WHY WE CHOSE THIS ToPIcC:
EWe were all interested in how nanoparticles can precisely
=deliver drugs to cancer tumours, having read about it in a
"science magazine. Hence, we wanted to apply this concept to
= coronary heart disease. We thought that the current
=treatments do not do enough to tackle the underlying cause of
Ethe disease, and that this was an innovative alternative with a
=large amount of potential.
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Since nanoparticles are so small they
could end up entering parts of the body
where they could be potentially
dangerous. For example, there may be
risk if nanoparticles are inhaled,
swallowed or absorbed through the skin.
Since nanoparticles are small they may
cause irritation in the lungs if inhaled and
cause damage similar to the effects of
breathing in fine dust. Toxicology testing
has shown liposomal formulations to be
less toxic than drugs alone, but further
toxicology studies are needed under more

Our strategy uses nanoparticles,

= Which have special properties that
= allow them to ‘cage’ drugs and

= precisely target areas of the body -
= such as plaques in arteries.
Nanomedicine has the potential to

: reducing nanotherapy to
|

AFFORDABLE:
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Initially, the liposomal drug formulation will be expensive
to manufacture like all new drugs. We would expect as
new manufacturing methods are found, the cost of
manufacture would gradually decrease. If effective, we
would expect that the benefits outweigh the cost in the
mid to long-term. Less patients will go on to have a heart
attack and develop costly complications such as heart
failure. As our proposed drug aims to reverse
atherosclerosis, once the drug has reduced plaque to a
healthy size, the drug would not need to be taken as
frequently as current drugs such as statins are taken
further reducing cost. Although initially intravenous
injection is the most feasible method of administration,
developing an oral tablet would be cheaper but the
liposome must be modified to cross the intestinal
epithelium and not be broken down by acid and enzymes
in the gut.

The drug encapsulated by the The receptor - complementary to the
liposome: anti-CD47 antibodies receptors unique to the plaque cells,
which bind to CD47 proteins on the meaning it binds to the plaque and
plaque, allowing macrophages to releases the drug from inside the

clear up the plaque liposome, causing it to come into effect.
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HOW IT WuorkKa:
= Atherosclerosis is a precursor of
= coronary heart disease. This is the build-
= up of plaque in the walls of the arteries.
EThe build-up can lead to a blood clot
= forming in arteries, thus leading to a
= heart attack. Within the plaque thereis a
= hecrotic core, consisting of dead and
E damaged cells. These cells produce a
= much higher concentration of
= a signalling molecule called CD47 that
E prevents macrophages from clearing up
" the plaque. This is known as the ‘cloaking
= signal’ which allows the plaque to grow
E In arteries without being cleared up.
= Qur aim is to create drug encapsulated
= liposomes that turn off the upregulated
= CD47 signals expressed in the plaques.
EThis will then allow macrophages, cells
= part of the immune system, to ingest or

AFFORDABILITY

= Coronary heart disease remains one of
-the UK’s leading causes of death, and
=1s the most common cause of

- premature death in the country.

: Current drug therapies in the NHS

= have low delivery efficiency, and poor

= target specificity.
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= We propose to use liposomes as our

:nanoparticle. The lipid casing around the drug

= would protect the drug as it travels around the
:bloodstream to the plaque in the artery. This

= €ncapsulation will prevent early degradation and
® dilution in the bloodstream.

:The surface of the liposome allows different
®mmolecules to be attached such as a dye to track
:the liposome around the body. This will be

m especially useful in the clinical trial phase to
:ensure the drug is delivered to the right location.
mThe liposome would need surface receptors that
:have a complementary shape to the receptors

= found uniquely on foam cells in plaques in
:arteries. This would allow the liposome to bind to
m the plaque only. The binding of receptors would
:cause the lipid envelope to break down and

= release the drug to the CD47 molecules to inhibit
:them and turn off their ‘cloaking signals’.

= Other nanoparticles can be used as drug delivery
®vehicles such as carbon nanotubes (shown
:below) which have shown promising potential in
® loading multiple drugs to specific locations in the

:body e.g. in cancer treatment.
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- Liposomes are made of
= phospholipids which are the main
- components of cell membranes.
*This is a benefit as the liposome
Ecan avoid detection by the body's
immune system. Liposomes can be
- naturally derived, and are
: biologically inert. Extensive toxicity
Surgical procedures o : :
: =screening of liposomes have
such as stenting or i
bypass surgery are - shown them to be generally safe
invasive and risky, and =for pharmaceutical use, but this
are only temporary - does not negate the need for
SIS Ul (L) 26 = extensive clinical trials as we
prevent the underlying . ¢ dified
cause of coronary heart :p_ropose ° use_a moditie

= liposome. The liposome encloses
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new method from Tasciotti alternafive carbon
nanotube

could reduce costs,

standardises nanoparticle

production to guarantee
potential alternative if

stability and reproducibility

proves safe
while increasing yield

cost will decrease over fime multiple uses

nanoparticles also have

as manufacturing process is

i) B T AT potential for imaging and

heart attacks diagnosis

= Patients should be clearly briefed on how the
= medicine works and any potential side effects
- so doctors can obtain informed consent to
* taking the medication, as autonomy should
- W = always be a priority. This is important to gain
. | . | = and maintain public support. Doctors must
|

What is the
unmet Damaged Current Annual costs of Current
> heart tissue treatments surgeries and therapies have
Nneed: I target risk treatments are  low delivery
regenerate factors but not very expensive efficiency and
accumulation low delivery
of diseased specificity
cells

\II
on it's own
" follow the 4 pillars of: beneficence, non-
" maleficence, justice and autonomy when
E':ﬁ::g:f” EBLE;L'JIECA :EESEETION = assessing each patient they prescribe the
TRIALS TION = medication to.
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ol and thcal s T mustbe rolldout ol whenhe = The use of artificial intelligence to select

The phospholipid bilayer The fluorescent dye - which is
which encapsulates and attached to the surface of the

. . liposome so that it can be used to
carries the drug in the blood
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ageing population, and ; ;
- jalist interventio m '
a rising prevalence of Hlagues in the 3 carty more risk such s = and also ensures we have a wide age range to
_ 9 V. stenting o surgery. = participate, so the results are more accurate. The
risk factors such as

v \?/ ' = treatment aims to prevent heart attacks and other
obesity and diabetes. v V HOW THE TRIALS WORK: = cardiac complications which are a major source of am — - vem
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® First, in vivo and in vitro trials need to - "To ensure the drug's safety
happen in test tubes and animals to check *® in patients it must undergo
if it's safe. Then, stage 1trials occur where ] - ! i
it's tested on a small sample of healthy : randomised control trials.
humans to check the safety and = The group receiving the new
appropriate dosage. Next, it will enter - drug must be compared to a
stage 2 trials with a few hundred people - . .

= control group receiving

= current NHS treatment. The

= with atherosclerosis to determine short-
= term side effects and efficacy. It can then
Can be made . )
" trial needs to be randomised
= and double blind to ensure

If effective it biccompatible = enter stage 3 with thousands of patients
Rt S : e to test efficacy and safety over a long
= there is no bias.
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: Kieran Gill came up with the initial idea of utilizing nanomedicine.

m Darshan Prabhakar used his interest in A.l. to bring this innovative aspect
: to the e-poster. Ananya Singh and Noah Bickenson used their artistic

= skKills in the making of the poster, working on the original infographics

: and drawings, as well as the design of the e-poster as a whole. Ben

= Thompson conducted significant research into the ‘3 A’s’ - availability,

: affordability and acceptability. Finally Sarah Mhando used her English

= Skills to transfer research carried out by the whole team into eloquent

® text used on the e-poster and to communicate our complex idea in a way
- that is understandable to all.
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: Special thanks to: our Head of Biology, Mr Newman, our Head of

m Chemistry, Mr Law, and our Physics teacher, Dr Prideaux, for providing

: us with subject specific insights, and for answering any questions we

= had on the complex research we read.
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Aims to reverse

i Targeted dru
atherosclerosis g g

therapy to right
and Rrev_ent cells and tissues
complications is more efficient

hof cto(;t.anary g—( than current
ear isease | | ‘2 ‘2 treatments and
-~ can reduce
V\ NANOMEDICINE el

need for biodegradable-

invasive h t o 5 .
Orocodiires S:uf;fanaggﬂdyo perl_od of time. If successful here it can
" begin mass manufacture.




