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Development of Aortic Valve Stenosis

Oxidative stress
InflammationInflammation
Hypercholesteremia
Smoking
Diabetes

Aortic valve sclerosis Aortic valve stenosis
with calcification

Diabetes

Disease progressionMouse model

Explanted valve

No human tissue 
material availableate a a a ab e

Molecular analysis to disect the pathophysiology y p p y gy
and progression of AS



Study Design

Study duration
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Results – Valve Thickness
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Results – Blood Flow Velocity

Control Cholesterin
NS

NS

NS

NS

P < 0.0001

1.5 

2.0

y 
(m

/s
ec

)

P < 0.0001 P < 0.001P < 0.0001

1.5 

2.0

y 
(m

/s
ec

)

P < 0.0001 P < 0.001

1.0 

ow
 v

el
oc

ity

1.0 

ow
 v

el
oc

ity

Chol+Regular Chol+Occasional

0
Control

0.5 

Chol

AV
 fl

o

Chol Chol
0

Control

0.5 

Chol

AV
 fl

o

Chol CholControl Chol Chol
+

Regular

Chol
+

Occa sional

Control Chol Chol
+

Regular

Chol
+

Occa sional



Results –Staining of Endothelial Cells with 
ecNOS antibody 
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Results –mRNA Expression of Osteoblastic Genes 
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Results – Oxidative Stress 
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Loss of Muscle Weight is Associated With Increased 
Protein Degradation

Lecker et al; FASEB 2004



Possible Pathways for Muscle Protein Degradation

abnormal proteins 

Ubiquitin 
Proteasome 

System
short-lived normal 

proteins

p

Protein synthesisProtein degradation

Apoptosis Cell regeneration
System

Long-lived normal 
proteins 

proteins 

Protein synthesisProtein degradation

Lysosomes
Proteins of the 

endoplasmic reticulum 

Muscle mass
loss gain Extracellular proteins

Surface receptors 
Muscle mass

Mitochondrial 
proteases Mitochondrial 

proteins 



Ubiquitin Dependent Ligases in Skeletal Muscle

Comparison of mRNA from rat medial gastrocnemius muscle that had been immobilized for 3 
days to mRNA from control muscle via differential display approach. The identified genes y p y pp g
were furthermore studied in other models of muscle atrophy like denervation and hindlimb 
suspension.

Bodine et al; Science 2001



Ubiquitin proteasome pathway

chronic heart failure
denervation

Murf 1/ MAFbx ↑
(E3 bi iti li )

denervation
immobilisation
weightlessness

(E3 ubiquitin ligases)

proteins

ubiquitin

proteins

proteins
ubiquitin –q
protein complex 

skeletal muscle cell
proteolysis ↑



Possible Mediators for Regulating Murf-1/MAFbx

Murf-1
ROS

CHF
MAFbx

IGF-1
MAFbx

TNF-αTNF α

Muscle function



Activation of MAFbx/Murf-1 in C2C12 Cells by Hydrogen 
Peroxides

Murf-1 MAFbx

0h 1 5h 3h 6h 0h 1 5h 3h 6h0h     1.5h     3h       6h 0h     1.5h     3h       6h 

Li YP et al., Am J Physiol 2003



Possible Mediators for Regulating Murf-1/MAFbx

Murf-1
ROS
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Muscle function



Study Design and Methods

WT and MuRF-KO

IP injection of NaClIP injection of TNF-α
(100 ng/g)

24h inoculation time

Measurement of muscle contractility (soleus, force-frequency relation)

Expression analysis of MuRF1 and contractile proteins p y p



Murf-1 Protein Expression after TNF-α IP injection

MuRF1-/- C57Bl6MuRF1-/- C57Bl6
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Force Frequency Relation in Soleus Muscle 
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Pathophysiological Model for the TNF-α Induced Reduction 
in Muscle Contractility

Dexa NF-κB

TNNT-3

Murf-1TNF-α Muscle 
contractility

Translation

p38 MAPK

Translation
Elongation

ROS

Adams et al., J Mol Biol 2008



Exercise Training and MAFbx / Murf-1 Expression
- animal study -
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Change in Murf-1 expression by exercise training
- NYHA III Study -
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Reduction in Atrophy by Proteasome Inhibition

Rats with denervated 
hindlimb,

Administration of vehicle
(7 days)
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MicroRNAs (miRNA) are single-stranded RNA molecules of 21-23 nucleotides in length, ( ) g g ,
which regulate gene expression. miRNAs are encoded by genes from whose DNA they 
are transcribed but miRNAs are not translated into protein (non-coding RNA); instead 
each primary transcript (a pri miRNA) is processed into a short stem loop structureeach primary transcript (a pri-miRNA) is processed into a short stem-loop structure 
called a pre-miRNA and finally into a functional miRNA. Mature miRNA molecules are 
partially complementary to one or more messenger RNA (mRNA) molecules, and their 
main function is to down-regulate gene expression



MicroRNA (miRNA)



MicroRNA



MicroRNA – Fundamental Questions



MicroRNA-133 and Cardiac Hypertrophy

miR-133

Left ventricle Left ventricle

miR-133
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Human heart

N     N     D     D

100

125
p<0.01

p<0.01

%
) 100

125
p<0.01

%
)

75

100

pr
es

si
on

 (%

75

100

pr
es

si
on

 (%

25

50

ea
lti

ve
 e

xp

25

50

ea
lti

ve
 e

xp

0

R
e

0

R
e

Control Hypertrophic
cardiomyopathy

Care et al, Nature Med 2007

TAC = transaortic constriction, 
Akt = Akt transgenic mice miR-133 is downregulated in cardiac hypertrophy



MicroRNA-133 and Cardiac Hypertrophy
- loss of function and gain of function -g

1 month of antagomir 133 infusion
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Basal 1 month Presence of miR-133 attenuates cardiac hypertrophy



MicroRNA-21 and Failing Heart
Human left ventricular myocardium Sirius red staining for fibrosis
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Working Model of miR-21 in Failing Heart

Thum et al, Nature 2008
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