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The famous German pathologist of the 19th century, Rudolf Virchow
of the Charité in Berlin, was the first to point to the role of inflamma-
tion in atherosclerosis, when he wrote: ‘Atherosclerosis is an inflam-
mation induced by cholesterol’. The question remained: is it only
cholesterol or is it also an independent mechanisms of plaque forma-
tion.1–4 Alternatively, turned into a clinical question: is there only a
cholesterol risk and inflammation will subside if treated appropriately,
or is there a remaining inflammatory risk?5 The CANTOS trial has
addressed this and showed convincingly that in the absence of any
change of LDL-cholesterol, Canakinumab, a monoclonal antibody
targeting interleukin-1b, improves outcome further.6 In this issue, the
FAST TRACK ‘Relationships of interleukin-6 reduction to

atherosclerotic events and all-cause mortality: analyses

from the Canakinumab Anti-inflammatory Thrombosis

Outcomes Study (CANTOS)’ by Paul Ridker and colleagues pro-
vides further insights into this question.7 They note that although
interleukin-1b blockade is effective, it is uncertain to what extent
these beneficial cardiovascular outcomes are mediated through
interleukin-6 signalling. Interleukin-6 is markedly elevated at the site
of plaque rupture8 and is predictive of outcomes.9 A total of 4833
patients of the CANTOS trial had interleukin-6 measured before ran-
domization and after treatment with placebo or one of three doses
of Canakinumab (50, 150, or 300 mg s.c. every 3 months). Compared
with those allocated to placebo, those receiving canakinumab who
achieved on-treatment interleukin-6 levels below the study median
value of 1.65 ng/L experienced a 32% reduction in major adverse car-
diovascular events or MACE, with an adjusted hazard ratio of 0.68,
and a 30% reduction in MACE plus hospitalization for unstable angina
requiring urgent revascularization, a 52% reduction in cardiovascular
mortality with a hazard ratio of 0.48, and a 48% reduction in all-cause
mortality with a hazard ratio of 0.52. In contrast, those with on-
treatment interleukin-6 levels equal to or above the median had no
significant benefit. Thus, CANTOS provides evidence that

modulation of the interleukin-6 pathway can reduce cardiovascular
events, independently of lipid lowering. These novel findings are put
into context in an Editorial by Roland Klingenberg and myself, from
Bad Nauheim, Germany and London, UK, respectively.10

This is further explored in a Basic Science article regarding a model of
stroke.11 In CANTOS, stroke was rather rare and was not reduced,
probably due to the low number of events and the relatively young age
of patients enrolled.6 Inflammation seems also to be associated with
stroke in the clinical setting.12 In their article entitled ‘Post-ischaemic

administration of the murine Canakinumab-surrogate anti-

body improves outcome in experimental stroke’,13 Giovanni G.
Camici and colleagues from the University of Zurich, Switzerland tested
the efficacy of the murine Canakinumab-equivalent antibody in their
mouse model of ischaemic stroke. To mimic the clinical scenario of
modern stroke management, Canakinumab was applied after transient
middle cerebral artery occlusion in a randomized fashion upon reperfu-
sion, as would be the case in patients eligible for thrombolytic therapy
presenting to the emergency room. Following transient middle cerebral
artery occlusion, cerebral interleukin-1b levels, unlike those of tumour
necrosis factor-a, were increased. Post-ischaemic treatment with inter-
leukin-1b antibody reduced infarct size and cerebral oedema, and
improved neurological performance (Figure 1). Antibody-treated animals
also exhibited a reduced neutrophil and matrix myeloperoxidase-2 but
not matrix myeloperoxidase-9, activity in ipsilateral hemispheres as com-
pared with vehicle-treated mice. It was noteworthy that transient middle
cerebral artery occlusion was associated with vascular endothelial (VE)-
cadherin reduction, which was blunted by Canakinumab. Thus, selective
post-ischaemic interleukin-1b blockade improves outcome following ex-
perimental brain injury which should be further addressed in clinical
studies as an adjuvant therapy to thrombolysis in acute ischaemic stroke
patients. These provocative findings are further expanded in a thought-
provoking Editorial by Paul Ridker from Brigham and Women’s
Hospital in Boston, Massachusetts (USA).14

The mechanism of chronic inflammation at the cellular level is as im-
portant as the cytokines addressed above.15,16 This is further discussed
in a review entitled ‘Monocyte and haematopoietic progenitor
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reprogramming as a common mechanism underlying chron-

ic inflammatory and cardiovascular diseases’ by Alberico Luigi
Catapano and colleagues from the University of Milan in Italy.17 In
search of innovative anti-inflammatory strategies, immune cells have
been recognized as key players contributing to atherosclerotic plaque
progression and destabilization. In particular, the role of innate immune
cells is of major interest, following the recent paradigm shift that innate
immunity, long considered to be incapable of learning, does exhibit im-
munological memory mediated via epigenetic reprogramming. Of
note, atherosclerotic risk factors promote immune cell migration by
pre-activation of circulating innate immune cells. Innate immune cell ac-
tivation via metabolic and epigenetic reprogramming perpetuates a sys-
temic low grade inflammatory state in cardiovascular disease that is
also common in other chronic inflammatory disorders. This opens up a
new therapeutic area in which metabolic or epigenetic modulation of

innate immune cells may result in decreased systemic chronic inflam-
mation, alleviating cardiovascular disease and its co-morbidities.

Environmental factors such as noise and pollution may also con-
tribute to chronic inflammation in the cardiovascular system.18–20

Aircraft noise in particular causes endothelial dysfunction, oxidative
stress, and inflammation. Epidemiological studies suggest that trans-
portation noise increases the incidence of coronary artery disease,
hypertension, and stroke. However, the underlying molecular mech-
anisms are not well understood.21,22 In their Basic Science article
‘Crucial role for Nox2 and sleep deprivation in aircraft

noise-induced vascular and cerebral oxidative stress, in-

flammation, and gene regulation’, Thomas Münzel and col-
leagues from the Johannes Gutenberg Universität in Mainz, Germany
investigated the effects of noise in phagocyte-type NADPH oxidase
knockout (Nox2–/–) mice.23 Wild-type and Nox2–/– mice were
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Figure 1 Impact of post-ischaemic treatment with IL-1b antibody on cerebral lesion and neurological deficit after tMCAO in mice. (A)
Representative pictures of TTC-stained brain slices. (B) Animals treated with monoclonal antibody against IL-1b (anti IL-1b Ab) showed decreased
stroke volumes by 50% (n = 7–8, unadjusted P < 0.0001) and (C) decreased oedema (n = 7–8, unadjusted P = 0.018) as assessed by TTC staining 48 h
after tMCAO, compared with animals treated with vehicle alone. Accordingly, treatment with anti IL-1b Ab improved post-stroke neurological func-
tion as assessed by (D) RotaRod test or (E) Bederson-based neurological score, as compared with treatment with vehicle alone (n = 13–15 for both;
adjusted P = 0.003 and <0.0001 for Bederson index at 24 h and 48 h, respectively; adjusted P = 0.049 and 0.0009 for Rotarod test at 24 h and 48 h, re-
spectively). IL-1b, interleukin-1b; MCA, middle cerebral artery, tMCAO, transient MCA occlusion, TTC, 2,3,5-triphenyltetrazolium chloride. (from
Liberale L, Diaz-Ca~nestro C, Bonetti NR, Paneni F, Akhmedov A, Beer JH, Montecucco F, Lüscher TF, Camici GG. Post-ischaemic administration of
the murine Canakinumab-surrogate antibody improves outcome in experimental stroke. See pages 3511–3517).
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Figure 2 Oxidative stress markers in serum of noise-exposed human subjects. ELISA measurements revealed increased 3-nitrotyrosine (3NT)-
positive proteins (A) and 8-isoprostane concentrations (B) in serum of human subjects. Multiplex measurements revealed increased markers of in-
flammation [IL-1b by trend (C), IL-18 significant (D)] in serum of human subjects. Data are the mean ± SD. Samples from n = 18 individuals (A, B)
were compared before and after noise [aircraft noise for 6 h, mean sound pressure level 47 dB (A)] using the Wilcoxon matched-pairs signed rank
test. Cytokine measurements yielded results for n = 10–12 individuals using the unpaired t-test [without (IL-1b) and with (IL-18) Welch’s correction]
(C, D). (E) Summarizing central scheme: around the clock and sleep phase noise triggers cerebral oxidative stress and a neuroinflammatory phenotype
that translates the adverse effects of noise to the vascular and systemic level (e.g. by adverse stress hormone signalling and dysregulation of the circa-
dian clock inducing changes in key signalling pathways). Noise via the neuronal pathways triggers vascular oxidative stress and inflammation with sub-
sequent endothelial dysfunction, and increases in blood pressure, all of which contribute to the development and progression of cardiometabolic
disease. (from Kröller-Schön S, Daiber A, Steven S, Oelze M, Frenis K, Kalinovic S, Heimann A, Schmidt FP, Pinto A, Kvandova M, Vujacic-Mirski K,
Filippou K, Dudek M, Bosmann M, Klei M, Bopp T, Hahad O, Wild PS, Frauenknecht K, Methner A, Schmidt ER, Rapp S, Mollnau H, Münzel T. Crucial
role for Nox2 and sleep deprivation in aircraft noise-induced vascular and cerebral oxidative stress, inflammation, and gene regulation. See pages
3528–3539).
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..exposed to aircraft noise at a maximum sound level of 85 dB and an
average sound pressure level of 72 dB around the clock or during
sleep/awake phases for 1, 2, and 4 days. Adverse effects of around
the clock noise on the vasculature and brain were mostly prevented
by Nox2 deficiency. Around the clock aircraft noise caused the most
pronounced vascular effects and dysregulation of Foxo3/circadian
clock as revealed by next-generation sequencing, suggesting impaired
sleep quality in exposed mice. Accordingly, sleep but not awake
phase noise caused increased blood pressure and endothelial dys-
function, and increased markers of vascular and systemic oxidative
stress and inflammation (Figure 2). Noise also caused cerebral oxida-
tive stress and inflammation, endothelial and neuronal nitric oxide
synthase uncoupling, down-regulation of neuronal nitric oxide syn-
thase mRNA and protein, and Nox2 activation. Next-generation
sequencing revealed similarities in adverse gene regulation between
around the clock and sleep phase noise. In a translational attempt,
the authors also show that in patients with established coronary ar-
tery disease, night-time aircraft noise increased oxidative stress and
inflammation biomarkers. Thus, aircraft noise increases vascular and
cerebral oxidative stress via Nox2. Sleep deprivation and/or fragmen-
tation caused by noise triggers vascular dysfunction. Thus, preventive
measures that reduce night-time aircraft noise are warranted, an as-
pect that is further discussed in an Editorial by David G. Harrison
from the Vanderbilt University Medical Center in Nashville,
Tennessee in the USA.24

The role of environmental factors is further outlined in a review
entitled ‘Effects of gaseous and solid constituents of air pollu-

tion on endothelial function’, again by Thomas Münzel and col-
leagues from the Johannes Gutenberg Universität in Mainz,
Germany.25 The largest proportion of deaths and morbidity due to
air pollution is now known to be due to cardiovascular disorders.
Several particulate and gaseous air pollutants can trigger acute cardiac
events. While the mechanisms are undergoing continual refinement,
the preponderant evidence supports rapid effects of a diversity of
pollutants including all particulate pollutants, e.g. coarse, fine, and
ultrafine particles, and gaseous pollutants such as ozone, on vascular
function. Alterations in endothelial function seem to be critically im-
portant in transducing signals and eventually promoting hypertension,
diabetes, and atherosclerosis. There is evidence from proof-of-
concept trials evaluating the impact of personal-level strategies to re-
duce exposure to fine particulate matter and its impact on vascular
function. However, randomized evidence using hard endpoints
should be the next step.

This issue is further complemented by two Discussion Forum con-
tributions relating to the manuscript published some time ago enti-
tled ‘Circulating non-coding RNAs in biomarker-guided

cardiovascular therapy: a novel tool for personalized medi-

cine?’ by Thomas Thum from the Hannover Medical School in
Germany.26 In their discussion piece ‘Circulating non-coding

RNAs as functional markers to monitor and control physic-

al exercise for the prevention of cardiovascular disease’,
Boris Schmitz and colleagues from the Institute for Sports Medicine
in Muenster, Germany comment on the article,27 and Thum et al. re-
spond to it in a separate contribution.28

The editors hope that this issue of the European Heart Journal will
be of interest to its readers.
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