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Project outline

Background: Leucocyte recruitment by redundant and synergistically acting CC- and CXC-
chemokines drives metabolic inflammation of organs such as adipose tissue, liver, and blood
vessels*. Existing therapeutic strategies to combat such inflammation are associated with adverse
effects secondary to immunosuppression®. The causal role of the chemokine network in metabolic
and atherosclerotic inflammation has been demonstrated by human genetic and mouse
pharmacological approaches®. The chemokine network is thus a validated therapeutic target and
provides the opportunity to precisely modulate the signals recruiting leucocytes without affecting
their function. No therapeutic yet developed overcomes chemokine redundancy, which arises from
multiple CC and CXC chemokines being expressed at the site of inflammation. The idea that
overcoming chemokine network redundancy will suppress human inflammation arises from a
remarkable "experiment-of-nature". Ticks have evolved over 50 distinct chemokine-interacting
proteins that bind and inhibit multiple CC and CXC-class chemokines respectively, overcoming
redundancy, and creating an inflammation-free zone at the bite site’. Evasins are therapeutically
unsuitable as they are foreign proteins with risk of immunogenicity, and evasin therapy requires use
of both CC and CXC-binding evasins. We have recently identified a lead 16-mer peptide from a tick
evasin that remarkably binds and inhibits both CC and CXC class human chemokines®. We have
extensively characterised the lead candidate's pharmacophore using phage-display, saturation
mutagenesis and AlphaFold modelling?.

Pilot data: Using combinatorial saturation mutagenesis of the lead peptide we have improved
binding affinity and potency to develop a peptide that can efficiently neutralise the monocyte,
neutrophil and T-cell chemotactic activity of a pool of 24 chemokines known to be present in the
human atherosclerotic plague. We have converted the peptide to a peptibody (IgGFc-fusion), a well-
established therapeutic development method that is known to improve both pharmacokinetic and
pharmacodynamic activity &. We are now able to take our lead peptibody forward for in depth in
vitro and in vivo characterisation. We hypothesise that targeting the chemokine network will reduce
the adverse impacts of metabolic and cardiovascular inflammation. The aims of this project are to
develop a combinatorially mutated peptibody as a therapeutic candidate to target the chemokine
network in metabolic and cardiovascular inflammation.

Experimental approaches:

Aim 1: Human ex vivo cardiometabolic inflammation models. We will characterise human
atherosclerotic plague chemokine burden using O-link proximity extension assay. We will use
equivalent data from the Leducq CHECKPOINT ATHERO networks® and from published proteomic®®
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and RNASeq studies®! to complement these experiments and use such information to create
synthetic chemokine pools that model the plaque chemokine expression pattern, for monocyte,
neutrophil and T-cell chemotaxis assays. In parallel we will use cultured human plaque supernatants
as described by us'® and supernatants from human iPSC-derived vascular organoids*? (exposed to
pro-atherogenic stimuli (oxLDL, TNFa and oxidative stress!3) for chemotaxis assays. Similarly, we will
use an adipose inflammation model (human pre-adipocytes exposed to TNFa'?) and use
supernatants in chemotaxis assays.

Aim 2: Peptibody characterisation. Peptibodies will be produced using mammalian CHOK1
expression system, and human chemokine binding affinity characterised using biolayer
interferometry and in-solution methods (microscale thermophoresis or fluorescent polarisation)® *°.
We will then test peptibody potency in the ex vivo multi-chemokine chemotaxis assay models
developed above, and against chemokines which are known to be beneficial in inflammatory
resolution.

Aim 3: Animal models The peptibody lead will first be studied in a mouse air-pouch inflammation
model*® to establish dose and frequency, and then taken forward in a mouse model of
cardiometabolic inflammation (Ldlr-/- mice fed with a high sucrose-fat-cholesterol diet, with which it
develops diet-induced obesity, insulin resistance, adipose inflammation, adipose chemokine
expression, liver inflammation, and atherosclerosis within 12-16 weeks*®). The ability of our lead
peptibody to reduce adipose tissue (gonadal fat), liver and atherosclerotic plaque inflammation will
be assessed by flow cytometry. Insulin resistance will be studied using glucose tolerance tests and
analysis of insulin signalling pathways in liver and skeletal muscle. Atherosclerosis plaque burden will
be characterised by histological approaches.
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