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Artificially intelligent proteomics improves cardiovascular L))

risk assessment
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Cardiovascular disease (CVD) diagnosis, risk stratification, and
treatment have improved significantly since the landmark Framingham
Heart Study first defined key risk factors 50 years ago [1]. However,
widespread use of indices such as the Framingham Risk Score (FRS) to
guide patient management has not altered CVD status as the leading
cause of mortality worldwide (still contributing to 1 in every 3 deaths
in developed countries). This high burden of CVD persists due to the
substantial amount of residual disease despite the use of anti-lipid,
anti-hypertensive and anti-diabetic drugs for primary and secondary
preventions. In addition, many patients who eventually suffer heart at-
tack or stroke lack obvious premonitory symptoms and exhibit normal
clinical risk factors [2,3]. Consequently, there is an urgent clinical need
to better identify vulnerable patients who will go on to suffer major ad-
verse cardiovascular events (MACE). Current blood plasma biomarkers
of CVD risk such as C-reactive protein (CRP) and myeloperoxidase
have so far failed to improve upon the discriminant value of FRS [3],
and the latest large-scale study by the US Preventive Services Task
Force found insufficient evidence that MACE can be better predicted
by a range of novel physiological measures (including ankle-brachial
index, CRP and coronary artery calcium score) [4]. Better strategies
and more effective biomarkers of clinical course will therefore be re-
quired in order to develop better prognostic tests and interventions
for vulnerable patients at risk of MACE.

CVD is a complex disorder that results from the interplay of multiple
environmental and genetic factors, hence the molecular basis of this
disease is still not fully understood. In recent decades, discovery-led
proteomics and hypothesis-based studies have identified a variety of
biomarkers that correlate with various pathological features of CVD,
and may therefore prove useful for assessing risk in specific subtypes
of disease. However, single biomarkers of individual clinical characteris-
tics are unlikely to significantly improve on FRS-based risk assessment
across the wider CVD population. More likely is that a ‘biosignature’
comprising several biomarkers of multiple pathological features will
allow improved risk stratification across a diverse CVD cohort, although
previous work in the area has yet to yield consensus on the clinical value
of this approach. This could in-part be due to previous studies being
guided by specific hypotheses that focused on a limited repertoire of
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potential biomarkers, and were therefore unable to assess the full
complexity of CVD pathogenesis. In contrast, discarding a priori hypoth-
eses in favor of big data discovery-driven approaches with machine
learning/artificial intelligence techniques could potentially identify
more effective biosignatures capable of major advances in clinical risk
assessment [5].

In this issue of EBioMedicine, Bom et al. report two plasma protein
signatures for risk stratification in a cohort of 203 patients with
suspected coronary artery disease [6]. The authors used targeted prote-
omics to quantify 332 known CVD and inflammation-associated pro-
teins in patient plasma samples and used a machine learning method
to identify a subset of 35 proteins that predicted high-risk atheroscle-
rotic plaque (defined by coronary artery calcium score and computed
tomography angiography), as well as a separate biosignature of 34
plasma proteins that predicted lack of atherosclerotic pathology.
While these findings are currently restricted to a single small cohort
and remain unvalidated, prospective studies will now be able to assess
how these biosignatures correlate with MACE risk in larger patient
groups and determine prognostic power in diverse populations. This
study demonstrates that proteomics coupled with machine learning is
now an essential method for uncovering signatory profiles of distinct
clinical outcomes in complex disorders such as CVD. This approach
will allow biomarker research to progress beyond correlating soluble
protein levels with disease state to also consider the roles of extracellu-
lar vesicles (EVs), protein posttranslational modifications (PTMs) and
degenerative protein modifications (DPMs) in tandem. Indeed, several
recent studies have shown that immune cells, platelets and endothelial
cells secrete EVs that contain diverse proteins, nucleic acids, and metab-
olites which can critically influence the clinical course of CVD [7]. Using
artificial intelligence approaches to probe this complexity will likely
uncover important new features of CVD pathophysiology that could
not be predicted by conventional techniques alone. For example,
DPMs produced by spontaneous chemical reactions can cause age-
dependent damage to critical host proteins that lead to progressive
loss of essential functions [8,9], but advanced proteomics studies
recently revealed that ‘protein aging’ can also confer paradoxical ‘gain-
of-function’ changes by generating isoDGR motifs in the vascular bed
matrix [10]. These de novo integrin-binding structures promote leuko-
cyte recruitment and stimulate expression of pro-inflammatory cyto-
kines in the blood vessel wall, and may therefore represent important
new biomarkers of CVD risk that could not be predicted based on earlier
research. Future studies will therefore be able to use advanced
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proteomics methods to combine protein expression levels and PTM data
with DPM profiles and analyses of EV cargo, thereby defining more
effective biosignatures of clinical course in multifactorial disorders
such as CVD.
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