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Cancer chemotherapy has evolved since the 
serendipitous discovery in the 1940s that mustard gas 
compounds could stop the uncontrolled proliferation of 
white blood cells in lymphoma patients1.  More effective 
whole-body chemotherapeutic agents aimed at a broad 
range of cancers have been developed since then; 
however, their success is limited by severe toxicity to 
normal cells2.  Recently, targeted chemotherapies have 
emerged, specifically targeting cancer cell components 
with fewer side effects3.  Nevertheless, ongoing issues 
with identifying cancer cell-specific targets, determining 
which patients will respond to a particular targeted 
therapy and the development of chemoresistance limit 
the effectiveness of these drugs in humans.  To this end, 
scientists have begun to harness the potential of 
nanotechnology – a scientific realm that focuses on 
manipulating matter into cell-sized instruments – to 
overcome some of these issues and improve efficacy of 
current cancer chemotherapy4. 
 
A major challenge today in cancer drug development is 
target cell specificity.  Current anti-cancer agents are 
administered systemically per oral or intravenous routes 
and diffuse throughout the body where they interact with 
both cancerous and normal cells, and are actively 
metabolized by the liver and kidneys.  These actions 
contribute to a reduction in the therapeutic index, safety, 
specificity, and bioavailability of drugs5 that may be 
overcome by nanotechnological approaches.  
Nanoparticles are polymeric or inorganic structures 
(ranging from 1 – 500 nm in size) designed to carry and 
deliver highly concentrated anti-cancer compounds 
specifically to tumour sites.  There are two ways in 
which this is carried out.  The passive targeting strategy 
exploits the inherent “leakiness” and poor drainage of 
cancerous tissues6.  Smaller nanoparticles tailored for 
this strategy can selectively accumulate within the 
tumour environment to release drug cargo.  In contrast, 

the active targeting strategy involves conjugating target 
ligands, which are specific to membrane receptors 
overexpressed on tumour cells, to the surface of the  
nanoparticle structure.  These ligands facilitate the 
interaction between the nanoparticle and the tumour cell, 
and trigger receptor-mediated endocytosis for subsequent 
delivery of the payload directly into the cancer cell7, 8. 
 
The potential for targeted drug delivery via nanoparticles 
has important implications for the refinement of cancer 
chemotherapeutics.  Researchers have begun to 
experiment with more traditional whole-body 
chemotherapies, whose side effects may have limited 
their use and effective dosage.  In the pre-clinical setting, 
some of these agents have been encapsulated in 
nanoparticles and delivered to tumours at safe and 
effective doses9, 10.  When delivered in this manner, the 
therapeutic benefit of these anti-cancer drugs generally 
outweighed the observed side effects4.  This suggests 
that more research is needed to evaluate the efficacy of 
other traditional whole-body chemotherapies deemed too 
risky for human use. 
 
The promise of nanotechnology requires that more 
cancer cell-specific targets and phenotypes are identified 
that can be exploited by these drug delivery vectors to 
treat various types of cancers.  This is a difficult task 
given the fact that cancer cells hijack normal cells.  
Simply employing the active targeting strategy aimed at 
blatant tumour specific properties may also elicit adverse 
effects on normal cells which share these properties.  For 
example, an obvious target in breast cancer is human 
epidermal growth factor receptor 2 (HER2), which is 
known to be amplified in ~30% of tumours11.  While this 
protein is also expressed on the surface of normal cells, 
albeit to a lesser extent, actively targeting HER2 may 
contribute to normal cell toxicity.  One way to 
potentially minimize these side effects is through the 
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identification of other receptors found specifically on 
HER2-overexpressing tumours.  Gene expression 
profiling of a cohort of HER2-positive breast cancers 
may identify several putative targets which could 
collectively be loaded to the nanoparticle surface to 
ensure more exclusive drug delivery to these cancer 
cells.  A similar strategy could be employed to identify 
multiple potential targets specific to triple-negative 
breast cancer, which is one of the most difficult subtypes 
to treat. 
 
In the future, it would be imperative to test the design of 
a nanoparticle incorporating both the active and passive 
targeting strategies.  This could be achieved by altering 
the immediate physical structure of the drug-transport 
vector for passive targeting, as well as refining the 
biochemical ligand-receptor binding properties to better 
identify the cancer target for active targeting.  In 
principle, the passive strategy would ensure that most 
nanoparticles remain in the vicinity of the tumour 
environment limiting the effects of active targeting to 
normal cells in a particular site of the body.   
 
Many particle-based drug delivery systems are currently 
being assessed in clinical trials, yet only a few have been 
approved and marketed for human use.  This may be due 
to the scantily available toxicological data for these 
systems or the high costs associated with large-scale 
production12.  With the nanotechnological realm in rapid 
expansion, there is still much to be explored before new 
cancer treatment modalities will become clinically 
available.  Nonetheless, the future looks promising for 
cancer patients, biologists and drug developers alike. 
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