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The Neurohormonal Hypothesis

Cohn J, Circulation 1996 ; Tang et al, J Am Coll Cardiol 2000
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The Remodeling Hypothesis

Mann D, Circulation 2002

Hypertrophy

Fibrosis Bristow et al, Circulation 1996
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Major Clinical Trials in Heart Failure: 1986-2008
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• Examples:
– Natriuretic peptides

– Novel inflammatory biomarkers 

– Hemoglobin

Concept 1:

Can better understanding of cellular, molecular, and 
humoral pathways distinguish those with stable 

disease state versus those with disease progression?
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• NP testing can be used in the acute setting to rule out or to confirm the 
diagnosis of heart failure among patients presenting with ambiguous 
signs and symptoms (Class I, Evidence A)

• NP testing can be helpful to exclude the diagnosis of heart failure 
among patients with signs and symptoms of heart fai lure in the non-
acute setting (Class IIa, Evidence C)

• NP testing can provide a useful addition to clinical assessment in 
selected situations when additional risk stratification is required. (Class IIa, 
Evidence A)

• Serial NP levels may be used to track changes in risk profiles and 
clinical status among patients with heart failure in selected situations 
when additional risk stratification is required. (Class IIa, Evidence B)

Tang et al, Circulation 2007
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Synthesis and Confounders of BNP
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Risk Stratification with Inflammatory Biomarkers
Growth Differentiation Factor-15 (GDF-15)

ST-2 in Acute Heart Failure (PRIDE)

Kempf et al, J Am Coll Cardiol 2007 

Januzzi et al, J Am Coll Cardiol 2007 

Myeloperoxidase (ADEPT)

Tang et al, J Am Coll Cardiol 2007 

C-Reactive Protein (Val-HeFT)

Anand et al, Circulation 2005 
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Caveat: Serial Assessment of Biomarkers

Miller et al, Circulation 2007
Shionogi BNP (pg/ml)
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Caveat: Moving Target

• ~ 17-22% of ambulatory HF patients have anemia 

• Over next 6 months, 43% of anemia patients resolved (ie. “transient 
anemia”)

Tang et al, J Am Coll Cardiol 2008
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• Examples:
– Cardiac troponin and cardiotoxicity

– Uric acid and oxypurinol

– GRK5 variant and beta-adrenergic blockers

Concept 2:

Can we identify those with underlying cellular, 
molecular, or humoral pathways that may benefit 

from more effective therapies?
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Stratified Medicine (aka personalized medicine)

Prerequisites:

• A biological characteristic with 
the potential to induce 
differential patient responses to 
a therapy

• Multiple therapeutic options 
that have sufficiently 
heterogeneous responses

• An appropriate clinical 
biomarker (genetic/proteomic/ 
metabolomic) that can link 
therapies to a subset of 
patients that are more likely to 
show that different response

Trusheim et al, Nature Drug Discovery 2006

Patient Presentation

Confirm Diagnosis

Targeted Therapy

Individualized Medicine

Therapeutic customization and production

Test for treatment 
response

Diagnostic test
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Cardiac Troponin Levels and Cardiotoxicity

• 114 out of 473 (24%) recipients 
of high-dose chemo (HDC) for 
breast CA, leukemia, or Ewing’s 
Sarcoma had cTnI >0.07 ng/mL

• Elevated cTnI had higher risk of 
developing cardiotoxicity

Cardinale et al, Circulation 2006
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Linking Biomarkers to Therapy: OPT-CHF

Hare et al, J Am Coll Cardiol 2008
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Genetic “beta-blocker” in African Americans

Liggett et al, Nature Med 2008

GRK5-Gln41 GRK5-Leu41

• GRK5-Leu41 variant present in ~25% of African Americans but 
only 2% in European Americans

• Higher kinase activity leads to fasting bAR desensitization and 
cardioprotection similar to that of beta-blocker therapy
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• Examples: 
– Peripartum cardiomyopathy

– microRNA

– Chimeric natriuretic peptides

Concept 3:

Can better understanding of cellular, molecular, or 
humoral pathways promotes the development of novel 

diagnostic or treatment strategies?
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Novel Mechanism of Peripartum Cardiomyopathy

Hilfiker-Kleiner et al, Cell 2007

Cathepsin D 
staining (C D)
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MicroRNA in Cardiac Diseases

Van Rooij et al, Circ Res 2008
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The Natriuretic Peptide Family

Mills & Hobbs, Clin Cardiol 2008
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“Designer” Natriuretic Peptides 

Lisy et al, J Am Coll Cardiol 2008 Chen et al, AHA 2008 (abstract)

ABC-NP
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Cardiomyocyte Signaling: The Next Frontier?

Mudd & Kass Nature 2008
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Conclusion

• Better understanding of cellular, molecular, and humoral 
pathways in myocardial dysfunction provides much needed 
opportunity to practice stratified medicine and to design 
targeted drug therapies.

• Biomarker evaluation should move beyond demonstration 
of risk prediction, as clinical adoption demands experience 
in use, availability, reliability, and link to therapeutic 
responses.

• Newer insights are needed to identify potential targets of 
therapy, combining rational physiologic insights with 
technological advances and careful mechanistic evaluation.
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