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ancer is the second leading cause
of death in the World, claiming
10 million lives each year. In 2020,
4.8 million people were diagnosed with
cancer in Europe alone, which amounts to
13,000 people every day, 546 every hour,
9 every minute. While cancer has always
been a challenging medical condition,
Dr Hand Kluge, the regional director for
the European World Health Organization,
has stated that a cancer epidemic is
predicted for the coming years, with
more cancer cases and worse patient
outcomes being expected.

Cancer is the second leading
cause of death in the World.
In an effort to find alternative
cancer drugs, Professors P.
Andrew Evans, John Allingham
and Andrew Craig at Queen’s
University, Canada, have
developed a synthetic analogue
of a natural toxin present in a
marine sponge. Both the natural
toxin and the team’s analogue
have been found to disrupt
actin filaments that allow cancer
cells to move. Without actin
filaments, cancer cells lose the
ability to invade healthy tissues,
which halts cancer metastasis, a
process responsible for 90% of
cancer-related deaths.
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THE CHALLENGES OF
CANCER TREATMENT
One of the main challenges in attempting
to treat or cure cancer is that each cancer
is different from all others. While there are
strategies which have been found to be
more effective against a certain type of
cancer – skin, lung, breast cancers, and
so on – each person will react differently
to treatment and patient outcomes are
highly dependent on the individual’s
response. Frequently, a combination
of different cancer therapies is found
to be most effective and, as such, it is
important to have access to a wide range
of potential treatment options.
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Despite its high variability between
individuals, there is one process that is
common across cancers, which leads to
worse patient outcomes – metastasis.
Metastasis takes place when a malignant
tumour cells invade surrounding tissues,
and get into the bloodstream to travel
through the body, often installing itself

in organs distant to the original site. In
other words, metastasis is the technical
name given to the spreading of cancer
through the body, and it accounts for
90% of cancer-related deaths. It is
therefore imperative that metastasis is
avoided or, ideally, halted altogether in
cancer patients.
HALTING METASTASIS BY
TARGETING CELLS’ ACTIN
CYTOSKELETON
Metastasis is a complex process, but actin
cytoskeleton reorganization in cancer
cells is known to play a critical role in
this mechanism. The actin cytoskeleton
consists of a complex and dynamic
network of actin filaments, which helps
cells maintain their shape. Metastasis is
driven by rapid and dynamic assembly
and disassembly of these filaments, and
therefore impeding this process can
halt metastasis. A number of research
groups have discovered cytotoxic natural
products that target actin and block actin
cytoskeleton reorganization in ways that
can inhibit the metastasis process.
One of the problems with these natural
products is that they cannot discriminate
between cancerous and non-cancerous
cells, and therefore they result in
generalised cell death across the body,
particularly in areas where there is
naturally rapid cell proliferation, such as
the stomach lining, hair follicles, etc. This
indiscriminate cell death is a common
problem with most chemotherapy
agents, and it is in fact the origin of
chemotherapy side effects such as nausea
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Marine sponge toxin
analogues could hold
the key to treating
metastatic cancers

analogues is based on the extended
aliphatic “tail” region, which has been
recognised to play an important role in
destabilising actin. The team at Queen’s
University synthesised a panel of more
than 30 MycB analogues with different
variations of this molecular tail and
evaluated their action against actin.
Proteins are complex, large molecules
that can exist in many forms and
conformations. Actin, for example, can
exist in a globular form (G-actin), or a
filamentous form (F-actin). Different
forms of the protein will expose different
Detail of muscle tissue highlighting actin and myosin-binding protein.
parts of it to possible chemical reactions
or, in the case of actin, interactions with
and hair loss. In addition to this common
which makes the toxin a very limited
other actin subunits, which underlies
challenge, the anti-actin natural products
resource, given the origin and slow rate
F-actin assembly. In order for the MycB
are generated in small quantities, which
of growth of the natural source. Simplified
analogues to have the required effect
makes them difficult and expensive to
versions of MycB has been prepared in a
of breaking down the cells’ F-actin
extract in the quantities needed for use in
laboratory environment, but so far these
cytoskeleton and halt metastasis, they
medicine.
agents are not active in cells.
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higher doses of MycB were also found to
Hence, MycB successfully halts metastasis
Queen’s University in Canada, developed
completely inhibit cell growth.
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and therefore shows promise as a cancer
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drug. However, it takes 1.8 kg of marine
the original MycB structure. The active
Most tests to evaluate the effects of MycB
sponge to extract only 89 mg of MycB,
component in these synthetic MycB
and its analogues utilise fluorescence,

The Queen’s University team synthesised
a panel of more than 30 MycB analogues
with different variations of this molecular
tail and evaluated their action against actin.

In 2020, 4.8 million people
were diagnosed with cancer
in Europe alone.
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Behind the Research
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The process of metastasis:
formation of tumor cell at primary sites.

PROMISING ANALOGUES
Amongst the several MycB analogues
the researchers produced with their
newly developed synthetic route, there
was one whose anti-actin performance
stood out. The team found that this MycB
analogue could inhibit the polymerisation
of G-actin to effectively reduce the final
amount of the polymerised product.
Moreover, the team’s synthetic analogue
was found to disrupt the fluorescence of
F-actin, meaning that it can destabilise
the structure of this form of the protein,
which in combination with the inhibition
activity represents an ideal outcome
for anti-actin behaviour. In terms of its
activity at a cellular level, the analogue
was found to enter human cancer
cells quickly, actively disrupting the
actin cytoskeleton and causing cancer
cells to lose motility, not being able to
invade their surroundings. Importantly,
the synthetic analogue was able to
produce these results at low enough
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concentrations so as make it a viable lead
for further development.
Despite the success of this analogue,
further improvement is possible and the
researchers intend to carry out further

information on the structure of both the
analogue and the analogue-actin complex
structure. By understanding how the
analogue and the actin molecules bind
to each other, the researchers can move
forward by designing new analogues that

The analogue was found to enter human
cancer cells quickly, actively disrupting
the actin cytoskeleton and causing cancer
cells to lose motility.
studies into developing new, more
potent analogues. To guide their work,
Professors Evans, Allingham and Craig’s
teams sought a structural explanation for
the performance of their promising MycB
analogue. In particular, the researchers
used X-ray crystallography to obtain
The researchers have developed promising
analogues, and hope to deepen their
understanding of analogue-actin binding.

can better attach to the actin protein,
interacting with it in the required way so
as to disrupt it. Using this information,
the teams at Queen’s University are now
working towards even more powerful
MycB analogues that may display superior
performance against cancer metastasis.
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Research Objectives
The team are developing new tools to target actin-driven cancer metastasis.
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Personal Response
What is the next step in bringing this technology to a
widespread clinical use?
Next steps will include developing derivatives with
more potency and delivery systems to allow accumulation in
tumour cells. The next generation analogues will be tested
in animal models of metastatic cancer to ensure efficacy
and safety prior to advancing to clinical trials. 
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i.e., light emitted by actin molecules
tagged with fluorophores, to monitor
the processes of F-actin assembly or
disassembly over time. Polymerisation
of actin, for example, is monitored by
an increase in fluorescence over 600
seconds. Microscopy techniques, on
the other hand, utilize fluorescence of
staining solutions to monitor cell death.
In this case, cancer cells are stained with
fluorescent dyes; while the cancer cells
are alive, light is emitted and fluorescence
observed, while as the cancer cells
die because of the effect of the MycB
analogue toxins, the fluorescence is
increasingly lost.
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