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Molecular mechanisms of
Cardiac Fibrosis




Cardiac Fibrosis
e Accumulation of extracellular matrix (ECM)

In the myocardium

* Integral component of
most cardiac pathological conditions.



Extracellular Matrix (ECM)

Structural proteins:
Collagen I, III: fibrillar collagen
Collagen 1V, V: basement membrane
Collagen V, VI co-localized with collagen [, III

Elastic fibers:
Elastin, fibrillin

Adhesive proteins:
Fibronectin
Laminin
Integrins



Fibrillar collagen network of the heart
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Cardiac fibroblasts: Key regulators of ECM modulation
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Cardiac fibroblasts: At the heart of myocardial remodeling
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ABSTRACT

Cardiac fibroblasts are the most prevalent cell type in the heart and play a key role in regulating normal
myocardial function and in the adverse myocardial remodeling that occurs with hypertension, myocardial
infarction and heart failure. Many of the functional effects of cardiac fibroblasts are mediated through
differentiation to a myofibroblast phenotype that expresses contractile proteins and exhibits increased
migratory, proliferative and secretory properties. Cardiac myofibroblasts respond to proinflammatory
cytokines (e.g. TNFa, IL-1, IL-6, TGF-[3), vasoactive peptides (e.g. angiotensin II, endothelin-1, natriuretic
peptides) and hormones (e.g. noradrenaline), the levels of which are increased in the remodeling heart. Their
function is also modulated by mechanical stretch and changes in oxygen availability (e.g. ischaemia-

Souders CA, et al. Circ Res 2009;105:1164-76. Porter KE, et al. Pharmacol Therapeut 2009;123:255-78.



Connective tissue matrix in LV hypertrophy
due to hypertension in human

Control heart (250-350 Q) Hypertrophied heart (701-900 g)

J Hypertens, Volume 16(7).July 1998.1031-1041



Cardiac Fibrosis contributes to..

* Increased stiffness, diastolic dysfunction

e Reduced coronary reservoir

 Atrial and ventricular arrhythmia, sudden death
» Decreased contractility

« Chamber dilatation and systolic failure
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Molecular Mechanisms of Cardiac Fibrosis

e Mechanical stress



Mediators of Mechanotransduction

Cell-Cell Adhesions

Cadherins
Gap Junctions

Surface Processes

"]

Stereocilia

Primary Cilium

Nuclei

lon Channels
Nuclear Lamina
Chromatin
Gene Expression

Membranes

lon Channels
Caveolae
Surface Receptors

/

Cell-ECM Adhesions

Integrins

Focal Adhesions ECM
Fibronectin
Collagen

Proteoglycans
Basement Membrane

Cytoskeleton

Microfilaments
Microtubules
Intermediate Filaments

Inger DE. FASEB J 2006;20:811-827.



How do fibroblasts translate mechanical signals into change in ECM production?

Focal adhesion

Focal complex
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Responses of Cardiac Fibroblasts to Mechanical Strain

Detection of TGFp activity
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MYOCARDIAL ENVIRONMENT
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Molecular Mechanisms of Cardiac Fibrosis

e Neurohormonal

Angiotensin II/TGF-beta /Endothelin 1



Molecular Phenotype of cardiac cell in response to angiotensin II
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TGF-3 signaling pathways

TGF-B

AN

TBRII TBRI (ALK1, ALK5)

CYTOPLASM

R-smad
(smad2/3, smad1/5)

smad4

//;/\}:WT’

TAKI/MEKK1 Ras RhoA C¢™APl

P N + + smad6/7
JNK p3BMAPK ErkMAPK p160ROCK

NUCLEUS

Murphy-Ullrich JE. Cytokine Growth Factor Rev 2000;11:59-69. Bujak M, et al. Cardiovasc Res 2007;72:184-95.



Essential Role of Smad3 in Infarct Healing and Cardiac Remodeling
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Endothelin is a downstream mediator of profibrotic response of TGF-f3
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Role and Interaction of Connective Tissue Growth Factor with TGF-3
in Persistent Fibrosis: A mouse model
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Model of sustained, chronic fibrosis
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Cross-talk between fibroblast and cardiomyocyte
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Molecular Mechanisms of Cardiac Fibrosis

e Neurohormonal

Aldosterone (Mineralocorticoid receptor)



Aldosterone :

Genomic pathways

Mineralocorticoid Receptor (MR):
A member of steroid/thyroid/retinoids superfamily of

ligand-activated transcription factor

Epithelial tissue & Non-epithelial tissue (heart, brain, vessel wall)

Rapid ‘'non-genomic pathways
PKC¢-dependent mechanism (heart)
Ins(1,4,5)P, diacylglyceriol, PKC- 1 [Ca?*] (VSMCs and endothelial cells)



Genomic pathways

Mineralocorticoid Responsive Cell

11B-HSD1; 11B-hydroxysteroid dehydrogenase



Possible mechanisms involved in profibrotic effect of aldosterone

Aldosterone synthase
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Aldosterone
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Marney AM, et al. Clin Sci 2007;113:267.



Origin of Cardiac Fibroblast

1. Local residential fibroblast
2. Bone marrow-derived fibrocyte

3. Epithelial-to-mesenchymal transition



Peripheral blood fibrocytes: differentiation & migration to wound healing
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Fibrocytes migrate to wound sites in vivo

Skin wound
.';
-' r \ B '51000
< (@)
! e
e /'/ < 800 -
2 X
L 600 -
BALB/c mice 8
< 400 -
Qo
Fluorescent dye-labled £ 200 -
fibrocyte TR e
Labaiad Untreated Wounded Wounded

fibrocytes + - +



Fibrocytes express SMA and contract collagen gels
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Peripheral blood fibrocytes: differentiation & migration to wound healing
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[=] Resting Cell [=] EMT Primed Cell @ Fibroblastic Cell

= Interstitial Collagen = Basement Membrane



Epithelial phenotype Intermediate phenotypes Mesenchymal phenotype
as cells transition
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TGF - induced Endothelial-to-Mesenchymal Transition
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EndMT occurs during cardiac fibrosis
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Conclusions

Two major stimuli of cardiac fibrosis are mechanical
stress and neurohumoral activation.

These stimuli trigger various signaling pathways,
including ATII, TGFp, and MR related pathways.

Cardiac fibroblasts are key player in ECM
modulation, and they act in concert with other cells.

Fibroblasts are also recruited from BM-derived cells,
and from Epithelial-to-Mesenchymal transition, in
addition to from local resident fibroblasts.
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Cardiac Fibroblasts
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Pathways described for mediating MR signaling

Angiotensin signaling

Endothelinl

Epidermal growth factor receptor (EGFR)
Oxidized LDL (Ox-LDL)
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Bone Marrow-derived myofibroblasts in scar formed after MI
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SYNTHESIS
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Cardiac Fibroblasts

Camelliti P Cardiovac Res 2005;65:40-51.



Model for common pathways in mechanotransduction
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Aldosterone induces a vascular inflammatory phenotype in the rat heart
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Aldosterone induces oxidative stress and endothelial dysfunction
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