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Project outline
Background
Recent trials have re-emphasized that improving glycemic control does not reduce atherosclerotic
complications (e.g. acute MI) in type 2 diabetes. In addressing this therapeutic paradox, we have
recently shown that hyperglycemia drives the development of ‘trained’ innate immunity in
macrophages and their bone marrow precursors (panel a). This results in functional changes in bone
marrow-derived macrophages that persist even after full normalization of blood glucose and which
drive atherosclerosis in LDLR-/- mice (panel b). These effects are mediated through epigenetic
modification and, importantly, are diminished by inhibiting glycolysis (panel c). Induction of trained
immunity, was associated with H3K4me3 and H3K27ac epigenetic marks and > 1000 differential peaks
in ATAC seq. The implications are that diabetes alters cellular metabolism in hyperglycaemia, resulting
in fundamental and persistent reprogramming of the immune system at the level of the bone marrow.
[Figures taken from Edgar et al 2018, In revision]

Hypothesis
In monocyte/macrophages, metabolic signals of starvation: (1) have anti inflammatory effects driven
by (a) increased fatty acid oxidation and (b) receptor-mediated pathways (GPRR109a); (2) manifest as
resistance to pro-inflammatory stimuli and to the development of trained immunity and (3) protect
against atherosclerosis in diabetes.
Aims
Having identified trained immunity as a mechanism of so-called ‘metabolic memory’ in diabetes, we aim
to explore how this can be modified. We seek to identify targets for beneficial immuno-metabolic
modulation that could counter the trained immunity phenotype and thereby to identify strategies for
both prevention and treatment of vascular disease in diabetes.

Plan for proposed work
Glucose is homeostatically regulated at its lower level and therefore unlikely to signal itself. In starvation,
β-hydroxybutyrate increases in human blood plasma and can be used as an energy source when blood
glucose is low. We have shown5 that activation of GPR109a (cognate ligand = β-hydroxybutyrate) has
profound anti-inflammatory effects in both monocytes and adipocytes. This suggests at least two
plausible ways that β-hydroxybutyrate could mediate anti-inflammatory / athero-protective effects,
independent of glycemic control.
We will define the metabolic status of cells exposed to normal glucose and raised β-hydroxybutyrate
using metabolomic assays and related informatics tools and integrate cellular energetic using the
Seahorse bioanalyser. Inflammatory responses will be assessed under pro-inflammatory conditions and
screening with qRT-PCR (for M1/M2 markers), progressing to RNA-seq. By combining ATAC seq, we will
define how cellular metabolism leads to epigenetic modifications and associated functional changes in
bone marrow-derived macrophages and their stem cell precursors. Equivalent approaches in
hyperglycaemia implicated specific transcription factor pathways (e.g. RUNX1 and PU.1) based on
patterns of open chromatin. We expect that starvation-simulation will result in particular chromatin
modifications that will not merely be the converse of hyperglycaemia-related changes. We will use in
vitro model systems to interrogate the effects of starvation-simulation on macrophage function and on
the propensity to develop (and recover from) hyperglycaemia-induced trained immunity. Following
identification of a putative atheroprotective cellular phenotype, we will induce this in bone marrow cells
of CD68-GFP transgenic mice, to allow the effects on atherosclerosis to be determined in vivo by BM
transplant to LDLR-/- mice. As in our previous work we will then examine human cells (in this case from
blood) to assess the effects of the human relevant starvation intervention in diabetes (post-bariatric
surgery) on immune cell function. The overall approach will be to make observations in cell systems, test
causation in mice and corroborate relevance in human tissue.
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