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How pulmonary embolism occurs
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j @ The embolus obstructs

a vessel in the lung and
== deprives tissue of blood.
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¥ hbolus Pulmonary
embolism
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@ The embolus travels through
the bloodstream and heart into
the vessels of the lung.

Inferior
vena cava

@ A blood clot forms in
a vein and breaks free
from the vessel wall.

Free blood clot Deep vein

(embolus) )
/ . ' { thrombosis
[ A Blood clot

e e ~ Spurce: Couturaud F, Sanchez O, Pernod G, et al. Six months vs extended oral
Treatment Duration for Pulmonary Embolism  gnticnaom)lation after a first episode of pulmonary embolism: the PADIS-PE
The type and duration of treatment for pulmonary embolism randomized clinical trial. JAMA. doi:10.1001/jama.2015.7046.

can vary from person to person.

Incidence rate: 1 to 2 / 1000-person years

Risks:

- Recurrence rate: 5% to 40% at 5 years

- Mortality: 10% at 3 months if pulmonary
embolism (2-fold higher than myocardial
infarction; 3" cardiovascular cause of death

- Sequelae: Chronic Thromboembolic
pulmonary hypertension in 4% (median
survival of 3 years)

In hospital cost: 240 Millions Eurosl/y in
France
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Identified risk Unidentified
factors factor
: iﬂ:g:rry Unprovoked
Pregnancy coo o disease ° o
« Oral contraception m 70% 30% "
 Genetic
No recurrence Recurrence

Hemorrhagic
risk

JAMA. 2015:314(1):31-40.

h Need to identify patients with a risk of recurrence Eur Respir J. 2018;4:51(1).
Haematologica. 2019 Jan 3.
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Hallmarks of venous thromboembolism
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Coagulation
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Primary hallmarks
Cause of the damage

Secondary hallmarks
Consequences of
the damage
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Integrative hallmarks
Disease

6 Immunothrombosis
4 ‘% Vascular dysfunction

Immune system
activation

Endothelial phenotype

Epigenetic

h} How the endothelium drives VTE and recurrent VTE ?



- Endothelial dysfunction drives VTE ? Control Reduction of vein flow
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Welsh JD et al. J Clin Invest 2019; 129(12):5489-5500.
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Endothelial dysfunction
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Environmental cues inducing disruption of homeostasis

vl ndothelium and inflammation in VTE

TaBLe 2. ELISA Measurements for Cytokines and Chemokines in the Thrombosed Vein Walls
Indexed to the Time From Clot Induction for All Time Points Including Baseline

Cytokine Baseline Day 1 Day 3 Day 6
Thrombosed veins (n=4)
TNF <50 127+46" 341+55¢ 610x212"
EMNA-78 <50 <50 17581 370150
MIP-1a <50 <50 10545 <50
Interleukin-6 <50 <50 328+187 445+243
JE/MCP-1 <50 2372650 31987041 12 H14+7073
Shams (n=4}
TNF <50 <50§ <50%
ENA-78 <50 <50 70+34
MIP-1a <50 <50 <50
interleukin-6 <50 <50 <50
JE/MGCP-1 <50% <50§ 50

ELISA indicates enzyme-linked immunosorbent assay; TNF, tumor necrosis factor-a; epithelial neutrophil activating
protein-78; MIP-1a, macrophage inflammatory protein-1q; and JE/monocyte chemoattractant protein=1. Measurements are
expressed in picograms per milliliter.

‘P=.05, tP=.01 compared with baseline.

$P=.05, §P=.01, shams compared with thrombosed veins.

Wakefield TW et al. Arterioscler Thromb Vasc Biol 1995;15:258-268.
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HGMB1 3elease R NETs

Mox Extracellular DNA

(ame) CD39 | ...'7";.:’ Inflammasome

Caspase-1

Endothelial cell

Endothelial cell

Created in BioRender.com bio

Marion Pilard, Estelle Ollivier, Virginie Gourdou-Latyszenok, Francis Couturaud and Catherine A. Lemarié. Frontiers in CV April 2022.
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eRNA e HypOX|a -_— eRNA 4 » Arterial thrombosis eRNA
+ Stress FXI
TLR3 \ VCAML
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1 ? recruitment
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Adapted from Zernecke et al. Circulation Research 2016.
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Environmental cues : extracellular RNA

Maria Najem, PhD Hypothesis: eRNA promote the inflammatory development of venous thrombosis via endothelial TLRS3.
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Maria Najem et al. In revision
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Inflammation

dysfunction

Endothelium
[Endothelial} [Complement} [Inflammasome] [Immune system ]

Estelle Ollivier,
PhD student

| Poster #0006 |

Blood clot
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Mechanisms of VTE recurrence

Unprovoked
disease

¥ 70w / \30% i

No recurrence Recurrence .
Chronic
Acute
Recurrent

VIE VTE
Inflammation ? EEE—————) Fibrosis ?
Post-thrombotic syndrome Post-PE syndrome
WS bamace T R, (residual vascular obstruction, dyspnea, CTEPH..)
Flow to Leg V%ins Leaky, Allowing and Redness
Fluid to Pass Through
) D Isolated PE vs isolated DVT Isolated PE vs DVT-associated PE
. IFN-y
“* Signature specific GDNF
to isolated PE GALNT3
phenotype PADI2
IL-15Ra
> 3 35 4 1 15 2 25 3 35 4
Lambda ratio

Residual vascular obstruction

Vasquez and Kahn Circulation. 2010;121:e217—-e219.
Cate et al. Blood. 2021;137:2681-2693.
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g |\cChanisms involved in venous thromboembolism === Chronic disease
d

How VTE occurs and recurs?

PADIS-EP clinical study — Pr Francis Couturaud

Inclusion
24 months
Unprovoked at 6 months 42 months
EP l l

v/_r
\ Study period :
Initial treatment: 18 months of Follow-up :

6 months of VKA warfarin or No treatment

! placebo

Initial vascular Residual vascular
obstruction Obstruction
Biobank Biobank

Couturaud et al. JAMA 2015 2015 Jul 7;314(1):31-40.
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PADIS-EP clinical study

Fibronolysis
Clinical risk factors defects
Therapeutic delay

Inflammation Endothelial
dysfunction

Initial vascular obstruction
Age

| CETPH

Marc Danguy des Déserts and Juliette Menguy et al. Unpublished results
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PADIS-EP clinical study
Residual vascular obstruction (RVO)

- group 1 : RVO < 5% without recurrence

- group 2 : RVO < 5% with recurrence ! 1 f/’.ﬂ:__\

f WILLE |

| mn §*
- group 3 : RVO > 5% without recurrence Ny N 4
- group 4 : RVO > 5% with recurrence ' | P 2

; :'“us. [‘h:m ”j 'l/./m \
Results g L) . 3 A R
. o g N 7 \ \

Markers of inflammation: higher § R \\M,M‘m_m]
with RVO > 5%. .. ~
Markers of endothelial
dysfunction: higher with 10
recurrence. o v mp::m“ . - "’

PAI-1 levels are associated with
RVO > 5%.

Marc Danguy des Déserts and Juliette Menguy et al. Unpublished results
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Thrombus size Fibrosis
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H Transition endothélio-mésenchymateuse

Bochenek et al. 2019 Circ Res ; Fang et al. Front. Cell Dev. Biol., 07 October 2021.
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Bochenek et al. Circ Res. 2020 126:162-181.
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Hypothesis: Epigenetic regulation of EndMT in VTE: role in recurrent events?

Marion Pilard, PhD student
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Marion Pilard et al. Unpublished results
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Vascular remodeling, fibrosis, endothelial integrity and differentiation
HDACG6 controls numerous processes, impacting cell migration, proliferation and survival

Lanig Civi, M2 student
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Li et al. FEBS Journal 280 (2013) 775-793

Marion Pilard et al. Unpublished results
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