Understanding disease mechanisms at
the nanoscale: endothelial apoptosis
and microparticles in COPD

Tom Wilkinson'-?

The clinical burden of COPD remains a
global health challenge that is not being
met by current preventive and therapeutic
strategies.! For decades, the key features
of this heterogeneous condition have been
studied and the associations between air-
ways disease, emphysema, systemic illness
and tobacco smoking have been explored.
Despite significant advances in our un-
derstanding of the actiology of important
clinical aspects of disease including the
heterogeneity of airway inflammation” and
the pathogenesis of exacerbations,’ there
remain significant gaps in our under-
standing of the mechanisms underlying
key facets of the condition including the
origins of emphysema.

A number of potential mechanisms of
disease have been proposed to explain the
progressive loss of lung parenchyma in
response to tobacco and biomass smoke
exposure.* Focus on protease imbalance
and neutrophilic inflammation® on one
hand and T-cell-mediated pathology on
another® have offered some insights into
contributory mechanisms but to date have
failed to offer a route to disease modify-
ing therapy or even convincing biomar-
kers of disease progression.

Furthermore, it is increasingly apparent
that COPD is both a pulmonary and sys-
temic condition, with a significant contri-
bution to the associated morbidity and
mortality driven by an increased incidence
and severity of cardiovascular disease.”
It has been recognised that endothelial
pathology is a key component of COPD,
both in the manifestation of a systemic
disease process and in the development
of discrete lung pathology particularly
emphysema.®

The pulmonary vasculature and its role
in COPD have been somewhat of a ‘black
box’—implicated as a key factor in disease
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but difficult to study in vivo and with no
accessible biomarker of relevant pathology
available. The endothelium is a vast mono-
layer of endothelial cells which forms the
internal lining of all blood vessels includ-
ing those in the lung. It has an established
role in the control of blood flow and is
increasingly recognised as a major con-
tributor in the control of inflammation,
immune responses and disease in all
organs.” Cigarette smoking has been iden-
tified as a major driver to endothelial dys-
function and has been implicated as a
causal factor in endothelial apoptosis. Key
to developing our understanding of endo-
thelial pathology in the lung has been the
previous work by Gordon et al® that
microparticles were identified as elevated
in smokers and were associated with a
reduction in pulmonary diffusion capacity.

Microparticles are cell membrane
derived vesicles that are produced by
many different cell types in response to
changes in activation status, stress or
injury. Microparticles constitute the larger
end of of spectrum of subcellular particles
termed extracellular vesicles (EVs) which
range from exosomes at 30-90 nm to
microparticles at 100-1000 nm.'? Interest
in this field is great because their presence
at elevated levels in the blood has been
associated with a range of conditions
which are known to impact on the endo-
thelium  including  ischaemic  heart
disease,!! stroke'? and even obstructive
sleep apnoea,’® and also unlike protein
biomarkers, microparticles and other sub-
cellular vesicles can be characterised by
markers which offer insights into their
cellular origins and even the biological
processes key to their production. In add-
ition, the biology of EV opens the door to
understanding how cell-to-cell communi-
cation can act at distance and how disease
processes active in one organ may influ-
ence distant organ or systemic health.

In a study reported in Thorax, the
authors present an important finding that
markers of pulmonary endothelial apop-
tosis namely microparticles are elevated in
COPD and persist despite smoking cessa-
tion.'* A cohort of well-phenotyped sub-
jects with COPD was compared with
non-smokers and smoking controls. The
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key finding was that levels of endothelial
microparticles were significantly elevated
in smoking controls and patients with
COPD and that interestingly levels
remained elevated in subjects with COPD
despite smoking cessation but returned to
normal in subjects without COPD who
quit smoking. Of note these levels did not
relate to measures of lung function or
inhaled therapies suggesting a parallel
component of disease to those currently
assessed and treated.

These data are enticing on many levels.
First, it is refreshing to see a clinical study
using a ‘natural experimental design’
benefitting from the follow-up of subjects
who were able to stop smoking. Animal
models of smoking have been established
but their relevance to the pathogenesis of
COPD remains questionable and so these
in vivo human data are particularly com-
pelling. Second, the suggestion that a
measurable marker of pulmonary vascular
pathology is available which is accessible
via peripheral blood sampling is exciting.
To understand the biology of micro-
particles, their relevance to the lung endo-
thelium and mechanisms behind their
production, a detailed phenotyping proto-
col was used. Peripheral blood micro-
particles <1.5 pm were characterised by
flow cytometry. The validated endothelial
markers platelet endothelial cell adhesion
molecule (PECAM) (CD31) and E-selectin
(CD62E) were used to confirm the cellu-
lar origin of the particles and the likely
mechanism—apoptosis versus cellular acti-
vation—of their production. To ascertain
the organ of origin of the particles
sampled from the peripheral blood, stain-
ing for ACE which is strongly and con-
stitutively expressed by the pulmonary
endothelium, was employed. This offered
unique insights into the biology of this
poorly understood compartment.

However, many questions remain and the
relevance of this signal to conventional
measures of disease activity or progression
is yet to be explored. Such a well-defined
marker may provide a unique opportunity
to study the natural history of pulmonary
endothelial disease for the first time, appears
responsive to relevant exposures in vivo
and may help characterise a new pheno-
type of patients with COPD with active
vascular-mediated disease. Measurement of
specific microparticles or even estimation
of PECAM levels in the peripheral blood
therefor requires exploration in larger lon-
gitudinal studies.

The hunt for relevant biomarkers of
disease progression in COPD has been a
long one and to date has focused on trad-
itional models of airway inflammation
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and quantification of cellular or protein
targets.”> Due to the heterogeneity of the
condition and the difficulty in obtaining
adequate samples which reflect the rele-
vant pathology of the lung, the task is
still a work in progress. The emerging
field of subcellular particles is a fast
moving one, recognising that careful phe-
notyping of these nanoscale targets can
offer insights into hard to reach cell’s
function should encourage more work to
develop and hopefully more disease
understanding will follow. The potential
utility of such a marker will of course
increase as our understanding of the
mechanisms driving emphysema progres-
sion develops and new targets are thera-
peutically identified.

To impact on the enormous clinical bur-
den driven by COPD, an improved under-
standing of all the contributory aspects of
this heterogeneous disease will be key.
Alongside new mechanistic insights, rele-
vant biomarkers are still needed to further
develop a strategy to stratify patients to
better predict risk and response to specific
therapies. This important study of micro-
particles takes the field a small but signifi-
cant step forward on this journey and
raises the profile of an important disease
endotype of COPD driven by microvascu-
lar pathology.
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