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Program at a glance

5t International Symposium New Frontiers in Cardiovascular Research

(Room 2)
Sa_ti_j_rday, 2316 June sunday,24thJune
Welcome Address (8:45-9:00)
Session 1
inflammation and )
myocardial infarction/heart failure Session 5
{9:00 - 10:20) Pre-clinical cardioprotection
(9:00 — 10:40)

Coffee break

Session 2

Coffee break

inflammation and atherosclerosis
LMU-SGP session
(10:30 - 11:50)

Session 6
Clinical cardioprotection
{10:50 - 12:10)

Luncheon seminar (Japanese)
br. Motoaki Sano
Sponsored by
Boehringer ingelheim and Eli Lifly

Lunch break

with Japane on society Hokkaida
‘branch meeting: apanese). S
Takeshi Kimura
 Sponsored by Baye
. (13:.00=14:00} -

Session 3

Session 7
Early career session
{13:15 - 14:30}

Cardiovascutar potpourri 1
{14:00 - 15:00}

Coffee break

Afternoon Seminar {Japanese}
Dr. Shinji Taneda
Sponsored by
Novo Nordisk Pharma
(15:00 - 16:00)

Session 8
Mitochondria as targets
for cardioprotection
{14:40 - 16:00)

Session 4

Concluding remarks
(16:00 - 16:15)

Cardiovascular potpourti 2
(16:00 - 17:40}




Pre-meeting program

Friday, June 22" 2018

18:00 - 22:60
Faculty Dinner
22ad Floor of Hotel Monterey Edelhof
(https://www.hotelmonterey.co.jp/en/edeihof/).
Ainu Show (traditional dance and music by Ainu people, the indigenous
people of Hokkaido) will be held during dinner

Scientific program

Day 1: Saturday, June 23" 2018

Venue Hokkaido University Conference Hall

08:30 Registration

08:45 Welcome Address
Tetsuji Miura (Sapporo, Japan)
Derek J. Hausenloy (Singapore-London, UK)
Klaus T. Preissner (Giessen, Germany)
Hector Cabrera-Fuentes (Giessen, Germany)

Session 1 Inflammation and myocardial infarction/heart failure 9:00 —10:20

Chairs: Klaus T, Preissner (Giessen, Germany)
Naoki Ishimori (Sapporo, Japan)

Elisa A. Liehn (Aachen, Germany)
Neutrophils modulate fibroblast function and promote healing and scar formation after
myocardial infarction

Carl-Wilhelm Vogel (Honclulu, US)
Complement, a promising target for therapy in cardiac reperfusion injury

Kinya Otsu (London, UK)
Autophagy, mitochondria and inflammation in heart failure

Hector Cabrera-Fuentes (Giessen, Germany)
eRNA as a target for cardioprotection

Coffee break 10:20 - 10:30




Session 2 Inflammation and atherosclerosis - 10:30 — 11:50
Ludwig Maximilian University-Singapore (LMU-SGP session)

Chairs: Hector Cabrera-Fuentes (Giessen, Germany)
Satoshi Fujii (Asahikawa, Japan)

Jitrgen Bernhagen (Munich, Germany)
Peptide-based strategies to block pro-atherosclerotic pathways: focus on non-cognate
interactions between MIF proteins and chemokine receptors

William Boisvert (Honolulu, US)
Macrophage-driven expression of Interleukin-37 protects against atherosclerosis

Ingrid Fleming (Frankfurt, Germany)
Cystathionine y lyase sulfthydrates the RNA binding protein HuR to preserve
endothelial cell function and delay atherosclerosis development

Daniel G Sedding (Hannover, Germany)
Adventitial interleukin-6 release is critical for neointima formation

Luncheon seminar (talk in Japanese with some English slides) 12:00 —13:00
Sponsored by Boehringer-Ingelheim and Eli Lilly
Chair: Masafumi Kitakaze (Osaka, Japan)

Motoaki Sano (Tokyo, Japan)
Treatment of diabetes to improve the prognosis of heart failure

Joint session with Japanese circulation society Hokkaido branch meeting
(talk in Japanese) 13:00 — 14:00

Chair: Tetsuji Miura (Sapporo, Japan)

Takeshi Kimura (Kyoto, Japan)
Recent advances in medical treatment for secondary prevention of Japanese
patients with coronary artery disease

Session 3 Cardiovascular potpourri 1 14:00 — 15:00

Chairs: Derek M. Yellon (London, UK)
Motoaki Sano (Tokyo, Japan)

Eveline Baumgrt-Vogt (Giessen, Germany)
Organelie contacts and collaboration — joining forces in metabolism

Claudia Colasante (Giessen, Germany)
Heart recovery after ischaemia/reperfusion injury is impaired by a mild peroxisome
biogenesis defect

Klaus T. Preissner (Giessen, Germany)

New mechanisms of collateral vessel formation: a major role of perivascular cells and
extracellular RNA in arteriogenesis

._.6_



Afternoon seminar (talk in Japanese with some English slides) 15:00 - 16:00

Sponsored by Novo Nordisk Pharma

Chair: Naoyuki Hasebe (Asahikawa, Japan)

Shinji Taneda (Sapporo, Japan)
A new aspect of GLP-1 therapy for type 2 diabetes
- a novel once-weekly GLP-1 receptor agonist —

Session 4 Cardiovascular potpourri 2 16:00 —-17:40

Chairs:

Jun-ichi Kawabe (Asahikawa, Japan)
Masafumi Kitakaze (Osaka, Japan)

Bernd Engelmann (Munich, Germany)
Mechanisms of target cell interactions of tumor and non-tamor microvesicles: role in
metastasis and deep vein thrombosis

Fulvia Ferrazzi (Erlangen, Germany)
Integrative bioinformatics approach to identify novel regulators of MTOC
translocation during striated muscle differentiation

Felix B. Engel (Erlangen, Germany)
RhoA and IQGAP3 for the evaluation of cardiomyocyte proliferation-based therapies

Manvendra Singh (Singapore)
Role of Hippo signaling mediators Yap and Taz in the epicardium

Paul M. Yen (Singapore)
ERRa mediates thyroid hormone stimulation of mitochondrial turnover

18:30 - 21:00

Meeting Dinner
BOUBAITEI a Japanese restaurant
(http://boubaitei.jp/kisetsu.html)




Day 2: Sunday, June 24" 2018

Session §  Pre-clinical cardioprotection 9:00 -- 10:40

Chairs: Fabio Di Lisa (Padova, Italy)
David Garcia-Dorado (Barcelona, Spain)

Derek M. Yellon (L.ondon, UK)
Is it time to develop a multi-targeted strategy to protect the heart from ischaemia-
reperfusion injury?

Peter Ferdinandy (Budapest, Hungary)
Unbiased multi-omics strategies to identify novel therapeutic targets for
cardioprotection

Karlheinz Peter (Melbourne, Australia)
Therapeutic targeting of CD39 or PBMCs towards activated platelets prevents cardiac
ischaemia reperfusion injury

Tetsuji Miura (Sapporo, Japan)
Crosstalk between necroptosis signal pathways and autophagy:
a novel therapeutic target for ischemic heart disease

Sandrine Lecour (Cape Town, South Africa)
The French paradox: what do we know about it?

Coffee break 10:40 — 10:50

Session 6 Clinical cardioprotection 16:50 - 12:10

Chairs: Takashi Yokota (Sapporo, Japan)
Peter Ferdinandy (Budapest, Hungary)

Yunseok Jeon (Seoul, South Korea)
Why RIPC is not working in cardiac surgery patients? PART 1

Younjoung Cho (Seoul, South Korea)
Why RIPC is not working in cardiac surgery patients? PART 2

Emilio Hirsch (Turin, Italy)
Phosphoinositide 3-kinase gamma inhibition protects from anthracycline
cardiotoxicity and reduces tumor growth

Malcolm Walker {London, UK)
Can ischaemic conditioning protect against anthracycline cardiotoxicity?

Lunch break 12:10-13:15




Session 7 Early career session 13:15 - 14:30

Chairs:

Takayuki Miki (Sapporo, Japan)
Arata Fukushima (Sapporo, Japan)

Satoshi Kawaguchi (Asahikawa, Japan)
Inhibition of beta-3 adrenergic receptor maintains cardiac function by regulating
cardiac metabolism in the sepsis-induced cardiomyopathy

Masaya Tsuda (Sapporo, Japan)
Mitochondrial protein acetylation in skeletal muscle is associated with exercise
intolerance in heart failure via the altering fatty acid oxidation

Tatsuya Sato (Sapporo, Japan)
Tristetraprolin plays an adaptive role against iron deficiency in the heart by optimizing
expression of mitochondrial iron-containing Rieske protein.

Akiho Minoshima (Asahikawa, Japan)
Deletion of pericyte-specific Ninjurinl inhibits the formation of matured vessels in
ischemic tissues and attenuated the blood flow recovery in the hind limb ischemia.

Koki Abe (Sapporo, Japan)
mTORCI inhibition restores autophagic flux by inhibitory phosphorylation of
RIP1, leading to suppression of necroptosis in cardiomyocytes

Coffee break 14:30 - 14:40

Session 8 Mitochondria as targets for cardioprotection 14:40 — 16:00

Chairs:

16:00

Derek Hausenloy (Singapore-London, UK)
Tetsuji Miura (Sapporo, Japan)

David Garcia-Dorado (Barcelona, Spain)
A new mitochondrial target to prevent reperfusion injury in acute myocardial
infarction

Fabio Di Lisa (Padova, Italy)
Mitochondrial ROS generation and Ca®*" homeostasis in cardiac injury and protection

Julian Aragones (Madrid, Spain)
Role of NDUFAL?2 in cardiac ischemic tolerance

Thomas Krieg (Cambridge, UK)
The universal marker succinate and its implication on ischaemia/reperfusion injury

Concluding remarks

Tetsuji Miura (Sapporo, Japan)

Derek J. Hausenloy (Singapore-London, UK)
Klaus T. Preissner (Giessen, Germany)
Hector Cabrera-Fuentes (Giessen, Germany)



Post-meeting event

Monday, June 25% 2018

Excursion: Visit Nikka whisky Hokkaido factory-Yoichi distillery, Otaru city and
Okurayama ski jump stadinm

Bus departing KEIO PLAZA hotel at 8:00 and returning at 17:30.
Lunch buffet (11:45 ~) will be provided at GRAND PARK OTARU.
{https://www.parkhotelgroup.com/en/otaru)



Abstracts



Session 1: Inflammation and myocardial infarction/heart failure

Neutrephils modulate fibroblast fanction and promote healing and scar formation
after myocardial infarction
Curaj Al, Staudt M', Rusu M, Wu Z!, Jankowski V%, Jankowski J!, Schumacher D',
Dumitrascu AR, Hausenloy DJ*7, Cabrera-Fuentes HA?, Schuh A%, Liehn EAL®
Hnstitute for Molecular Cardiovascular Research (IMCAR), RWTH Aachen University, Germany
Cardiovascular & Metabolic Disorders Program, Duke-National University of Singapore Medical School, Singapore
*National Heart Research Institute Singapore, National Heart Centre, Singapore
“Yong Laoo Lin School of Medicine, National University Singapore, Singapore
3The Hatter Cardiovasculer Institute, University College Londor, London, UK
$The National Instifute of Health Research University College London Hospitals Biomedical Research Centre, Research &
Development, London, UK
"Rarts Heart Centre, St Bartholomew’s Hospital, London, UK
8Pepartment of Cardiology, Pulmenology, Angiology and Intensive Care, University Hospital, RWTH Aachen University,
Germany
YHuman Genetic Laboratory, University of Medicine and Pharmacy, Craiova, Romania

Background: Recruitment of neutrophils to the heart after acute myocardial infarction (MI) have been
demonstrated to initiate inflammation and condribute to adverse left ventricular (LV) remodeling. However,
therapeutic suppression of neutrophil recruitment into the infarct zone, has not been beneficial in MI patients
suggesting a dual role for neutrophils in inflammation and repair following ML In this study we investigate the
effect of neutrophils on cardiac fibroblast function following M1

Results: In this study, we demonstrated that co-incubating neutrophils with isolated cardiac fibroblasts enhanced
the production of provisional extracellular matrix, and reduced collagen synthesis, when compared to control or
co-incubation with monocytes, Furthermore, we demonstrated that neutrophils are required to induce the transient
up-regulation of transforming growth factor (T'GF)-B1 expression in fibroblasts, a key requirement for terminating
the pro-inflammatory phase and allowing the reparatory phase to fulfil the mature scar.

Conclusion: Neutrophils are essential for both initiation and termination of inflammatory events, controlling and
modulating the healing process after MI. Therefore, reducing neutrophil recruitment should be critically
scrutinized when designing novel therapeutic strategies for treating MI patients. ‘

Complement, a Promising Target for Therapy in Cardiac Reperfusion Injury
Cari-Wilhelm Vogel'?, Brian E. Hew, David C. Fritzinger'
Wniversity of Hawaii Cancer Center and *Department of Pathology, John A. Burns School of Medicine, University of
Hawaii, Honolulu, Hawaii, USA

The complement system has been shown to play an important pathogenetic role in reperfusion injury. In
myocardial reperfusion injury, the significant contribution of complement activation to infarct size and functional
impairment is well documented from animal studies using the complement-depleting protein cobra venom factor
(CVF). Approximately only one third of cardiac muscle injury is due to ischemia whereas two thirds are due to
complement. CVF is highly homologous to complement component C3. We generated recombinant derivatives
of human C3 with complement-depleting activity like CVF, referred to as humanized CVF (hCVF). We
demonstrate in a murine model of myocardial infarction reperfusion injury that complement depletion with hCVE
significantly reduces the amount of C3 deposition in cardiac tissue and the size of the infarct, corresponding with
significant protection of cardiac function as measured by fractional shortening and ejection fraction. Similarly,
complement depletion with hCVF was also of significant therapeutic benefit in other diseases including
gastrointestinal reperfusion injury, age-related macular degeneration (AMD), paroxysmal nocturnal
hemoglobinuria (PNH), and myasthenia gravis. Complement depletion with hCVF was also effective in reducing
the immune response to Factor VIIE in a murine model of hemophila A. No adverse effects of complement
depletion with hCVF have been observed in any of the disease models, or in healthy primates. Moreover, hCVF
has more recently been shown to not induce a neutralizing antibody response in mice over a four-week period of
weekly injections,



Autophagy, mitochondria and inflammation in heart failure

Kinya Otsu
School of Cardiovascular Medicine and Sciences, King’s College London, UK

Although infection with microorganisms is not involved in the development of heart failure in most cases,
inflammation has been implicated in the pathogenesis of heart failure. However, the mechanisms responsible for
initiating and integrating inflammatory responses within the heart remain to be elucidated. Mitochondria damaged
by hemodynamic stress are degraded by the autophagy system in cardiomyocytes. We have reported that
mitochondrial DNA that escapes from autophagy leads to Toll-like receptor (TLR) 9-mediated inflammatory
responses in cardiomyocytes and is capable of inducing inflammation, and dilated cardiomyopathy. Inhibition of
TLRY signalling attenuated the development and progression of heart failure in response to pressure overload.
Mitochondria is degraded by a specific form of autophagy, mitophagy. We have identified a novel mammalian
functional homologue, Bel2113 (Bel-rambo), of yeast mitophagy receptor, Atg32. Bel2l13 induces mitochondrial
fragmentation and mitophagy in mammalian cells. Using yeast system, Atgs necessary for Bel2l3-mediated
mitophagy have been identified, which are different from those for Atg32-mediated mitophagy. Finally, we found
that proinflammatory cytokine mRNA degradation by RNase in cardiomyocyte determines the time course of
inflammation in the hearts, Degradation systems are important for the initiating and maintaining inflammation in
the heart.

e¢RNA as a target for cardioprotection
Klaus T. Preissner', Sauri Herndndez-Reséndiz??, Julian Rodriguez-Montesinos!, Heerajnarain Bulluck®*,
Gustavo Crespo™, Derek 1. Hausenloy®®, Hector A, Cabrera-Fuentes!?,
! [nstitute of Biochenystry, Medical School, Justus-Liebig-University, Giessen, Germany;
2 Cardiovascular and Metabolic Disorders Program, Duke-NUS Graduate Medical School, Singapore, Singapore
#Nationa} Heart Research Institute Singapore, National Heart Centre Singapore, Singapore, Singapore

Following acute myocardial infarction, cardiomyocyte death has a great impact on the outcome of organ survival,
and despite reopening/reperfusion of stenosed vessels, major tissue damage remains. The initial mechanistic
triggers of this myocardial ischemia/reperfusion (/R} injury are largely unexplained. Based on the recent
characterization of extracellular-RNA (eRNA) as a prominent damaging factor in cardiac /R injuory, the functional
relation to tumor-necrosis-factor-a (TNF-a) and its receptors in this context was investigated. Following an
experimental in vitro model for hypoxia-reoxygenation in mice cardiomyocyte and ir vive mouse model of
myocardial I/R, increased eRNA levels were found together with cardiac injury markers. Likewise, eERNA was
released from cardiomyocytes under hypoxia and subsequently induced TNF-a liberation by activation of TNF-a-
converting-enzyme (TACE, ADAMI7} to provoke cardiomyocyte death. Conversely, TNF-o promoted eRNA
release especially under hypoxia, feeding a vicious cell damaging cycle during I/R. Administration of RNasel or
TAPI (a TACE-inhibitor) prevented cardiomyocyte death. In comparison fo isolated wild-type cardiomyocytes,
upon exposure to hypoxia, the viability of TNF-receptor-1 or TNF-a-knoekout cells decreased in a similar manner,
but was not further reduced in the presence of eRNA. In contrast, in TNF-receptor-2 knockout ceils eRNA
promoted marked cell death, indicating that the lack of TNF-¢ and TNF-receptor-1 prevented eRNA-induced
cytotoxicity. In addition, in vive administration of RNasel at the onset of reperfusion significantly reduced
myocardial infarction. Thus, RNasel and TACE-inhibitor provide novel therapeutic regimens to interfere with the
adverse eRNA-TNF-a interplay and significantly reduce the pathological outcome of ischemic heart disease.



Session 2: Inflammation and atherosclerosis (LMU-SGP session)

Peptide-based strategies to block pro-atherosclerotic pathways: focus on non-cognate
interactions befween MIF proteins and chemokine receptors
Hirgen Bernhagen
Institut fiir Schlaganfall- und Demenzforschung (ISD), Klinikum der Universitit Miinchen
Ludwig-Maximilians-Universitiit (LMU} Miinchen

Atherosclerosis is the main underlying conditions of myocardial infarction and ischemic stroke and a leading cause
of death in Western societies. Chemokines are major drivers of atherogenic pathology, mainly by promoting the
recruitment of inflammatory cells into atherosclerotic lesions and amplifying Iesional inflammation. Numerous
classical chemokines and their cognate receptors have been identified in this context. More recently, the emerging
group of atypical (ACK) or non-classical chemokines has come into focus. ACKs are chemokine-like mediators
that share certain architectural similarities with classical chemokines (CKs), but do not feature the N-terminal
cysteine motif and chemokine fold. Yet, they bind to classical chemokine receptors to trigger inflammatory and
feukocyte recruitment responses. MIF proteins are prototypical ACKs and have been found to diive atherogenic
monocyte and T cell recruitment via CXCR2 and CXCR4. Since these receptors have numerous homeostatic
functions, it is desirable to specifically block MIF protein-mediated responses without interfering with the
signaling pathways mediated by CXCR2/CXCL8 or CXCR4/CXCL12. In the talk, I will outline our peptide
strategies to specifically target MIF/CKR pathways leaving alone atheroprotective CXCL12/CXCR4 pathways as
well as the cardioprotective MIF/CD74 axis. The focus will be on a novel GPCR ectodomain-based peptide
inhibitory strategy.

Macrophage-driven expression of interleukin-37 protects against atherosclerosis

Sara McCurdy, Yvonne Baumer, Emma Toulmin, William A. Biogvert
Center for Cardiovascular Research, John A. Burns School of Medicine, University of Hawaii, Honolulu, Hawaii, USA

As the most prominent cell type in the pathogenesis of atherosclerosis macrophages are the first cells to infiltrate
into the intima where they induce inflammatory events that further exacerbate the disease. Recently, we found that
a human cytokine named IL-37, a relatively unexplored member of the 1L-1 family of cytokines with no known
mouse homolog, has potent anti-inflammatory activities. As very little is known about IL-37’s effects on
macrophage function, we sought to determine if macrophage-specific expression of IL-37 would influence the
activities of macrophages that facilitate atherosclerosis such as the production of pro-inflammatory cytokines,
ability to fransmigrate, and regulation of lipid accumulation in macrophages, with the ultimate goal of testing
whether [L-37 can reduce the development of atherosclerosis in a mouse model of the disease. We achieved robust
and long-term expression of [L-37 using a macrophage-specific retroviral overexpression system utilizing the
CD68 promoter in mouse bone marrow-derived macrophages (BMDM) via transduction of hematopoictic stem
cells (HSC). Cytokine expression was measured by antibody array and RT-qPCR. Transmigration of transduced
BMDM was measured using a transwell filter assay, and lipid homeostasis by cholesterol uptake as well as efflux.
The in vive mouse study was accomplished through bone marrow transplantation (BMT) of transduced wild-type
HSC (IL-37 vs GFP ctl, N=14) into irradiated /dlr" mice, with subsequent induction of atherosclerosis
development over 10 weeks of high fat, high cholestero! diet feeding. IL-37 expression in macrophages reduced
the production of pro-inflammatory cytokine transcript and protein, reduced macrophage transmigration, and
improved macrophage cholesterol homeostasis. /n vivo, mice that received [L-37-transduced HSC transplants
showed significantly less plaque formation than mice that received the control GFP-transduced HSC. The potent
anti-inflammatory as well as anti-atherogenic properties of HL.-37 makes this cytokine an attractive target for
possible future therapy against atherosclerosis and perhaps other inflammatory conditions as well.



Cystathionine v lyase sulfhydrates the RNA binding protein HuR to preserve
endothelial cell function and delay atherosclerosis development
Sofia-Iris Bibli, Jiong Hu, Inprid Fleming
Institute for Vascular Signalling, Centre for Molecular Medicine, Goethe University, Frankfurt am Main, Germany and
German Center of Cardiovascular Research (DZHK),
Partner site RheinMain, Frankfurt am Main, Germany

Hydrogen sulfide (H28), generated by cystathionine y lyase (CSE) from L-cystathionine and L-cysteine, has been
identified as an important endogenous regulator of vascular function. Here we show that CSE is the major source
of endogenous Hz8 in native endothelial cells and that its expression and activity are tightly regulated by fluid
shear stress and inflammation in mice as well as human atherosclerotic plaques. The basal activity of CSE was
important to maintain low arterial levels of CD62F and mintmize monocyte adhesion at sites of low or disturbed
flow via a mechanism involving the sulfhydration of the RNA-binding protein, HuR. In atherosclerotic plaques,
however, this protective mechanism was lost because of the phosphorylation {on Ser377) and inactivation of CSE.
The loss of FI.S and attenuated sulfhydration of HuR, resulted in an increase in HuR activity and the stabilization
of HuR-target mRNAs e.g. CD62E and CTSS, both of which are linked with endothelial cell activation and
atherosclerosis. Importantly, a H»S donor was able to sufthydrate HuR; decrease HuR binding to CTSS and
decelerate atherosclerosis development in a mouse model. Finally, in mice and humans, plasma levels of L-
cystathionine were found correlate negatively with vascular reactivity and HS levels indicating its potential use
as a biomarker for vascular disease.

Adventitial interleukin-6 release is critical for necintima formation
1. Dutzmann', I.-M. Daniel!, L. Korte!, F, Kloss!, M. Siriske’, 8. Offermanns?, K. I. Croce?,
I. Bauersachs!, D.G, Sedding!
' Dept. of Cardiology and Angiology, Hannover Medicat School, Hannover, Germany
2 Max-Planck-Institute for Heart and Lung Research, Bad Nauheim, Germany
% Cardiovascular Division, Brigham and Women’s Hospital, Harvard Medical School, Boston, MA, UISA

Background: The aim of this study was to analyze the impact of the adventitial layer on vascular remodeling
processes and to define the underlying cellular mechanisms.

Methods and Results; The femoral artery of C57BL/6J mice was dilated with a straight spring wire and
morphometric analysis of the lesion and immunohistochemical staining for the proliferation marker Ki-67 was
performed 7, 14, and 21 days following injury. Formation of a neointimal lesion at 21 days was preceded by high
adventitial proliferation rates and massive adventitial thickening at 7 and 14 days (adventitial area: 0.036:+0.013
mm? at 0d vs. 0.082 + (0,013 mm? at 7d vs. 0.102 + 0.029 mm? at 14d, n = 15, P <0.0001).

Complete removal of the adventitial layer prevented neointima formation, attributing pivotal importance to the
adventitial layer (luminal stenosis: 71.73 £ 3.77 % vs. 7.44 & 1.71 %, n= 5, P <0.0001). Re-transplantation of the
aortic adventitia of ubiquitously GFP expressing C57BL/6-Tg(CAG-EGFP)IOsb/J mice arcund the medial
vascular layer of the femoral artery where the native adventitia has been removed completely restored neointima
formation. Importantly, only very view GFP™ cells were present in the neointimal layer, indicating that a direct
contribution of adventitial cells to the neointimal lesion represents an extremely rare event.

To investigate a potential paracrine effect of the activated adventitial layer, we explanted adventitial transplants
14 days following injury and transplantation and incubated the respective samples in serum-free media for 24
hours. BrdU incorporation assays and scratch wound assays revealed significantly increased proliferation and
migration rates of human coronary artery SMCs in response to the supernatant of adventitial transplants compared
to the supernatant of control samples or serum-free media. Further secretome analyses of the same adventitial
supernatants identified predominantly interleukin (I1.)-6 to trigger SMC proliferation and migration. Accordingiy,
serum-free media incubated with adventitial grafts of IL-67 mice prevented SMC proliferation and migration.
Transplantation of the adventitia of IL-67 mice into C37BL/6/ wild type mice was not sufficient to trigger
neointima formation.

Conclusion; Acute vascular injury is followed by an expansion of cytokine-producing adventitial cells, whose
paracrine Tunction and especially whose release of 1L-6 is essential for the subsequent induction of the proliferation
and migration of local SMC and thus for neointima formation.
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Organelle contacts and collaboration - joining forces in metabolism
Eveline Baumgart-Vogt
Institute for Anatomy and Cell Biology, Medical Cell Biology,
Tustas Liebig University Giessen, GiepBen, Germany

Already in the early days of electron microscopy it became clear that in many organs active in lipid metabolism,
such as liver, heart, endocrine organs and lipid synthesizing epithelia, mitochondria, peroxisomes and segments of
the endoplasmic reticulum are located in direct neighborhood (1), frequently exhibiting also extensive lateral
membrane contacts. Mitochondrial-SER-peroxisomal (MI/SER/PO)-complexes are especially obvious in areas
showing a high abundant tubular peroxisomal population or peroxisome proliferation after treatment with
hypolipidemic or hypocholesterolemic drugs, such as BM 15.766 (2). The MI/SER/PO-complexes and lipid
dropiet-PO association suggest that the organelles exchange metabolic intermediates or membrane Hpids by direct
surface contact sites, Indeed, peroxisomes possess lipid-binding membrane proteins involved in the biogenesis of
this organelle (e.g. PEX3) and transporters of the ABCD protein family (3), both containing large cytoplasmic
extensions which could directly exchange lipid intermediates by lateral contacts to lipid droplets or organelle
membranes also in cardiomyocytes. Moreover, PEX3 and PEX19-dependent coordinated SER-lipid droplet and
peroxisome hiogenesis has been described (4). In recent years, several organelle membrane tethers and metabolic
exchange routes between organelles, mediating important aspects of the cellular homeostasis have come into the
scientific focus (5, 6). Recently, the flux of cholesterol afier nuftritional uptake via lateral contact sites between
lysosomes and peroxisomes and their importance for the cholesterol confent of cellular membranes has been
detected (7). Peroxisomal-SER-tethering proteins seem to play a dominant role in the maintenance of cellular
cholesterol levels and plasmalogen phospholipid synthesis and in addition also influence peroxisomal growth and
dynamics (8). Furthermore, peroxisomes and mitochondria often exhibit direct lateral contact sites with each other
and exchange metabolic intermediates in beta-oxidation or steroid synthesis as well as share fission and fusion
proteins (9}, Furthermore, the mitochondrial compartment is strongly compromised by peroxisomal dysfunction
(10). Since all routes for fluxes of metabolic intermediates between organelles might be important also for the
metabolic homeostasis control of cardiomyocytes, the new aspects on different organelle communication and
metabolic exchange, tethering structures and their effects on organelle growth and dynamics as well as cellular
lipid metabolic homeostasis will be summarized and possible perspectives addressed for cardiovascular research
in this presentation.
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Heart recovery after ischemia/reperfusion injury is impaired
by a mild peroxisome biogenesis defect
C. Colasante*, I. Chen®, V. Garikapati®, B. Niemann®, A. Boning®, B. Spengler®, K.D. Schiiiteri’, E. Baumgart-Vogt*
*Institute for Anatomy and Cell Biclogy, Medical Cell Biology, Justus Liebig University, 35392 Giessen, Germany;
*Klinik fur Herz- und GefidBchirurgie, UKGM,
Rudolf-Buchheim-5tr. 7, 35392 Giessen, Germany
PInstitute for Physiology, Justus Liebig University, Giessen, Germany
*Institute for Inorganic and Analytical Chemistry, Giessen, Germany

Despite the fact that patients displaying “milder” peroxisomal disorders {adult Refsum's disease) develop heart failure
during ageing, the role of peroxisomes during the establishment of cardiac pathologies has been poorly investigated.
Peroxisomes are key regulators of lipid and oxidative stress metabolism. Thanks 1o their malleability, they quickly
adapt to nutritional fluctuations, inflammatory responses or drug administration. Important for peroxisome-adaptation
is their proliferation and fission, which is coordinated by the peroxing PEX11a, B and v. Our results show that compared
to other parts of the heart, the left ventricle displays the highest peroxisome and Pex] /« abundance indicating that this
peroxin is particularly relevant in the ventricle requiring the highest force cutput. Moreover, the transcript of Pex//a
was elevated in rat hearts subjected to ischemia/reperfusion injury. To reveal the effects of Pex1/a deficiency on heart
function we used the Pex11a-K.O mouse model established in our laboratory, the only general peroxisomal knockout
mice surviving until adulthood, allowing the investigation of peroxisomal dysfunction in the myocardium during
ageing. The Pex11a-KO induced a compensatory induction of many peroxisome-associated genes and a concomitant
rise in peroxisome size and abundance in cardiomyocytes, Moreover, Pex//la-deficiency caused an increase of
sarcomere length and alterations of various cardiomyocyte markers. The mild peroxisomal dysfunction did not impair
cardiac performance and cardiomyocyte-shortening under normal conditions, but significantly reduced the heart
recovery capability after ischemia/reperfusion injury. Interestingly, Pex//a-deficiency also led to an aberration of the
lipid composition of the cardiac tissue. Taken together these data sugpest that an induction of the peroxisomal
compartment is necessary under cardiac stress conditions and that even mild, maybe undiagnosed peroxisomal defects
could impact on the cardiac performance following ischaemic events.

New mechanisms of collateral vessel formation:
A major role of perivascular cells and extracellular RNA in arteriogenesis
Preissner KT, Chillo O, Pagel JI2, Mauer A’, Caballero-Martinez A2, Kleinert EC?, Trenkwalder T2, Mueller-
Hoecker J?, Troidl K*, Reichel C% Fischer S', Deindi B2
Department of Biochemistry, Medical School, Justus-Liebig-University, Giessen; ! Walter-Brendel-Centre of Experimental
Medicine, Ludwig-Maximilians-University, Munich; *Institute of Pathology, Ludwig-Maximilians-Univetsity, Munich;
4Max-Planck-Institute for Heart and Lung Research, Bad Nauheim (Germany)

The body has the capacity to compensate for an occluded artery by creating a natural bypass upon increased fluid
shear stress. How this mechanical force is translated into collateral artery growth {arteriogenesis) is unresolved.
We here show that extravasation of neutrophils mediated by the platelet receptor GPIbo and urokinase resulted in
Nox2-derived reactive oxygen radicals, which activate perivascular mast cells, These ¢-kit{+)/CXCR-4{+) cells
stimulated arteriogenesis by recruiting additional neutrophils as well as growth-promoting monocytes and T cells,
Additionally, mast cells may directly contribute to vascular remodeling and vascular cell proliferation through
increased matrix-metailoproteinase activity and by supplying growth-promoting factors. Boosting mast cell
recruitment and activation effectively promoted arteriogenesis, thereby protecting tissue from severe ischaemic
damage. Moreover, mast cell degranulation resulted in a robust refease of extracellular RNA, which appears to be
relevant in promoting further release of cytokines from monocytes/macrophages. In contrast, mice treated with
mast cell stabilizer or RNasel, respectively, revealed markedly decreased outcome of collateral vessel formation.
Our data provide compelling evidence that perivascular mast cells are central regulators of shear stress-induced
arteriogenesis by orchestrating leukocyte function and growth factor/cytokine release as well as by exposing
gxtracellular RNA that greatly improves collateral vessel growth. These relationships may have a great impact on
mechanisms of coronary revascularization and present new targets for treatment of vascular occlusive diseases.
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Mechanisms of target cell interactions of tumor and non-tumor microvesicles: role in metastasis
' and deep vein thrombosis

Bernd Engelmann
Institut fUr Laboratorivmsmedizin, Ludwig-Maximilians-Universitéif, Munich, Germany

Microvesicles are extracellular vesicles released from the plasma membrane that circulate in blood and interact
with various vascular cells. We found that the lipid receptor CI36 promoted internalization of pancreatic tumor
microvesicles (fMV) by macrophages in vitro and in vivo. Separate imaging of the membrane and intravesicular
areas of single tMV with super-resolution microscopy showed that during their engulfinent intravesicular RNA
was targeted to the cytoplasm. In parallel, membrane proteins such as the coagnlation initiator tissue factor merged
with the plasma membrane, CD36 also mediated macrophage internalization of circulating non-tumor MV {cM V).
However, ¢MV were incorporated as intact particles. Blood-based tMV were directed to perivascular areas of the
liver microvessels in vivo. The extravasated tMV persisted in Ly6C™ macrophages, were integrated into pre-
metastatic foci and enhanced metastasis. tMV but not cMV strongly enhanced mouse deep vein thrombosis (DVT),
the second most frequent cause of death during metastasis. Exposure of phosphatidylethanolamine on the MV
membrane controlled DVT induction, suggesting that tumor-induced DVT is based on a distinct procoagulant
mechanism. Thus, tMV promote both development of metastasis and cancer-associated DVT which involves their
decay into membrane and intravesicular components during immune cell engulfment and specific changes in
membrane phospholipid pattern, respectively.

Integrative bioinformatics approach fo identify novel regulators of MTOC translocation during
striated muscle differentiation
Robert Becker!, Eleonora Lippolis?, Felix B. Engel, Fulvia Ferrazzi*
YExperimental Renal and Cardiovascular Research, Department of Nephropathology, Institute of Pathology, Friedrich-
Alexander-Universitit Erlangen-Niirnberg, Germany
Institute of Human Genetics, Friedrich-Alexander-Universitit Erlangen-Niirnberg, Germany

The microtubule cytoskeleton is involved in a variety of subcellular processes such as intraceltular transport, signal
transduction, and cell division. Microtubule nucleation and anchoring are controiled by microtubule organizing
centers (MTOC). The centrosome, a tubulin-based, juxtanuclear organelle, is the dominant MTOC in proliferating
vertebrate cells. [n contrast to regenerative species, the MTOC components in differentiated cardiomyocytes and
skeletal myotubes from mammals are recruited to the nuclear envelope reassigning the dominant MTOC function
from the centrosome to the nuciear membrane. This reassignment has been associated with the permanent cell
cycle arrest of these cells. Despite its potential importance for regeneration, the mechanism of MTOC formation
at the nuclear envelope and its function are poorly understood. We found that the ectopic expression of the skeletal
muscle-specific transcription factor Myogenin in non-muscle cells is sufficient to induce recruitment of MTOC
proteins to the nuclear envelope after two to three days. To identify Myogenin downstream targets involved in
MTOC protein relocalization, we re-analyzed and combined previously published Myogenin ChiP-Seq data from
differentiating skeletal muscle and microarray data from Myogenin-transduced non-muscle cells. During the first
60h after start of Myogenin expression, 311 direct Myogenin targets were upregulated in non-muscle cells,
Following the hypothesis that candidates involved in MTOC protein relocalization are also upregulated in
differentiated cardiomyocytes, we analyzed their expression in a microarray dataset of heart development. This
resulted in a list of 23 candidate genes, whose potential role in nuclear membrane MTOC formation is currently
under study.



RhoA and IQGAP3 for the evaluation of
cardiomyocyte proliferation-based therapies
Marina Leone, Gentian Musa, Felix B. Engel

Experimental Renal and Cardiovascular Research, Department of Nephropathology, Institute of Pathology,
Friedrich-Alexander-Universitit Erlangen-Niirnberg, Germany

After birth mammalian cardiomyocytes initiate a last cefl cycle which results in binucleation due to cytokinesis
failure rendering the heart incapable of regeneration. A variety of possible explanations for a cell cycle arrest have
been proposed such as downregulation of proteins required for cell cycle progression, Rb and pl30 mediated
heterochromatin formation, DNA damage induced by the oxygen-rich postnatal environment, and developmental
alterations in centrosome integrity. Yet, while these processes explain a G1 or (31/8 phase arrest, none of them
provide an explanation for why and how cardiomyocytes binucleats. Here, we aimed at a better understanding of
the difference between cardiomyocyte proliferation and binucleation, and providing a new tool to distinguish these
two processes. Monitoring of cell division by time-lapse imaging revealed that rat cardiomyocyte binucleation
stems from a failure to properly ingress the cleavage finrow. Astral microtubule required for actomyosin ring
anchorage and thus furrow ingression were not symmetrically distributed at the periphery of the equatorial region
during anaphase in binucleating cardiomyocytes. Consequently, RhoA, the master regulator of actomyosin ring
formation and constriction, non-muscle myosin IIB, a central component of the actomyosin ring, as well as
IQGAP3 were abnormally localized during cytokinesis. In agreement with improper firrow ingression,
binucleation in vitro as well as in vivo was associated with a failure of RhoA as well as IQGAP3 to [ocalize to the
stembody of the midbody. Taken together, these results indicate that naturally occurring cytokinesis failure in
primary cardiomyocytes is due to an aberrant mitotic microtubule apparatus resulting in inefficient anchorage of
the actomyosin ring to the cell membrane, Thus, cardiomyocyte binucleation and division can be discriminated by
the analysis of RhoA as well as [QGAP3 localization. Our findings have important implications for efforts to
induce and evaluate therapeutic cardiomyocyte proliferation in adult mammalian hearts.

Role of Hippo Signaling Mediators Yap and Taz in the Epicardium
Manvendra Singh
Cardiovascular and Metabolic Disorders Program,
Duke-NUS Medical School, Singapore

The epicardial layer of the heart is derived from a transient structure called the proepicardial organ. The
proepicardial progenitor cells migrate over the myocardial surface of'the looping heart and form a continuous layer
of epithelial cells. Subsequently, epicardial-derived progenitor cells undergo epithelial-to-mesenchymal transition
(EMT), invade the underlying myocardium and differentiate into various cardiac lineages. The epicardium plays
a significant role in heart development and gives rise to the majority of cells, including fibroblasts, smooth muscle
cells, and endothelium, of the coronary vasculature. Hippo signaling components have been implicated in cardiac
development and regeneration. However, a role of Hippo signaling in the epicardium has not been explored.
Employing a combination of genetic and pharmacological approaches, we demonstrate that inhibition of Hippo
signaling mediators Yap and Taz leads to impaired epicardial EMT and a reduction in epicardial cell proliferation
and differentiation into coronary endothelial cells. In adult heart, epicardial cells are generally quiescent. However,
after myocardial infarction a developmental gene program is reactivated in the epicardium leading to increased
epicardial cell profiferation and differentiation of epicardium-derived cells into various cardiac lineages including
fibroblast and significantly contributing to cardiac fibrosis. The activated epicardium after injury has also been
implicated as a source of cytokines capable of modulating repair of the damaged heart. In a recent study, we
described a role for Hippo signaling in the epicardium in suppressing the post-infarct inflammatory response
through recruitment of T-regulatory cells (Tregs). Mice deficient in epicardial YAP and TAZ, two core Hippo
pathway effectors, developed profound post-M! pericardial inflammation and myocardial fibrosis, resulting in
cardiomyopathy and death.



ERRa mediates thyroid hormone stimulation of mitochondrial turnover
Paul M. Yen, M.D.
Laboratory of Hormonal Regulation, Cardiovascufar and Metabolic Disorders Program
Duke-NUS Medicai School, Singapore

Thyroid hormone {TH) has long been known to stimulate mitochondrial function, but its roie in mitochondrial
turnover remains unclear, Mitochondria play an essential role in oxidative phosphorylation and fatty acid oxidation.
We previously showed that TH played important roles in these processes via autophagy of lipids and mitochondria
in hepatic cells (lipophagy and mitophagy, respectively) Additionally, we showed that T3 is a potent inducer of
mitochondrial biosynthesis and utilizes activation of another nuclear hormone receptor ERRa to mediate many of
its mitochondrial actions, Our results describe a novel co-ordinated mechanism of TH-induced mitochondrial
turnover through mitophagy and mitochondrial biogenesis. This co-ordinated turnover, which is dependent upon
ROS generation and the induction of PGCla, enables TH to maintain oxidative phosphorylation and fatty acid 8-
oxidation induced by TH. We performed a pilot clinical study that showed TH supplementation was able to
decrease hepatosteatosis in diabetic patients after 4 months therapy. We also have examined TH induction of
autophagy in many tissues, including the heart, and it is likely to play a key role of metabolism, fuel switching,
and cellular differentiation. It is possible that TH and other autophagy-inducing drugs may have beneficial
metabolic effects by stimulating mitophagy and mitochondrial biogenesis.
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Is it time to develop a multi-targeted strategy to protect the heart
from ischaemia-reperfusion injury?
Derek M Yellon
The Hatter Cardiovascular Institute, University College London, UK

Coronary heart disease is the leading cause of death in the world, largely resuiting from acute coronary artery
obstruction. The main treatment is the rapid restoration of coronary blood flow. However, returning coronary flow
paradoxically causes additional injury, known as reperfusion-induced injury. Over the past few decades we have
witnessed a huge improvement in patient care leading fo a significant reduction in overall mortality of patients
presenting with acute MI. This is manifest both in the way patients are treated, prior to any acute coronary event
{e.g. primary prevention with statins, aniihypertensive therapy etc), in addition to the state-of-the-art application
of emergency coronary revascularization. Thus, despite the fact that mortality and morbidity still remain
substantial with 12% of patients dead within 6 months, and over 25% developing heart failure, the target of
protecting the heart against ischasmia-reperfusion injury has significantly diminished over the years. We believe
in order to pursue this diminishing, yet still important, target we need to either optimise/enhance our existing
prosurvival pathways and look for new mechanistic approaches. Therefore protecting against ischaemia-
reperfusion injury may require us to develop a multi-targeted approach. Parallel with this, we have also witnessed
a raised threshold for cardioprotection produced by the multi-morbidity associated with acute coronary patients
{age, diabetes etc) reducing the overall effectiveness of a single-target pharmacological approach. Therefore in
order to overcome this threshold, we must both optimize or enhance our existing prosurvival pathways, as well as
ook beyond the known prosurvival pathways i.e. investigate RISK-independent pathways. Confronting patients
presenting with an acute myocardial infarction and tackling ischaemia~reperfusion injury in today’s environment
is challenging and must require a rethink of our approach in order to take account of current clinical practise and
patient care.

Unbiased multi-omics strategies to identify novel therapeutic targets for cardioprotection
Péter Ferdinandy
Department of Pharmacology and Pharmacotherapy, Semmelweis University, Budapest, Hungary; Pharmabungary Group,
Szeged, Hungary

Ischemic heart disease is the leading cause of mortality worldwide, therefore, identification of valid drug targets
for cardioprotection is of great importance. However, there are still no cardioprotective drugs on the market more
than 30 years after the discovery of ischemic conditioning, The lack of successful translation may include
hypothesis driven, biased approach to find molecular targets so far and the lack of translational experimental
models for cardioprotection. Indeed, major cardiovascular co-morbidities such as hyperlipidemia, diabetes, and
their co-medications have been shown to interfere with most of the known cardioprotective mechanisms
(Ferdinandy et al, Pharmacol Rev, 2014, Hausenloy et al, Cardiovasc Res, 2017). Ischemia reperfusion injury and
cardioprotection by conditioning have been shown to affect global myocardial gene expression profile showing
that cardioprotection triggers a complex network of signaling cascade rather than a single major cardioprotection
pathway. Moreover, cardiovascular co-morbidities have been also shown to affect global cardiac gene expression
profile {Varga et al, Curr Drug Targets, 20153; Perrino et al, Cardiovasc Res, 2017). Therefore, comprehensive
bioinformatic analysis of the cardioprotective gene expression fingerprint with multiomics analysis at the gene,
transcript and protein, and metabolic levels in normal, protected, and in comorbid conditions may lead to
identification of novel molecular targets for cardioprotection by an unbiased way. Especially microRNA
transcriptomics-based target prediction may be an easy and effective way to find novel molecular targets for
cardioprotection.

(Major sources of funding: National Research Development and Innovation Office (NVKP_16-1-2016-0017,
OTKA KH 125570).



Therapeutic Targeting of CD39 or PBMCs towards activated platelets prevents cardiac
ischaemia reperfusion injury

Karlheinz Peter,
Baker Heart and Diabetes Institute, Melbourne, Ausiralia

N

Myocardial infarction is the most frequent single cause of death. Ischaemia reperfusion injury (IRI), often
occurring despite early reperfusion by percutaneous coronary interventions {PCI), is contributing substantially to
the loss of functional myocardium. With the aim to prevent [RI, we developed a novel therapeutic approach based
on a targeting single-chain antibody. We discovered strong platelet accumulation in the ischaemic heart and
demonstrated that a single-chain antibody directed against the activated GPIIb/Illa is able to target contrast
reagents {e.g. a PET tracer), therapeutic agents or even therapeutic cells selectively to the area of cardiac ischemia.
We used a naturally occurring NTPase CD39 as an anti-thrombotic and anti-inflammatory reagent to be
recombinantiy fused to the activated GPHb/IIla and thereby activated platelet-targeting single-chain antibody.
Measuring ejection fraction in ultrasound and histological infarct size, we could prevent IRL. We furthermore used
the same single-chain antibody to target peripheral blood mononuclear cells (PBMCs) to the area of ischemia. We
could also show that we clearly reduced the infarct size. Several additional investigations describe potential
mechanisms of how these cardioprotective effects are achieved. Overall, we describe unique therapeutic concepts
to prevent cardiac ischemia reperfusion injury.

Crosstalk between necroptosis signal pathways and autophagy:
a novel therapeutic farget for ischemic heart disease

Tetsuji Miura, Toshiyuki Yano, Koki Abe and Makoto Ogasawara
Department of Cardiovascular, Renal and Metabolic Medicine, Sapporo Medical University

Despite major advance in management of ischemic heart disease, progressive heart failure is still a major cause of
cardiovascular mortality in patients with severe ischemic heart disease. Recently, necroptosis, a novel form of
programmed cell death, has been shown to be involved in ischemia/reperfusion injury and heart faiture in animal
models. Here we conducted series of studies to clarify role of necroptosis and mTOR complex I (mTORCI), &
major regulator of autophagy and metabolism, in ischemic heart disease. Activation of necroptotic signal by use
of TNF-alpha and a pancaspase inhibitor (zVAD) induced cardiomyocyte necroptosis, which was insensitive fo
inhibitors of mPTPs. Necroptosis signaling suppressed autophagy with increased RIP1-p62 interaction. Inhibition
of mMTORC] significantly increased putative RIP1-Ser4 14 phosphorylation that negatively regulates RIP1 activity
and suppressed both RIPI-RIP3 binding and necroptosis. mTORC1 inhibifion also restored autophagy, and
inhibition of autophagy attenuated the protection afforded by mTORCTI inhibition. mTORC]1 activity assessed by
§6 phosphorylation was up-regulated and caspase 8 expression was reduced in endomyocardial biopsy samples
from patients with ischemic heart failure as compared with those in control subjects (Brugada syndrome). Clinical
benefit of inhibition of mTORC1 was suggested by the finding that treatment with everolimus reversed myocardial
remodeling in a case of heart failure with aberrant mTORC1 activation (tuberous sclerosis). The findings suggest
that necroptosis is facilitated by both aberrant mTORC] activation, leading to suppressed autophagy, and reduced
caspase-8 expression in ischemic myocardium and that mTORC! is a therapeutic target for ischemic heart failure.



The French paradox: what do we know about i?
Lindizwe Dlamini, Dee Blackhurst, Roisin Kelly, Florian Bauer*, Sandrine Lecour
Hatter Institute, University of Cape Town and *Wine Biotechnology Institute,
University of Stellenbosch, South Africa.

The French paradox is a term coined in 1980s referring to the fact that, despite consuming a diet high in saturated
fat, French people have relatively low [evels of coronary heart disease. Epidemiological studies suggest that this
effect may be explained by the fact that French people consume more wine per capita than many other nations.
Using a preclinical rat model, we have confirmed that moderate and chronic consumption of wine (equivalent to
2-3 glasses of wine per day), protects against ischemic heart disease, However, the compoenents in wine that are
responsible for this effect still remain unknown. In collaboration with the Wine Biotechnology Institute in South
Africa, we have designed synthetic wines (whose composition is perfectly controlled) in order to assess the
cardioprotective contribution of different components in wines, including alcohol, resveratrol, melatonin and
melatonin isomers. Male Long Evans rats were treated for 2 weeks with synthetic wine with/without resveratrol
or/fand melatonin prior to an ischemia-reperfusion insult on the isolated heart Langendorff system. Functional
parameters of the heart were measured throughout the experiments. To our surprise, a synergestic effect was
observed between alcohol, resveratrol and melatonin, clearly demonstrating that the cardioprotective effect of
moderate and chronic consumption of wine cannot be explained by the presence of a single component in wine.



Session 6; Clinical cardioprotection

Why RIPC is not working in cardiac surgery patients?
Part I by Yunseok Jeon,
Part I by Youn Joung Cho
Department of Anesthesiology and Pain Medicine, Samsung Medical Center, Seoul, Republic of Korea.

Remote ischemic preconditioning (RIPC) showed powerful protective effects in many animal studies and clinical
trials. However, in several large clinical trials (RISPO, RIPHeart, and ERICCA) which enrolled cardiac surgery
patients, RIPC did not show any protective effect. There has been many hypothesis about the causes of negative
results in these trials. However, the exact mechanism has not been proven yet. We have been evaluated several
hypothesis using Langendorff model, flow cytometry and ECG analysis.

Phosphoinositide 3-kinase gamma inhibition protects from
anthracycline cardiotoxicity and reduces tumor growth
Mingchuan Li!, Valentina Sala'$, Nicola Pianca?, Jean Piero Margaria', Edoardo Lazzarini®, Marco SandriZ,
Pietro Ameri®, Sebastiano Sciarretta’, Roberto César P. Lima-Jinior'*, Marco Mongillo?, Tania Zaglia®, Fulvio

Morello®, Alessandra Ghigo! and Emilio Hirsch!
| Department of Molecular Biotechnology and Health Sciences, Malecular Biotechnology Center, University of Torino,
TForino, ITALY.

2 Department of Biomedical Sciences and Venetian Institute of Molecular Medicine, University of Padova, Padova, ITALY
} Cardiovascular Biology Laboratory, Department of Internal Medicine, University of Genova and IRCCS Policlinic Hospital
San Martino, Genova, ITALY.

4 Department of Medical and Surgicat Sciences and Biotechnologies, University of Rome "Sapienza”, Latina, ITALY.

3 Laboratory of Pharmacology of Inflammation and Cancer, Department of Physiology and Pharmacology, Universidade
Federai do Ceard/UFC, Fortaleza, BRAZIL.

6 A.0.U. Citta delia Salute e delia Scienza di Torino, S.C. Emergency Medicine, Torine, FTALY.

Background: Anthracyclines, such as doxorubicin (DOX), are potent anti-cancer agents for the treatment of solid
tumors and hematological malignancies. However, their clinical use is hampered by cardiotoxicity. We
investigated the role of PI3Ky in DOX-induced cardiotoxicity and the potential cardio-protective and anti-cancer
effects of PI3Ky inhibition. Methods: Mice expressing a kinase-inactive PI3Ky or receiving PI3Ky selective
inhibitors were subjected to chronic DOX treatment. Cardiac function was analyzed by echocardiography and
DOX-mediated signaling was assessed in whole hearts or in isolated cardiomyocytes. The dual cardio-protective
and anti-tumor action of PI3Ky inhibition was assessed in mounse mammary tumor models. Results: PI3Ky KD
mice showed preserved cardiac function after chronic low-dose DOX {reatment, and were protected against DOX-
induced cardiotoxicity. The beneficial effects of PI3Ky inhibition were causally linked to enhanced antophagic
disposal of DOX-damaged mitochondria. Consistently, either pharmacological or genetic blockade of autophagy
in vivo abrogated the resistance of PI3Ky KD mice to POX cardiotoxicity. Mechanistically, PI3Ky was triggered
in DOX-treated hearts, downstream of TLR9Y, by the mitochondrial DNA released by injured organclies, and
contained in autolysosomes, This autolysosomal PI3Ky/Akt/mTOR/Ulk! signaling provided maladaptive
feedback inhibition of autophagy. Finally, PI3Ky blockade in models of mammary gland tiunors prevented DOX-
induced cardiac dysfunction, and concomitantly synergized with the anti-tumor action of DOX, by unleashing
anticancer immunity. Conclusions: Blockade of PI3Ky may provide a dual therapeutic advantage in cancer therapy,
by simultaneously preventing anthracyclines cardiofoxicity and reducing tumor growth.



Can ischaemic conditioning protect against anthracycline cardiotoxicity?
J Malcolm Walker
Hatter Cardiovascular Institute, UCLH, UK

Cancer therapy has been associated with enormous improvements in prognosis but paradoxically exposes patients
to acute and chronic cardiovascular damage. Anthracycline chemotherapy, the mainstay of many cancer therapies,
has cardiotoxic effects including symptomatic heart failure in 4% of patients, LVEF decline in 9% and cardiac
arrhythmia in more than 12%; with asymptomatic cardiac troponin rise in 35%. We are investigating whether
ischaemic conditioning (IC) may have a role in cardiac protection against the detrimental effects of cancer therapy.
Studies using cardiomyocytes have shown that IC reduces cell death after doxorubicin exposure. Importantly, we
have also shown that IC does not protect Hel.a cell lines from doxorubicin induced cell death. Thus efficacy of
the anti-cancer drug appears not impeded by IC in these conditions.

In the clinical setting we are conducting a study to investigate the potential for remote ischaemic conditioning
(RIC) to reduce evidence of cardiomyocyte injury in patients having chemotherapy: (ERIC-ONC trial:
clinicaltrials.gov NCT 02471885). This a blinded randomised controlled trial recruiting 128 oncology patients
undergoing anthracycline-based chemotherapy treatment, randomised in a 1:1 ratio into two groups (1) sham
procedure, or (2) RIC. The RIC protocol comprises of four 5-minute cycles of upper arm blood pressure cuff
inflations and deflations. RIC is applied immediately before each cycle of chemotherapy.

The primary outcome measure, is high sensitivify troponin T (hs-TnT) over six cycles of chemotherapy. Secondary
outcome measures include amhythmia surveillance using wearable 14day ECG patch monitors, cardiac function
by advanced 4D and strain echocardiography and major adverse clinical evenis.

The first 22 patients have completed the study and preliminary, unblinded safety and tolerability data is presented.



Session 7: Early career session

Inhibiticn of beta-3 adrenergic receptor maintains cardiac function by regulating cardiac
metabolism in the sepsis-induced cardiomyopathy
Satoshi Kawaguchi!, Motoi Okada®, Satoshi Fujita', Naoyuki Hasebe?

1Department of Emergency Medicine, Asahikawa Medical University
*Department of Cardiology, Asahikawa Medical University

Aims: The beta-3 adrenergic receptor {B3AR) implicated in heart failure is known to be related with myocardial
fatty acid metabolism, We investigated the role of B3AR in sepsis-related cardiac dysfunction.

Methods and Results: Sepsis model was made by intraperitoneal injection of lipopolysaccharide (LLPS) to
C57Bql/6 mice. We divided the subjects into the B3AR antagonist SR59230A (SR), B3AR agonist CL316243
(CL) and normal saline (NS). The survival rate was significantly improved in the SR but worsened in the CL
compared with the NS. Within six hours of LPS injection, echocardiography revealed cardiac dysfunction was
improved in the SR although it worsened in the CL. Cardiac ATP which is reduced in septic heart was preserved
in the SR. Quantitative PCR analysis showed that the gene expressions associated with fatty acid oxidation,
glucose metabolism, and metabolic control of mitochondrial biogenesis were significantly improved in the SR.
Qil red O staining of the septic heart showed that the deposition of lipid droplets was markedly observed in the
CL whereas it was decreased in the SR,

Conclusions: P3AR spared cardiac energy by improving myocardial metabolism and mitochondrial dysfunction
in a septic heart. 83AR is a novel metabolic target in sepsis-induced cardiomyopathy.

Mitochondrial Protein Acetylation in Skeletal Muscle Is Associated with Exercise Intolerance in
Heart Failure via the Altering Fatty Acid Oxidation
Masava Tsuda!, Arata Fukushima', Junichi Matsumoto’, Shingo Takada', Naoya Kakutani', Hideo Nambu',
Katsuma Yamanashi!, Takaaki Furihata!, Takashi Yokota!, Koichi Okita?, Shintaro Kinugawa!,
and Toshihisa Anzai'

Mepariment of Cardiovascular Medicine, Hokkaido University Graduate School of Medicine, Sapporo, Japan
2Graduate School of Program in Lifelong Learning Studies, Hokusho University, Ebetsu, Japan

Background: Functional abnormalities in skeletal muscle constitute a pathological feature of patients with heart
failure (HF). One of the abnormalities is impaired energy metabolism, which is closely associated with exercise
intolerance in HF. Protein lysine acetylation is recently discovered post-translational modification that has
emerged as an important regulator of mitochondrial energy metabolism. We thus investigated whether
mitochondrial protein acetylation is associated with impaired skeletal muscle metabolism and lowered exercise
capacity in HF through basic and clinical approaches.

Methods and Resulfs: The unbiased metabolomic analysis of plasma samples from HF patients and controls
revealed that acetyliysine is the most relevant metabolite that negatively correlates with peak VO,. We then created
a murine model of HF with limited exercise capacity by ligating a coronary artery. Acetyllysine level of
mitochondrial fraction was elevated in the skeletal muscle from MI compared to sham mice in accordance with
reduced deacetylase (SIRT3) expression. Mass spectrometry-based acetylproteomics identified that the target of
hyperacetylation is mitochondrial metabolic enzymes involved in fatty acid B-oxidation (FAQ), the tricarbonyl
acid cycle, and electron transport chain. This alternation was consistent with reduced FAO enzymatic activity and
a decrement in fatty acid-driven mitochondrial respiration in skeletal muscle from HF mice.

Conclusions: Mitochondrial protein hyperacetylation is associated with impaired FAQ in skeletal muscle and
exercise intolerance in HF, suggesting the pathological role of acetylation.



Tristetraprolin plays an adaptive role against iron deficiency in the heart by optimizing
expression of mitochondrial iron-containing Rieske protein.
Tatsuva Sato!, Masaya Tanno!, Hsiang-Chun Chang?, Hidemichi Kouzn?, Takayuki Mikil,
Toshiyuki Yano! Tetsuji Miura', Hossein Ardehali?,
1) Department of Cardiovascular, Renal and Metabolic Medicine,
Sappore Medical University School of Medicine
2) Northwestern University School of Medicine

Backgrounds: It has been reported that cells respond to iron deficiency by activating iron-regulatory proteins
(TRPs) to increase celtular iron uptake. However, it remains unclear how cells adapt to conditions when cellular
iron uptake does not fully match iron demand. We recently found that tristetraprolin (T'FP), a protein binding to
AU-rich elements (ARE) in the 3’-untranstated region of mRNA and facilitating degradation of its target mRNA,
is activated in iron-deprived cells. Here, we examined whether TTP plays an adaptive role under an iron
deficiency condition by suppressing the expression of iron-containing mitochondrial proteins in parailel with
iron availability,

Methods and Results: Unbiased in silico analysis revealed that several genes associated with mitochondrial
electron transport chain have ARE in their 3'-UTR. Among them, we found that UQCRFS1, which encodes iron-
sulfur cluster-containing Rieske protein, was directly bound to and degraded by TTP based on the following
observations: 1) decreased mRNA level with iron chelation, but no reduction with TTP deletion, 2) increased
mRNA stahility assessed by RNA polymerase inhibitor actinomycin-D treatment with T'TP deletion, and 3) more
TTP-binding with the mRNA assessed by RNA co-immunoprecipitation. We found that the protein expression
level of Rieske was preserved in TTP-deleted cells even under an iron deficiency condition. Interestingly, in the
absence of TTP and with iron deficiency, formation of mitochondrial complex I with iron-lacking Rieske
{Apo-Rieske) occurred, leading to the production of reactive oxygen species (ROS) and decreased mitochondrial
respiration through electron leakage. Finally, hearts from TTP-KO mice with iron deprivation induced by an
iron-deficient diet for 6 weeks showed cardiomyopathy with enhanced lipid peroxidation and increased
intermediate metabolite associated with glycolysis without displaying a decreased number of mitochondria as
assessed by electron microscopy.

Conclusions: The results suggest that TTP plays an adaptive role against iron deficiency by optimizing the
expression of iron-requiring Rieske protein in parallel with iron availabitity to avoid the formation of
malfunctioning Apo-Rieske.

Deletion of pericyte-specific Ninjurinl inhibits the formation of
matured vessels in ischemic fissues and attenuated the blood flow recovery
in the hind limb ischemia.

Akiho Minoshima, Jun-ichi Kawabe, Motoki Matsuki, Maki Kabara, Kiwamu Horiuchi
Yuri Yoshida, NaofumiTakehara, Naoyuki Hasebe,

Asahikawa Medical University

Purpose; We have reported that Ninjurinl (Ninjl) is a novel factor in angiogenesis through interaction between
endothelial cells (ECs) and pericytes (PCs). However, it is unclear the pathophysiological role of vascular Ninjl
in ischemic tissues. In this study, we examined the effects of PCs-specific Ninj1 deletion on ischemia using mouse
hind limb ischemnia (HLI) model.

Methods and Results; Ninjl was expressed in capillary of skeletal muscle tissues, and their expression was
enhanced after HLI operation. PC-specific Ninji-knockouts (KQ) were generated by tamoxifen-treatment in NG2-
CreER/Ninj1-flox mice, just one week before H1.I operation. Blood flow recovery in hind limb, detected by color-
doppler analyzer was significantly attenuated in Ninj1-KO compared to controls. The number of CD31-stained
vessels in skeletal muscles was similarly increased in ischemic muscles of both Ninj1-KO and control groups.
However, the ratio of functional blood circulating matured vessels was attenuated in Ninj1-KO. In vitro 3D-gel
co-culture of ECs and PCs, EC-made tubes were surrounded with PCs and form capillary-like structure. When
Ninjt expression was knocked down in PCs using Ninj1-siRNA (Ninj1KD), PCs did not attach to EC-made tubes,
subsequently forming immature vessel-like structure. Ninjl increased the balance of Angiopoietin (Angpt) 1/2 in
PCs, and Ninj1KD enhanced the expression of Angpt2, endogenous Angptl inhibitor. When Angpt2 expression
was reduced, the effect of Nin11KD on formation of immature vessels was partially inhibited.

Conclusion; Ninjl plays an important role in blood flow recovery in ischemic tissues through the formation of
functional matured vessels. Ninjl in PCs may mediate the association with ECs to form mature vessels, through
in part Angpt1/2 pathway.



mTORCT1 inhibition restores autophagic flux by inhibitory phosphorylation of RIP1, leading to
suppression of necroptosis in cardiomyocytes
Koki Abe, Toshiyuki Yano, Makoto Ogasawara, Atsushi Kuno, Masaya Tanno,
' Takayuki Miki, Tetsuji Miura,
Department of Cardiovascular, Renal and Metabolic Medicine, Sapporo Medical University

Purpose: Necroptosis, a programmed cell death, has been implicated in various pathological conditions including
heart failure. We examined the mechanism by which rapamycin suppresses necroptosis of cardiomyocytes,
focusing on regulation of RIP1 activity and autophagic flux.

Methods and results: In H9¢2 cardiomyoblasts, necroptosis was induced by treatment with TNF and z-VAD-fink
(zVAD) for 24 h, and cell death was determined by LDH release (as % of total). TNF/zVAD increased LDH
release from 3.4%£1.3% to 46.1+2.3%, and the LDH release was suppressed by necrostatin-1 {5.9£0.9%), a RIP1
inhibitor, and by siRNA-mediated knockdown of RIP3 or MLKL. TNF/zVAD-induced cell death was attenuated
by rapamycin, an mTORCI inhibitor, and by Ku-0063794, an mTORC1/2 inhibitor. Levels of necroptosis
regulatory proteins upstream of RIP1 and TNF-induced cleavage of RIP]1 were not changed by rapamycin
treatment. Rapamycin and Ku-0063794 partially blocked TNF/zVAD-induced RIP1-Sert66 phosphorylation and
significantly increased putative RIP1-Ser4 14 phosphorylation that negatively regulates RIPI activity, leading to
suppression of TNF/zVAD-induced RIP1-RIP3 binding. Monitoring of autophagic flux using RFP-GFP-LC3
plasmids revealed that suppression of avtophagic flux by TNF/zVAD was restored by rapamycin or necrostatin-1.
Bafilomycin Al, a suppressor of autophagic flux, reversed the protective effect of rapamycin on TNF/zZVAD-
induced cell death.

Conclusion; mTORCT inhibition alleviates TNF/zZVAD-mediated suppression of autophagic flux by inhibitory
phosphorylation of RIP1, leading to suppression of necroptosis in cardiomyocytes.



Session 8: Mitochondria as target for cardioprotection
A new mitochondrial target to prevent reperfusion injury in
acute myocardial infarction.
David Garcia-Dorado, Antonio Rodriguez-Sinovas, Laura Valls, Ignasi Barba,
Flisabet Mird-Casas, Marisol Ruiz-Meana.
Vall d’Hebron University Hospital and Research Institate, Universitat Autdnoma de Barcelona
and CIBERCYV, Barcelona, SPAIN.

Mitochondria are key players in myocardial reperfusién injury and cardioprotection. The mitochondrial
permeability transition (MPT) pore, and in particular its regulatory protein Cyclophyllin D, have been targeted by
treatments producing inconsisient preclinical results that have eventually failed to afford protection in patients
with ST elevation myocardial infarction.

We have investigated an alternative strategy aimed at limiting the production of radical oxygen species (ROS) at
the respiratory chain. An approach to this aim is to limit the production of ROS associated with the rapid oxidation
during initial reperfusion of succinate accumulated during previous ischemia by transiently inhibiting succinate
dehydrogenase (SDH). In isolated mice hearts submitted to 35 min global ischemia, inhibiting SPH with malonate -
during the first 15 min of reperfusion slowed the fall of myocardial succinate content (NMR spectroscopy), limited
ROS production (mitosox), prevented MPT (calcein release), and reduced infarct size (triphenyl tetrazolium
reaction), and these effects did not involve activation of RISK or SAFE pathways. In anesthetized pigs, we
analyzed the effects of intracoronary malonate at different concentrations on myocardial function and selected a
concentration (10 mmel/1) that lacked significant effect on contractility and resuited in negligible systemic
malonate levels to be applied in pigs submitted to 40 min transient coronary occlusion. Intracoronary infusion of
this concentration of malonate during the first 6 min of reperfusion reduced infarct size by one third respect to
saline infusion, without effects on reperfusion arrhythmias or contractile effects on distant myocardivm.

These results identify SDH as a new mitochondrial target for the prevention of reperfusion injury, and
Intracoronary malonate injection as a new treatment potentially applicable in patients with ST elevation myocardial
infarction in whom reperfusion is performed through primary percutaneous coronary intervention.

Mitochondrial ROS generation and Ca?* homeostasis in
cardiac injury and protection
Eabig Di Lisa!, Salvatore Antonucei!, Michael Murphy? and Thomas Krieg®
! Department of Biomedical Sciences, University of Padova, Italy; 2 MRC Mitochondrial Biclogy Unit, and 3
Department of Medicine, University of Cambridge, UK

Since changes in intraceHular [Ca®*} (JCa®'|;) homeostasis, mitochondrial dysfunction and reactive oxygen
species (ROS) are tightly connected. For instance, an increase in [Ca®|; affects mitochondrial [Ca™) and in most
cases it is associated with an increased mitochondrial ROS formation, leading to the opening of the permeability
transition pore (PTP), mitochondrial dysfimction and cell death. On the other hand, ROS modify [Ca™];
homeostasis by acting at various sites involved in intraceilolar Ca®* fluxes. The changes induced by [Ca®'f; on
ROS generation and vice versa are very rapid, making it difficult to elucidate the primary event under both
physiological and pathological conditions. An additional matter of complexity is refated to available techniques.
While various methods dre available to induce a primary and direct rise in [Ca®};, the existing projocols to trigger
ROS production are far from being specific. An increase in ROS is generally obtained as a consequence of the
exogenous administration of an oxidant (mostly H20;) or by applying pathological stimuli (i.e., respiratory chain
inhibition) that inevitably trigger several other effects, including alterations in [Ca*"}; homeostasis.

Here we investigated the effects of a primary increase in mitochondrial ROS levels induced by
MitoParaguat (MitoPQ) a paraquat derivative targeted to mitochondria, which causes a dose-dependent selective
increase in superoxide levels. In neonatal rat ventricular cardiomyocytes {NRVMs) high doses of MitoPQ (>100
nM) altered [Ca*]; homeostasis, hampered mitochondrial function due to permeability transition pore opening,
eventually leading to cell death. On the other hand, low doses of MitoP(Q caused a decreased susceptibility of
neonatal rat ventricular myocytes (NRVMSs) to anoxia/reoxygenation injury and profound protection in an in vivo
mouse model of ischaemia/reperfusion. Protection was obeserved also when a slight increase in mitochondrial
ROS formation resulied from overexpressing the mitochondrial Ca?* uniporter (MCU). Both MitoPQ at low doses
and MCU overexpression caused AKT activation that is likely to confribute to cardioprotection.

The present data provide evidence of the involvement of mitochondrial ROS formation in both cardiac
injury and protection demonstrating the clear separation between ROS levels triggering beneficial effects from
those causing cardiomyocyte derangements.



Roie of NDUFALZ2 in cardiac ischemic tolerance
Tello DY, Yang Li Q!, Ruiz-Meana M?, Inserte J*, Garcia-Dorado D? and Aragonés J!
‘! Research Unit, Hospital of Santa Cristina, Research Institute Princesa (IP), Autonomous University of Madrid, Madrid
28009, Spain. CIBER de Enfermedades Cardiovasculares, Carlos 11 Health Institute, Madrid, Spain. , Madrid, Spain,
2 Department of Cardiology, Universitat Autdnoma de Barcelona, Barcelona, Spain; Laboratory of Experimental Cardiology,
Universitat Autdnoma de Barcelona, Barcelona, Spain. CIBER de Enfermedades Cardiovaseulares, Carlos I Health
Institute, Madrid, Spain, Barcelona, Spain.

Insufficient Ox supply induces an adaptive metabolic programme executed by the hypoxia-inducible factor (HIFs),
which decreases mitochondrial oxidative metabolism and favours anaerobic glycolysis. NDUFA4L2 (NADH
Dehydrogenase (Ubiquinone)} 1 Alpha subcomplex 4-like 2), is a target of the hypoxia-inducible factor 1 (HIF-1)
involved in this metabolic reprogramming. Indeed NDUFA4L2 reduces mitochondrial complex I activity,
decreases O, consumption and consequently prevents the formation of reactive oxygen species (ROS). Heart and
hing are the organs in which NDUFA4L2 presents the highest expression at mRNA and protein level. To
investigate the role of NDUFA4L2 in the heart biology, we assessed its expression in different animal models of
ischemic heart and we also generated a NDUFA4L2-deficient mice in which the exon 2 was excised by the
recombinase Ubc Cre ER™. Our data show that NDUFA4L?2 is a mitochondrial regulator highly expressed in
heart tissue and we will discuss its role in cardiac tolerance against ischemia-reperfusion damage and therefore its
potential as therapeutic target in scenarios in which ROS-induced cardiac injury is involved.

The universal marker succinate and its implication on ischaemia/reperfusion injury

Thomas Krieg
University of Cambridge, UK

It is now known that various ischaemic conditions, such as myocardial infarction, stroke, and organ transplantation
lead to a significant increase in the TCA cycle intermediate succinate. While some of the succinate is driving
reactive oxygen species (ROS) production via reverse electron transport (RET) at mitochondrial complex I during
the onset of reperfusion, some of it is released into the circulation. We have recently described the underlying
mechanism of RET-induced ROS production in heart mitochondria, but less is known about succinate in the
circulation. In my talk, [ will summarize the current knowledge about ischaemic succinate accumulation and also
lay out some putative effects of circulation succinate.
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unmet medical needs.
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