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“...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




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



PA pressure Arterial pressure Right Atrial pressure Cardiac Output Heart Rate
mmHg mmHg mmHg L/min b/min

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

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 |

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.
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Metabolism and Senescence

ﬁ AMP, ADP \l,ATP <« &NAD+/NAm

|

¢ 021, p16INK4a

\ mMRNA cell cycle /
arrest

resistance to cell death
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PDES5 Inhibitor

ETR Antagonist
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erge+DAPI
Sutendra and Michelakis, Science Translational Medicine, 2013




Archer and Michelakis
NEJM, Nov 7, 2009

Right ventricular myocardium

Nitric oxide, atrial

natriuretic peptide,

B-type natriuretic
peptide

Guanylate cyclase
T Cyclic GMP

Activation
of protein
kinase G PDE3

T Cyclic AMP

Activation of
protein kinase A

T Contractility

\

_~

Induced
PDES

Pulmonary

Pulmonary-artery smooth-muscle cells

Nitric oxide, atrial
natriuretic peptide,
B-type natriuretic

peptide
Sildenafil

Tadalafil Guanylate cyclase

Induced >
PDES T Cyclic GMP

Activation of protein kinase G

1l Cytosolic Cat++
(SR sequestration)
lCytosolic K*
(open BKc, channels)

TVasodilation
l Proliferation of pulmonary-
artery smooth-muscle cells
T Apoptosis of pulmonary-
artery smooth-muscle cells

lVascular remodeling

of the pulmonary artery
artery

TRight
ventricular
output

1 Right ventricular

1)

v

afterload

T Right ventricular
__inotropy !

Presence of
PDES

Right |
ventricle |




Myocyte enhancer factor 2 (Mef2)

O Mef2c is critical for RV 1 Mef2a’/- associated with RV
development dilatation/failure

Shh — Foxc1/c2

N

Nkx2.5-Tbx1=—>Foxa2 | ,

--= Gatad--Tbx5
. Nkx2.5
SRF = miR-1 —{ Hand?2
miR-133

Tbx20 —— Tbx2 — Nkx2.5--Tbx5

Bmp10 l Irx4
Hand1

Srivastava et al, Cell. 2006 Naya et al, Nature Medicine. 2002

d Mef2 regulates many metabolic genes, cardiac
MHC, angiogenesis.
d 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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Mef2c is activated during cRVH
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NRV CRV DRV

The cardiac specific miR-208
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miR-208 2-ACtto U6

The cardiac specific miR-208

An RV failure biomarker?

miR-208 2-4Ctto U6

(2-ACt to U6)

Serum levels of miR-208
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CRV

Ad GFP

miR-208 inhibition transforms a cRV
cardiomyocyte into a dRV one

Adult rat cardiomyocytes from CRV-MCT rats
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AMPAP (mmHgQ)
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Challenging the WHO classification: The PVDOMICS initiative

n = 1000 PHT, 400 PHT-at-risk, 100 healthy

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

Pathobiology of PH: New Ontology of PH based on Endophenotypes
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Personal Omics Profiling
Reveals Dynamic Molecular
and Medical Phenotypes
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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.



Integrated Omics clustering
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Eg. Pathway Analysis Results - FDR < 5e-02:

Spliceosome(K)
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Example pathway:
Lysosome

Example pathway:
Insulin )

Eg. Metabolites in Cluster
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“Day-to-day variability in Snyder’s genomics profile

HRV + - -
RSV

1.0

0o 0zZ o4 O 038
Ralativa Unit

EEEITT

B
i

i

RN

e
e —
Day from 19 Infection (D] -123 11; 185 255|289 290 292 204 297 301 307 311|322 360 380
t | t
HEW RSV ?

* 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.
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