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Personalized Medicine 

Definition 

Customization of medical care tailored to the 
individual 

– Biological 

– Phenotypic 

– Pyscho-social 



Mutation Phenotype Potential 

Therapeutic 

Targets 

Pathogenesis 

Targeted/individualised treatment 



The Genetic Basis of the Inherited 

Cardiomyopathies 

sarcomere cell 

adhesion 

cytoskeletal 

sarcomere 

nuclear envelope 



Sarcomere Disease 





Hypertrophic Cardiomyopathy 

Rx – symptoms, prevent complications 



Impaired efficiency of Force Generation 



Energy Depletion Hypothesis 



Controls (3) – single soleus muscle fibres (19) 
 
Relation of force / Ca sensitivity 



Beta myosin heavy chain disease – single soleus muscle fibres (16) 
 
Relation of force / Ca sensitivity (Arg719Trp) 



Beta myosin heavy chain disease – single soleus muscle fibres (25) 
 
Relation of force / Ca sensitivity (Ile736Thr) 







Overview of MyoKardia Program: Product 
Candidates Designed to Correct the 

Underlying Causal Defects 

DCM Sarcomere 
Too few engaged  

cross-bridges 

HCM Sarcomere 
Too many engaged  

cross-bridges 

Normal Sarcomere 



Natural History of HCM circa 2014 



Risk Factors in HCM 
Youth 

Genotype 

Family history 

Exercise capacity 

Syncope 

Severe LVH 

Large gradient 

Diastolic dysfunction 

Abn exercise BP 

Ischemia 

Atrial fibrillation 

Non-sustained VT 

Inducible VT / VF 

Fractionation 

Family history 

Syncope 

Exercise BP 

NSVT 

LVH 



Sudden Death Risk in HCM 

Cardiac Arrest (VT/VF) 
 2 clinical risk factors 

No risk factors 

HIGH 
3-6% 

Single risk factor 

MEDIUM 
1.2% 

(0.2-2.2) 

LOW 
<0.4% 

ICD 

Individualised 
Treatment 

Reassure 



SCD Risk Predictors in HCM 

O’Mahony et al, EHJ 2013 



Pt characteristic 

Age 17 

MWT 23 

LA 44 

LVOTO 64 

FHSCD 0 

NSVT 1 

Syncope 0 

PI 3.99 

Survival  0.897431905 

SCD at 5y 10.25680946 

Pt characteristic 

Age 58 

MWT 23 

LA 44 

LVOTO 64 

FHSCD 0 

NSVT 1 

Syncope 0 

PI 3.252 

Survival  0.94957981 

SCD at 5y 5.042018989 

Pt characteristic 

Age 50 

MWT 23 

LA 44 

LVOTO 64 

FHSCD 0 

NSVT 0 

Syncope 0 

PI 2.57 

Survival  0.974181337 

SCD at 5y 2.581866337 

Pt characteristic 

Age 50 

MWT 33 

LA 44 

LVOTO 64 

FHSCD 0 

NSVT 0 

Syncope 0 

PI 2.48 

Survival  0.976377052 

SCD at 5y 2.362294786 

Pt characteristic 

Age 17 

MWT 33 

LA 44 

LVOTO 64 

FHSCD 0 

NSVT 0 

Syncope 0 

PI 3.074 

Survival  0.957624251 

SCD at 5y 4.237574868 

Absolute Risk Assessment in HCM 

Age and NSVT Age and LVH 

http://doc2do.com/hcm/webHCM.html 



DCM 



DCM 



Laminin 

a b d g 

Sarcoglycans 

Dystrobrevin 

Dystrophin 

Caveolin 

nNOS 

Syntrophin 

Tropomyosin 

Sarcospan ErbB2 heterodimer 

Desmin 

RXRa/RAR  

heterodimer 

Nucleus 

Lamin A/C 

Extracellular matrix 

Actinin 

Actinin 

Metavinculin 
MLP 

Troponin C/T dimer 

Troponin I 

Titin 

Sarcomere 

Thick (myosin) filament 

Thin (actin) filament 

Z-line 

(detail) 

Titin 

Titin 

CREB 

a-Dystroglycan 

b-Dystroglycan 

Actin 

Intercalated disk 

Modified from J. Towbin 



DNA  
Mutation 

Altered  
gene  
product 

T-Cell activation 
?Autoantibodies 
?Cytokines 

Myocarditis 

Viral 

persistence  

DILATED 

CARDIOMYOPATHY  

Virus 

Autoimmunity 

Genetics 

Myocardial 

Dysfunction 

Adapted from Mestroni et al BHJ 1997;72:S35 



 CBF 
KARDIOLOGIE 
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HHV-6-

EV+ ADV+ PVB19+ HHV-6+ PVB19+
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Virus elimination Virus persistance 

n=28 n=5 n=14 n=8 n=9 

n=9 n=49 n=10 n=12 

EF 

% change 

n=64 n =108 

p<0,001 
p<0,001 

p<0,001 

p<0,05 

p<0,05 

The spontaneous and chronic course ( 8 months ) of cardiac viral 

infections determines the clinical course of the disease 

Institute of Cardiac Diagnostics and Therapy (IKDT)- Berlin, Germany 

Prof. Heinz-Peter Schultheiss-CEO 

Kühl, Schultheiss et al 

Circulation, 2005 



 CBF 
KARDIOLOGIE 

spontaneous EV clearance  

 (n=47) 

 

EV persistence (n=21) 

 

virus negative (n=568) 

(months) 

Long-term outcome – 10 year survival 
- enterovirus positive vs virus negative DCM – patients - 

p=0,191 

p< 0,001 

Kühl U, Schultheiss HP et al. JACC, 2012  

Institute of Cardiac Diagnostics and Therapy (IKDT)- Berlin, Germany 

Prof. Heinz-Peter Schultheiss-CEO 
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KARDIOLOGIE 

  DCM 

    (n=248) 
DCMI 

(n=240) 

Log-Rank: p=0.0017 

EF<40%, CD3<7cells/mm2) 

EF<40%,  

CD3 >20 cells/mm2 

6 year mortality rate of virus-negative patients with DCM vs. DCMI  

( EF < 40% , CD3 >20 or <7cells/mm2 ) 

EMB-based inflammation predicts poor outcome in 

patients with suspected myocarditis 

Kühl, U, Schultheiss, HP et al , submitted . 

Institute of Cardiac Diagnostics and Therapy (IKDT)- Berlin, Germany 

Prof. Heinz-Peter Schultheiss-CEO 



 CBF 
KARDIOLOGIE 

Survival in B19V positive patients  

with MC or DCM ( CD45RO pos. cells)  

Institute of Cardiac Diagnostics and Therapy (IKDT)- Berlin, Germany 

Prof. Heinz-Peter Schultheiss-CEO 



Institute of Cardiac Diagnostics and Therapy (IKDT)- Berlin, Germany 

Prof. Heinz-Peter Schultheiss 

  Acute/Chronic Myocarditis: Personalized 
Medicine   

EMB 

      Inflammation +/-     

Virus + 

    Inflammation +    

Virus - 
     Inflammation –     

Virus - 

Healed MC 

acute MC 

LVEF>55%   LVEF<55%   

symptomatic 

therapy 

CHF 

therapy 

DCM 

genetic 

testing 

chronic MC/DCM 

gene profile 

giant  

cell  

MC 

eosino- 

phile 

MC 

sarcoi- 

dosis 

 

auto- 

immun

e 

MC 

immunohistology 

CD3>10/mm² 

CD45R0>45/mm² 

Perforin+>2.9/mm² 

characterisation 

quantification 

immunosuppressive 

therapy 

- Corticosteroids 

- Azathioprine      

specific 

immunosuppressive 

therapy 

Coxsackievirus + 

Adenovirus + 

genetic 

predisposition 

Serum IFN level 

TLR-mutation 

CCR5 genotype 

miRNA profile 

       anti-viral therapy                       

Interferon-b 

Parvovirus+ 

biopsy  

analysis 

viral load 

mRNA+ 

miRNA profile 

inflammation CD3>10/mm² 

gene profile 

Telbivudine? 

new drugs? 



 Arrhythmogenic Cardiomyopathy 



ARVC Exercise: LBBB VT 



12/11/2003 02/02/2005 

ARVC 



A Small Fish with a Big Heart… 
1 2 3 4 5 6 7 8 9 10 11 12 13 

N C 

2057del2 PLAKOGLOBIN 

5-week control sibling (A) and mutant (B) and their hearts 
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wildtype 
ctr transgenic 

mutant fish 

 Control                    Mutant  Control                    Mutant  Control                    Mutant 



GAL4 cmlc2 

Gal4 

2057del2 plakoglobin UAS LUC BNP 
2057del2 plakoglobin UAS 

LUC BNP 

X 

X 

SB216763 

High-Throughput Library Screening… 

4800 compounds 

eggs 

embryos Phenotypic 

assays 
3 disease 

suppressors 

2057del2 2057del2 + SB2 

2057del2 2057del2 + SB2 



Summary  

– on the path, but 

progress to biologically 

based personalized 

care is slow 


