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AHA FELMERES ES PREDIKCIO o et tonsassoen

Ossz- ] -
kardiovZ::kuléris Hipertonia Sz;)vkoron'arla Szivelégtelenség Stroke

betegség etegseg

ev

2010 36.9 33.9 8.0 2.8 3.2
c 2015 37.8 34.8 8.3 3.0 3.4
2020 38.7 35.7 8.6 3.1 3.6
2025 39.7 36.5 8.9 3.3 3.8
2030 40.5 37.3 9.3 3.5 4.0
% valtozas 9.9 9.9 16.6 25.0 24.9

Benjamin et al, Circulation, 2017
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I. Sziv molekularis élettana:
A. Asziv sejtjeinek strukturalis és funkcionalis attekintése
B. Molekularis élettan integralt transzkriptomja
C. Intercellularis kommunikacios halozat
Il. Cardiovascularis korképek patomechanizmusa
A. Kardiovaszkularis korképhaldzat

B. Szivérrendszeri kérképek kozos molekularis patomechanizmusa

C. ISEV 2017: EV-k szerepe a kardiovaszkularis kérképek patomechanizmusaban
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MAKROSZKOPIKUS ATTEKINTES
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szupracellularis szint
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sejtszint

NKT-sejt Endotél

\

Smooth muscle cells

Endothelial cells

Epicardium cells

ﬂ Epicardialis

adipocita

Cardialis Cardialis fibroblast

Monocyta/macrophag Szivizomsejt

Hulsmans et al, Cell, 2017 Xin et al, Nat Rev Mol Cell, 2013
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szubcellularis szint

Szivizomsejt
Electrophysiology
hj\ to detect action
potentials
MAM\ Ca?" oscillation visualized
by reporter dyes or GCaMP
Gene expression: “Na* Ke ‘ \
RT-PCR, microarray, @ Ca? '
RNA-seq

channels m
mm][ll‘]ﬂmﬂ[wmmm% :

’ Ca® channels Y

Calsequestnn
Sarcoplasmic _
=

GFP reporter
activity

( Morphology
(mature cardiomyocytes,
more rod shaped)
T tubules, sarcomeres { Myofilaments
visualized by electron = — — T
microscopy
Exons 3-28 Exons 37-50 Exons 75-105
AA: 57-1141 AA: 1638-2579 AA: 3563-4967
N-Terminal domain Central domain Channel region \ ﬂ z{imm 4 ﬁ,’f Contraction
A h M HARRAR and release
Y
Epigenetic marks Immunostaining for cardiomyocyte

(for example, demethylation of

structural proteins (cTnT, a-actinin),
cardiomyocyte-specific promoters)

indicating sarcomere formation

Braunwald: Heart diseases, 10t edition, 2015 Addis et al, Nat Med, 2013



Biomechanical stimuli
-_2 (e.g. oscillatory flow)

MOLEKULARIS ELETTAN ATTEKINTES

szubcellularis szint
Endotél sejt

Biochemical stimuli
(e.g. TNF-o)

(g ][t RARPAD.com

IL-6

\

-F
I
| -—) EC proliferation y P
I

l

mlR 126-5p )%
miR-181b

)

Ubiquitylation/
IxBa degradation

MCP-1

NF-xB target genes —(e.g. VCAM-1, ICAM-1, E-sele)

miR-146 —| (HurR)

\

/

miR-14:(‘$ir)niR-145—|..

l \
Laminar flow @ + = *VSMCs

Feinberg, Circ Res, 2016
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szubcellularis szint
Cardialis monocyta/ macrophag sejt

blood circulation
‘ @ @ Profibrotikus MF
YOLK SAC MACROPHAGE FETAL MONOCYTE e f())(shig:::ocvrz Markers
Recruiting
chemo/cytokines: 27N
TNF receptor (109, 110)
E r : CX3CR ligand 1 @
edet . l Vi 8 CX3CR1 (60)
SZIkhOIVag, @ fibrotic tissue TNFa (106, 107, 111)
magzati maj monocitai, CXCL10 (59, 117, 118)
77 x 11 7'. 118
feln6tt HSC GEEL 9
MMPg («' G/ :,_’)
MMP13 (68, 118)
Azonositas: LVGCIO Cathepsm K66, 71,77, 78)
TISSUE RESIDENT MACROPHAGE RECRUITED MACROPHAGE gigtio MERTK( o \)
7;;':“;:1:2 RANKL l e&\e" i 4 PPARY ( 00)
IFNet activates MRC1 ( 1 /I|)
AREG - Szivizomsejt hipertroéfia o .- MRC2 (121)
activates . N Eait2 MFGEB ('::, l‘L), l“:)
g induces Aspirin-triggered

lipoxin A analogues - 17
OERY  uptake o Arg 1 ( g )
Py — > MERTK ANTIFIBROTIC

MACROPHAGE 7 FIZZ1 (22)

Apoptot'lc cells

Th2 inhibition
&
&
o«

MRC2/Endo 180

- Fujiu et al, Nat Med, 2017
e Adhyatmika et al, Front Med, 2015
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transzkriptomikai szint

GENOMIKA TRANSZKRIPTOM PROTEOMIKA

4 . sy 1=
>2x 10~ fehérje kodolo ‘
- >1x10°mRNS ol >3x10% fehére >1x10° fehérje -

DNS metilaclé
3 *
Hiszton médositasok >1x 10" miRNS PTM
> 1 x 10° RNS gének DIR\N.-ER’ :II:NS Enzimatikus reakciék

»15x 104 pszeudogén

METABOLOM
>5 x 10° metabolit

_ _ ~ KORNYEZET nukleotidok

lipidek LIPIDOM >5 x 102 lipid

aminosavak

szénhidratok



GENOM - FENOM KAPCSOLAT

Biobank

Commercial funding
deCODE Genetics (Amgen)

Geisinger MyCode Community
Health (Regeneron
Pharmaceuticals and others)

Government funding
China Kadoorie Biobank

UK Biobank

Electronic Medical Records and

Genomics (eMERGE) Network

Million Veterans Program

All of Us Research Program (part of
the Precision Medicine Initiative)

Institutional funding

BioVu Biorepository

Kaiser Permanente Research Bank

Partners Healthcare Bicbank

Web site

http://www.decode.com/

http://www.geisinger.ora/for-researchers/

partnering-with-patients/pages/mvcode-
health-initiative.html

http://www.ckbiobank.org/site

https://www.ukbiobank.ac.uk

https://emerge.mc.vanderbilt.edu
about-emerge

http://www.research.va.gov/mvp

https://www.nih.qov/research-training/
allofus-research-program

https://victrvanderbilt.edu/pub/biovu

http://researchbank.kaiserpermanente.or

https://biobank.partners.org

Enrelment locations

lceland

Geisinger Health
System (Danville, PA,
USA)

China

UK

United States Hospital
Sites

Veterans Affairs

Hospitals, USA
USA

Vanderbilt University
Medical Center
(Nashville, TN, USA)

USA

Partners Health Care
(Boston, MA, USA)

Initial
enrolment

1996
2007

2004

2006

2007

2011

Early 2017

2007

2016
2010

Enrolment
to date

=>200,000
>50,000

>500,000

>500,000

>50,000

>500,000

>215,000

>250,000
>50,000

(g ][t RARPAD.com

Target
enrolment

Unknown

Unknown

Enrolment
completed

Enrolment
completed

Unknown

~1,000,000

~1,000,000

Unknown

~500,000
~100,000
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transzkriptomikai szint
Szivizomsejt

a d:t;mm FGF1
EREEﬂm ERBB4 [ FGFR
| A4
»PBOF---
i Z o =

|

Binucleation

Identitas meghatarozd: hsa-miR-1, hsa-miR-133, hsa-miR-208, hsa-miR-499

Froliferation

Cytokinesis

b miR-590-3 miR-199a-3p

CLIC GHOMERD EHOPY
1

Cytokinesis

}
Proliferation

Binucleation

t

Cell cycle regulators
(for example, CDKs, cyclins and CHEK1)

T
miR-15 family (miR-195)

Xin et al, Nat Rev Mol Cell, 2013



Cardiac fibroblast

miR-21* enriched exosomes

INTERCELLULARIS KOMMUNIKACIO

ECM proteins, cytokines,
growth factors

LBk

Cardiomyocyte
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Mesenchymal
Stem Cells _

Cardiac Fibroblast

Hypertrophy t
@
Cardiomyocytes
Haematopoietic

/ @ ) Stem Cells

Apoptosis | ‘ = =
Hypertrophy | /* AN jmmw

il STT7L LAkl /

Cardiac
Progenitor Cells

® e
6/765 ®

e
Metabolism }

Anti-angiogenic
function

ot/

Promotion of
© angiognesis

Endothelial Cells

Bang et al, Eur J Heart Failure, 2015

laconetti et al, Physiology, 2015
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Immune

.

| Neuroplasticity
S

¥ ,‘.".r- )’

o

i Platelets® M

| BODNF]| 2.

M 3‘ OS1 ,:-J:_,t_ \
§ K‘&/
'/
—> Stimulation
-~ —4Inhibition

Carmen Fiuza-Luces et al. Physiology 2013;28:330-358
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\

4 Blood Flow
and Vascular
Shear Stress

> +eNOS Phosphorylation

¥

$eNOS Activity

.
'

DYNAMIC EXERCISE

™
h

4 Vagal tone
T Sympathetic tone

emne
» THRxTSV=
T Cardiac
output

Nitric Oxide T Energy
f demands
. I, S ; of exercising
Catecholamines Blood >_) ANO Metabolite Stores muscle T Myocardial
Vessels (Nitrite and NitrOSOthiOIS) oxygen demand
,l, T Total-body
Cardiac Ischemia 3;?3::

SN

+NO Bioavailability | |#Nitrosothiol Signaling

N

T Venous
return

i i - ' Tvasodilation T Coronary
Cardioprotection Tvodteton ! Coronan
"

~
W

Braunwald: Heart diseases, 10t edition, 2015



KARDIOVASZKULARIS KORKEPHALOZAT  “elislllmnaaven

STROKE ~«

Atherothrombodzis

|

Angina pectoris

T

Miocardialis ischaemia

T

Periférias érbetegség

T

P Atherosclerosis
Hipertonia T

™~

Kérnyezeti rizikonoveld faktorok T

Endotél diszfunkcid

—— > Neurohormonalis aktivacio

—— Cardialis immunhomeosztazis
megvaltozik

—— Szivizom vesztés

SZRZ < > Remodelling

i l

Hirtelen Ventriculdris diszfunkcid
szivhalal l
SZE

/ Genetikai rizikonovel§ faktorok
Rizikofaktorok
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ASGR1 (12 bp inaktivalo del) LDLR (5kb del)
APOC3 APOB
ANGPTL4 VE, D6 PCSK9 (GOF)
LDLRAP1
LPA
_ o ABCG5
PCSK9 (inaktivald mut),
NPCL1 (inaktivall ABCGS
(inaktivaldo mut) IRPE
DYRK1B
GUCY1A3

RIIKé NOS3

Khera et al, Nat Rev Gen, 2017
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KCNQ1 (LQT1) KCNH2 (LQT2)

oooooooooooooooooooooo

o Ce76 30%
Swimming 35%
Exertion/emotion N
1

/A Auditory

triggers

Postpartum
period
X
SCN5A (LQTS3)

Braunwald: Heart diseases, 10t edition, 2015
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KCNQIWT | G A KCNQIWT[ G A KCNQIWT |G A KCNQ1 WT KCNQ1 WT

allele FUTR allele FUTR allele FUTR allele allele

Mutation Mutation Mutation Mutation Mutation

:i[; \% = NON 4'[; L. % s E' - (ii rm
kenaimur| A @ Kcmm MUT| G G kenatmut| G A KONQIMUT| G A KCNQ1 MUT

G A
allele FUTR allele FTUTR allele YUTR allele IUTRH allele IUTR

— Equa' mBMNA processing from

Reduced MUT KCNQ1 channel alpha wild-type and mutant alleles Reduced WT KCNQ1 channel alpha
subunit synthesis leading to a higher subunit synthesis leading to a higher
proportion of WT channel subunits proportion of MUT channel subunits
n0 [AWA
0 AA 0 Ul
- -
J (1410 Davavay
YAV ‘N
AN

)
-~
<
<
o

QTc T

Less severe
phenctype More severe
\LDT-:: phenotype

Braunwald: Heart diseases, 10t edition, 2015



Monocita:

T TLR-2 és TLR4 mRNS

AII

AT1

eactive O; species
Vascular inflammation

R
Cell growth, fibrosis

Endothelial dysfunction
Aldosterone, NE release

HIPERTONIA

levated BP

N\

Remodeling of heart and vessels

5 O

\

Glucose intolerance

/N

Mi
Stroke

Death

/
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. \\N\

/

Plaque progression
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Ghigo et al, Card Res, 2014 Iturbe et al, Nat Rev, 2014
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REVIEWS

Vasodilation

| 2D =)

LDL cholesteral  Triglyceride-rich Inflammation Cellular proliferation Vascular tone Pathway remains uncertain X
and lipoprotein(a) lipoproteins and vascular and nitric oxide 3 e A
remodelling signalling § 4
i 3 e IL-6 P
* SORT1 *LPL *IL6R * COL4A1-COL4A2 * GUCY1A3 * PPAP2B * CYP17A1-CNNM2- by —— . . 'L-"ﬂ Other Cy‘Okm wremru R
* PCSK9 * TRIB1 * CXCL12 * MIA3 * EDNRA * WDR12 NT5C2 - mpl.m | il 4
* APOB * APOAS- * REST-NOA1 * NOS3 * VAMP5-VAMPS- * KIAA1462 TNF E )
* ABCG5- APOA4— * ZC3HC1 GGCX * ATP2B1 | :
ABCGS APOC4- . 9p21 * ZEB2 * HHIPL1 b CXCR4 A
*LPA APOA1 « PDGFD * AK097927 * MFGES-ABHD2- 208 ! a
= LIPA * ANGPTL4 * SWAP70 * MRAS SMG6-SRR HMGB1/CXCL12 o @ : !
*LDLR = KSR2 * SLC22A4-5LC22A5 | | » RASD1-SMCR3- i AP A
* APOE = ADAMTS7 * ANKS1A PEMT By : Y
* BCAS3 * PHACTR1 * UBE2Z-GIP- ‘ - aama
* FLT1 *TCF21 ATP5G1-SNF8 " ! o
* SMAD3 * KCNK5 * PMAIP1-MC4R GDF15 L o
*PLG * ZNF507 L
* HDAC9 * SLC5A3-MRPS6— ~ndegen -
* ABO KCNE2 .
« SVEP1 * POM121L9P-
* SH283 ADORAZA
* FURIN-FES

Khera et al, Nat Rev Gen, 2017 Ghigo et al, Cardiovasc Res, 2014



Inflammatory

SZIVINFARKTUS (1)

Proliferative

phase

« Contraction « Cardiomyocyte death « Inhibition of inflammation | » Myofibroblast apoptosis
» Self-regeneration + Chemokine/cytokine synthesis « Gr-1/2% monocyte infiltration | » Formation of mature scar
» Neutrophil infiltration « Lymphocyte recruitment
« Gr-1"" monocyte recruitment « Angiogenesis
= Debris clearance » Myofibroblast differentiation
» Preconditioning « Collagen synthesis
* MSC recruitment
« Cardiac cell regeneration
0-4 days 0 to 3-4 weeks 2-3 to 4-6 weeks
» Cardiomyocytes » Dead cardiomyocytes « Gr-1low monocytes « Gr-1'ow monocytes
« Gr-1low monocytes « Neutrophils ' '

' R *EPCs
,} » Lymphocytes
- ' ®
» Fibroblasts * Gr-1high monocytes » Fibroblasts
’ * Lymphocytes —
« Cardiac progenitor »
cells : -
« Fibroblasts « Fibroblasts
.
« Cardiac progenitor cells
*MSCs
ECM Fibrin-based provisional matrix Collagen-based matrix M

collagen-based matrix
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MMP-9 protein
expression =

SZIVINFARKTUS (2) £ sl sonscesoom

Extracellular Cytokines, Chemokines, Growth Factors, & ECM |
IL-1B8, CXCL1, TGFp, Collagen fragments

macrophage —
| Intracellular Signaling pathways
| Receptors: IL-1R, CCR2, TGFBR, integrins
Signals: AMPK, PKC JNK, p38 MAPK, ERK
Myoﬁbroblast Transcription Factors
d it Pro- MMP-9 Synthesis AP-1, Ets, NF-xB, PEAS3,
el \ Sp1, SAF1, miRs -21, -125,
-143, -855-5p
MMP-9 Secretlon
. . ] Intracellular/ Substrates
Inflammation Granulation Maturation ECM: collagen
Extracellular L » ELMLC N

1 T T T T T /" MMP'Q Activation fibronectin, laminin,
3 Hours Day 1 Day 2 Day 4 Day 7 Day 14 . ) osteopontin, tenascin C,

y y y ¥ y Activators Active MMP-9 thrombospondin-1
Time post-MI MMP-2, -3, -13, -17, 26 i Non-ECM: CD36, citrate
p plasmin, plasminogen activator s synthase, CXCL-1,-4, -

S-nitrosylation Inhibitors 5,-7, -12, galectin-3

a2 Macroglobulin T IL-1B ’

TIMP-1, -2, -3, -4

lyer et al, American J of Physiology, 2016



mMiRNS EXPRESSZIOS MINTAZAT

Cardiac Development

miRNA 1-2
miRNA 1
miRNA 133
miRNA 133a
miRNA 17~92 — STAT3

—4 MyoD
—— Mef2

—— Irx4, Hrt2, Hand1 and Gata6

— SRF and cyclin D2

(g ][t RARPAD.com

Stem/Progenitor Cells differentiation

miRNA 21 —— SPRY2
miRNA 221 —— Bim

Cardiac Hypertrophy
. MmiRNA 150 — ACVR2A, c-myb
miRNA 208 —1 THRAPI1, Myostatin
miRNA 23a —1 MuRF1
miRNA24 — 1 NLK
miRNA 21 —— SPRY2
miRNA 195 —— MO25
miRNA 199 —— Dyrkla, Hif-1a, Sirtl
miRNA 1 ——1 RASGAP, MEF2A, GATA4
miRNA 26b — GSK3p
miRNA 27a —— Foxo3a
miRNA 143 —1 ACE2
miRNA 29 — TGFB3
/ miRNA 133 — Nelf-A/WHSC2, Rho

miRNA 34a —— Sirtl
miRNA 126 —— Spredl

Cardiac Regeneration

Cardiac Fibrosis

miRNA 21— Spryl, PTEN
miRNA 133 — CTGF

JmiRNA 29 —— COL4A5

'T miRNA15a __, Chekl
miRNA 17-92 ___, PTEN
miRNA 195 __, Chekl
miRNA 133 _; mpsl, cdc37, PA2G4
miRNA208 ___, PMHC
miRNA 499 = Sox6 and Rod1
v miRNA 24 — eNOS
Cardiac Arrhythmia
A miRNA 1 — KCNJ2 GJAI1
miRNA 133 —— KCNQI1 and SRF
miRNA 133a — Cx43
miRNA 212 — Kir2.1
miRNA 17~92 — Pitx2
miRNA 106b-25 — Pitx2

l, miRNA 150 — ATIR
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I pericardialis Treg sejtek
T embriondlis gének expresszidja

Intronic mIRNAs

Primary %‘

transcript

Splicing
N\
mRTAAA

=0
Pre-miRNA l

eSS

MIRNA

NN

Function

B
Braunwald

: Heart diseases, 10t" edition, 2015

Heart Failure

miR-20 miR-21 a-MYHC mANA miR-23a

Hypoxia
Lo | L7y
.. s.,."/‘,""..,g ".‘ii\? w""‘l""‘m 320 i 199

| \ /
Fibrosis-——  seguions . ~{Hypertrophy Apoptosis
n

Myosin
switching
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Iskandar et al, Exp Ther Med, 2017



https://www.ncbi.nlm.nih.gov/pubmed/28565777
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Failing myocardium
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v

Li

Permanent loss of Dysfunctional Cardiac Interstitium Undiseased
myocytes myocytes fibroblasts [ | myocytes
A A A

Cell therapy

* Bone marrow cells
* Mesenchymal cells
» c-kit positive cells

‘ Cardiac myocytes ‘* "

'

)l Progenitor cells

Y S —— -

Growth factors
Small molecules

-

Gene therapy
* Plasmids

* Adenovirus
* AAV

* Lentivirus
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ISEV 2017 1 [fset] {2t oRARPAD.com

. G PR PR I SRR (RN A are increased in primary myocardiocytes derived EVs TVCAM1+ EVs
N TNF+ EVs

Annual Meeting - ISEV2017
Toronto, Canada

18-21 May 2017 .
WWWw.isev.org In human: Monocytes from spleen are mobilized after AMI

EC-EVs mobilize the monocytes from spleen in vivo mice

AMI modulates EV miRNA: I miR:126-3p, 126-5p, 26b-5p, 1472, 23a-3p, 151a-3p, 374b-5p

CABG diabetes pericardial fluid EVs (CABG non diabetes, MVR)

Exosomes: CD63, Alix, TSG101 + Beltrami et al, 2017

RNA:

— Proangiogenic response: let-7b-5p; hsa-mir-21-5p; has-mirl126-3p (relative to cel-miR-39)

- increase apoptosis in EC

- comparing microRNA signature with the miRNA pattern in piece of atrium and piece of aortic tissues
MS:

- M expression of apoptotic proteins in CABG DM PF

- APAF1 protein (under control by let-7b-5p; protein presence validated by WB)
WB

CD63 APAF1 double positive EVs
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