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Vorführender
Präsentationsnotizen
Today I´m going to talk about chronic heart failure, one of the leading cause of mortality. Pathogenesis of chronic heart failure is known from previous studies. There are involved several signaling mechanisms, but also epigenetic processes. Its known, that chronic heart failure is associated with increased adrenergic activation, cardiac hypertrophy and contractile dysfunction. Currently patient with chronic heart failure are treated with drugs targeting neuroendocrine mechanisms. Mechanical unloading or left ventricular assist device is one of the therapeutic options for patients with terminal heart failure. Some patients with implanted LVAD showed improvement in reverse remodeling process. This initiates partial or complete recovery of failing heart. Mechanism behind the remodeling process is not completely understood and new treatment strategies are needed to improve the prognosis of heart failure. In this study, they compared the transcription pattern between mechanical unloading and failing heart and found that expression of protein MeCP2 is repressed during the pressure overload and after mechanical unloading is normalized.



Ankersmit

Laboratory MEDIZINISCHE
UNIVERSITAT
WIEN

in Thoracic Diseases

recognize and bind
to CH3-DNA
repress
transcription

& Applied Immunology
activate gene
expression

recruiting
coactivators



Vorführender
Präsentationsnotizen
This finding was crucial for the study. Protein MeCP2 is a member of family proteins that recognize and bind methylated DNA. Moreover, the function of MeCP2 is dual in context of repression and activation of gene expression. This protein provide maturation of nerve cells, where was found in high concentrations.
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Vorführender
Präsentationsnotizen
In this study they wanted to know if the repression of MeCP2 is a maladaptation or preservation to pressure overload.
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Vorführender
Präsentationsnotizen
Shortly, this depicts ß-adrenergic receptor signaling pathway. Beta-adrenergic receptors are G-coupled transmembrane proteins  situated in cardiomyocytes. If they are stimulated by their agonist (Epinephrine, Norepineprine), this leads to activation of Gs, which dimmerize to their subunits.
G alpha S activates adenylat cyclase, this increases c AMP level  and activates Protein kinase A. PKA phosphorylates downstram substrate such as Troponin I, phospolamban. This results in increasing contractility and relaxation.
B)Contrarily, activated-Gi releases Galpha I subunit, which inhibits AC and Giβγ and activates phospholipase A2 (cPLA2) leading to reduced cardiac contractility. 


Ankersmit

Laboratory MeCP2 is
repressed in
in Thoracic Diseases. mouse and human

& Applied Immunology

heart failure

Transverse Aortic Constriction (TAC) and

Neonatal Aortic Banding (NAB)

[y

MEDIZINISCHE
UNIVERSITAT
WIEN



Vorführender
Präsentationsnotizen
In the first experiment they investigated differential gene expression in normal and TAC treated heart. They used mouse model with ventricular pressure overload and they verified the result with human biopsies collected before and after cardiac loading. 
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Vorführender
Präsentationsnotizen
A-Firstly, they measured ventricle/body weight index to assess pressure overload in transverse aortic constriction and ventricular unloading after reversible aortic constriction. They generated also knockout mouse with genetically ablated adrenoreceptors and elevated catecholamine that overstimulate beta adrenergic pathway.
B- They measured the mRNA expression level and protein level of MeCP2 on the same models. We can see that the expression of MeCP2 is repressed in response to pressure overload, bud in case of ventricular unloading, the level of MeCP2 returned to baseline.
C- They used as an additional model with increased catecholamine release because of genetic ablation of all 3 α2-adrenoceptor subtypes (genotype Adra2a−/−2b−/−2c−/−)
D+E- They confirmed these findings in human biopsies from failing hearts before and after cardiac unloading in patients with implaned LVAD. They measured the mRNA level of brain natriuretic peptide and MeCP2.
F-Figure F shows mRNA level of MeCP2 in adult mouse cardiomyocytes comparing to non-myocytes.
G-H immunohistological staining depict the localization of MePC2 in nuclei in cardiomyocyte (G) and in non-myocyte out of the nuclei
!!!Overall, 30 genes were identified which were regulated in the same manner as MeCP2 in failing versus unloaded human hearts, but not all these genes were
expressed in cardiomyocytes.
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Vorführender
Präsentationsnotizen
Based on the findings in α2-knockout mice, where circulating catecholamine levels increased and MeCP2 was downregulated, they searched for microRNAs that could be induced by adrenergic activation and may repress MeCP2.
They identified the cluster miR-212/132 as a candidate for MeCP2 repression MiR-132 expression was elevated in human and mouse failing hearts.
A   micro RNAs are upregulated in human failing hearts, after the implantation of LVAD, expression is normalized
B these results are confirmed in mouse model with transverse aortic constriction
C if they looked at the expression level in neonatal cardiomyocytes and fibroblast, the expression of miR-132 was significantly higher in cardiomyocytes
D Than, they performed an in vitro experiments in isolated cardiomyocyte. They stimulated  cardiomyocytes with NOREPINEPHRINE OR ISOPROTERENOL  and expression of miR-132 was increased. Than they inhibited α1-adrenoceptor with PRAZOZIN and expression of miR-132 decreased. The effect of norepinephrine was
partially blocked by the α1-adrenoceptor antagonist prazosin. They inhibited  β1-adrenoceptors with CGP20712 and β2-adrenoceptors with ICI118551 of miR-132 (Figure 2D). This suggests that adrenergic induction of miR-132  requires  both α1- and β1-adrenoceptors. 
E- If they stimulated cardiomyocytes with NOREPINEPHRINE, this leads repression of MeCP2
F They rtansfected the neonatal rat cardiac myocytes withr pre–miR-132 and the expression of MeCP2 was abolished.
This suggests a direct effect of miR-132 on MeCP2 expression in vitro.
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Vorführender
Präsentationsnotizen
Then they looked at the protein level of MeCP2 applying western blot method.
G, They looked at the protein level of methyl binding protein 2 (MeCP2) protein levels in cardiac myocytes stimulated by NOREPINEPHRINE, these cells inhibit expression of MeCP2
H. They observed the same results in the cells transfected by pre-miR-132 and I- in  transgenic mouse hearts overexpressing miR-132. 
J -K, They transfected the cells with MeCP2 gene fused with luciferase, that was seeded in the 3´part with region for  miR-132. Then they measured Luc signal of MeCP2  with mutated and wild type 3´region.
Luficerase signal in wild- type 3′-untranslated region was significantly repressed by pre–miR-132. In experimed with mutated 3´UTR region is MeCP2 repressed by miR-132. 
This suggests a direct effect of miR-132 on MeCP2 expression in vivo. 
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Vorführender
Präsentationsnotizen
They generated the transgenic mouse model MeCP2-TG for cardiomyocyte-specific and doxycycline-regulatable expression of MeCP2. They wanted to test whether prevention of MeCP2 repression is protective in heart failure. So, mice were subjected to TAC and they assesed the cardiac function by echocardiography and by direct LV catheterization (Figure 3A–3G). 
B- LV ejection fraction was similar in MeCP2-TG and control mice at baseline and after TAC (Figure 3A and 3B). 
D- LV contractility was significantly reduced in MeCP2-TG mice (mice with repressed expression of MeCP2) after pressure
overload 
E- LV relaxation was impaired in MeCP2-TG versus control mice after TAC 
F,G- Cardiac contractile reserve during dobutamine stimulation showed significantly smaller increases in LV pressure amplitude in transgenic mice when compared with wild-type mice without significant differences in heart rate between genotypes
Dobutamine is drug used in treatment of heart failure that stimulate beta 1 adrenergic receptors.

!!!!WHAT missing -> are the measurements from mechanical unloading
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Vorführender
Präsentationsnotizen
Afterwards they looked at the hypertrophy and fibrosis in tissue
A,B- they performed hematoxylin-eosin staining of cardiac sections lower panels depict wheat germ agglutinin stain cardiac sections of sham (control) and transverse aortic constriction (TAC)–operated mice.
C- Ventricular weight/body weight ratios was not altered in baseline groups, but it was impaired in both conditions after TAC. 
D- Simila trend was observed in cardiac myocyte cross-sectional area
E–G, Interstitial cardiac fibrosis identified by Sirius red staining and morphometric analysis of fibrotic areas showed no alternation at baseline but signifcant impairment in transgenic mouse after TAC,
H, TUNEL (TdT-mediated dUTP-biotin nick end labeling) staining to detect apoptotic cells
The results show that ventricular weight and cardiac cross section did not change in baseline in both, control and transgenic model. But in transgenic model, where repression of MeCP2 is blocked, hypertrophy was increased after transverse aortic constriction and also fibrotic and apoptotic respnses were aggravated after TAC in transgenic model.

These results demonstrate that prevention of repression of MeCP2 enables maladaptive cardiac remodeling.
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Vorführender
Präsentationsnotizen
In the next experiment they looked at the cardiac remodeling after reversible left ventricular pressure overload (reversible transverse aortic constriction) in transgenic mice with prevented repression of MeCP2 or in MeCP2-knockout mice.
So, they induced left ventricular pressure overload by TAC for 4 weeks followed by removal of the stenosis (rTAC) for 1 to 14 days.
A- MRI
B- color Doppler echocardiography of the aortic arch in sham-operated wild-type (WT) mice (left panels), 3 weeks after TAC (middle panels) and 2 weeks after removal of the aortic stenosis (rTAC, right). 
C, Aortic arch diameter at the site of the TAC stenosis as determined by echocardiography (n=5 per group).
 D and E, Left ventricular (LV) fractional shortening at baseline, after 4 weeks of TAC and after rTAC 
This demonstrates that genetic ablation of MeCP2 facilitates cardiac recovery after pressure overload comparing to transgenic mice with stable expression of MeCP2.
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Vorführender
Präsentationsnotizen
In order to see function of MeCP2, they analysed differential gene expression in heart samples during the TAC(pressure overload) and after the TAC (mechanical unloading). They looked at the expression in WT mouse model and in transgenic model with doxycycline-regulated expression of MeCP2.

A- Fig. A represents differentially expressed genes compared between transgenic model and wild type mouse after TAC. Interestingly, majority of regulated genes in transgenic mouse after TAC were not affected by pressure overload (if they compared pressure overload vs. baseline)- THIRD COLUMN
B- It this genes were filtered according to expression in cardiomyocytes, the results showed that 60 % of them are expressed in non-cardiomyocytes. Gene ontology pathway analysis showed that these genes are mostly involved in inflammatory processes and wounding. Downregulated genes (94%) were significantly expressed in transgenic cardiomyocytes. These genes were involved in metabolic processes. Their mapped downregulated genes onto mitochondrial genome and they found the link between MeCP2 expression and fatty acid metabolism, transcription pathways in mitochondria.
C D – Figures depict electron microscopy images of mitochondria WT and  MeCP2-TG  10-week-old male. 
C-Mitochondria are distributed interfibrillary in left ventricle in WT mouse. The distribution in transgenic mice is perinuclear.
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Vorführender
Präsentationsnotizen
in the further experiment they wanted to know, what is the target of MeCP2. They isolated nuclei from wt mouse that underwent sham operation or TAC. They used MACS and FACS with anti-PCM1 staining.
They used nuclei to precipitated chromatin with bounded MeCP2. DNA fragments were than subjected to NGS.
E- DNA methylation profile was same at the baseline and after the pressure overload
F-MeCP2 binding to methylated genes was reduced in response to pressure overload. This finding is consistent with the previous results, where MeCP2 was repressed in response to TAC.
G- They compared DNA methylation profile of genes, that are downregulated in transgenic mouse and upregulated in knockout mouse. Repressed genes from transgenic mouse showd lower methylation comparing to upregulated genes from knockouted mouse.
H-also binding capacity correlated to DNA methylation
This suggest that MeCP2 is bound to methylated DNA and during pressure overload is lost from the targets. 
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Vorführender
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There are described several mechanisms of repression or activation of expression by MeCP2. The aim of this experiment was to describe interaction partners of MeCP2 specifically in cardiomyocytes.
Firstly, they performed immunoprecipitation experiment followed by Mass Spectrometry in neonatal rat cardiomyocytes.
E- the table is showin values of  protein intensities measured by Mass spectrometry
F- graph F depicts the peptide coverage of MeCP2 and histoone deacetylase 1
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