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Brain tumours and other central nervous system diseases can be
exceptionally difficult to treat. This is often due to the blood-brain
barrier which can pose a significant obstacle when trying to get
drugs to their intended site of action. Dr Sean Lawler and his team
from Brigham and Women’s Hospital, Harvard Medical School are
aiming to bridge the gap between laboratory research and clinical
treatment in their quest to find new ways to effectively deliver
therapies to the brain and treat challenging diseases, especially the
lethal brain tumour glioblastoma.

The Blood-brain Barrier: A Help and a
Hindrance
Diseases of the central nervous system
(CNS) and brain can be severely
debilitating or deadly, and most are
difficult to treat effectively. Cancers like
glioblastoma present with bleak survival
expectations of an average of only
15 months, and are among the most
challenging tumours to treat. This is in
part due to the presence of the bloodbrain barrier (BBB), a shield-like border
of specialised cells which surrounds all
the blood vessels in the brain. The BBB
allows oxygen and essential nutrients to
pass from the blood to the cells of the
brain but is highly selective in allowing
other molecules, including many
therapeutic drugs to cross.
The BBB is critical in maintaining tight
control over the CNS, where the entry
of pathogens, toxins, and even immune
cells can be dangerous. But despite its
essential role, when we want to treat
diseases of the brain the BBB can hinder
our efforts to deliver drugs to where
they need to be by blocking their entry
and actively removing them from the
CNS. This means scientists have had

to develop novel ways to get through,
either by smuggling molecules past the
BBB checkpoint in disguise or bypassing
the BBB entirely and injecting drugs
straight to the target.
Brain tumours come with further
difficulties, arising from their ability
to hide from the immune system,
preventing our natural defences from
taking them down. Dr Sean Lawler and
his team from Brigham and Women’s
Hospital, Harvard Medical School, are
working to develop new ways to tackle
brain tumours. They are creating models
of the BBB to test new compounds and
hoping to translate novel therapies from
the laboratory to clinical trials.
Bridging the Gap
‘Our goal is to be able to effectively
deliver therapies to the brain,’ says Dr
Lawler about his work. Biomedical
science is at a pivotal moment, where
our ever-improving understanding
of diseases is coinciding with
advancements in our technological
abilities, allowing exciting new avenues
to open up. Dr Lawler’s work focuses
on translational medicine, which is
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the practice of getting new therapies
from the laboratory to the clinic and
then using observation of patient
responses to further improve and
develop the concept. Dr Lawler’s team
is highly collaborative, using skills of
physicists, chemists, biologists and
mathematicians to try to solve the
riddle of effective drug delivery to the
brain.
Developing a useful model of the
BBB is central to progressing drug
discovery before costly human trials
can take place. Unfortunately, due to
the extremely specialised nature of
these cells, it is almost impossible to
culture them in vitro and retain the

‘Our goal is to be able to effectively deliver therapies to the brain.’

unique characteristics they possess in
the brain. Key proteins which modulate
the passage of molecules and the tight
junctions between cells are lost when
the cells are grown in the laboratory,
which means that testing drugs on them
is not representative of what would
happen in vivo.
Dr Lawler and his team have been
able to create a spheroid model of the
BBB which keeps many of its functions
outside of the body. Co-culturing the
various cells which make up the BBB
causes them to self-assemble into a 3D
structure by allowing them to interact
with each other as they would in vivo. Dr
Lawler’s model successfully reproduced
functions of the natural BBB, such as
the proteins and junctions, and offers a
convenient way to study transport from
the bloodstream to the brain. This can
aid the screening of drugs, to see what
kind of molecules are allowed to cross,
and critically, to find novel therapeutics
for brain diseases.
Using Vectors to Cross the Bloodbrain Barrier
Many attempts to get drugs through

the BBB have focused on temporarily
disrupting the barrier, either chemically
or mechanically. Unfortunately, these
techniques come with many limitations,
including the side effect of letting toxins
enter the brain, causing neurotoxicity.
A different way to overcome this
challenge is to use molecular delivery
vectors, called ‘BBB shuttles’. The
vector acts as a vehicle to carry the
drug through the cellular blockade.
Often, this is achieved by attaching
proteins to the drug which interact with
specific receptors on the surface of the
BBB cells. Many different strategies
have been trialled to find the most
efficient vector and recent work has
shown that a process known as peptide
macrocyclisation can significantly
improve the uptake of the vector-drug
combinations across the BBB.
Normally, proteins used in vectors are
liable to be degraded quickly, reducing
the amount available. Dr Lawler and
his team have shown that a chemical
process, known as nucleophilic
aromatic substitution, can turn proteins
into ring-like structures (macrocycles)
which prevents them from being

W WW.SCIENTIA.GLOBAL

degraded as well as augmenting their
uptake into cells and enhancing their
ability to cross the BBB.
In a set of experiments, Dr Lawler
used his spheroid BBB model to
demonstrate that macrocycles can
efficiently penetrate the brain and
showed that in mice macrocycle uptake
was significantly increased compared
to other proteins. This research holds a
huge amount of promise for the future
of delivering therapeutics to the CNS,
and elucidation of the exact method of
transport will help scientists learn more
about the BBB and how to get past it.
Boosting the Immune System
Treating brain diseases like
glioblastoma doesn’t solely rely on
getting chemotherapy drugs into the
brain. Dr Lawler and other translational
research scientists have also been
looking at ways in which the immune
system can be targeted to help fight
tumours from within.
Since tumours are highly capable of
evading the immune system, attempts
have been made to ‘reactivate’ the

immune response to cancer. Cancer cells can prevent the
crucial interactions between immune cells necessary for T-cell
activation, and a class of drugs known as immune-checkpoint
inhibitors attempt to override this. Unfortunately, specific
aspects of glioblastoma tumours mean that these inhibitors are
less effective than in other cancers, and few patients respond as
robustly as we would hope. Evidently, there is a need for better
immune-related cancer therapeutics.
Dr Lawler has been studying gene-mediated cytotoxic
immunotherapy (GMCI) for glioblastoma. This complex
approach involves the injection of a non-replicating virus into
the tumour where the virus expresses a specific gene. Upon
administration of a known drug, called ganciclovir, the gene
converts this into a toxic product, allowing extremely targeted
chemotherapy right in the tumour itself.
On top of this, GMCI is capable of activating a strong immune
response which remains at the site of the tumour and can
prevent further growth. Dr Lawler wanted to find out if
combining GMCI with immune-checkpoint inhibitors would
enhance the activity of both treatments. In a phase 1 clinical
trial using mice, he and his team demonstrated that this
combination increased the number of long-term surviving
animals compared to each drug acting alone. His data
suggested that the treatments act synergistically, with each
enhancing the activity of the other.
Going forward, Dr Lawler hopes to find out whether this
combined therapy can overcome the initial resistance
of glioblastoma to treatment, which is often seen in
newly diagnosed cases. For now, the results provide an
encouraging platform for further investigation into combined
immunotherapies.
Forward Thinking
It remains clear that glioblastoma is an especially challenging
cancer to treat, and progress has been incremental at best.
One of the more promising areas of research which Dr Lawler

is undertaking involves immune sensing molecules such as
STING, or Stimulator of Interferon Genes. These immune
sensors are naturally activated when a pathogen invades a cell,
resulting in potent activation and recruitment of immune cells.
Researchers hope to find compounds which can boost
these immune sensing pathways and response, potentially
combining them with immune-checkpoint inhibitors, but as
of now, the STING pathway in glioblastoma is almost entirely
unknown. There are little to no data detailing expression levels
of the proteins in the pathway in glioblastoma, or how this
may vary between patients, and this is a major hurdle when
developing therapeutics to target this pathway.
Dr Lawler is convinced of the importance of STING and other
immune sensing pathways as targets for cancer treatment,
and his future research aims for the full characterisation and
identification of new pharmacologic agents which can target
and activate them in the right way. It seems likely that targeting
the STING pathway could overcome the immune suppression
induced by the tumour and trigger inflammation, something
which is key for immune-checkpoint inhibitors to work. Overall,
the STING pathway is a hugely important candidate for finding
new anti-tumour agents and enhancing the activity of already
known ones. Dr Lawler and his team are currently working to
develop new methods that could allow sustained drug release
within the tumour to allow the proper immune response to
develop.
The future of glioblastoma research will see great steps forward
as our understanding of immune mechanisms in the brain and
in cancer improve. Further to this, as technology advances
our ability to model complicated biological structures such
as the BBB will support research and drug development and
hopefully speed up the time it takes for drug candidates to
make it from the laboratory to the clinic. The work of Dr Lawler
is just one foray into these new capabilities and incorporating
all the knowledge we gain from patient observation along the
way should help lead the charge toward developing new and
effective therapies for glioblastoma.
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