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PAH priorities for the next 10 

years



“…The blood from the right chamber 

must flow through the vena arteriosa

(pulmonary artery) to the lungs, spread 

through its substances, be mingled with 

air, pass through the arteria venosa

(pulmonary vein) to reach the left 

chambers of the heart and there

form the vital spirit…”

Ala-al-din abu Al-Hassan Ali ibn Abi-Hazm al-Qarshi al-Dimashqi (Ibn

Nafis)

1213-1288 



Forssmann W. Die sondierung des rechten herzens. 
Klinische Wochenschrift. 1929;8:2085-2087 



PA pressure
mmHg

Arterial pressure
mmHg

Right Atrial pressure
mmHg

Cardiac Output
L/min

Heart Rate
b/min

73/41, mean 53 135/91, mean 76 12 2.16 93

Fig4

Dresdale et al, Am J Med, 1951
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Challenge the current dogma for the pathogenesis of PAH:
A non-proliferative disease?

Study the Right Ventricle: 
What causes the transition from compensation to de-compensation?

Challenge the WHO classification: 
Precision Medicine in PAH

Completely different therapies

Completely different biomarkers

Completely different disease classification

Completely different way of doing clinical trials



53 year old patient, clinically stable after 18 years on Flolan, WHO class I

A failed RV from a patient 
with decompensated PAH

S. Rich, et al, Chest 2010



H Noureddine et al; Pulmonary artery smooth muscle cell senescence is a 
pathogenic mechanism for pulmonary hypertension in chronic lung disease

Circ Res. 2011 Aug; 109(5): 543–553.



Metabolism and Senescence

resistance to cell death
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Normal RV RVH

ETR-A MHC Merge+DAPI ETR-A MHC Merge+DAPI
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Sutendra and Michelakis, Science Translational Medicine, 2013



Archer and Michelakis
NEJM, Nov 7, 2009



Myocyte enhancer factor 2 (Mef2)

 Mef2c is critical for RV
development

Srivastava et al, Cell. 2006

 Mef2a-/- associated with RV
dilatation/failure

Naya et al, Nature Medicine. 2002

 Mef2 regulates many metabolic genes, cardiac
MHC, angiogenesis.

 Mef2 regulates the transcription of several miRNAs



A rat model of the natural history of RV failure
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A rat model of the natural history of RV failure
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NRV CRV DRV The cardiac specific miR-208

NCoR1

HDAC
Mef2

MED13miR-208

 Cardiac specific 
 hosted by the         

αMHC
 Maintained during 

LVH
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An RV failure biomarker?
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UCP2 Homozygous for risk variant
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n = 1000 PHT, 400 PHT-at-risk, 100 healthy

Cleveland Clinic, Brigham-Women’s, Columbia/Cornell, 
Johns Hopkins, Mayo Clinic, U of Arizona, Vanderbilt 

Challenging the WHO classification: The PVDOMICS initiative





Michael Snyder, PhD
Head, Medical Genetics, Stanford
A healthy and fit 54 year old male

• Studied 20 serial samples of his blood during a 14-month period and performed deep 
WGS, transcriptomic, proteomic and metabolomic analysis, developing the first 
“integrative personal omics profile” (iPOP). 

• During the 14-month period he suffered two minor viral infections (with a rhinovirus 
and RSV). 

• His team tracked ~20,000 transcripts coding 12,000 genes and measured more than 
6,000 proteins and 1,000 metabolites in Snyder's blood. 

• They identified ~2,000 genes that were expressed at higher levels during the viral 
infections, and ~2,200 genes expressed at lower levels, including some involved in 
insulin signaling. 







• Another striking finding was that extensive heteroallelic changes 
occurred during healthy and diseased states (the two alleles in each 
gene behaved differently) and unexpected dynamic RNA editing 
mechanisms were discovered. 

“Day-to-day variability in Snyder’s genomics profile








