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_Classification clinigue de I'hypertension pulmonaire (HTP):
4 Nice, France - 2013

« ) Pulmonary hypertension due to left heart disease
Pulmonary hypertension is defined by a 2.1 Left ventricular systolic dysfunction ‘

2.2 Left ventricular diastolic dysfunction

mean pulmonary artery pressure 2 25 mmHg at rest, 2.3 Valvular disease

measured during right heart catheterization. 2.4 Congenital/acquired left heart inflow/outflow tract obstruction
and congenital cardiomyopathies

2.5 Congenital/acquired pulmonary veins stenosis

» Consequences: Right ventricular hypertrophy
Right heart failure 3 Mmemnypmnssonmmungdsmmw«hypom

Dyspnea, disability, syncope, death 3.1 Chronic obstructive pulmonary disease

1 . Pulmonary arterial hypertension 3.2 Interstitial lung disease { \
' 3.3 Other pulmonary diseases with mixed restrictive and DM

1.1 Idiopathic PAH obstructive pattern

15 ??”éi«béiz Pulmonary artery wedge pressure 3.4 Sleep-disordered breathing
mutation (PAWP) <15 mmHg 3.5 Alveolar hypoventilation disorders
1.2.2 Other mutations 3.6 Chronic exposure to high altitude

Ui it okl U 3.7 Developmental lung diseases (Web Table |11
T Associated with: B : : s,
1.4.1 Connective tissue disease - §) Chronic thromboembolic pu‘lmomry hypertension and other

1.4.2 Human immunodeficiency virus [HIV] infection

lisdERial h.ypertensmn 4.1 Chronic thromboembolic pulmonary hypertension
1.4.4 Congenital heart disease (Table 6) 4.2 Other pulmonary artery obstructions

1.4.5 Schistosomiasis 4.2.1 Angiosarcoma

' lusive dis ' 4.2.2 Other intravascular tumors

4.2.3 Arteritis

4.2.4 Congenital pulmonary arteries stenoses

1'.1 Idiopathic PVOD or/and PCH .
1'.2 Heritable - =i 5 Pulmonary hypertension with unclear and/or multifactorial

17.2.1 EIF2AK4 mutation mechanisms

1".2.2 Other mutations : . ,
5.1 Haematological disorders: chronic haemolytic anaemia,

1°.3 Drugs, toxins and radiation induced . .
: : i myeloproliferative disorders, splenectamy
1".4 Associated with: r : 5
410 Va7 : 9.2 Systemic disorders: sarcoidosis, pulmonary histiocytosis,
1_'4' onrlectlv'e lissue disease lymphangioleiomyomatosis, neurofibromatosis
L_1".4.2 HIV infection 5.3 Metabolic disorders: glycogen storage disease, Gaucher disease, |

4??). Persistent pulmonary hypertension of the newborn thyroid disorders
‘ 5.4 Others: pulmonary tumoral thrombotic microangiopathy,

Galié N et al Eur Respir J 2015. fibrosing mediastinitis, chronic renal failure [with/without
Simonneau G et al J Am Coll Cardiol. 2013. dialysis), segmental pulmonary hypertension




Remodelage vasculaire pulmonaire associé

a I'Hypertension Artérielle Pulmonaire (HTAP)
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Guignabert C. and Dorfmliller P, Semin Respir Crit Care Med, 2013.



Composantes du remodelage vasculaire pulmonaire

associé a I'Hypertension Artérielle Pulmonaire (HTAP)

mean PAP= 14 + 3 mmHg mean PAP = 25 mmHg

Accumulation of
smooth muscle cells

Genetic & Environmental factors
Endothelial cells

i A %> Accumulation of interstitial
Pulmonary Vascular Remodeling p ‘ cells (fibroblasts/

in PAH myofibroblasts and pericytes)

Perivascular mixed

Vasa vasorum

Alveolar macrophages

Internal elastic lamina

External elastic lamina

1 2 3 Dilated lymphatic vessels
Endothelial Smooth Muscle Inflammation and
Dysfunction Hyperplasia Dysimmunity

Guignabert C et al., The ESC Textbook of Cardiovascular Medicine 3rd edition, 2017.
Guignabert C et al., Chest 2015.



Facteurs génétiques prédisposants
a I'hypertension artérielle pulmonaire

Harrison RE, J Med Genet. 2003

Abdalla SA, Eur Respir J, 2004
Chaouat A, Thorax, 2004 Austin ED, Circ Cardiovasc Genet, 2012

BMPR2 ACVRL1 KCNK3
(70-80%) ENG locus close to CBLN2

Deng Z, Am J Hum Genet, 2000 Shinati M, J Med Genet, 2009 Ma L, N Engl J Med, 2013
Lane KB, Nat Genet, 2000 Germain M, Nat Genet, 2013

BMPRII | BMPRI (A or B)

@ Mutations in the BMPR2 gene ﬁlAttenuated expression of BMPRIA
in non-heritable PAH

PAH without gene mutation

@l Reduced expression of BMPRII in

¥

Smad Potiways
Smad 1.5/ 8

area (%)
$

% Talat Nasim M. Human Mutation 2011

T ? 1 De Perez V. J Cell Biol. 2012 and 2011

Ir |ibits proliferation of SMCs Girerd B, Am J Resp Crit Care Med 2010

; N s : . Shintani M, J Med Genet. 2009
» F jtection against EC apoptosis Teichert-Kuliszewska K, Circ Res 2006
‘ Du L, N Engl J Med 2003
Atkinson C, Circulation. 2002

A

BMPR-II positive tissus




Facteurs génétiques prédisposants
a I'hypertension artérielle pulmonaire

Harrison RE, J Med Genet. 2003
Abdalla SA, Eur Respir J, 2004
Chaouat A, Thorax, 2004 Austin ED, Circ Cardiovasc Genet, 2012

BMPR2 ACVRL1 KCNK3
(70-80%) ENG locus close to CBLN2

Deng Z, Am J Hum Genet, 2000 Shinati M, J Med Genet, 2009 Ma L, N Engl J Med, 2013
Lane KB, Nat Genet, 2000 Germain M, Nat Genet, 2013

Patients with PAH carrying a BMPR2 mutation are younger at diagnosis, have more severe
disease, and have a worse prognosis than noncarriers.

100 No mutation T
\\ BMPR2 mutation \—\
Sl . T
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Transplant-free survival < 50 years Overall survival < 50 vears
0 T T T l T 1 l T T T T T 1
2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Number at risk
No mutation §11 552 439 322 191 137 91 56 326 345 291 219 134 95 62 42
BMPR2 mutation 212 214 183 131 91 57 34 24 179 173 146 104 74 46 28 20

Evans JOW et al. Lancet Respir Med 2016




La cellule endothéliale pulmonaire régule la tonicité
des arteres pulmonaires

Endothelin Nitric oxide Prostacyclin
pathway pathway L pathway

Platelets
Endothelium
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Humbert M, JACC 2004 ; Humbert M, N Engl J Med. 2004 ;
O'Callaghan DS, Nat Rev Cardiol. 2011; Ghofrani HA,N Engl J Med. 2013,




Altération dans la communication CE-CML au cours du

développement d'HT AP
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Eddahibi et al. Circulation 2006.
Dempsie et al. Circulation 2008.
Morecroft et al. Mol Ther 2012.



Altération dans la communication CE-CML au cours du

développement d'HTAP

NO
ECE1 Eif-1 ET-A
5-HT 5-HTT

TPH1 5HT2A

=, A% 5HT2B
—
% A ATIR

AT, -receptor expression

A AcE
Angiotensin Il (Ang-1l) production

1.5
—— poOl

——

- I

T, -receplior S .o e — -
P CPCP MC PCP C

Angiotensin Il (pg/mL/100.000 cells)

Control

o

Angiotensin |

De Man et al. Am J Respir Crit Care Med. 2012
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Role du FGF-2 dans le remodelage vasculaire pulmonaire

associe a I'HTAP

NO
ECE1 = ET-A
TPH1 _ - >-HT Sl

SHT2A

U B v 5HT2B
' PA-SMC Yallli

e

ACE

Izikki et al. J Clin Invest. 2009.
Tu et al. Am J Respir Cell Mol Biol. 2011.



Role du FGF-2 dans le remodelage vasculaire pulmonaire

associe a I'HTAP

NO
ECE1 ET-1 ET-A
ACE

Ang-Il |
- A SHT2B
AT1R

IPAH-ECs media induces
Hyperproliferation phenotype

50

C

Control-P-EC  IPAH-P-EC
media media

Izikki et al. J Clin Invest. 2009.
Tu et al. Am J Respir Cell Mol Biol. 2011.



Mediateurs inflammatoires et
Hypertension Artérielle Pulmonaire (HTAP)

Circulation, 2010:
Elevated Levels of Inflammatory Cytokines Predict Survival

in Idiopathic and Familial Pulmonary Arterial Hypertension

Elaine Soon. MRCP. MBBChir*: Alan M. Holmes, PhD*. Carmen M. Treacy. BSc:
Natalie J. Doughty, MSc: Laura Southgate. PhD: Rajiv D. Machado, PhD:
Richard C. Trembath, FMedSci: Simon Jennings, PhD; Lucy Barker, PhD; Paul Nicklin, PhD:
Christoph Walker, PhD:7 David C. Budd, PhD;
Joanna Pepke-Zaba, PhD. FRCP: Nicholas W. Morrell, MD, FRCP

IL-6, IL-8, IL-10, IL-12

Eur Respir J 2014:
Proinflammatory cytokine levels are linked to death

in pulmonary arterial hypertension

Jean-Luc Cracowski, Francois Chabot, José Labarére, Patrice Faure, Bruno Degano, Carole Schwebel
Ari Chaouat, Martine Reynaud-Gaubert, Claire Cracowski, Olivier Sitbon, Azzedine Yaici, Gerald

Simonneau, Marc Humbert

IL-1q, IL-1pB, IL-6, IL-13, TNF-c

Chemokine concen

Death

Cracowski J, Eur Respir J, 2014



La cellule endothéliale pulmonaire acquiert et

maintient un phénotype pro-inflammatoire

Cultures Primaires de Cellules
Endothéliales Pulmonaires
(passage precoces 4-7)

IL-12 e

*

P-selectin E-selectin

* *

J CECTR
CE HTAPI

Real time quantitative-PCR

Le Hiress et al. Am J Respir Crit Care Med. 2015.



La cellule endothéliale pulmonaire acquiert et

maintient un phénotype pro-inflammatoire

CTR HTAPI
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Le Hiress et al. Am J Respir Crit Care Med. 2015.



La cellule endothéliale pulmonaire acquiert et maintient

un phénotype pro-inflammatoire

Primary cultures of Human CTR-EC IPAH-EC

Pulmonary Endothelial Cells confluent monolayer confluent monolayer
(passages 4-7)
'

300 .

200

100 A

Adherent PBMC
(% of CTR-EC monolayers)

n=5

o

CTR-EC iPAH-EC

Le Hiress et al. Am J Respir Crit Care Med. 2015.



Le facteur MIF (Macrophage migration inhibitory factor)
dans I'HTAP humaine

MIF-1

Endothelial T cpz4 I
cells Src Kinase 300 1 *¥kk N= 20
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~ - -
200 - oooe PAH
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®
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Le Hiress et al. Am J Respir Crit Care Med. 2015.



L'axe MIF-CD74 contribue a |'acquisition et a la maintenance du

phénotype pro-inflammatoire des CE pulmonaires HTAP

) o
MIF
- ® o
%\h ﬂ Cytokine / Chemokine
' secretion ﬂ Immune cell recruitment
‘QM 4 A & adherence
CD74 . &
ﬂ Adhesion molecules .

=~ =g

Dysfunctional pulmonary endothelium in PAH

Le Hiress et al. Am J Respir Crit Care Med. 2015.



Réle des péricytes pulmonaires dans
I'Hypertension Artérielle Pulmonaire (HTAP)

Vessel
stabilization

Immune

) Mesenchymal
regulation
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Vascular ECM




Role des péricytes pulmonaires dans

I'Hypertension Artérielle Pulmonaire (HTAP)

Human lungs:

Pericyte number /vessel

£ Ny
* Control s
4 PAH
4 5 124 * %% :
' [
k%%
Control 81 ® —Te
o —1
g b -+
. i | sl
®
- < 0 4 .
< <100 pm 101 - 199 um > 200 ym
3 Pericyte number/vessel is increased by 2-fold in
PAH lung specimens as compared to controls.
+ : - iPAH

Ricard et al. Circulation 2014



Human lungs:

Role des péricytes pulmonaires dans
I'Hypertension Artérielle Pulmonaire (HTAP)

~
CD31 CD31
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Ricard et al. Circulation 2014



Nouveaux concepts :
Péricytes & Remodelage vasculaire pulmonaire ?

Increased pericyte

Normal PC coverage

Differentiation 28

Normal EC into smooth TGF-B

Normal muscle-like cells paH
pulmonary remodeled
artery pulmonary

artery

Ricard et al. Circulation 2014
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