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nm) that transport functional miRNAs, proteins, mRNAs,
and lipids, playing a key role in paracrine intercellular
communication. We identiﬁed a novel ability of ECFC-exosomes to promote angiogenesis and cardiac tissue repair.
Administration of ECFCs to mice following experimental
end-organ ischemia resulted in ECFC-exosome-dependent
increase in angiogenesis. ECFC-derived exosomes were taken
up by endothelial cells leading to their increased proliferation
and migration, tube formation, and formation of new vessels.
Administration of ECFC-exosome to a murine model of
myocardial infarction prevented cardiac remodeling and heart
failure. Next generation sequencing and bioinformatics analyses identiﬁed 136 miRNAs present in ECFC-exosome cargo,
and factor inhibiting HIF-1a and PTEN as their potential
targets in endothelial cells.
CONCLUSION: Our ﬁndings support the view that the ECFCexosomes represent a novel therapeutic approach to improve
cardiac repair and prevent the onset of heart failure after MI.
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EXTRACELLULAR VESICLES FROM HUMAN
HEART EXPLANT-DERIVED CELLS ATTENUATE
ACTIVATION OF THE NLRP3 INFLAMMASOME IN
MACROPHAGES
R Vaka, S Parent, D Davis

Secreted caspase-1 in the culture supernatants was measured
by using a bioluminescent assay (Promega). The miRNA and
protein cargo within EVs was proﬁled using miRNA detection
(Nanostring) and liquid chromatography-mass spectrometry,
respectively. miRNA and protein data were analyzed using
appropriate bioinformatics tools (Tam 2.0, miRWalk, and
Uniprot). EV size (1602 nm) and markers (ICAM, ALIX,
CD81, CD63, EPCAM, ANXAS, TSG101, FLOT-1)
conﬁrmed EV identity. Macrophages pretreated with EVs
(4E+10 EVs/mL) showed a signiﬁcant attenuation in NLRP3
inﬂammasome induced caspase-1 vs. LPS+nigericin-only
treated cells (50% lower, n¼4-6, p¼0.02). EV cargo proﬁling
revealed that EVs were enriched with 22 distinct anti-inﬂammatory miRNAs (Tam 2.0). Speciﬁcally, 3 miRNAs
(miR-21, miR-100, miR-181a, n¼3) and 5 proteins (Peroxiredoxin-1, Thioredoxin-1, Caveolin-1, Sequestosome-1,
n¼3) abundantly found within EVs were predicted to inhibit
the NLRP3 inﬂammasome (miRWalk & Uniprot).
CONCLUSION: EDC EVs suppress activation of the NLRP3
inﬂammasome in macrophages via transfer of anti-inﬂammatory miRNAs and proteins.
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HIGH-INTENSITY STATINS COMBINED WITH
EICOSAPENTAENOIC ACID (EPA) IMPROVES
ENDOTHELIAL FUNCTION DURING EXPOSURE
TO OXIDIZED LDL
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BACKGROUND:

Beverly, Massachusetts

Intramyocardial injection of heart explantderived cells (EDCs) improves cardiac function in preclinical
models of ischemic cardiomyopathy. This therapeutic beneﬁt
is partially attributable to the anti-inﬂammatory cargo (micro
RNAs and proteins) enriched within the extracellular vesicles
(EVs) released by EDCs. Recent work has shown that
activation of the NLRP3 (NOD-, LRR- and pyrin domaincontaining protein 3) inﬂammasome in both immune and
non-immune cells plays a critical role in promoting cardiac
inﬂammation and adverse remodeling. Although EDC EVs
are known to modulate inﬂammatory mediators, their effects
on the NLRP3 inﬂammasome are not known. Therefore, we
explored the ability of EDC EVs to attenuate NLRP3
inﬂammasome activation in macrophages, the major pro-inﬂammatory cell type recruited to myocardium after an
ischemic insult.
METHODS AND RESULTS: EVs were isolated from EDC
conditioned media (ultracentrifugation) and characterized
(Nanosight & antibody array). Monocytes (THP-1) were
differentiated into macrophages (PMA; 3 days) and treated
with EVs (20 hours) before priming (LPS; 4 hours) and
activating (nigericin; 1 hour) the NLRP3 inﬂammasome.

BACKGROUND:

During atherosclerosis, endothelial cell (EC)
dysfunction results in reduced nitric oxide (NO) bioavailability and increased cytotoxic peroxynitrite (ONOO). This
loss of NO bioavailability results in abnormal vasodilation and
inﬂammatory changes. Eicosapentaenoic acid (EPA) administered as icosapent ethyl (IPE) reduced cardiovascular (CV)
events in high-risk patients treated with statins (REDUCEIT). We tested the effects of high-intensity statins and EPA in
ECs exposed to oxidized LDL (oxLDL).
METHODS AND RESULTS: Human umbilical vein ECs
(HUVECs) were pretreated with 20 mg/dL oxLDL for 20
min, then treated with atorvastatin (active metabolite, ATM)
and rosuvastatin (rosuva) at 1.0 mM  EPA (10mM) for 1 hr.
Cells were stimulated with calcium and assayed for the NO/
ONOO release ratio using nanosensors. ECs exposed to
oxLDL showed a 60% reduction in NO release compared
with vehicle (38629 to 15618 nM, p< 0.001) concomitant with a pronounced increase in ONOO release
(20531 to 28316 nM, p< 0.001), resulting in a >70%
decrease in the NO/ONOO release ratio (p < 0.001). ECs
treated with ATM had an improved NO/ONOO release
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ratio (53%) that increased in combination with EPA by 216%
(p < 0.01). Similar results were observed for EPA in combination with rosuvastatin. When either statin was combined
with EPA, there was also decreased ONOO release
compared to statin alone (p < 0.01).
CONCLUSION: In combination with high intensity statins, EPA
enhanced NO bioavailability in dysfunctional human ECs.
The ability of EPA to reverse vascular EC dysfunction may
lead to reduced ischemic events in statin-treated patients, as
evidenced in outcome trials.
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response to PAV tissue only at select time points. Therefore,
other antigenic epitopes on xenogeneic tissue in addition to
alpha-gal likely contribute to the immune-mediated SVD
affecting bioprosthetic heart valves.
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IMMUNE ANALYSIS OF TISSUE ENGINEERED
PORCINE AORTIC VALVE LEAFLETS AFTER
ALPHA-GALACTOSE CLEAVAGE
S Bozso, R EL-Andari, J Kang, J Nagendran
Edmonton, Alberta
BACKGROUND:

Bioprosthetic heart valves are prone to structural valve deterioration (SVD) due to an inﬂammatory immune response resulting in calciﬁcation, stenosis, and
ultimately valve failure. The antigenicity of xenografts is
thought to underlie the immune response, with galactose-a1,3-galactose (alpha-gal) the principal antigen of investigation.
The objective of this study is to further characterize the role of
alpha-gal in SVD and determine whether the addition of
alpha-gal cleavage to tissue engineered porcine aortic valve
(PAV) leaﬂets will attenuate the xenoreactive humoral immune response.
METHODS AND RESULTS: Samples of human pericardium,
bone marrow, and whole blood were collected from patients
undergoing elective cardiac surgery. PAV leaﬂets were excised
from the hearts of female juvenile Yorkshire pigs, decellularized with or without alpha-gal cleavage via green coffee bean
alpha-galactosidase, and recellularized with allogeneic human
mesenchymal progenitor cells (hMSCs). These tissue-engineered constructs, as well as native PAV leaﬂets and autologous human pericardium, were exposed to human blood. At
1, 3, and 5 days proinﬂammatory cytokine production was
quantiﬁed via enzyme-linked immunosorbent assays. On days
1, 3, and 5 there was a signiﬁcant reduction in TNF-a and
IL1-b concentration in the serum exposed to decellularized
and recellularized PAV leaﬂets as compared to native PAV
leaﬂets, as well as a signiﬁcant reduction in the recellularized
PAV tissue compared to the decellularized tissue. Compared
to the decellularized tissue, the addition of alpha-gal cleavage
reduced the TNF-a concentration on day 5. Similarly, as
compared to the recellularized tissue, the addition of alpha-gal
cleavage reduced the IL1-b concentration on day 3.
CONCLUSION: Allogenic recellularization of PAV tissue with
hMSCs attenuates the xenoreactive immune response. Independent of the decellularization and recellularization processes, alpha-gal cleavage reduced the xenoreactive immune
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IMMUNOENGINEERING APPLICATION OF
MXENE FOR PREVENTION OF TRANSPLANT
VASCULOPATHY
W Yan, A Raﬁeerad, K Alagarsamy, L Saleth, R Arora,
S Dhingra
Winnipeg, Manitoba
BACKGROUND:

Cardiac allograft vasculopathy is an aggressive
form of atherosclerosis and a major cause of mortality among
patients with heart transplants. Blood vessel endothelial cells
stimulate alloreactive T-lymphocytes to result in sustained
inﬂammation. MXenes are an emerging class of nanomaterials
that have signiﬁcantly outperformed several existing biomaterials as anti-cancer agents, biosensors, and in anti-microbial therapies. Herein, we report the ﬁrst application of
titanium carbide (Ti3C2Tx) MXene nanosheets for prevention of allograft vasculopathy.
METHODS AND RESULTS: To infer mechanisms and to ensure
reproducibility of results, detailed physicochemical characterization of Ti3C2Tx MXene nanosheets was performed using
scanning/transmission electron microscopy, x-ray diffraction,
and x-ray photoelectron spectroscopy. In vitro studies were
carried out using co-cultures of human umbilical vein endothelial cells (HUVECs) with allogeneic peripheral blood
mononuclear cells, and immunomodulatory function was
assessed using ﬂow cytometry and RNA sequencing. A rat
aortic transplantation model was used for in vivo validation of
safety and immunomodulatory function. Ti3C2Tx MXene
nanosheets were 2 to 5 mm in size and enriched with biologically active surface groups, including carboxyl, hydroxyl,
and ﬂuorine. In vitro, MXene nanosheets interacted with

