and 

nanodevices have been explored as ultrasensitive probes to 
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detect cancer biomarkers.178 NP probes with molecularly 

targeted recognition agents might provide information 

on the presence, relative abundance, and distribution of 

cancer signatures and markers associated with the tumor 

microenvironment.13 Because of their unique properties, QDs 

are one of the well-established NPs that cover applications 

such as cellular imaging, immunoassays, in vivo imaging, 

and sensing.182,183 QD-based microfluidic protein chip detec-

tion and optically addressed fluorescence resonance energy 

transfer (FRET) probes are being used in signal transduction 

to design the detection systems for nucleic acids, proteins, 

peptides, and small molecules.184,185 The increased number of 

acceptors linked to QDs can significantly amplify the signal 

of the target through enhanced energy-transfer efficiency. 

This ultrasensitive nanoprobe based on the FRET system had 

the capability to detect low concentrations of DNA, which 

have great potential to diagnose DNA mutations of tumor 

cells in clinical samples.178 Methylation-specific QD-FRET 

offers great promise for its translational use in early can-

cer diagnosis, prognostic assessment of tumor behavior, 

and monitoring response to therapeutic agents in clinical 

samples.186 QD-based bioluminescence resonance energy 

transfer (BRET) conjugated to bioluminescent proteins uses 

biochemical energy to excite fluorophores and offers addi-

tional advantages over FRET system for various bioanalyses.187 

A nanoplatform of protease probing based on the BRET 

system was designed to detect protease activity in complex 

biological samples.188 The sensitivity of this technology has 

great clinical value to cancer diagnosis and monitoring.

Nanophotonic methods also possess important applica-

tions in bioanalyses and spectroscopy using plasmonic NPs 

and can monitor the molecular binding events and changes 

in molecular conformation with exquisite sensitivity.178 

The said nanoprobe could be used to follow cell-signaling 

pathways at the single-molecule level in the living cells, 

which was not possible by conventional single-molecule-

imaging techniques.189,190 The multiplex protein detection of 

potential cancer markers was achieved using highly sensitive 

giant magnetoresistive sensors capable of detecting even 

ten magnetic nanotags.191 Recently, a magnetic NP-based 

method has been reported, which is an alternate to PCR 

methods and enzyme-linked immunosorbent assays for 

in vitro detection of viruses and circulating tumor cells in 

biological samples.178 Although this technique is fast, sensi-

tive, and suitable in complex biological media, it could be 

broadly applied to detect different biomarkers and biological 

species with increased sensitivity and specificity, and might 

become a truly portable, easy-to-use and low-cost device 

for point-of-care in vitro diagnostics of different types of 

cancer in future.178

Ex vivo detection
NPs have also shown promise for the ex vivo detection of 

cancer biomarkers.13 The ex vivo detection technique offers 

the potential advantages of readily identifying the conjugate 

markers, yielding specific information on their tissue distri-

bution, introducing new protocols that include cell surface, 

endocellular, and microenvironmental antigens in the same 

test. Gold-nanoshell-based immunoassays have been devel-

oped for the detection of various analytes of subnanogram-

per-milliliter quantities.192 Fluorescent NPs have been used 

for an ultrasensitive DNA-detection system,193 and QD 

bioconjugates with targeting antibodies have been used to 

recognize molecular signatures, including ERBB2.194 In one 

study, fluorophore-laden silica beads were used for the optical 

identification of leukemia cells in blood samples.195

Nanotubes, nanowires, and nanodevices
Nanocantilevers, nanowires, and nanotubes also have 

many applications in biology and medicine because of 

their unique structures and properties. Use of these devices 

facilitates the transition from single-biomarker to multiple-

biomarker cancer diagnostics, prognostics, and treatment. 

Nanocantilevers are in the class of nanotechnology-based 

methods that deflect and change resonant frequencies as a 

result of affinity-binding of biomarker proteins or nucleic 

acid hybridization events occurring on their free surfaces.196 

The breakthrough potential afforded by nanocantilevers 

resides in their extraordinary multiplexing capability.197 In 

one study, Majumdar used microcantilevers to detect SNPs in 

a 10-mer DNA target oligonucleotide without using extrinsic 

fluorescent or radioactive labeling.198

Devices based on nanowires are emerging as a power-

ful and general platform for ultrasensitive, direct electrical 

detection of biological and chemical species. Nanowire and 

nanotube arrays might contain several thousand sensors on 

a single chip, therefore offering even greater multiplexing 

advantages.13 A silicon (Si) nanowire field-effect device 

was developed, in which distinct nanowires and surface 

receptors are incorporated into arrays.199 The capability of 

Si-nanowire probes for multiplexed real-time monitoring 

of protein markers with high sensitivity and selectivity in 

clinically relevant samples opens up substantial possibili-

ties for the diagnosis and treatment of cancer.200 SWCNTs 

exhibit distinct electrical and spectroscopic properties such 

as photo luminance in the near-infrared range and strong 

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

4402

Jabir et al

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of Nanomedicine 2012:7

resonant Raman scattering.201 They promise great potential 

applications in biological detection and imaging because of 

their unique Raman properties.202

Multifunctional nanomaterials
Combined uses of multiple-platform diagnostic nanotech-

nologies are emerging day by day. Multifunctional nanoma-

terials are highly sensitive, stable, detectable, biocompatible, 

and targetable.178 The development of multiple integrated 

nanoprobe systems includes metals, oxides, polymers, 

enzymes, or other components to give the system, required 

functionality, and specificity.115,178 The combination of QDs 

and iron oxide NPs can create a single NP probe that may 

lead to clinically useful measurements and images of cancer 

at molecular levels both in vitro and in vivo.100 The combi-

nation of metallic NPs and magnetic NPs is another type of 

multifunctional NP, which is likely to lead to new applications 

in biomedicine because metallic NPs possess intrinsic prop-

erties and functions as optical-contrast agents and probes.178 

Park et  al reported the simultaneous dual-mode imaging 

(MRI and fluorescence imaging) in vitro and in vivo, using 

hybrid nanostructures containing magnetic NPs and QDs.203 

A polymeric multifunctional optical nanoprobe platform was 

developed and successfully demonstrated the applications 

of multifunctional nanomaterials, such as real-time oxygen 

sensors, in situ optical probes, magnetic pH sensors, and 

stimuli-responsive magnetic optical probes.204

Recent developments in nanotechnology-
based cancer detection
A cyclic RGD peptide-conjugated type II CdTe/CdS QD 

formulation was reported for targeting and imaging of 

pancreatic tumor vasculature in live animals.205 Lanthanoid 

trivalent ion-based luminescence agents have been reported 

as optical probes that have more potential than QDs.206,207 The 

efficacy of europium-catalyzed SWCNT was reported as a 

novel excellent visible candidate probe for targeted cellular 

imaging.207 Lewis et al reported noble metal NPs coated with 

cerium and luminescent europium complexes for bioimaging 

and potential biodelivery applications.208

Theranostic MRI is now receiving growing interest in 

imaging-guided drug delivery, monitoring treatment, and 

personalized administration.209 Recently, an SWCNT-Au-

PEG nanocomposite was reported as an interesting opti-

cal theranostic probe for cancer imaging and therapy.210 

Luminescence-quenched shell cross-linked NPs as photonic 

nanoprobes are reported to detect a protease, which is a viable 

marker for cancer imaging in vivo.211 Polysorbate 80-coated 

temozolomide-loaded PLGA-based superparamagnetic NPs 

have been characterized as drug carriers and good MRI con-

trast agents for diagnosing malignant brain glioma.212 A mul-

tifunctional nanoprobe is prepared by functionalizing SnO
2
 

NPs with both folic acid as targeting moiety and a gene probe 

to inhibit or recognize intracellular miRNA levels for target 

cell-specific imaging and in situ detection of intracellular 

miRNA.213 A sensitive and selective sensor for detecting colon 

cancer based on NP covalent modified antihuman epithelial 

cell adhesion–molecule antibody was also developed.214

Recently, a highly efficient multifunctional nanoplatform, 

multicolor luminescent NaYF
4
:Yb3+,Er3+ upconversion NPs 

were reported by Liu et  al,215 which could be utilized in 

image-guided cancer photodynamic therapy. For the first 

time, Wang et  al reported a synthesis of biocompatible 

triplex Ag@SiO
2
 @mTiO

2
 core–shell NPs that possessed 

a combined capacity for fast and multiplexed fluorescence-

surface-enhanced Raman scattering F-SERS labeling for 

imaging as well as drug loading for cancer therapy.210 In one 

study, optimized magnetic-particle imaging tracers using 

iron oxide NPs traced significant signal intensity and better 

spatial resolution compared with commercial NPs developed 

for MRI.216 High-contrast imaging can be achieved by gold 

nanorods with targeted tumor-growth-factor receptors as 

compared to nontargeted gold nanorods. This can facilitate 

imaging and demarcating tumor margins during surgical 

resection.217 In one study, hyaluronan-coated superpara-

magnetic iron oxide NPs with high magnetic relaxivity were 

reported as a promising system with enhanced uptake and 

enabled MRI of cancer cells for targeted drug delivery.218

Future perspectives
Nanotechnology is a rapidly developing field that has given 

new hope in the treatment of various diseases. Early detection 

and treatment of cancer remains a challenge to the scientific 

community. Moreover, different strategies have been explored 

in recent years for cancer detection and therapy. Application 

of nanotechnology in cancer treatment seems to solve these 

limitations, which has given new hope to humanity. Specific 

targeting of cancer cells was also the major challenge faced 

by conventional therapeutic approaches of cancer treatment. 

Recently, various NP-based drug-delivery systems such as lipo-

somes, dendrimers, diamondoids, QDs, viral NPs, and CNTs 

have shown encouraging results in cancer therapy. Properties 

like prolonged existence in systemic circulation, enhanced drug 

localization, and their efficacy make the NP-based model an 

excellent one. One of the major challenges in cancer treatment, 

ie, MDR, can also be overcome by these NP formulations. In 
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the light of our review, we expect that in future, different NP 

formulations would serve as “Trojan horses” in the field of 

cancer diagnostics and its treatment. Hereby, we find it perti-

nent to highlight that toxicity and immune-system induction 

should be given due consideration before finalizing the use of 

any NP formulation for diagnostic and treatment purposes.
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