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Cancer is one of the most common causes of mortality worldwide
and diagnosis rates are continually increasing. An estimated one in
three women and one in two men will be diagnosed with a form of
cancer at some point throughout our lives. For many cancer types,
chemotherapy and radiotherapy are the chosen treatment methods,
but their success rates are surprisingly limited, and both can cause
serious side-effects. Dr Afsaneh Lavasanifar and her research group
at the University of Alberta have set out to develop drug-delivery
systems to improve the effectiveness of cancer treatment and
reduce side-effects. Their research involves the targeted delivery of
drug-loaded nanoparticles directly to tumour tissues.

The Need for Better Cancer Treatment
With the number of cancer diagnoses
on the rise, successful treatment is
becoming increasingly essential. Whilst
chemotherapy and radiotherapy are
frequently used to treat cancer, they can
be ineffective in many cases and are
extremely harmful to healthy tissues,
resulting in a variety of serious sideeffects.
Chemotherapy involves administering
multiple drugs into a patient’s
bloodstream to destroy cancer cells.
While such drugs have significant toxic
effects in cancer cells, they are poorly
specific for cancer and can also attack
healthy tissue. Rather than exposing
the patient’s entire body to these anticancer drugs, delivering them directly to
tumour tissues can significantly improve
treatment outcomes and reduce sideeffects.

in destroying tumour cells, it can also
have a negative impact on healthy
tissue. The use of supplementary drugs
delivered specifically to tumours during
radiotherapy can improve treatment
efficacy and allows the radiotherapist to
use smaller doses of radiation.
Dr Afsaneh Lavasanifar, of the University
of Alberta in Canada, has focused
her research on the development of
nanoparticles for drug delivery that
can provide safer and more efficient
treatment for those diagnosed with
cancer. ‘As a pharmacist by training, I
have witnessed the adverse effects of
medications in patients, first-hand,’ says
Dr Lavasanifar. ‘In some cases, such as
with anti-cancer chemotherapeutics,
these side-effects are even more
detrimental to the patient than the
disease, itself, and significantly diminish
the patient’s quality of life.’
Therapeutic Nanocarriers

Likewise, radiotherapy involves a
patient being exposed to large doses
of radiation. While it can be effective

Nanomedicine, a fast-evolving area of
research, involves the use of therapeutic
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nanoparticles, and aims to improve
on traditional drug administration
techniques. Dr Lavasanifar and her
team develop nanoparticles called
‘nanocarriers’ that can carry anti-cancer
drugs to tumours to support cancer
treatment, with the aim of increasing
the specificity of such treatments for
cancer cells. ‘We are trying to make
drugs in general and anti-cancer drugs
in particular work better and have fewer
side effects by redirecting them from
healthy organs and cells to diseased
tissues,’ Dr Lavasanifar explains.

‘The use of nanomedicine for new anti-cancer agents can prove to be a
viable approach in bringing more new drugs with improved activity and
reduced side-effects to clinical use.’

Nanocarriers are very small particles
that can encapsulate other molecules,
such as anti-cancer drugs, and transport
them throughout the body. The use of
nanocarriers for delivering drugs can
sometimes be essential, such as when
a drug is too delicate or insoluble to
persist in the bloodstream on its own.
Nanocarriers also make it easier to
direct drugs to specific organs or tissues.
Dr Lavasanifar and her colleagues
utilise ‘micelles’ as nanocarriers to
encapsulate anti-cancer drugs. Micelles
are tiny molecules no larger than
200 nm, which have a hydrophobic
(water-repelling) core and a hydrophilic
(water-attracting) shell. Their core can
host different compounds and their
shell allows them to be transported
throughout the body without being
detected by the immune system.
Dr Lavasanifar and her team chose
these micelles because of their ability
to encapsulate drugs that are insoluble
in water and therefore cannot be
administered into the bloodstream
on their own. They are also safe for
human administration as they are both
biocompatible and biodegradable and
can be excreted through the kidneys
after they are no longer needed in the
body.

Importantly, micelles also allow for
passive tumour targeting, whereby they
will preferentially accumulate in tumour
tissues because of the leaky nature of
tumour blood vessels. The small size
of the micelles allows them to pass
through small holes in these blood
vessels, and they then accumulate in
tumours, in a process known as the
enhanced permeability and retention
effect. As healthy tissues contain nonleaky blood vessels, the micelles do not
tend to accumulate in such tissues.
In 2006, Dr Lavasanifar and her team
developed new micellar carriers and
showed that they are more effective
nanocarriers for the transportation
of a variety of drug molecules. These
newly developed nanocarriers have
the potential to be modified to
increase their clinical usefulness. These
improvements include increased
stability of the micelles, so that they
can persist for longer in the body, while
allowing more drug to accumulate in
the target tumour.
This project provided the catalyst
for further research by the team,
utilising these micelle nanocarriers
for the delivery of specific anti-cancer
compounds.
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Active Targeting and Tracing
Dr Lavasanifar and her colleagues have
also attached molecules to the surfaces
of micelles that further facilitate their
accumulation in tumours. In one recent
study, the team attached a cancertargeting molecule to two different
types of micelles. This protein molecule
can bind to other proteins that tend to
be highly concentrated on the surfaces
of breast cancer cells, thereby helping
the micelle deliver its contents to the
cancer cell.
Although this technique is highly
advanced, the team found that the
stability of the micelles had a greater
impact on increasing accumulation in
tumour tissue in a rat model, through
‘passive tumour targeting’, compared to
attaching cancer-targeting molecules to
the micelles.
The researchers confirmed the
exceptional targeting ability of their
micelles for tumours by tracking their
location as they moved through the
bodies of mice. The team was able to
do this by incorporating dye molecules
or contrast agents into their micelles,
allowing them to be detected using
imaging techniques.

molecules that recognise and repair DNA breakages, negating
the effects of many cancer treatments. Inhibiting these DNArepair molecules from operating in tumour tissue improves
the cancer’s sensitivity to therapy. Likewise, it is also essential
that these inhibitors accumulate in tumour tissue only, to allow
healthy cells to continue the essential repair of damaged DNA.

This ability to trace nanocarriers after they are administered
into the body can allow researchers to monitor their
distribution and assess their usefulness in cancer treatments,
while also ensuring their safety.
Overcoming Multidrug Resistance

After their success in delivering drugs to MDR cancer cells, Dr
Lavasanifar and her colleagues used their micelle nanocarriers
to encapsulate and deliver DNA-repair inhibitors to improve
the sensitivity of colorectal cancers to treatment. Again, they
improved the selectivity of these micelle nanocarriers by
attaching molecules to their surfaces that specifically bind to
molecules present on colorectal cancer cells. Furthermore,
these micelles were no larger than 100 nm, allowing for
substantial uptake and accumulation in tumour tissue. The
group successfully demonstrated the targeted delivery of
these micelle nanocarriers and the release of their therapeutic
payload in colorectal cancers in mice.
Hydrogels for Drug Delivery

Multidrug resistance (MDR) occurs when a tumour stops
responding to treatment and can occur at any stage during a
course of chemotherapy. It is thought to happen as a result
of tumours eliminating or deactivating chemotherapy drugs,
thereby protecting cancer cells from destruction.
Preventing MDR would greatly improve the chances of a
given cancer treatment being successful. However, molecules
that can inhibit the mechanisms tumours use to eliminate
chemotherapy drugs lack specificity for cancer cells and can
cause side-effects in healthy tissues, or make healthy cells
sensitive to the effect of chemotherapy drugs. Because of this,
such ‘MDR inhibitors’ have failed to achieve clinical approval to
date.
A nanocarrier delivery system capable of achieving targeted
delivery of these inhibitors would greatly enhance the
treatment of MDR cancers. Such a nanocarrier would need to
overcome the current limitations of MDR inhibitors, such as
their poor stability, low cellular uptake, and rapid clearance
from the bloodstream.
As part of their research into micelle nanocarriers, Dr
Lavasanifar and her group have successfully shown that a
chemotherapy drug and an MDR inhibitor can be encapsulated
together within their micelles, for co-delivery to a tumour. In
addition to relying on passive targeting, molecules attached
to the surfaces of the micelles that bind to cancer cells ensure
greater accumulation at the tumour site.
Inhibiting DNA Repair Systems

Dr Lavasanifar and her collaborators have also developed a
‘hydrogel’ formulation (called PolyGelTM) from the same safe
building blocks as their micelles. Drugs can be loaded into this
substance, and it can then be applied to the skin or injected
into tissues, where it can release of a variety of drugs gradually.
PolyGel is a liquid at room temperature and forms a gel at
body temperature. This formulation provides high stability and
may be useful for a wide range of therapeutics. Dr Lavasanifar
and her team have tested the hydrogel in animal models for
the delivery of drugs to the surface of the eye and topical
treatments for skin cancer treatment.
Future Directions
Overall Dr Lavasanifar’s research has provided essential
contributions to the field of nanomedicine. Specifically, this
body of work has involved improving cancer treatments
through the development of traceable micelle-based delivery
systems that show excellent tumour-targeting ability.
‘The use of nanomedicine for new anti-cancer agents can
prove to be a viable approach in bringing more new drugs with
improved activity and reduced side-effects to clinical use,’ says
Dr Lavasanifar. Towards this aim, her team is currently carrying
out research to improve lung cancer treatment using micelles
to prevent DNA repair in tumour cells. ‘We are expediting
the advancement of this new form of anti-cancer therapy in
preclinical research.’ The clinical use of these nanocarriers will
undoubtedly have an overwhelmingly positive impact on the
prognosis and quality of life for many patients in the future.

Cancer cells are often extremely good at repairing the damage
caused by chemotherapy and radiotherapy, and contain
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Dr Afsaneh Lavasanifar gained her PhD from the University of
Alberta in 2001, where she is now a Professor in the Faculty
of Pharmacy and Pharmaceutical Sciences with a joint
appointment in the Department of Chemical and Material
Engineering. Her research encompasses the development
of drug delivery systems to enhance therapeutics, with a
specific focus on nanomedicine to improve cancer treatment.
In addition to her academic research, Dr Lavasanifar holds
numerous patents and is also the Scientific Chief Officer and
Vice President of a spinoff company called ‘Meros Polymers’,
which is founded on the technology developed by her lab.
She is also the Associate Editor of Molecular Pharmaceutics,
and a member of the editorial board for Materials Sciences
and Applications. Dr Lavasanifar has received many awards
and honors during her career, including the TEC Edmonton
Innovation Makes Sense Award in 2013 and 2016, the SanofiAventis/AFPC New Investigator Award in 2009 and the
GSK CSPS Early Career Award in 2007 in recognition of her
outstanding research in pharmacy.
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