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This editorial refers to ‘Clonal haematopoiesis in patients
with degenerative aortic valve stenosis undergoing trans-
catheter aortic valve implantation’T, by S. Mas-Peiro et al.,
on page 933.

Clonal haematopoiesis of indeterminant potential (CHIP) arises
when haematopoietic stem cells (HSCs) of otherwise healthy individ-
uals acquire somatic mutations in driver genes commonly mutated in
haematological malignancies.™* Cells that bear these mutations ex-
pand and can form clones detectable in peripheral blood. CHIP,
defined as having >2% of mutated leucocytes in peripheral blood,
increases with age, and affects >10% of unselected septuagenarians.
Individuals with CHIP have increased all-cause mortality, surprisingly
largely due to an increase in cardiovascular death rather than leukae-
mia or other myeloproliferative disorders.® People with CHIP have
double the risk of cardiovascular disease (CVD), ischaemic stroke,
and heart failure outcomes, independent of traditional risk factors.>*

Valvular heart disease increases with age, in North America and
Europe predominantly due to calcified aortic valve disease (CAVD).
CAVD describes a clinically vast spectrum of disease, ranging from
early leaflet thickening and fibrosis to severe leaflet calcification and
narrowing, haemodynamic compromise, and decline of ventricular
function. Once attributed to age-related degeneration, we now
understand that traditional cardiovascular risk factors are also associ-
ated with CAVD, such as atherosclerosis, elevated LDL, smoking,
hypertension, and metabolic derangements including diabetes and
chronic kideney disease® (Take home figure). Those with CAVD have
a 50% increased risk of cardiovascular death, and an increased risk of
atherosclerosis, myocardial infarction, and heart failure.

These observations suggest the operation of similar mechanisms in
the pathogenesis of atherosclerosis and CAVD, including perturb-
ation of inflammatory cells such as macrophages and T-cells that me-
diate leaflet thickening and calcification (Take home figure). Indeed,
mice with mutations that increase susceptibility for atherosclerosis
(Ldlr 77) and engineered to have CHIP mutations in myeloid cells,

compared with mice without CHIP mutations, have increased ath-
erosclerotic lesions when they consume an atherogenic diet>®
These mice also have increased inflammatory cytokines, such as
interleukin (IL)-1B and IL-6, but have similar haemograms. Could
CHIP also contribute to CAVD?

In this issue of the European Heart Journal, Mas-Peiro et al. expand
our understanding of the roles of CHIP and inflammation in heart dis-
ease, focusing on calcified valvular disease and severe aortic stenosis.”
They show in a prospective study of 279 patients with aortic stenosis
treated with transcatheter aortic valve implantation (TAVI) an en-
richment of mutations in the two most common CHIP driver genes,
DNMT3a and TET2, compared with age-matched populations with-
out CHIP, and show that the presence of these mutations is associ-
ated with worse outcomes including increased mortality during a
median 8-month follow-up. Of the 279 patients in the cohort, 93
(33%) had DNMT3a or TET2 CHIP mutations. The patients with
DNMT3a or TET2 mutations had a three-fold increase in death com-
pared with non-CHIP patients. There was a trend indicating that
patients with a variant allele frequency (VAF) of >0.1 had reduced 8-
month mortality when compared with CHIP patients with a VAF of
<0.1, suggesting a relationship between clone size and mortality, al-
though this study was insufficiently powered to demonstrate statistic-
al significance in this subgroup.

This study was limited to sequencing mutations in the two
most common CHIP genes, DMNT3a and TET2, so the full profile
of CHIP driver genes and their clinical association with CAVD are
not known. While CHIP mutations are associated with increased
cardiovascular death, and in the Mas-Peiro study with CAVD,
these mutations act through divergent mechanisms that converge
on augmentating various aspects of inflammation. For instance, the
JAK2 V617F mutation is associated with increased thrombosis in
CAD via enhanced formation of neutrophil extracellular traps®
Larger and more comprehensive cohort studies would provide
additional mechanistic insights and may also reveal subtle and dis-
tinct clinical subgroups.
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Take home figure Common risk factors contribute to aortic stenosis and atherosclerosis. We have long appreciated the association of trad-
itional risk factors for atherosclerosis with sclerocalcific aortic valve disease. We now appreciate that non-traditional, emerging risk factors also link
these two seemingly disparate diseases. In particular, current evidence implicates both innate and adaptive immunity in both processes. Clonal haem-
atopoiesis, recently identified as a risk factor for atherosclerosis, is also associated with aortic stenosis, and those undergoing transcutaneous aortic
valve implantation have worse outcomes when they have clonal haematopoiesis.

Mas-Peiro et al. analysed leucocyte subsets, showing that patients
with CHIP mutations had increases in proinflammatory cell popula-
tions. Patients with DNMT3a mutations had an increase in the Th17
to regulatory T-cell ratio, while those with TET2 mutations had an in-
crease in non-classical monocytes (CD14%™CD16™). This difference
of affected inflammatory cell populations is an intriguing finding.
There is growing literature showing that the innate and adaptive
immune cells that reside in the normal aortic valve can drive inflam-
matory responses preceding and probably propagating active valvular
calcification.”'® Recent work in mice showed that Th17 T-cells
and the overproduction of IL-17 can lead to chronic infllmmation,
specifically increased collagen production and atherosclerotic plaque
stabilization."""* Fundamentally, DNMT3a and TET2 encode proteins
with distinct effects on DNA methylation, and their distinct effects
on inflammatory cell populations indicate that the mutations may
cause different clinical and biological consequences. While significant
focus remains on the role of CHIP in myeloid lineages and distinct
roles of macrophages in proinflammatory mechanisms of athero-
sclerosis, a full spectrum of T-cells from effector to regulatory T-cells
may contribute to the inflammatory response, valve fibrosis, and
accelerated calcification.>'®"® Adding to this, recent work by Yue
et al. also implicates a role for TET2 in regulatory T-cell function,™
again emphasizing that there is still much work to be done in this
field.

This study affords striking insight and major contributions into the
mechanisms both of how somatic mutations in HSCs that drive CHIP
affect cardiovascular outcomes and of inflammation in atheroscler-
osis. It also suggests novel predictive biomarkers to aid decision-mak-
ing in the management of the growing population of candidates for
TAVR. A recent clinical trial has shown improved patient outcomes
with known CAD and increased inflammatory markers treated with
targeted IL-1beta antibody inhibition, findings concordant with mech-
anistic studies in mice with experimental atherosclerosis or heart fail-
ure.”® These findings suggest that targeted inhibition of
proinflammatory pathways such as IL-1f or its activator, the inflam-
masome, could improve outcomes in TAVR patients with CHIP, a
conjecture that merits further investigation.

The intimate relationship between inflammation, immune regula-
tion, and CVD represents the crux of our current understanding of
the pathogenesis of atherosclerotic disease. With advances in our
understanding of the role of CHIP and coordinated patient clinical tri-
als and experimental studies, we have the potential to better under-
stand this mechanistic link and inform advances in clinical care.
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An 85-year-old man with previous left anterior descending (LAD) and left circumflex (LCX) stenting and low left ventricular ejection frac-
tion (35%) developed acute pulmonary oedema because of severe aortic valve stenosis (0.7 cmz). Computed tomography showed bilateral
calcific atheromas of both external iliac arteries with circumferential thick calcium plates restricting the lumen diameter to 4.1 mm. The
case was refused for surgery and initially discarded for transcatheter aortic valve implantation (TAVI) because of poor vascular access. After
a new episode of pulmonary oedema refractory to medical treatment and requiring ultrafiltration, a transfemoral TAVI was attempted. The
calcified stenosis of the right external iliac artery was dilated with a 7.0 mm lithoplasty balloon (Shockwave Medical, Fremont, CA, USA).
After six lithotripsy erogations, there was good balloon expansion at low pressure (4—6 atm). Gentle twist and push over a Confida wire
drove the 18-Fr delivery system of a 29 mm Evolut-R Medtronic valve through the narrowest segment of the iliac artery. After valve

deployment half a diamond below the aortic annulus, there was trivial aortic regurgitation with no ruptures or dissections at the access site.
(Panel A) Computed tomography longitudinal image of the severely calcified right external iliac. (Panel B) Multiple cross-sections with near
circumferential calcification and thick protruding nodules. (Panel C) 3D image of the iliac bifurcation showing severe tortuosity and calcifica-
tion of both iliac arteries. (Panel D) Shockwaves delivered via a 7 mm lithoplasty balloon inflated at 4 atm. (Panel E) 18-Fr delivery system of
the Evolut-R Corevalve across the calcified segment. (Panel F) Final aortogram with no dissection or extravasation.
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