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6 Monatsverlauf
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Pressure

Cardiac Working Diagram
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Cardiac Working Diagram
(Pressure-Volume Relationship)
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LV pressure and volume measurement







V. Cava Occlusion for transient preload reduction
to evaluate end-diastolic pressure-volume
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Hemodynamic characterisation of HFPEF
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LV Stiffness:
Mechanismens

Matrix
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LV Stiffness and collagen index in HFPEF
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Inflammation in endomyocardial biopsies of patients with HFPEF
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Correlation: Matrix - inflammation?
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Role of growth Factor— (TGF- B)
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Mechanism in heart failure:
Fibrosis and Inflammation
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Mechanic stress activates myofibroblasts
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Mechanic stress induces
chemokine production
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Migration of lymphocytes
following the supernatant of myofibroblasts
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Increased actin polymerization of PBMCs as a sign of increased cell
mobility after incubation with the supernatant of myofibroblasts
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Direct adhesion of monocytes (THP-1) on myofibroblasts
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Monocytes (Th1-Zellen) produce MMP-9 after treatement with the
supernatant of myofibroblasts
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Identification of myofibroblasts in humanen cardiac biopsies

Migration and Chemotaxis
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Identification of myofibroblasts in humanen cardiac biopsies

Number of myofibroblasts
correlates with the number of
Myofibroblast invaded inflammatory cells
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Riskfactors for HF
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Increased expression of adhesionsmolecules after incubation of
endothelial cells with the supernatant of myofibroblasts
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Riscfactors for HF
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LV Stiffness:
Mechanisms
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Titin function and inflammatory Stress
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PLX restore hypophosphorylation of titin N2BA and N2B in
STZ-induced diabetic mice
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Myofibroblast and Inflammation in heart failure
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Etiology of isolated diastolic dysfunction
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Endothelial Dysfunction
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Basal Acethyicholine
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Reduced flow reserve and endothelial dysfunction in cardiac

Parvovirus B19 Infection
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PVB 19 - infected endothelial progenitor cells
Impact on impaired endothelial regeneration

in einer endothelialen Progenitorzelle
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Vascular density and clinical symptoms in PV B 19 patients
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No myocardial inflammation in patients with and without

diastolic dysfunction and viral persistance
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Mechansims ?

Fibrosis ?
Inflammation ?
Endothelial Dysfunction ?




LV stiffness and cardiac fibrosis in patients with and without

diastolic dysfunction and viral persistance
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Transgene Mausmodelle:
Parvovirus B19 - induzierte Kardiomyopathie
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Model of inflammatory cardiomyopathy
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Myofibroblast and Inflammation in heart failure

Riscfactors for HF
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Development of new anti-inflammatory and antifibrotic
therapy options for the future

Cardiac inflammation
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IL: Interleukin, TNF; Tumor Nekrose faktor, TLR: Toll-like Rezeptor, NOD: Nucleotide-binding oligomerization domain-containing protein, MMP: Metalloproteinase,
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Deregulated genes WITHOUT significant correlation to LV-EF

Correlation
Gene Regulat | Factor | g-value
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New anti-CTGF intervention option in the future

via cardiac RNA interefrence

CCN m-RNA expression level
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Anti-CTGF RNAi knockdown normalizes chemokine production

Cooperation AG Poller, Charite, unpublished



Anti-CTGF RNAI knockdown normalizes
collagen and MMP expression

Cooperation AG Poller, Charite, unpublished



Conclusion

. Myofibroblasts are chemo-active, activates lymphocytes
and can incuse endothelial dysfunction.

. The number of myofibroblasts correlate with the degree of
collagen expression as well as with the number of
invading inflammatory cells in the heart.

. Therefore, myofibroblasts are inflammatory supporter
cells

. They are a therapeutic target to modulate cardiac fibrosis
and inflammation.










Innate Immunsystem:
Toll-Like Receptors

bakterielle und virale Fragmente
Oxidativer Stress
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Typ-l-Interferone pro-inflammatory cytokines
(z.B. IFN-R) (z.B. TNF-a, IL-1R)

modifiziert nach: O Neill et al., Nat Rev Immunol 2007,
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Toll like Rezeptor 4
bei der ischamischen Kardiopathie
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Das TLR System als kritischer Mortalitatsfaktor
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TIR domain-containing adaptor inducing IFN-B (TRIF)
bei der viralen Myokarditis

bakterielle und virale Fragmente

l

Zellmembran/Endosommembran

modifiziert nach: O Neill et al., Nat Rev Immunol 2007,
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TIR domain-containing adaptor inducing
IFN-R (TRIF) bei der viralen Myokarditis

TRIF-/- 7.0x10-7-
Coxsackievirus T
*4 N5 A / |
(50°PEULD) X @ % .
— 2
| ; & 3.5x107+
S
TRIF+/+ - i
T > o
of of Q° Q&
&’ N )
< & .560 Q&éo
® &
Kardiale Entziindungsreaktion
|
TRIF+/+ B 100 \\K - —=—WT-CVB3
e = 2 ’ v # =—w=KO-CVB3-IFN
5% g W S
S ; 5 (7))
== 2 < 'E 50
: [
; S it
‘"Z,- v‘;#ék S & 25-
Co AR * =a=KO-CVB3
- “A"- S 0 T T T 1
0 20 40 60 80

Days

Riad & Tschope et al. Journal of Immunology 2011

Projektférderung: TR-SFB 19: B5/Z23



http://www.funkfoto.ch/Bilder/Still Life/spritze_01.JPG

Mogliche zukunftige therapeutische Ansatze
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Immunmodulatorische Effekte von

mesenchymalen Stammzellen
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Role of mechanic stress
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Westermann et al, Circulation HF 2011



Myofibroblast and endothelial activation

Correlation

a-SMA /VCAM
21 days after ANGII infusion (1.8 mg/kg BW)

0.0035+

0.00304

0.00254

a-SMA
[protein content, %]

P<0.01, R=0.82

0.00 0.01 0.02 0.03

VCAM
[protein content, %]

Westermann et al 2012



Endothel-abhdangige Vasodilatation
24h Inkubation

Kontraktion (%)

Endothel-unabhangige Vasodilatation
24h Inkubation

-ig M [Ach]

Kontraktion (%)
8 o % 8 8 38 B

Westermann et al 2012 -ig M [Papaverin]



Identifigationof mypfiarekiagthindwmaergn sardigs iopsies

Riskfactors for HF

‘ Cytokinse

Activation of Actlvatlon of Fibroblasts

~inflammatory cells !

Myoflbroblasts

Chemotaxis

Degradation
Adhesion

Diastolic Dysfunctlon / |
Wall Stress

C. Tschope



When is the Parvo B19 infection of
the heart of clinical significance?




Kardiale Parvovirus B19 — DNA Last von Patienten mit
Myokarditis oder inflammatorischer dilatativer Kardiomyopathie

P<0,0001
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. _ . . controls
Myocarditis Myocarditis Cardiomyopathy
n= 25/498 (5.0%) n=297/498 (59.6%) n=176/498 (35.3%) n=7/91 (7.7%)

Bock et al NEJM 2010



Virus Typen spezfische Reaktion auf eine Interferon-Therapie

n “Clearance” Virus Last
Reduktion
Gesamt 88 40 (46%) 57 (65%)
Enterovirus | 24 24 (100%)
Adenovirus 9 9 (100%)

Kuhl et al 2012



Nachweis von Parvovirus B 19 mRNA in endomyokardialen Biopsien
Hinweis auf aktive Replikation

M
<100 GE/pg

myocarditis
C

>500 GE/uqg
<500 GE/uqg

neqgative
control

D
D
=

B19V VP1 mRNA

Bock et al 2010
Kihl et al 2012



Regulation der Genexpression bei transkribierter Parvovirus-RNA

OErythrovirus negativ B Erythrovirus positiv ohne Replikation
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Regulation der Genexpression bei transkribierter Parvovirus-RNA

OErythrovirus negativ B Erythrovirus positiv ohne Replikation = BErythrovirus positiv mit Replikation
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Neue Therapie Option ?

Nucleosid Analogon:

Telbivudine

C. Tschope



Pilotstudie

Telbivudine Treatment of
Parvovirus B19-positive

Cardiomyopathy

C. Tschope



B19V load in patients with silenced
transcriptional activity (B19V-mRNA) during Telbivudine treatment

_ Baseline biopsy Follow up biopsy n

B19V load 2543 1188 <0.05
(copies/ug DNA)
B19V mRNA 249 0 <0.01

(copies/ug RNA)




Effekt von Telvibudine in behandelten
Patienten mit chronischer kardialer Parvovirus B19 Infektion

CD3 cellsfmm?2 EF in %
p value: 0.049 p value: 0.026
15- 60 -
50+ -1
104 40+
30+
5- 20+
10-
u 1 D 1
pre post pre post

C. Tschope



DEUTSCHES ZENTRUM FUR
HERZ-KREISLAUF-FORSCHUNG E.V.

ToPIC - Study

Phase || Studie

Heidelberg

C. Tschope



Telbivudine Treatment of Parvovirus B19-positive Cardiomyopathy

DCM (EF < 45%; > 6 Monate)

PVB mRNA positiv

N=100

Plazebo

DCM

PVB mRNA positiv

DCM
PVB mRNA positiv

N =50

N =50

Nach 6 Monaten:

Telbivudine

: EF (Echo / Core Lab)

Prim. Endpunkt
Sek. Endpunkt : QOL (KK-Score), PVB-Virus Replikation / Entziindung ( Re Biopsie)
\ 4 \ 4
DCM DCM
Telbivudine PVB mRNA positiv PVB mRNA positiv Plazebo
N =50 N=50
Follow up nach 6 Monaten:
: EF (Echo / Core Lab)

Prim. Endpunkt

Sek. Endpunkt: QOL (KK-Score), PVB-Virus Replikation / Entziindung ( Re Biopsie)

DEUTSCHES ZENTRUM FUR
HERZ-KREISLAUF-FORSCHUMNG E.V.

C. Tschope



Heart failure treatment today?

HREF HFPEF
10 10
— 19871991 — 1937-1991
0.8 — 1992-1996 054 — 19&:)2-1995
— 1997-2001 — 19972001
- 0.6 - (6
2 2
: :
wv 04_ ") 0“.4
0.2 0.2~
P=0.005 P=0.36
0.0 T T T T | 00 ' ] ! J 1
0 1 2 3 4 5 0 1 2 3 4 5

Year Year

Owan T et al. N Engl J Med 2006;

Identification of new mechanisms
Personalized medicine / Biopsy-guided
Genetic/Epigentic
Systeme medicine




Kooperationspartner/Funding:
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summary and Conclusion




B Erythrovirus ohne Replikation

B PVB19-RNA 1.Bx

2.Bxo. PVB19-RNA
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Gegenregulation der Gene nach Abklingen der
PVB19-mRNA (Follow-up Biopsien)

B Erythrovirus ohne Replikation
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Inflammatory Cardiomyopathy

Conclusion|

-The detection of viral genome and or inflammation
in the myocardium has been shown by multivariate
regression analysis to be an independent predictor
of clinical outcome.

- This cannot be detected by echo/MRI




Inflammatory Cardiomyopathy
Conclusion |l

- However, any rational immunomodulatory
therapeutic regimen for inflammatory
cardiomyopathy must consider the
underlying pathogenesis based on

- histological,

- immunohistological and

- viral

evaluation of endomyocardial biopsies.




Cardiac Adherent Proliferating Cells (CAP”s):
Anti-fibrotische und anti-entzundliche Effekte
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Haag et al. J Cell Biochemistry 2010
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Personalised medicine in

' fomyopatny
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Schultheiss et al EHJ, 2011




Susceptibility and inhibitory concentration (IC) of Telbivudine on
parvovirus B19 replication in endothelial cell culture experiments

Determination of IC50 of telbivudine in Proposed mechanisms of telbivudine
cell cell culture
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1207% 1 R =

T Effect of telbivadine therapy on the cellular immune response in chnic hepatitts B

il _:_:m- , e R 'L;L'“.:L:Z “_ ST ;

7% 4 . .

Telbivudine can probably
% interact with host immune
% : A = i : : system to control B19V
ol OO Oy QMg e Mg 1D regllcatlon
BT TeRuhvusdine J8h pi -
1375 » 1
A i |

10 4

i :

- g - 8la

Ll Rolling hairpin model for replication of i

4% 4 panmin.n and lincar chromosomal DNA _j' - .

AT o l~<¢-'::¢ ..

[ap 9

Telbivudine can probably | — —

1C5, < 0.001 pg (2 pM) interact with DNA-synthesis - -
comparable to HBV during rolling hairpin 3 —“}

replication



Inhibition of Parvovirus B19 Replication by
Telbivudine Treatment in B19V-infected endothelial Cell Culture (hMEC-1)
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Clinical improvement of Telbivudine-treated patients

-7 %
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(Telbivudine treatment: 24 weeks, n=7)
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Entwicklung neuer Interventionsziele zur
Therapieoptimierung der Zukunft bei der Herzinsuffizienz

Kardiale Inflammation

Zytokin- Angeborene Matrix Proteine Virustoxizitat Regeneration
System Immunsystem (MMP”s)
AA =
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TLR-4, -9 Mesenchymale
IL183, IL2, IL4, IL6, TRIF, MYD-88 MMP-2, MMP-9 Interferon B Stromazelle
IL10, IL23, TNFa NOD2 Biglycan Telvibudine Treg’s
S100 A8/A9 CAP’s

IL: Interleukin, TNF; Tumor Nekrose faktor, TLR: Toll-like Rezeptor, NOD: Nucleotide-binding oligomerization domain-containing protein, MMP: Metalloproteinase,
MSC: Mesenchymale Stromazelle, Treg”s: regulatve T-Zelle; CAPs: cardiac derived adherent proliferating cell

Li et al. Eur J Pharmacol 2007 Westermann et al. Circulation 2011
Koch et al. Int Immunopharm 2010 Van Linthout et al. Eur Heart J 2011
Riad et al. J Immunol 2011 Savvatis et al. PlosOne 2012



Clinical improvement of Telbivudine-treated patients

YTitle
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Hemodynamic changes in Telbivudine-treated

— Patients with subacute/chronic disease

LV-EF (%
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Symptomatic improvement (Qol)

Minnessota Quality of Life
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Susceptibility and inhibitory concentration (IC) of Telbivudine on
parvovirus B19 replication in endothelial cell culture experiments

Determination of IC50 of telbivudine in
cell cell culture
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= Virus negative

B Erythrovirus (latent ) B Erythrovirus (transcriptionally active)

J

viral
receptor

inflammation

mitochondrial energy metabolism &
apoptosis

*P<0001, +p<001 #p<005




Nachweis von Parvovirus B 19 mRNA in endomyokardialen Biopsien:
Hinweis auf aktive Replikation

In situ Hybridisierung
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Nachweis von aktivierten Myofibroblasten in humanen
endomyokardialen Biopsien

Myofibroblasten Anzahl
korreliert mit endomyokardialer
Myofibroblast Inflammationsreaktion

B0 n=75
A EF: 27%

404

CD 45" cells / mnt

20

U T T T T T
0.000 0.005 0.010 0.015 0.020

alpha-SMA
(as number of myofibroblasts)

Westermann et al, Circulation HF 2011



