Journal of the American Heart Association

EDITORIAL

Getting to the Heart and Soul of Chronic

Kidney Disease
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David J. Kennedy, PhD

challenges in our efforts to identify preventative,

diagnostic, and therapeutic strategies aimed at
reducing the burden of cardiovascular disease. Not
only do patients with CKD disproportionately suffer
from cardiovascular disease, but traditional risk fac-
tors alone are not sufficient to explain their increased
cardiovascular risk.! Changing this paradigm pres-
ents several challenges for translational and precision
medicine. Chief among these challenges is the fact
that the repertoire of circulating factors available to be
measured in cardiovascular risk studies is influenced
directly and indirectly by both glomerular and tubular
function.? The complexity of this challenge cannot be
underestimated, because CKD is not a single disease,
but rather a constellation of renal diseases capable of
arising from multiple causes with varying degrees of
tubular and glomerular involvement. Thus, the impact
of kidney function on biomarkers of cardiovascular
risk must be assessed and validated. Ideally, unique
cardiovascular risk biomarkers will be defined across
the spectrum of CKD and inform preventative, diag-
nostic, and therapeutic strategies designed to signifi-
cantly improve cardiovascular outcomes in individuals
burdened with this disease.

Chronic kidney disease (CKD) presents unique

See Article by Yang et al.

In this issue of the Journal of the American Heart
Association (JAHA), Yang and colleagues® sought to

address these challenges through a novel approach.
These investigators performed high-throughput pro-
teomic analyses using modified aptamers to identify
the importance of kidney function on the circulating
proteome of patients with stable coronary artery dis-
ease from the Heart and Soul Study, an observational
cohort study.® Aptamers are short single-stranded
oligonucleotides, capable of folding into secondary
structures to achieve various complex molecular forms
that bind with high affinity and specificity to proteins,
peptides, and even small molecules, such as uremic
toxins (Figure). High-throughput proteomics routinely
uses mass spectrometry and antibody-based tech-
nologies. Despite advancements of mass spectrome-
try in clinical proteomics, its power can decrease with
the increasing complexity of the biological samples.
Moreover, compared with antibodies, aptamer genera-
tion is significantly easier, is cheaper, has less batch-to-
batch variation, and offers a wide target range.* These
features make aptamers a promising tool for diagnos-
tic applications as well as for purification of target mol-
ecules from biological samples. In the current study,
Yang and colleagues® used a modified aptamer-based
proteomics platform that uses “slow off-rate modified
DNA aptamers” in conjunction with high-affinity protein
capture reagents to quantify 1054 plasma proteins in
these patients. Their approach has been used in sev-
eral studies, including validation of a 9-protein—-based
risk score to improve prediction of cardiovascular out-
comes in patients with stable coronary heart disease.®

The current study reveals a significant correlation
between estimated glomerular filtration rate (eGFR)
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Figure. Schematic of aptamer-based detection of
cardiovascular risk markers in chronic kidney disease.
Aptamers are short single-stranded oligonucleotides, capable
of folding into secondary structures to achieve various complex
molecular forms (A). They are screened and selected from large
random libraries for their ability to bind with high affinity and
specificity to proteins (B), peptides, and even small molecules,
such as uremic toxins (C). Their affinity, specificity, stability,
and binding kinetics for these targets can be enhanced through
modifications, including the addition of functional groups, such
as proteins or protein-like moieties, at the 5 or 3’ ends (D). Thus,
modified aptamer technology may significantly enhance our
ability to probe cardiovascular risk markers beyond standard
proteomics in diseases such as chronic kidney disease.

and alterations in 709 of the 1054 circulating proteins
measured, where reduced eGFR associated with in-
creased circulating protein levels. As renal function
declines, the kidney’s glomerular barrier changes,
and its ability to filter water-soluble molecules <50 kDa
also decreases, resulting in the accumulation of blood
proteins. Furthermore, impaired renal function can re-
sult in altered protein synthesis as well as the loss of
renal parenchyma cells, consequently causing signifi-
cant alterations in the circulating proteome.® The situ-
ation is compounded by common comorbidities, such
as hypertension, which can amplify multiorgan injury.
These findings are supported by proteomic analysis
of the discovery cohort from the PIVUS (Prospective
Investigation of the Vasculature in Uppsala Seniors)
study, which identified >2 dozen unique plasma pro-
teins that were significantly associated with eGFR de-
cline.” Interestingly, proteomic analysis of the replication
cohort from the ULSAM (Uppsala Longitudinal Study of
Adult Men) validated that 20 of these proteins were also
found to be significantly associated with eGFR decline.”

The current study further demonstrates that these
eGFR associated changes in the circulating proteome
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alter proteins with critical functions implicated in
cardiovascular and renal diseases, such as angio-
genesis, blood pressure, and fibrosis, thus provid-
ing potential mechanistic links to the cardiovascular
events reported in patients with CKD. In fact, many of
the measured proteins were cytokines, chemokines,
adipokines, growth factors, and hormones that me-
diate crucial biological functions and play essential
roles in mediating prevalent cardiovascular events
in CKD. Consistent with these findings, other recent
reports have demonstrated that glomerular filtration
rate—mediated changes in the proteome are linked
to known processes involved in CKD complications,
such as inflammation, complement activation, heart
failure, and vascular damage.® More important, the
impact of reduced eGFR on the circulating proteome
was supported by the authors’ comparison of their
results from the Heart and Soul Study cohort with
those of the Lund CKD cohort in Sweden.® Of the top
100 proteins, 98 were common between the 2 co-
horts, demonstrating wide agreement and important
validation for these findings.

The present study further determined the extent to
which a previously validated set of 196 cardiovascular
biomarkers related to kidney function by adjusting the
hazard ratios of these biomarkers for eGFR. The num-
ber of prognostic biomarkers decreased from 196 to
87 proteins after correcting for eGFR. This highly sug-
gests the importance of kidney function in cardiovas-
cular risk information contained in circulating proteins
as well as recognizes a new set of biomarkers that may
better predict cardiovascular risk independently of kid-
ney function.

To identify biomarkers that are prognostic of cardio-
vascular risk in patients with CKD compared with non-
CKD patients, Yang and coworkers® divided the Heart
and Soul Study cohort according to eGFR. They deter-
mined that of the 1054 proteins quantified, 84 predicted
cardiovascular risk in patients with normal renal func-
tion and 21 predicted cardiovascular risk especially in
patients with CKD. These 21 proteins are known to be
involved in various pathological functions, including in-
flammation, tissue repair, malignancy, and cell signaling
with extracellular matrix communication. Interestingly,
8 of the 21 cardiovascular risk proteins predicted were
exclusive to the CKD group and were absent in the pa-
tients with normal renal function. One of the predicted
proteins, tumor necrosis factor receptor superfamily
member 1A, is a well-known predictor of cardiovascu-
lar outcomes in patients with CKD.'® Consistent with
the previous studies, the 2 other predicted proteins,
including PEBP-1 (phosphatidylethanolamine-binding
protein 1) and platelet-activating factor acetylhydro-
lase IB subunit {3, are involved in heart failure and ath-
erosclerosis, respectively.'"? Future studies of these
predicted cardiovascular biomarkers are required to



Khalaf et al

better understand their potential role in mediating the
cardiovascular disease associated with CKD.

One of the challenges with biomarker studies based
purely on proteomics is that not every marker of risk
is reflected in the proteome. Thus, creating aptamers
that can capture and detect metabolites and small mol-
ecules in addition to circulating proteins would provide
a significantly more complete picture. This is particularly
true in CKD, where gut metabolites, such as trimethyl-
amine N-oxide,"”® small molecules, such as cardiotonic
steroids,'* and protein-bound uremic toxins, such as
indoxyl sulfate and p-cresyl sulfate,’ have all been
linked to cardiovascular risk in the setting of CKD. Thus,
extending the modified aptamer approach to capture
these important classes of molecules may provide more
robust measures of cardiovascular risk as well as pres-
ent opportunities for therapeutic advances to reduce
cardiovascular morbidity and mortality in CKD.

Another limitation of strictly focusing on the circulating
proteome is that the functional status of the protein may
be at least equally important to its circulating level. In this
regard, data from the Cleveland Clinic GeneBank study
have demonstrated that activity levels of serum paraox-
onase-1 predict cardiovascular risk in both patients with
stable coronary artery disease (after adjustment for renal
function)'® as well as those with CKD."” Furthermore,
data from the SKS (Salford Kidney Study) demonstrated
that the lactonase activity of paraoxonase-1, but not
its circulating protein levels, predicted cardiovascular
risk in patients with CKD."® In the current study, Yang
et al® identified platelet-activating factor acetylhydrolase
IB subunit B as a unique cardiovascular risk marker in
CKD. As the enzymatic activity of platelet-activating
factor acetylhydrolase IB subunit 3 can be measured,
it will be important to assess this in follow-up studies to
provide functional insight into this potentially prognostic
enzyme. Of course, the challenge with activity assays
is that they are inherently more complex than strict pro-
teomics and perhaps less amenable to high-throughput
approaches. Some groups are solving this challenge by
coupling methods that are well adapted to high-through-
put screens, such as liquid chromatography—mass
spectrometry, with activity-based methods, such as
those used to interrogate the renin-angiotensin-aldoste-
rone system, to form powerful assays that may provide
a more complete phenotype of the functional status of
the circulating proteome.’®

As with all biomarker studies of cardiovascular
risk, the challenge will be validating the identified risk
markers through additional clinical-translational and
mechanistic studies. Nevertheless, expansion of ap-
tamer-based proteomics may be a welcome advance-
ment to help accelerate the discovery and application
of preventative, diagnostic, and therapeutic strategies
aimed at combatting the significant cardiovascular
health disparities that patients with CKD face.
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