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What is the problem?

What are we interested in?

What did we do?

Lung disease affects a large population globally
and has a substantial social and economic impact.
The British Lung Foundation estimates that
around 10,000 people in the UK are diagnosed
with a lung disease every week.

We know that a protein called
autotaxin (ATX) plays an
important role in IPF, as well as
in cancer, due to its effect on
cell migration and proliferation
(see Figure 1).

We used a variety of synthetic
organic chemistry reactions
(e.g. amide coupling reactions)
to synthesise a range of
compounds designed to target
the tunnel and active site of
ATX (see Figure 3). We purified
our compounds using column
chromatography (see Figure 4),
which removed unwanted byproducts generated from these
reactions. Once we built up a large
number of different high-purity
compounds, collectively termed
our “library”, we tested them in
biochemical and disease-relevant
cellular assays.

Idiopathic Pulmonary Fibrosis (IPF) is a lung disease
that is increasingly common in older adults –
current estimates suggest 5,000 new cases are
diagnosed annually in the UK. IPF is a long term,
progressive condition with a poor prognosis –
the five-year survival rate is less than for most
cancers. Physical symptoms of IPF include
shortness of breath and a dry cough, due to
the uncontrolled build-up of fibrotic (scar)
tissue. Current treatments for IPF alleviate these
symptoms but they do not modify the course
of the disease. Lung transplantation may be an
option but due to the older age of IPF sufferers,
many are not eligible. Thus, there is a huge unmet
clinical demand for new treatment options.

What did we find?

Figure 2 Crystal structure of ATX showing
the tunnel and active site regions of the
protein, in which we are interested.

Figure 1 Depiction of signalling cascade triggered by ATX. ATX hydrolyses lysophosphatidyl choline (LPC)
to lysophosphatidic acid (LPA). LPA then acts on receptors (LPAR1-6) causing a variety of effects including
cell migration, proliferation and survival, which can lead to cancer and fibrosis (scarring).

We found that several of our synthesised compounds
successfully bind to ATX and inhibit its activity in cell
migration studies using cancer cells (see Figure 6). We also
found that our new ATX inhibitors were interacting with
both the tunnel and active site of ATX – we think we are
the first researchers to successfully synthesise compounds
that target both of these sites at the same time!
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In order to better understand
the role of ATX in IPF, with the
ultimate hope of developing
better treatments, we want to
build on previous knowledge to
find a different way of inhibiting
ATX. We aim to do this by
designing and synthesising new
compounds which bind to and
interfere with the activity of
ATX in a different way to these
previously reported examples.

We are particularly interested in
targeting two specific parts of
the ATX protein, the tunnel and
the active site, which has not
been done before (see Figure 2).
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Figure 6 Test data for one of our
synthesised ATX inhibitors.
A shows that as the
concentration of the ATX
inhibitor increased, the amount
of the natural substrate (LPC)
binding to ATX, decreases.
B shows example cell migration
data for one of our lead
compounds. The first three
bars are controls, without the
addition of ATX. We can see no,
100% and partial cell migration,
respectively. The first two blue
bars represent controls with the
addition of ATX which show
close to 100% migration.
These allow us to accurately
compare our compounds. The
third blue bar represents one
of our active compounds and it
shows very little cell migration!

The biochemical assays allowed
us to monitor the ability of our
compounds to outcompete with

and prevent the natural substrate
for ATX (lysophosphatidyl choline
(LPC)) from binding to ATX.
We used the compounds that
performed well in this assay in
more complex cell-based assays,
one of which is designed to
mimic the cell migration process
(see Figure 5). If our compounds
are capable of inhibiting ATX,
we should see a decrease in
cell migration.
In collaboration with Netherlands
Cancer Institute, we also
conducted co-crystallisation
studies with ATX and a small
number of our compounds which
showed us which parts of the ATX
enzyme our compounds were
interacting with.

Figure 4 Example
of column
chromatography.

Figure 5 Boyden
chamber for
cell migration
studies. Different
concentrations of
our compounds are
placed in wells along
the bottom of the
chamber, a filter is
placed over the top
and cancer cells are
added on top of the
filter. After incubation,
and if our compounds
are active, we should
see no migration of the
cells through the filter.

Figure 3 Example of a reaction used to synthesise compounds designed to bind to ATX.

What does this mean?

Who am I?

We have shown that our compounds work!
They are efficient inhibitors of ATX showing
potential as first-in-class tunnel-active site
binders with significant anti-migratory
properties. Because little is known about the
cause of IPF and the resulting scarring (fibrosis)
of the lung, we hope to use our compounds
to further investigate the pathway that ATX
initiates so we can better understand its role
in diseases like IPF and cancer.

I am a third year PhD student in the Pure and
Applied Chemistry department at the University
of Strathclyde. My project is focused on
medicinal chemistry so I am lucky to have the
opportunity to practise both synthetic chemistry
and biochemistry. This means I design and create
compounds in a chemistry lab, and then test
them using different biochemical and cellular
techniques in a biology lab. Being a part of both
sides of the project means that I can understand
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more of the drug development process and it
is rewarding to see chemistry being put into
action in a biological environment – although it
definitely takes commitment to understanding
a vast amount of varied information and good
time management! I would like to acknowledge
Medical Research Scotland for this opportunity
with additional thanks to my supervisors,
Dr Craig Jamieson, Dr Simon Macdonald
and Louise Young.

