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The high risk diabetes patient with 
cardiovascular disease: What else can  
we target to reduce cardiovascular risk? 

Kausik Ray,  MD - Imperial College London,  
United Kingdom

Diabetes is a global public health challenge, and 
outcomes in individuals with diabetes are poor as 
compared with those without diabetes. The prevalence 
of diabetes is predicted to continue to rise all across 
the globe. This is a problem because diabetes doubles 
the risk of coronary artery disease and cerebrovascular 
disease, including haemorrhagic and ischaemic strokes. 
Both men and women without a history of vascular 
disease who develop diabetes around the age of 40, 
loose about 5 years of life and half of those years lost 
are due to vascular diseases. Individuals with established 
vascular disease, as well as diabetes, loose between  
15 to 20 years of life.

The golden standard of treatment of diabetes is 
a multifactorial approach that includes control of 
dyslipidaemia, antihypertensive therapy, antiplatelet 
therapy, improvement of glycaemic control and weight 
loss and lifestyle intervention. In addition, other pathways 
may be targeted, such as inflammation and complement 
activation1. 

In the context of diabetes and acute coronary syndrome 
(ACS), small interventions can give quite large benefits. 
For instance, in the IMPROVE-IT trial, as little as 15 mg/
dL lower LDL-c over 7 years provided a 5% absolute 
reduction of CV death, myocardial infarction (MI), 
documented unstable angina requiring hospitalisation, 
coronary revascularisation (≥30 days) or stroke in 
diabetic patients2. Still, IMPROVE-IT participants with 
diabetes who reached an LDL-c of 53 mg/dL had an event 
rate of 40%, as opposed to 30% in those reaching the 
same LDL-c level but who do not have diabetes. 

A NOVEL APPROACH FOR HIGH CV RISK PATIENTS  
WITH DIABETES: THE POTENTIAL OF EPIGENETICS

During the ESC Congress 2016, held in Rome, Italy, the Physicians’ Academy for 
Cardiovascular Education (PACE) organised a satellite symposium that explored a novel 
approach to reduce residual CV risk, namely BET inhibition. BET refers to a bromodomain 
and extra-terminal domain of regulatory proteins. Its inhibition modifies gene expression via 
epigenetic mechanisms. This symposium focussed on how BET inhibition as a therapeutic 
strategy might contribute to improving outcomes in CVD.
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Also, in the context of ACS, the vascular lining is perturbed. 
The number of inflammatory cells close to the vessel wall 
is increased, as well as the number of adhesion molecules 
and tissue factor, and a reduction in anticoagulant factors 
and an increase in platelet activity is seen. Some of these 
processes may be targeted as therapeutic strategies.

The impact of elevated levels of inflammatory factors or 
a perturbed vasculature is much greater in people with 
diabetes. 

Indeed, the PROVE-IT trial showed that risk of recurrent 
events post-ACS increased with higher levels of ICAM-I 
as an indication of perturbed vasculature. Treatment with 
atorvastatin 80 mg, which has anti-inflammatory effects, 
attenuated that risk as compared with a more modest 
intervention (pravastatin 40 mg). Both LDL-c levels and 
inflammation were reduced with atorvastatin3. 

Although elevated levels of inflammatory factors or a 
perturbed vasculature is associated with increased risk 
in both diabetics and non-diabetics, the impact is much 
greater in people with diabetes. This may be explained by 
an interaction between dysglycaemia and inflammation. The 
TACTICS-TIMI 18 study showed that the risk of death or MI 
was clearly increased in those with high CRP and diabetes, 
as compared with those with either condition alone4. 

Another target is HDL function. Attention has shifted away 
from raising HDL-c levels. Low HDL-c is a marker of risk, but 
it is unlikely to be causal in reducing CV risk. HDL particles 
have multiple atheroprotective effects. For instance, it has 
been shown that individuals with the best cholesterol efflux 
function have the lowest risk of CV events5, so agents that 
improve efflux function may further reduce CV events. 

In addition, many diabetic patients have proteinuria and 
impaired eGFR, and these conditions are independent and 
additive predictors of CV events. So treatments modifying 
these may provide further benefit.

Understanding BET inhibition as a 
novel pathway for cardiovascular risk 
modulation

Jorge Plutzky, MD – Brigham and Women’s Hospital, 
Harvard Medical School, Boston, MA, USA

Patients generally do no present with isolated coronary 
disease, but this is often embedded in other issues 
such as central obesity, diabetes, hypertension, 
hypertriglyceridaemia, low HDL-c, insulin resistance, 
inflammation, and endothelial dysfunction. One could 

wonder why these issues associated with cardiometabolic 
disorders are often also associated with other conditions 
like Alzheimer’s Disease and cancer. The other way around, 
it is relevant to ask how physiological states like being fit 
or having physiological lipid levels and low inflammation 
provide protection against Alzheimer’s Disease and cancer, 
and may even promote longevity. 

The interconnectedness of these processes, whether 
physiological or dysregulated, may be explained by a 
concept of coordinated gene expression programmes, 
through key proximal transcription factors. Transcription 
factors (TFs) often regulate expression of multiple genes, 
increasing transcription of some, while inhibiting others. 
Thus, one TF can give rise to a complex picture of changes 
in expression of various genes.

TFs act in conjunction with other factors that affect gene 
expression, such as promotors and enhancers that drive 
or inhibit gene expression at given moments. Epigenetics 
refers to yet another level of gene regulation, not just by 
affecting the DNA, but by influencing processes above the 
level of DNA. This can be clarified by first looking at the 
way DNA is stored in the nucleus. 

In order to fit the long DNA molecules into the nucleus, 
DNA is compacted in a highly organised fashion. Enough 
DNA compaction is achieved by wrapping the DNA strand 
around histone proteins, forming a so-called ‘beads on a 
string’-shaped chromatin fibre, which is further folded and 
ultimately leads to a compact chromosome. 

While being an elegant solution to fit the DNA into the 
nucleus, the compaction of chromatin introduces a challenge 
for TFs to access the DNA strand. DNA transitions between 
a tightly compacted heterochromatin state in which TFs can 
hardly access the DNA and transcription is impeded, and a 
so-called euchromatin state when the chromatin is locally 
opened up so that TFs can reach the DNA and modify gene 
expression.

Epigenetic regulation takes place at, among other 
processes, the level of the histones. Proteins can leave 
a mark on the tail of a histone, marking it for future gene 
expression or repression. The histone marks can be 
taken away by other proteins. A third category of proteins 
can read the mark and execute a gene transcription 
programme around that mark. Thus, the epigenetic 
machinery affecting histones can be seen as a collection 
of writers, erasers and readers of histone marks6. 

An example of an epigenetic reader protein family is BET-
proteins, which refers to the bromodomain and extra-terminal 
domain of a group of regulatory proteins. BETs seem 
particularly relevant to diabetes, because evidence suggests 
that diabetic processes can affect reading and writing of 
histone marks, through the TF NFκB, a pathway that has 
been implicated in inflammation and vascular complications7. 
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Inhibitors can selectively bind specific BETs and interfere 
with gene transcription programmes.

A bromodomain is a structural motif that is thought to 
interact with lysines on histones that have been marked 
through acetylation. BETs are a subgroup (with four main 
members BRD2, BRD3, BRD4 and BRDT, each containing 
two bromodomains) of a family of about 50 bromodomain-
containing proteins. BETs can bind acetylated lysines and 
allow for transcriptional complexes to be assembled and act 
to change gene expression. Inhibitors can selectively bind 
specific BETs and interfere with this process. 

Oncology research has revealed that BETs interact with so-
called super enhancers, which drive expression of multiple 
genes, for example to induce gene expression programme 
associated with multiple myeloma. These insights have 
raised the question whether super enhancers may also be 
involved in atherosclerosis, diabetes and dyslipidaemia. 

When BRDs were inhibited with a small interference 
molecule knockdown strategy in endothelial cells in vivo, 
the inflammatory response was repressed, as seen by 
diminished leukocyte adhesion to endothelial cells8. 

BETs can also be inhibited with chemical compounds, 
for instance with JQ-1, RVX-208 or IBET. In the context 
of atherosclerosis, BET-inhibition with JQ-1 appeared 
to suppress many different genes with an endothelial 
pro-inflammatory effect. In a functional assay, leukocyte 
adhesion to endothelial cells was reduced after JQ-1 
administration in vivo. Also, neutrophil transmigration 
on activated endothelium, which is thought to occur in 
atherosclerosis, was strongly suppressed. In the LDLR-
/- mouse model for atherosclerosis, there was a significant 
decrease in atherosclerosis when mice on a high-fat diet 
received JQ-1. A ChIP-Seq analysis that detects where on 
the DNA a given protein is present, revealed that BRD4 
associates with the promotor of ICAM-1 in TNF-α-stimulated 
endothelial cells. In fact, after TNF-α stimulation of 
endothelial cells, BRD4 was found to associate with a wide 
range of inflammatory and atherogenic genes. 

The tandem bromodomains in the BRD proteins allow 
for inhibitor selectivity. It has been studied whether the 
same set of target genes is regulated when using either 
a selective or pan-BET inhibitor. There is overlap in some 
of the targets, but not in all. Thus, unique effects may be 
induced with different inhibitors. 

The BET inhibitor apabetalone (or RVX-208) reduced 
atheroma in aorta of ApoE-/- mice, in support of the idea that 
this might be an interesting therapeutic strategy. 

Moreover, evidence suggests that BET inhibition may also 
affect regulation of myocardial responses. BET inhibition 
could block the changes seen in the myocardium in 

response to aortic constriction in mice, and the heart was 
not remodelled to the same extent after exposure to JQ-110.

BET inhibition in cardiovascular disease:  
A new dawn? 

John Kastelein, MD – Academic Medical Centre, 
Amsterdam, The Netherlands

John Kastelein set out to discuss the preclinical and 
clinical development of BET inhibitors for the treatment of 
cardiovascular disease in more detail. 
The BRD4 protein, when positioned on a histone tail, 
guides the transcription complex along a given gene. 
Recognition of an acetylated lysine on a histone tail by 
the two bromodomains in a BET protein initiates gene 
transcription. Apabetalone (RVX-208) is a selective inhibitor 
of bromodomain 2 (BD2) of BET proteins. Its binding to BD2 
prevents the BRD4 protein from binding to the histone tail 
and inducing gene transcription. 

A study showed that the pan-BET inhibitor JQ-1 inhibits 
transcription of 712 genes, while the selective apabetalone 
only inhibits 46 genes (42 of which overlap with the target 
genes of JQ-1). This is partly related to the dose of inhibitor 
used, and very selective inhibition of certain genes can be 
achieved with a low dose of apabetalone. 
It has been shown in human aortic endothelial cells and 
a macrophage cell line that genes in the inflammatory 
pathway can be inhibited with apabetalone11. Microarrays 
of primary human hepatocytes treated with apabetalone 
showed that this BET inhibitor selectively downregulates 
certain genes in the complement cascade, in cholesterol 
biosynthesis, in fatty Acyl-CoA biosynthesis, in the fibrin 
clotting cascade, in diabetes pathways, as well as the acute 
phase response12. These pathways are all implicated in the 
pathogenesis of atherosclerotic CV disease.

What does this mean for use of apobetalone in the clinic? 
Up until now, over 700 subjects have received treatment 
with apabetalone, of whom almost 600 were patients with 
CAD and/or dyslipidaemia, who took the BET inhibitor on 
top of standard of care. Three phase 2 studies in patients 
with CAD have been completed, namely the ASSERT trial 
(12 weeks, 299 patients enrolled), the SUSTAIN trial (24 
weeks, 176 patients) and the ASSURE study (26 weeks, 
323 patients). The ongoing phase 3 BETonMACE trial has 
currently enrolled about 600 patients.

Clinical analysis of vascular inflammation in CVD patients 
in the ASSURE trials confirms the array data, since 
inflammatory biomarkers and some proteins in the 
complement cascade and the coagulation cascade were 
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found to be downregulated. Fortunately, no increase in the 
incidence of infections or bleeding events was seen in study 
participants. 

In the phase 2 studies, about 40% of patients had 
diabetes, which is about twice as much as in other CV 
outcome trials. This overrepresentation of diabetes 
patients provides some (posthoc) insight into the efficacy 
of apabetalone in diabetes. In the overall population 
in phase 2 studies, 210 days after randomisation, a 
statistically significant 55% relative risk reduction (RRR) 
was seen with apabetalone as compared with placebo 
(patients were censored at day 30 after the last dose of 
study medication). In diabetic patients the RRR was 72%, 
and in those with elevated hsCRP (>2 mg/L) it was 69%. 

In the three phase 2 studies, adverse events were 
mostly similar between apabetalone and placebo 
(gastrointestinal disorders: nausea, diarrhoea and 
constipation, and infections: upper respiratory tract 
infection, sinusitis and bronchitis). Most common  
adverse events were mild and moderate in severity.  
One clinically significant adverse event was a rise in 
hepatic transaminases. The incidence of transaminases 
of >3x upper limit of normal (ULN) was 7-8%, but there 
were no cases of Hy’s law or serious hepatic injury to 
date in the over 1000 subjects enrolled. The elevated 
transaminases resolved rapidly (approximately in 15  
days to revert from >5x ULN to ULN). Because numbers 
are limited to date, these observations need to be 
confirmed in larger studies. 

The ongoing BETonMACE CV outcomes study aims to 
enrol over 2400 subjects, who, after a 1-2 week statin 
run-in period, are randomised to apabetalone 200 mg 
daily or placebo plus standard of care in a double blind 
set up. Treatment duration will be up to 104 weeks, 
followed by 4-16 weeks of safety follow-up. The study is 
an event-based trial and will continue until 205 events 
have occurred. Key inclusion criteria include type 2 
diabetes, having experienced a CAD event 7 to 90 
days prior to visit 1 and HDL <1.04 for males and <1.17 for 
females. Primary endpoint is time from randomisation 
to the first occurrence of adjudication-confirmed triple 
MACE defined as a composite endpoint of CV death, 
non-fatal MI and stroke. This way, BETonMACE aims to 
establish if apabetalone can prevent CVD events in post-
ACS patients with type 2 diabetes and low HDL-c. 
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