Biothérapies et Pathologies Cardiaques :
Quelle Biotherapie pour quel Effet ?

Philippe Menasché
Dpt of Cardiovascular Surgery & INSERM U 970

Hopital Europeen Georges Pompidou

Université Paris-Cité

Disclosures

Consultancy for Help Therapeutics

e INSErM

FRANCAISE @

Liberté .
Egalité La science pour Ia sante

From science to health

ASSISTANCE
PUBLIQUE

’,

HOPITAUX
DE PARIS

(I

Universite
Paris Cite




An Update on Global Epidemiology in Heart Failure

Prevalence

Prevalence ranges between 1-3% in the
general adult population

Prevalence higher in males vs. females
~50% of HF patients have HFrEF
Prevalence in HFrEF: stable/declining due
to longevity and improved treatments
Prevalence in HFpEF: steadily increasing
HFpEF: most common HF form in the future

HF u
Epidemiology)

Worldwide
Outcomes

Prognosis of HF slighlty improving !‘ nnual health care costs up to €25,000

Mortality remains high, N the e WOT ncrease
1-year mortality ~15-30%, 5-year mortality Increasing costs due to major demographic
~50-75%, no significant differences changes

between HFpEF and HFrEF Majority of costs linked with directs costs,
CV mortality in HFrEF: declining non-CV comorbidities, procedures

Non-CV mortality in HFpEF: increasing Increasing number of HF hospitalizations,
Major cause for hospitalizations for age >65 especially in women (HFpEF)

Becher et al. Eur Heart J 2022:43:3005-7.




Biothérapies et Pathologies Cardiaques :
Quelle Biothérapie pour quel Effet ?

Outline
= Repalr vs. regeneration

= Delivery issues
= Remaining challenges




Biotherapies et Pathologies Cardiaques : Quelle Biothérapie pour quel Effet ?

Target effect Mechanism of action Biotherapy

Repalir Paracrine signaling m Mesenchymal
stromal cells
m Extracellular
vesicles

Regeneration Increase of the
contractile cell pool from:
m Exogenous sources ===y m Cardiomyocytes
m Endogenous sources === m RNA triggers
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20 years of treating ischemic cardiomyopathy with mesenchymal stromal
cells: a meta-analysis and systematic review

16 randomized controlled studies (excluding those with high risk of bias and including 4 for AMI)
LVEF

Seyihoglu et al. Cytotherapy 2024 S1465-3249(24)00770-9.




Key Translational Challenges

MSC

= Tissue source

= Scalability

= Batch-to-batch reproducibility




Key Translational Challenges

Inter- and Intra-donor variability in bone marrow—derived mesenchymal
stromal cells: implications for clinical applications

Analyte Donor 1 Donor 2 Donor 3 Donor 3W

Potential Solutions

=  |mmortalized cell lines

= Differentiation of MSC from IPSC

CXCL12 ND?*P 29122 + 23 4%¢

ANG-1 1482 + 46,89 1014 + 85.42° 896.6 + 162.4 827.8 +103.6
HGF 48 454 3.373P 70.5+1047%¢ 59,98 4+ 5.99 57.9 +3.39
CXCL1 82.56 + 10.88? 41.48 + 096%¢  70.60 + 6.79 78.83 +£9.99

Gray et al. Technology (Singap World Sci). 2016;4:201-215.
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Paracrine Effects of MSC
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Paracrine Effects of MSC
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Equivalence of Outcomes Between Cells and Thelr Secretome

Organ Model Comparator Reference

If EV Duplicate the Effects of Thelr
Parental Cells, Why Choosing EV?

= Absence of potential cell-induced

adverse events (arrhythmias, uncontrolled
proliferation)

= Better « druggability »
* Lack of Immunogenicity
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Clinical Trials of EV-Based Therapies

Treatment of Non-ischemic Cardiomyopathies by Intravenous Extracellular Vesicles of Cardiovascular Progenitor
Cells (SECRET-HF)

ClinicalTrials.gov Identifier: NCT05774509

The safety and scientific validity of this study is the
Recruitment Status @ : Not yet recruiting

First Posted @ : March 17, 2023
Last Update Posted @ : March 17, 2023

responsibility of the study sponsor and investigators.

Listing a study does not mean it has been evaluated
A by the U.S. Federal Government. Know the risks

and potential benefits of clinical studies and talk to

See Contacts and Locations

your health care provider before participating. Read
our disclaimer for details.

View this study on Beta.ClinicalTrials.gov

Sponsor:

Assistance Publique - Hopitaux de Paris

Collaborator:
Ministry of Health, France

The goal of this clinical trial is to assess the safety and efficacy of three intravenous injections of the extracellulat vesicle-enriched secretome of
cardiovascular progenitor cells in severely symptomatic patients with drug-refractory left ventricular (LV) dysfunction secondary to non-ischemic
dilated cardiomyopathy. The main questions it aims to answer are:

+ Are these repeated injections safe and well tolerated?

+ Do they improve cardiac function and, if yes, to what extent?



Use of Secretome for Heart Failure: Translational Issues

CPCs CDCs

CDCs:Cardiosphere-derived cells
CMs:Cardiomyocytes
CPCs:Cardiomyocyte progenitor cells
EVs:Extracellular vesicles
HSCs:Hematopoietic stem cells
iPSCs:Induced pluripotent stem cells
MSCs:Mesenchyme stem cells

Damaged Heart
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Rezaie et al. J Cell Physiol 2019;234:21732-45.




Selection of EV Parental Cells:
Early Differentiation & Lineage Matching

o PBS
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Gonzalez-King Garibotti et al. J Extracell Vesicles 2024;13:e12445.



Translational Issues

Paracrine Signaling

l
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_ I\/Ianufacturlng

Adapted from Bertero & Murry Nature Rev Cardiol 2018;15:579-80.




First-in-Man Treatment of Heart Failure by a Cardiovascular Cell-Derived Secretome
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Treatment of Non-ischemic Cardiomyopathies by Intravenous Extracellular Vesicles of Cardiovascular Progenitor
Cells (SECRET-HF)

= Cohort 1: 4 patients: 20x10° particles/kg per infusion (cumulated
dose: 60x10° particles/kg per treatment)

= Cohort 2: 8 patients (if no SAE in cohort 1): 40x10° particles/kg
(cumulated dose: 120x10° particles/kg per treatment)

1 mo.
Clinical examination
Screenin Secretome infusions 24-Holter, Echo
Visit ) 1st ond 3rd Standard lab tests A 6 mo. 12 mo.
JL )
A A A + A
?: weeks - ‘3 weeks - 3 weeks ) 4 weeks -
_ __ A A A A A4 Clinical examination
Baseline visit 24-Holter, CMR,

+Echo, VO,Max
QoL questionnaire

Signature of the consent form No immunosuppression

Clinical examination

24-Holter, CMR, Echo, VO, Max - ?;érggrg;f&;eﬁt:;mO )
QoL questionnaire '
Standard lab tests A+ DSA A A Including CRP and BNP/NT-ProBNP
Phone call A Cytokine and T, B, NK cells assays

4 BBFDG PetScan A Donor-specific antibodies



Characterization of the Final Product: EV-Enriched Secretome

Comparison of Total Conditioned Medium (TCM)

Exosomes (EXO) and Exosome-Free Protein-Enriched Fraction (EF)

Changes in LVEF in a Rat Model of Ml
Equivalence between cells

: CM better than each fraction separatel
and the Exo fraction P y

Equivalence
T 100 * % e 1:* between the
b — — Exo a}nd
W 80 . ey ok protein
3- == : fractions
T 60 : = 7 D Control
© = — g g Human
= 40 = = ﬁ f Microvascular
2 = 7 Endothelial Cells
5 Z Z
S Z 1 O .
S — ﬁ f Total Cond. medium
h = C é —1 Exo
] - :
3 Baseline 7days 28 days

7 Proteins
Sharma et al. Circ Res 2017:;120:816-34.




Characterization of the Final Product: Identity

Cryo-TEM images of single particles Super-resolution microscopy (ONI) images of a single
from a sample of the final product particle from a sample of the final product

oo . ¥,

Overlay




Characterization of the Final Product: Lack of Immunogenicity
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Characterization of the Final Product: Potency

Patient #4: Cell Viability Tests
Deprivation Test Staurosporine Test
35 3 :
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Characterization of the Final Product: Potency

Patient #4. AngiogenesisTest
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Characterization of EV by ELISA Test for CD63, CD81 and CD9 (EV markers)
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Characterization of the Final Product: Stability

Effect
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Use of Secretome for Heart Failure: Translational Issues

= Mapping of the cargo content by

omics
= Bioinformatics-based prediction of

targets
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SECRET-HF: Quality Controls

Final clinical-grade product
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Final Product Preparation and Delivery
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Target effect Mechanism of action Biotherapy

Repalir Paracrine signaling

Regeneration Increase of the
contractile cell pool from:
m Exogenous sources ===y m Cardiomyocytes
m Endogenous sources




Cardiac Cell Therapy Clinical Trials
Pluripotent stem cells

A SHINYA YAMANAKA
, ESC 2012 NOBEL PRIZE
IN MEDICINE

Cardiomyocytes

IPSC

= Cardiovascular differentiation potential in response to
specific cues

= Possibility of controlling the maturation stage
= Scalability




Cardiac Cell Therapy Clinical Trials
Pluripotent stem cells

MECICHS 58T S5 = I R T n  L L  5 & B SHINYA YAMANAKA
, LSV e S 2012 NOBEL PRIZE
> IN MEDICINE

= Cardiovascular differentiation potential in response to
specific cues

= Possibility of controlling the maturation stage

= Scalability




Cardiac Cell Therapy Clinical Trials
ESCORT Trial

» 6 patients with severe LV dysfunction
(EF<35%)

= SSEA-1 Isl-1* cardiac progenitors
embedded in a surgically delivered fibrin patch

4 = Qutcome measures:
v Feasibility: Scale-up, cardiac specification,
purification

e =Stablished

\| v Safety: Arrhythmias (ICD recordings),
b tumor (whole-body CT & PET scans), allo-
: {,q Immunization (donor-specific antibodies)

JACC 2018;71:429-38. | m==) |0 safety issues (FU: 7 yrs and 6 mo-10 yrs)




PSC Clinical Trials

Surgical Delivery

Study ID

JRCT2053190081

NCT04696328
JRCTa032200189
LAPIS NCT04945018

Bio-VAT
NCT 04396899

HEAL NCT03763136

NCT05566600

NCT05223894

NCTO05647213

Nb Pts

10

10
3
10

53

20

32

20

50

Cell source

IPSC

IPSC
IPSC
IPSC

IPSC

iPSC

IPSC

IPSC

IPSC

Autologous skin cells to

cardiac lineage

Dosing
X 108

33/patch
(3 patches)

50
50/150

200/800
(5-20 patches)

200

100/200/400

100

? (dose-
escalating)

Indication

Ischemic

Ischemic
Ischemic

Ischemic

Ischemic &
non ischemic

Ischemic

Ischemic

Ischemic

CHD

Catheter-based Delivery

Delivery

Cell sheet/Stand-alone

Cell sheet/Stand-alone
+ CABG
+ CABG

Collagen patch/
Stand alone

+ CABG

+ CABG

+ CABG

Status
Not
recruiting
Unknown
Completed

Active

Active

Active

Active

Active

Active

HECTOR NCT05068674

NCT04982081

18
20

ESC
iIPSC

50/150/300
100/400

Ischemic

Ischemic

Endoventricular

Endoventricular

Suspended

Not yet
recruiting




Key Translational Challenges

Strategies

Patch delivery Challenge:
Ventricular arrhythmias

Anti-arrhythmic drugs due to automaticity of

Optimization of cell PSC-CMs

maturation

Gene editing ?




Key Translational Challenges

Challenge: PSC
ImMmmune
rejection

Completeness of differentiation
Extent of differentiation (CPC vs.

Mature CM; optimal CM/EC/Fb ratio)
Arrhythmias

Immune response

Persistence of engraftment




Key Translational Challenges

« Our observations clearly exclude remuscularization as an important mechanism
whereby hPSC-CVPCs (cardiovascular progenitors) improve LV function
after MI in primates »

Day 3 MDR regimen
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Target effect Mechanism of action Biotherapy

Repalir Paracrine signaling

==) m Cardiomyocytes
Regeneration Increase of the

contractile cell pool from:
m EXxogenous sources
m Endogenous sources




Common and Distincts Mechanisms of Action of the Most Investigated
Stem Cells for Cardiac Repair

MSCs

,’fé& Intramyocardial injection =

Infarction area

°
\V/

\

Extracellular Vesicles as a Cell-free Therapy for Cardiac Repair:
a Systematic Review and Meta-analysis of Randomized Controlled
Preclinical Trials in Animal Myocardial Infarction Models

)

Experimental  Control Mean Difference Mean Difference
. Study or Subgroup Mean Difference ~ SE Total  Total Weight IV, Random, 95% CI IV, Random, 95% CI
1L.-10 ® Periostin 1.3.1 Mesenchymal Stem Cells
H Arsian etdl., 2013 [23] 003 001 10 10 163% 0.03[-005-001] 5
® NO ® PGE2 Huang, P. et al, 2019 [29] M SC 009 003 7 7 145% 009[-045,-0.03) -
...... =% Yuetal, 2015 [40] 24 019 5 1 25% D40[077,-003
Immunomodulatlo ZuLP.etal, 2018 - Aj44] 001 001 0 0 163%  0.01[0.01,003
Subtotal (95% Cl) 2 28 496% -003[0.08,001) 4
/ \ Heterogeneity: Tau? = 0.00; Chi? = 18.85, df = 3 (P = 0.0003); = 84%
O ..n»;g, Testfor overal effect Z=1.50 (P =0.13) P - O . 1 3
“ 132 Cardiac Stem Cells LVVE SV
I\[acroph age Tre 91 Andriolo etal., 2018 [46] 015 007 10 5 04% 0.15[029,-001) —_
- 2 T s Ciullo et al,, 2019 48] CS C 006 003 6 6 145% 0.06[0.12,-000] -+
M2 pOla rization = Bl Harane etal, 2018 [49] 209 018 19 17 28% 209[244,-174)
L) forahim et al, 2014 (chronic) [10] 0203 001 6 6 163% 0.03[0.05-001] L
- Kervadec et al, 2016 [51] 309 16 16 12 00% 309623005
(@) Subtotal (95% CI) 57 46 43.0% -0.45[0.70,-0.21) P
Heterogeneity: Tau? = 0.06; Chi?= 137.25, df = 4 (P < 0.00001); I*=97% -1 05 ° o5 1
DC/NK cells/T cell ¥ oo 2364 00009 P=(0,0003 favours experimental ‘favours control

)@1 Intramyocardial injection
iPSC-CMs

'SC-CMs

geojIe}

Remuscularization

Contractile force T

Khan et al. Stem Cell Reviews and Reports 2022;18:1143-1167.

Yan et al. J Mol Cell Cardiol 2024:188:1-14.
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Biotherapies et Pathologies Cardiaques : Quelle Biothérapie pour quel Effet ?

Cardiac Regeneration

= In the mammalian heart,
cardiomyocyte proliferation is
turned off shortly after birth :

v
a -
\
Extensive scarring

21 days

Uygur & Lee Dev Cell. 2016;36:362—-374.
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Functional Recovery of a Human Neonatal Heart After

Cardiac Reg eneration Severe Myocardial Infarction
m |n the mamma' ian heart, Ratlonale: Cardiac re_rmo_dellng_ and sub_sec!uent heart failure remain crltlcal_
) issues after myocardial infarction despite improved treatment and reperfusion
Card |0myocyte strategies. Recently, cardiac regeneration has been demonstrated in fish and

newborn mice after apex resection or cardiac infarctions. Two key issues remain

pr0| Iferation Is turned off to translate findings in model organisms to future therapies in humans: what is
shortly after birth

the mechanism and can cardiac regeneration indeed occur in newborn humans?
Objective: To assess whether human neonatal hearts can functionally recover
after myocardial infarction.

Methods and Results: Here, we report the case of a newborn child having a
severe myocardial infarction due to coronary artery occlusion. The child
developed massive cardiac damage as defined by serum markers for
cardiomyocyte cell death, electrocardiograms, echocardiography, and cardiac
angiography. Remarkably, within weeks after the initial ischemic insult, we
observed functional cardiac recovery, which translated into long-term normal
heart function.

Conclusions: These data indicate that, similar to neonatal rodents, newborn
humans might have the intrinsic capacity to repair myocardial damage and
completely recover cardiac function.

Haubner et al. Circ Res 2016;118:216-221.

However, the mechanisms
of cell cycling are still In
place
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Gene therapy knockdown of Hippo signaling induces

Cardiac RegeneratiOn cardiomyocyte renewal in pigs after

myocardial infarction

= |n the mammalian heart,

(AAV9)-based gene therapy to locally knock down the Hippo

card iomyocyte pathway gene Salvador (Sav) in a pig model of ischemia/reperfusion
proliferation is turned off

: - GFP(n=7) proliferation
shortly after birth i) .

. -+ Sav high (n=3) o i
However, the mechanisms L .
of cell cycling are still In .- 5 1 I
place w401 % 2 HE
35' 9‘ =}

Their reactivation might 30; = I T
improve pump function T 1 1 1 S P £ P

45 104
Days after MI

Days after Mi

Liu et al. Sci Transl Med 2021:13:600.
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A Phase |, Single Ascending Dose Study
of Cimaglermin Alfa (Neuregulin 133)

in Patients With Systolic Dysfunction
and Heart Failure

Factors Inducing

Mean AUC for change
i " it L Sy in LVEF
Cardiac Regeneration g over 90 days in all

| ' AUC (AEF )
. S m al I m O I ecu I es Cimaglermin 30 minute .f-f:l“” patl ents .

= infusion “
. o 2] e U 1 * p<0.01 versus placebo
W *
|
Placebo ” 0 /
it
1
+ Transient nausea, headache 0- :
+ One case of transient elevation Placebo Low Doses High Doses
of liver transaminases and bilirubin
at highest dose 1 1
+ Sustained improvement in LVEF C I m ag I e rd I n d ose
up to 90 days with higher dose
of cimaglermin ( m g / kg)

Lenihan et al. J Am Coll Cardiol Basic Trans Science 2016;1:576—86.
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miRNAs that Induce Human Cardiomyocyte
Proliferation Converge on the Hippo Pathway

Factors Inducing

Functional screening

Cardiac Regeneration s

= Small molecules

\,;\/
O e
\

= Non coding RNAS N

J

| ~

/ \(&
/ \
/

miRNA :: Protein
network for
cardiomyocyte
proliferation

\\'\
)
\
\

Hlppo | YAP

WS

miR’ome screens
reveals that 96
mMiRNASs promote
human iPSC-derived
cardiomyocyte
replication

Most of the
miRNAs act by
inhibiting Hippo
signaling

The data suggest
highly redundant
regulation of Hippo
components by many
MiRNAS

Diez-Cunado et al. Cell Rep. 2018;23:2168-2174.




Biotherapies et Pathologies Cardiaques : Quelle Biothérapie pour quel Effet ?

Challenges Associated With Gene

Therapy
Factors Inducing AAV:
Cardiac Regeneration " (Ijrgsrre\une response limiting to a single

= Small molecules = Liver toxicity

= Non coding RNAs = Thrombotic microangiopathy (at high
AAV doses In a subset of patients with

= Gene therapy pre-existing antibodies or rapid antibody
responses)

Lentiviruses: Genotoxicity
All: Manufacturing, scale-up and costs



Biotherapies et Pathologies Cardiaques : Quelle Biothérapie pour quel Effet ?
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Factors Inducing

Cardiac Regeneration
Small molecules

Non coding RNAs

Gene therapy
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Biotherapies et Pathologies Cardiaques : Quelle Biothérapie pour quel Effet ?

Issues Associated With mRNAs for Cardiac Regeneration

Efficiency of the LNP-mediated transfection of the target cardiomyocytes
Cardiomyocyte-specific expression of the pro-proliferation factors(s)

Achievement of therapeutically active levels of the translated factor(s)

Arrhythmia-free coupling of the newly formed cardiomyocytes with the
resident ones




Biothérapies et Pathologies Cardiaques :
Quelle Biothérapie pour quel Effet ?

Outline
= Repalr vs. regeneration

= Delivery issues
= Remaining challenges




The Issue of Delivery

~' N\ = h
Interest of the IV route for the delivery of a cellular
secretome
= Absence of invasiveness
= Ease/low cost of implementation expanding potential indications

= Possibility of repeated administrations

Rheault-Henry et al. World J Stem Cells 2021;13:236-259.



The Paradox of IV Delivery of Cells

Clinical Trials of Randomized Placebo-Controlled
Intravenous Cell Therapy

Author Patient Population Trial Design FU

Outcome

Hare Acute Ml Allogeneic BM-MSC 6 mo.
JAm Coll Cardiol.  LVEF ~ 50% Double-blind
2009;54:2277-86. Placebo:21; MSC:39 Dose-ranging

0.5, 1.6 and 5 x 106 cells/kg

Butler Nonischemic Allogeneic BM-MSC 3 mo.
Circ Res cardiomyopathy Single-blind
2017;120:332-40. LVEF <40% 1.5%106 cells/kg

Placebo: 12; MSC:10

Bartolucci Ischemic & nonischemic Allogeneic UC-MSC 1yr
Circ Res cardiomyopathy Double-blind

2017;121: LVEF <40% 1x%10° cells/kg

1192-1204. Placebo:15; MSC:15

* LVEF
3§ Remodeling
§ VT

4 6minWT
i Functional
scores

LVEF
Functional
scores




The Paradox of IV Delivery of Cell Products
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Desgres et al. Front. Cardiovasc. Med. 2023;10:1206279.
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LVESV

Infarct size

37 studies, 703 animals

Extracellular Vesicles as a Cell-free Therapy for Cardiac Repair:
a Systematic Review and Meta-analysis of Randomized Controlled
Preclinical Trials in Animal Myocardial Infarction Models

Impact of the Route for Delivery (Meta-regression Analysis)

Criteria Subgroups Mean
difference
95%ClI

Local (N=31) 7.97% [3.55, 0.001
Location 12.39]

Peripheral (N=7) [12.10% [9.54, <0.001

Local (N=3) -0.07mL [-0.10, 0.878
Location 0.87]

Peripheral (N=8) |[-0.45mL [-1.06, 0.131

Location

Local (N=5) -7.57% [-13.67, - |0.018
1.46]

Peripheral (N=18) |-10.60% [-14.35, - | <0.001
6.86]

Khan et al. Stem Cell Reviews and Reports 2022;18:1143-1167.



Cells/EV for the Treatment of Heart Failure

Clarifying the Efficacy and MoA of Possible Delivery Routes

Requirement for the therapeutics Delivery
to be present in the heart route

No 1V




The “Bioreactor” Hypothesis

Soluble Proteins Extracellular Vesicles
Cytokines ° o Exosomes
Chemokines
Growth factors o
Proteases O,

0 "°~0 Microvesicles
0% 20

Cardiac tissue repair

Blood trafficking

Reprogrammed
host immune cell

Modulation of the immune reponse \ P

= Down-regulation of pro-inflammatory signals
= Up-regulation of anti-inflammatory signals (' M2 macrophages, 'Treg)

Macrophage

Adapted from Savitz & Cox Nature Reviews Neurology 2023;19:9-18.



Mesenchymal stem cells exert renoprotection via
extracellular vesicle-mediated modulation of M2
macrophages and spleen-kidney network

Rat model of glomerulonephritis

Adipose derived MSC (ASC)

(\CD/E§)</\Q/23;><:©:> Spleen ////'// ] - \\\'\\\\ Damaged kidney
ASC accumulated P
in spleen : é\‘f’\nq 5 =¥ .
" _olie,  sone @ 2D =
RN 3@ @ _ T JEE g
Rl < alte. s g v SR
- @ I@F @ S
—C S S
n S_)v‘\g"/z’f-h PGEZ2 signal t l::r;ndle_cf:tior:_/
EVS\/i/?’:}’ Dgrs M1 like signal rof e'a tfon
Py (@ @ @
Regulatory T cell
EV-transferred M2 macrophages move from l
the spleen to the inflamed kidney through the seheg, oheac, —
c - c 2@ = N 1’2&)§ " SN
blood stream, resulting in the increase of Treg s e PNSale, S@DE
508 @ E
and decrease of M1 macrophages Mitnioenase

Shimamura et al. Communications Biology 2022:5;753.



Human Placental Exosomes Induce Maternal Systemic
Immune Tolerance by Reprogramming Circulating

Monocytes
Heatmap otalm() IM2 markers ¢
CD4* and CD8'T cell
ooz :;,., proliferation
- P O

Treg differentiation

CXCL13
CD163

CcCLY

. {oH

M2 macrophages
CCL2

B PBS+macrophage Monocyte T

M pEXO+macrophage MDSC-like

SLAMF1

Bai et al. J Nanobiotechnology 2022;20: 86.




Cells/EV for the Treatment of Heart Failure

Clarifying the Efficacy and MoA of Possible Delivery Routes

Requirement for the therapeutics Delivery
to be present in the heart route

VIV

m Bypass of the MPS hepatic uptake

m Engineering of EV with
heart-specific ligands




Cells/EV for the Treatment of Heart Failure

Clarifying the Efficacy and MoA of Possible Delivery Routes

Requirement for the therapeutics Delivery
to be present in the heart route

v" Local (mandatory for intended
regeneration)




Biothérapies et Pathologies Cardiaques :
Quelle Biothérapie pour quel Effet ?

Outline
= Repalr vs. regeneration

= Delivery issues
= Remaining challenges




Key Remaining Challenges

= Sould we pursue the quest for regeneration or shift to a paracrinally-
mediated repair?

= |If the paracrine paradigm is privileged:
v' Can the therapeutic effects of the secretome be duplicated by just a few of its components?

v What are the optimal dosing metrics?
v" Does its presumed mechanism of action (resetting of the immune system) validate a

systemic delivery?
= How can we leverage the capabilities of Al for making CMC more cost-

effective (enhancement of process efficiency, product quality, regulatory
compliance) and prospectively identify responders vs. non responders to
Improve positive outcomes of clinical trials?
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