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ABSTRACT 
 
A review of the use of nanoparticles and novel techniques for treating the 
intractable cancer disease in humans was passionately produced and 
recommendations for the pragmatic implementation of an interdisciplinary 
approach for the solution of the intractable disease harassing man proffered. The 
mechanism for the interaction of nanoparticles with the cancer tumour and the 
eventual cancer tumour annihilation is proposed. The production of gold and 
silver nanoparticles from the locally available tropical plant, Moringa oleifera and 
the determination of nano-sizes of the particles were also presented. The gold and 
silver nanoparticles produced are ready candidates for the cure of cancer disease. 
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INTRODUCTION 
 
Previous works at the University of Nigeria, Nsukka and 
papers on Nanosciences and Nanotechnology were 
reported elsewhere (Obikwelu, 2008; Obayi et al., 2008). 
Taeghwan Hyeon of Seoul National University (Science 
Magazine, 2008) used polymer nanoparticles to detect and 
destroy cancerous tumor; Curley and Geller (2008) at the 
University of Pittsburgh Medical Centre used Kanzius RF 
therapy on rabbits to successfully eliminate tumours 
without harming the rabbits; Eugene et al. (2008) used 
Taxol molecules doped with gold nanoparticles to carry 
drugs straight to the tumour site in the body while Kim et 
al. (2008) developed a multifunctional nanodrug based on 
polymer nanoparticles using magnetic guidance to improve 
drug delivery to target tumours. Zhou (2009) of 
Washington University and University of California at Davis 
Medical School used v3-targeted nanotherapy to suppress 
inflammatory arthritis in mice. 

No attempt to discuss radiotherapy was made in this 
paper (use of ionizing radiation to kill cancer cells and 
shrink tumours) and chemotherapy (use of chemicals 
especially drugs for the treatment of cancer). 
Chemotherapy will be made mention of where it can aid 
nanotherapy for effective cancer treatment.  

Many research investigations are currently going on 
Cancer Therapy but there are still “many unknowns” in 

Cancer Therapy. Cancer Nanotechnology might be the 
solution to the cancer problem. 
 
 
Objectives  
 
The objectives of this review article are: 
 
1) To give a review of current works in Cancer Research; 
2) To emphasize the importance of nano-science and 
nanotechnology for the cure of cancer;  
3) To highlight the effects of nanoparticles in Cancer 
Therapy; 
4) To highlight the potentials of nano-science and 
nanotechnology by suggesting a roadmap for Colleges of 
Medicine, Engineering, Physical Sciences, Biological 
Sciences and Medical Sciences in a University to 
incorporate Nano-science and Nanotechnology as an 
interdisciplinary component in the Curricular of various 
Colleges; 
5) To urge the Governments of developed and developing 
countries to establish Cancer Research Institutes; 
6) To illustrate the production of silver and gold 
nanoparticles from a locally available tropical plant like 
Moringa oleifera.   
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THE NANOSCIENCE AND NANOTECHNOLOGY  
 
Man’s quest for knowledge over the years had been guided 
by the concept of scale. Working his way from macro to 
micro (top-down) or from micro to macro (bottom-up) best 
describes man’s confused but nature-guided curiosity to 
understand his material environment. 

The term “nanotechnology” was coined by Tanguichi of 
Tokyo Science University, Japan to describe the extension of 
the traditional silicon machining down to lesser than one 
micron. Taniguichi made an attempt to describe scaling 
down or miniaturization technology (Steven, 2006). The 
real idea of nanoscience and nanotechnology was 
attributed to a Physicist Richard Feynman, a Nobel Prize 
Laurette of California Institute of Technology for his 
fundamental work on quantum electrodynamics during his 
Talk entitled ”there is a plenty of room at the bottom”. 

The term, “nano” is 10-9 unit and nanometer is 10-9 M. 
Nanoscale structures fall into the range from 1 to 100 
nanometers. Nanoscience and Nanotechnology refer to the 
study of materials and particles in that size range. 
Interestingly molecules that make up drugs, viruses and 
germs that are vectors of diseases and human cells in the 
body system are all in that range. Here lies the power and 
potentials of Nanoscience and Nanotechnology in modern 
research. 
 
 
Observations on nanoparticles 
 
Nanoparticles are naturally occurring or artificially 
synthesized substances of sizes ranging from from 1 to 100-
nanometers. Biological structures such as protein-protein 
complexes, lipid rafts, pickets and fences formed by actin-
based cytoskeleton, synapses or desmosomes, plasma 
membranes, according to Steven (2006) are of nanoscale 
and therefore could be penetrated by nanoparticles. 

A force of 1500 nanonewtons was is suitable for the 
separation of a cell from a substrate (Science Daily, 2008). 
It will therefore require a force of this magnitude to adhere 
to an appropriate nanoparticle to a cancer cell. 

The mechanism for cancer cure is not clear but the 
comparable sizes of cancer cells with nanoparticles play a 
significant role. Substitutional and interstitial poisoning 
and/or blocking of cancer cells may prevent growth of the 
cells (Obikwelu, Unpublished). 
 
 
The T-cells 
 
These are naturally occurring structures in the human 
immune system that fight to destroy cancer development 
and growth in the human system. What do we know about 
these cells? Why can they not frustrate cancer 
development? Can they be activated, supported and 
sustained by nanoparticles to completely destroy cancer 

 
 
 
formation? This is an area for detailed investigation. 
 
 
Weird observation 
 
In an investigation by Mamuru and Ozoemena in South 
Africa (Mamuru and Ozoemena, 2009), a scanning electron 
micrograph of nanostructured iron(II)pthalocyanine 
supported on a multiwalled carbon nanotubes presented, 
resembled a scanning electron micrograph of tumour 
completely destroyed by T-cells (Mamuru and Ozoemena, 
2009) (Figure 1A): on the left hand side is cancer cells 
completely destroyed by T-cells and on the right hand side 
is active cancer cells in the human body. Is it then possible 
to carefully support tumour on a carbon nanotube for 
effective appropriate nanoparticle targeting to destroy the 
tumour? Micro-electrical-mechanical Systems (MEMS) will 
be handy for such applications.  
 
 
Production and characterization of nanoparticles 
 
There is need to be able to produce and characterize 
nanoparticles before using them. Various techniques for 
producing nanoparticles, namely top-down or bottom-up, 
use of laser beam, crushing, atomization, electrolysis and 
chemical vapour deposition are described elsewhere 
(Obikwelu, 2008). 

Techniques for characterizing nanoparticles, namely, 
high resolution scanning electron microscopy using 
Scanning Electron Microscopy (SEM), Focussed Ion Beam 
(FIB), High Resolution Transmission electron microscopy 
(HRTEM), Transmission electron microscopy (TEM), High 
resolution auger electron spectroscopy (AEX), X-ray 
photoelectron spectroscopy (XPS), Secondary Ion Mass 
Spectrometry(SIMS), Scanning Probe Microscopy using 
Atomic force microscopy (AFM), Magnetic resonance force 
microscopy and tapping mode force microscopy, Magnetic 
resonance imaging (MRI) and others are described 
elsewhere (Obikwelu, 2008). Silver and Gold nanoparticles 
were produced using extracts of Moringa oleifera, a local 
tropical plant in Nigeria with inorganic salts (Obikwelu, 
2008) (Figure 1B and C). 

Figure 1B and C shows the production of silver and gold 
nanoparticles from local tropical plant in Nigeria: M. 
Oleifera with illustrations of Transmission Electron 
Micrographs and the sizes of the nanoparticles. 
 
 
 
THE CANCER PROBLEM 
 
Human Cancer is a complex disease caused by genetic 
instability and accumulation of multiple molecular 
alterations (Hanahan and Weinberg, 2000). Modern 
diagnostic and prognostic approaches are insufficient for a  
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Figure 1A: Cancer cells (Destroyed by T-cells on the left hand side), active cancer cells (right hand side) 
(Mamuru and Ozoemena, 2009). 

 
 

 
 

Figure 1B: Silver nanoparticles produced from Moringa oleifera leaf (Obikwelu, 2008). 
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Figure 1c: Gold nanoparticles produced from Moringa oleifera leaf (Obikwelu, 2008). 

 
 
successful and conclusive treatment (Hahn and Weinberg, 
2002). 

Most current anticancer agents do not greatly 
differentiate between cancerous and normal cells leading to 
systemic toxicity and adverse effects. Additionally, cancer is 
often diagnosed and treated too late, when the cancer cells 
have already invaded and metastasized into other parts of 
the body. In engineering materials, cancer is roughly 
compared to the loss of elasticity and other properties of 
the material when the material has been plastically 
deformed. Cancer in the mortality scale competes with 
heart disease as the cause of death for adults in Nigeria for 
example. 

Current problems in cancer treatment include: 
 
- Advanced technologies for early detection; 
- New methods for accurate diagnosis and prognosis; 
- Strategies to overcome the toxicity and adverse side 
effects of chemotherapy drugs; 
- Discovery of cancer biology leading to new knowledge for 
treating lethal cancer types. 
 
 
Cancer nanotechnology 
 
This is a new field of interdisciplinary research cutting 
across disciplines of biology, chemistry, engineering and 

 
 
medicine and is expected to lead to major advances in 
Cancer detection, diagnosis and treatment (Ferrari, 2005). 
The basic rationale of this field is the novel properties of 
nanoparticles of materials (metals, semi-conductors, 
ceramics and polymers). Recent research has developed 
functional nanoparticles that are covalently linked to 
biological molecules such as peptides, proteins, nucleic 
acids or small molecule ligands (Alivisatos, 2004). Use of 
superparamagnetic iron oxide nanoparticles have been 
used to detect lymph node prostate cancer Harisinghani et 
al. (2003) and polymeric, metallic and semi-conductor 
nanoparticles have been used in molecular profiling studies 
and multiplexed biological assays (Walt, 2002). 
 
 
 
Cancer biomarkers 
 
These are bio-molecules or features that occur in the body 
system as a result of cancer disease. In Cancer 
nanotechnology these molecules or features are identified 
and signatured by molecular profiling studies and a 
correlation established between the molecular signature 
(type) and cancer behaviour. The molecular profile helps to 
predict the cancer progress. 

Golub and Slonim (1999) in their molecular profiling 
studies show that gene expression patterns could classify 
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Figure 2: Quantum dots. 

 
 
tumours. They used gene expression studies of cell lines to 
understand in detail the molecular signature (type) of each 
tumour. 

The bio-markers appear to be excellent indicators of 
aggressive cancer behaviour. The handicap to the use of 
bio-markers especially in prostate and breast cancer 
characterization is the heterogeneity of these cancer types. 
They contain a mixture of benign, cancerous and stromal 
cells. Use of bio-markers requires that the tumour should 
be homogeneous, but making the tumour homogeneous 
involves the destruction of cells and tissue leading to the 
loss of valuable 3-D cellular and tissue morphological 
information associated with the original tumour. 

An alternative technique to covert this heterogeneity to 
homogeneity for bio-marker application could be the use of 
the Kanzius R-F therapy or appropriate nanoparticle 
platform. 

Nanotechnology tools in cancer research involve 
molecular tumour imaging and diagnosis for early 
detection, targeted therapy and cancer bio-informatics. 
 
 
Nanoparticle probes 
 
For in vivo bio-molecular and cellular imaging in Cancer 
Research nanoparticles probes are used (Yu, 2003). 
Examples of nanoparticle probe are the semi-conductor 
quantum dots (QDs) which are tiny light-emitting particles 
on the nano-meter scale. Figure 2 shows ten distinguishable 
emission colours of ZnS-capped CdSe quantum dots excited 
with a near UV lamp. The quantum dots (QDs) are 
nanoparticle fluorescent probes. 

In comparison with organic dyes and fluorescent 
proteins, QDs have unique optical and electric properties, 
their emission wavelengths are size tunable and they are 

brighter in photon-limited in vivo conditions. For example, 
CdSe/ZnS QDs of approximately 2 nm in diameter produce 
a blue emission whereas QDs of approximately 7 nm in 
diameter emit red light (Quintana, 2002). 

QD imaging probes open the possibility of investigating 
the dynamics of cellular processes over time such as 
continuously tracking cell migration, differentiation and 
metastasis. This property is derived from long-term photo-
stability of QD imaging probes. These attributes have made 
QDs a topic of intensive interest in cancer biology, 
molecular imaging and molecular profiling. 
 
 
Dual –modality probes 
 
Limitation of optical imaging in vivo studies has made the 
development of dual-modality probes (optical imaging and 
magnetic resonance imaging) for much better tomography 
and 3-D imaging. 

Magneto-optical probes, produced by reacting super-
paramagnetic iron oxide nanoparticles with a fluorescent 
dye are dual –modality probes for detailed anatomic and 
molecular information in living organisms. Generally, these 
probes are prepared by conjugating peptides to cross-
linked iron oxide amine (amino-CLIO). QDs can be linked 
with Fe2O3 and Fe-Pt to produce dual-function 
nanoparticles for cancer studies.  
 
 
Multifunctional platforms  
 
Nanoparticles also offer a wide range of surface functional 
groups capable of conjugating chemically to multiple 
diagnostic and therapeutic agents for simultaneous tumour 
imaging and treatment (Buck, 2004). 
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Figure 3: Nanoparticle/cancer interaction. 

 
 
CANCER IMAGING 
 
Molecular cancer imaging 
 
Molecular Cancer imaging uses the traditional in vivo 
imaging probes which include radioactive small molecules 
in positron emission tomography (SPECT), but gadolinium 
compounds in MRI and labelled antibodies, targeted QDs 
and other bioengineered nanoparticles offer better and 
unique features and capability, namely: 
  
- Size-dependent optical and electronic properties that can 
be tuned continuously by changing the particle size; 
- Nanoparticles have more surface area to accommodate a 
large number or different types of functional groups that 
can be linked to multiple diagnostic (for example, 
radioisotopic or magnetic) and therapeutic (for example, 
anticancer) agents. Thus, multifunctional nanoparticles for 
multimodality imaging as well as, for integrated imaging 
and therapy can easily be developed; 
- Research has shown that nanoparticles in the size range of 
10 to 100 nm accumulated preferentially at tumour sites 
through an effect called Enhanced Permeability and 

Retention (EPR) (Matsumura and Maeda, 1986) (Figure 3). 
Explanation of this (EPR) effect throws more light on the 
mechanism for the use of nanoparticles (Figure 4) for 
cancer therapy because EPR arises from two factors, 
namely: 
 
- Growing tumours produce vascular endothelial growth 
factors (VEGF) that promote angiogenesis; 
- Many tumours lack effective lymphatic drainage system 
which leads to subsequent macromolecule or nanoparticle 
accumulation (due to increase in surface energy and stress 
in that region). The surrounding structures around the 
tumour become permeable allowing the circulating 
macromolecules and nanoparticles to leak into the tumour 
interstitium (due to the comparable nano sizes). 
 
 
Tumour targeting and imaging 
 
QD –peptide conjugates have been used to target tumours 
(Akerman, 2002) but the QDs probes were not detected in 
living animals. Matsumura and Maeda (1986) developed a 
new class of multifunctional probes based on amphiphilic 
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Figure 4: Mechanism of nanoparticle/cancer tumor interaction. 

 
 
triblock copolymer for simultaneous targeting and imaging 
of tumours in live animals. The triblock copolymer provides 
protection to aggregation and degradation in vivo and 
functional groups for targeting ligands for tumour antigen 
recognition. 

QD probes are delivered to tumours in two ways namely: 
 
- Passive mode- through the EPR effect by which 
nanoparticles preferentially accumulate at tumor sites; 
- Active mode- through the use of antibody conjugated QDs 
to target tumours directly. Gao (2004) used this mode to 
target prostate-specific cell surface antigen (PSMA). 
 
PSMA has been identified as a cell surface marker for both 
prostate epithelial cells and neo-vascular endothelial cells 
(Schülke, 2003). PSMA is an attractive target for both 
imaging and therapeutic intervention of prostate cancer. 
 
 
Correlated optical and X-ray imaging 
 
The superimposed X-ray and optical images showed high 
sensitivity in detecting small tumours with low background 
and high signal levels in optical imaging while providing 
detailed anatomic locations of small tumours in high 
resolution X-ray. This approach provides new insights into 
cancer detection, development, progression and metastasis 
in animal models. 
 
 
Limitations for nanoparticle probes and imaging for 
clinical applications 
 
Challenges for clinical applications of these probes include: 
 
- Limited tissue penetration; 
- Lack of spatial resolution in tumour depth and location; 
- Potential toxicity concerns. 
 
Intensive researches in these areas are currently on. In the 

absence of UV irradiation, stably protected QDs (like QDs 
with stable polymer coating have been found to be 
essentially non-toxic to cells and animals with no 
observable effects on cell division and ATP production 
(Stuart, Unpublished; Ballou, 2004). The effects of these 
must be carefully examined prior to any human 
applications in tumour or vascular imaging. 
 
 
EARLY CANCER DETECTION 
 
Possible causes of cancer are vaguely known and 
preventive measures are being guessed. There will be no 
attempt to discuss the possible causes of cancer and the 
preventive measures but it is important to intensify 
research efforts in this regard to completely unravel causes 
of cancer and proffer preventive measures. 

Workers on cancer should be proactive in the Cancer 
Research Programme. Preventing cancer disease should be 
the goal of the programme. In addition to setting up a road-
map for unravelling the causes of cancer and establishing 
preventive measures, research efforts should be geared 
towards strategizing to detect cancer disease early so that 
curative measures are started immediately. 

Nanoparticles in the form of bio-conjugated systems and 
devices are developed for early cancer detection in body 
fluids such as blood and serum. These nano-devices operate 
on the principles of selectively capturing cancer cells or 
target proteins. 

The sensors in the devices are coated with a cancer-
specific antibody or other bio-recognition ligands so that 
the capture of a cancer cell or target protein yields an 
electrical, mechanical or optical signal for detection. For 
example micro-electrical-mechanical systems (MEMS) 
sensors rely on the deflection of nano-meter-scale 
cantilever beams such as carbon nanotubes and metallic 
oxide nano-belts, structures that are sensitive to pico-
newton (10-12n) mechanical forces. Circulating tumour cells 
and biomarkers in the blood/serum samples, however, low 
in concentration can now be detected by the combination of  
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magnetic nanoparticles and semi-conductor QDs (Ellis, 
2003). 

The resulting report signals allow for the characterization 
of individual cancer cells for features associated with any 
aggressive phenotype, for example, metastatic potential. 
Multiplexed nanoparticle probes applied would also allow 
for the interrogation of the cells for features related to 
treatment response. 
 
 
Detecting sensors 
 
Nano-barcodes 
 
This approach described elsewhere (Ellis, 2003) uses both 
colloidal gold nanoparticles and magnetic microbands, gold 
nanoparticles modified with both target capture strands 
and bar code strands that are subsequently hybridized to 
bar code DNA  and magnetic microparticles with target 
capture strands.  

In the presence of target DNA, the gold nanoparticles and 
the magnetic microbeads form sandwich structures that are 
magnetically separated from solution and further washed 
to remove the un-hybridized bar codes DNA. The barcodes 
at the target are detected by using a colorimetric method. 
This method is four to six orders of magnitude more 
sensitive than the standard ELISA (enzyme-linked 
immunorbent assay) for proteins but compares favourably 
in sensitivity as PCR (polymerase chain reactions) for 
nuclei acid targets (Nam, 2003). 
 
 
Nanowires  
 
These are ultra small chemical and biological sensors of 
metallic, semi-conducting, magnetic, oxide and polymer 
compositions. These nanowires bind specifically to the 
target molecule and this binding generates an immediate 
conductivity change within the nanowire that can be 
measured. Hahm (2004) used silicon nanowire for 
ultrasensitive and selective detecting of DNA. The surface of 
this nanowire device was coated with peptide nucleic acid 
(PNA) ligands for recognizing a mutation site in the cystic 
fibrosis transmembrane receptor gene. Detection limit 
achieved was in the order of 10 femtomolar (10-15m). 
Nanowire array system can contain control nanowires to 
separate false signals from real ones. 

Cancer biomarkers have also been detected using 
nanowire arrays each coated with a distinct surface 
detector. 

Carbon Nanotubes (CNT) are another type of nanodevice 
for biomarker detection. Singlewalled carbon nanotubes 
(SMCNT) have been used as high resolution atomic force 
microscopy tips for detection of genetic disorders such as 
cancer. 

Recent  work  has   utilized   CNTs   coated   with   alkaline 

 
 
 

phosphate as labels for amplified DNA and protein 
detection (Hahm, 2004). 
 
 
TARGETED CANCER THERAPY 
 
As previously noted, most anticancer agents do not greatly 
differentiate between cancerous and normal cells leading to 
systemic toxicity and adverse effects. This handicap is 
removed to a reasonable extent by the use of nanoparticles 
in drug delivery to tumour sites. Use of nanoparticles for 
drug delivery and targeting is one of the most exciting and 
clinically important applications of cancer nanotechnology. 
Here, cancer therapy intersects with chemotherapy. 

Targeted cancer therapy is a growing research area in 
cancer nanotechnology. Targeting strategies for nanoscale 
drug delivery illuminate possible mechanisms for 
nanoparticle-cancer tumour interaction (Figure 5). Passive 
targeting and active targeting are the two known strategies. 

Passive targeting exploits the EPR effect and results when 
the nanoparticle system permeates into the tumor and is 
retained. In normal tissues the tight endothelial cells 
prevent the permeated nanoparticles from escaping but in 
tumour tissue the permeated nanoparticles accumulate 
because the tumour tissue vasculatures are leaking and 
hyperpermeable. This is why the nanoparticles 
preferentially accumulate in tumour interstitial space. 

In these applications, the size of the nanoparticle should 
be less than 100 nm in diameter and the surface should be 
hydrophilic to prevent plasma protein adsorption. This is 
achieved by coating the nanoparticle with hydrophilic 
polymer coating such as polysaccharides. 

An alternative to passive targeting is conjugating the drug 
to a tumour specific molecule which remains inactive until 
it reaches the target. Matrix metalloproteinas (MMP)MMP-2 
in melanoma has been used (Chari, 1998). 

Active targeting is achieved by conjugating a targeting 
component to the nanoparticle. The targeting component 
provides a preferential accumulation of nanoparticles in the 
tumour-bearing organ in the tumour itself, individual 
cancer cells or intracellular organelles inside the cancer 
cells. The mechanism which is based on specific 
interactions such as lectin-carbohydrate, ligand-receptor 
and antibody-antigen is described elsewhere (Yamazaki, 
2000). Usually, the targeting system is directed toward 
specific receptors or antigens expressed on the plasma 
membrane or elsewhere at the tumour site. Entry of drug 
into a cell without passing through the plasma membrane 
(endocytosis) due to overexpression of receptors or 
antigens in up-taking drugs through receptor-mediated 
endocytosis has been observed. 

The fact that glycoproteins which are like the vehicle in 
the body stream cannot access the polymer-drug-
conjugates that have entered the cells through endocytosis 
gives rise to drug resistance in cancer treatment. Active 
targeting mechanism provides an alternative to overcome 
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Figure 5: Cancer tumour targeting mechanism. 
 

 
this multiple drug resistance to cancer therapy (Links and 
Brown, 1999). 

Surface plasmon resonance studies (Stella, 2000) using 
nanoparticles has offered solution to the inaccessibility 
problem for example, in foliate therapy for the treatment of 
ovary, brain, kidney, lung and breast cancers by producing 
a foliate conjugated nanoparticles that had tenfold affinity 
for foliate cell surface receptor. Interest in exploiting foliate 
receptors targeting in cancer therapy and diagnosis has 
increased in various conjugated systems of proteins, 
liposomes, imaging agents and neutron activation 
compounds (Leamon and Low, 2001). 

 
 
NANOPARTICLE DRUGS 

 
Nanotechnology is developing new methods and scale of 
drug delivery. Therapeutic and diagnostic agents can be 
encapsulated and covalently attached or adsorbed onto 
nanoparticles. By this approach drug solubility issues are 

overcome. Pacilitaxel (Taxol TM), one of the most widely 
used anticancer nanodrug drugs for disrupting cell division 
and leading to cell death was earlier mentioned in this 
presentation. 
 
 
RECOMMENDATIONS 

 
It is clear from this review that Nano-science and 
Nanotechnology is an enabling technology for 
multidisciplinary research on Cancer Therapy. Boundaries 
of various disciplines should be melted to enable various 
disciplines merge to solve intractable problems facing man.    
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