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Evolution of Cardiac Cell Therapy Trials

@\

Ongoing MSC Clinical Trials for Ischemic Hgart Disease

Study n Cell source \‘QJ@ Condition Des}'g@ Delivery ClinicalTrials ID
ischemi 3 >

Chronic ischemic heart disease ' 6 Q

Jerome et al NYD Autologous BM @<® Ischemic CM (LVAD) . (Q'vaase | L% NCT02460770
MESAMI2 90 Autologous BM o‘\&' Chronic ischemic CM 2 Phase Il ™ NCTD2462330
Dal et al. as Autologous BM O Chronic ischemic CM . OQ Phase I/ Collagen NCTO02635464

Y O scaffold

CONCERT-HF w - X — ep—
Antonitsis et al 30 Allogeneic/8M Ischemic CM m‘v(gwp, CABG Phase | M & TO1753440
Antonitisis et al S Allog c BM Ischemic CMV {a( Y LVAD Phase | M &@ NCTO01759212
Kastrup et al. 10 All neic adipose tissue Ischemny Phase | M &\Q NCTO2387723
Kastrup et al 81 A(ngnmr. adipose tissue I&chcn’& Phase Il M 0 NCTO3092284
SCIENCE 138 b%llugc‘nrm adipose tissue Ischedic CM Phase Il ‘lgse NCT02673164
UCMSC-Heart 4 o Allogeneic UC 1 ¢ 6emtc m Phase I/11 {Qk NCTO2439541
TRIDENT Q% Allogeneic BM 6éschenw: cMm Phase Il Q’b M NCTO2013674
DREAM HF-1 (/0600 Allogeneic BM (rexlemestrocel-LK‘® Ischemic CM Phase &\ M NCT02032004
SEESUPIHD @ 64 Allogeneic UC ‘\69 Ischemic CM l’h@eﬁu IC NCTO2666391
TPAABPIHD Q‘\.% 200 Autologous BM O< Ischemic CM . Sﬁbse n NYD NCTO2504437
Maskon et al ’1/ 80 Autologous BM Y Ischemic dilated CM &h ase 1l IC NCT01720888
Harjula et al. 60 Autologous BM «(l Ischemic CM needing (AB@ Phase 1l M NCTOO418418
TAC-HFT-1 55 Autologous BM _* ASC Ischemic CM Q Phase I/11 %] NCT02503280
TEAM-AMI 124 Autologous w Ischemic CM (Q/ Phase Il IC NCT03047772
Nonischemic cardiomyopathy 9 \‘)Q'z

Hu et al 30 Umbilici\Cord Idiopathic dnln(sQCM Phase | M NCT01219452
Olson et al 45 AIIugé@viL BmM Anlhv.uvdlnv{n\vdl.)lvd cm Phase | v NCTD2408432
Fernandez-Avilez et al 70 A&ﬁfglogous 8m Idiopathic dilated CM Phase I/I M NCTO1957826
Bartolucci et al 30 (&Ingl-nmr ucC Dilated CM Phase I/11 v NCTO1739777

(/0
© Ward et al. Stem Cells Transl Med 2018,;7:543-50.
Reo)
>

Adapted from Banerjee et al. Circ Res 2018;123:266-287.




Transplantation of human induced pluripotent stem cell-derived

X2’
cardiomyocytes is superior to somatic stem cell therapy fgf?estoring
&

N
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cardiac function and oxygen consymption in a porcine m&%el of myocardial
Q ,,5‘0
{??w ((@Qv
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P \ascular Density
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Ishida et al. Transplantation (on-line, August 5, 2018)




Evolution of Cardiac Cell Therapy Trials

<
CHART-§Trial  esimator 0554 6
_ &
4‘@6 Ov:all Study \'\\0 0.54 (0.47, 0.61)
0‘ opulation X :
R
Harvard Medical School and " patents winsaseine | | o
LVEDV 200-370 mL (\6‘ ' ¢ 1 0.61(0.52, 0.70)
Brigham and Women’s Hosp?tal have S
¥ 04 05 06 07 <& 08
recommended that 31 pgp’érs froma &5 MamWhiney Estimator (958X
< 7
former Iab dlrector b@é‘etracted from &0&6 Bartunek et al. Eur Heart . /eéUS’ 38:648-60).
medical Joumals é‘c‘" Capricor Therapeutngg»@rovudes Update on
()
October 14, 2013’ & | ALLSTAR Trial (May12, 2017)
O
,9”7 v o) * Low probabllkwﬁutlllty) of achieving a
<~ SECOND G statustlcallyai%> gnificant difference in the 12-

S
month@pnmary efficacy endpoint of percent

chaﬁ%e from baseline infarct size as a percent
of left ventricular mass, measured by cardiac

magnetic resonance imaging (MRI).
BMMNCS MSCs CD34+/CD133+ ADRCs \

FIRST GENERATION

Skeletal N
MyoblastsV

o
&

Adapted from Banerjee et al. Circ Res 2018;123:266-287.



Evolution of Cardiac Cell Therapy Trials

Availability
Scalability
Cardiovascular differentiation potential in response o specific cues
Possibility of controlling thie maturation stage

%HMU

gerjeic Cells

Skeletal ’\,cb BMMNCS MSCs CD34+/CD133+

MyoblastsV
FIRST GENERATION

Adapted from Banerjee et al. Circ Res 2018;123:266-287.




Evolution of Cardiac Cell Therapy Trials

Availability
Scalability
Cardiovascular differentiatton potential in respoiise to specific cues
Possibility of controlling the maturation stage
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gerjeic Cells

Skeletal ’\,cb BMMNCS MSCs CD34+/CD133+

MyoblastsV
FIRST GENERATION

Adapted from Banerjee et al. Circ Res 2018;123:266-287.




Evolution of Cardiac Cell Therapy Trials

Availability

Scalability
Cardiovascular differentiation potential in response to specific cues
Possibility of controlling the maturation stage
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Adapted from Banerjee et al. Circ Res 2018;123:266-287.
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ESC Transplantation for Severe Heart FalJure
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The Three Pillags of the ESC(%E&”? Trial

Z

oS

1- Human

embryonic stem

cell-derived

cardiovascular STEM CELLS AND oevaopug(@"

Volume 19, Number 10, 2010 @,

© Mary Ann Liebert, Inc. 159 e

DO: TC‘.’SSQ'SM‘ZC'OQ‘C%§ ré(‘
RS

N\
QO

/

RS
gtet-1 Cells Are Cardiac P@%‘Benitors Present During
S

tg@' ntire Lifespan: From t@éoEmbryonic Stage to Adulthood
2 N
KO

Rami Genead,’ Christian Danielsson,” Agneta B. Andersson,' Matthias Corbascio,? Anders Franco-Cereceda,?
Christer Sylvén,' and Karl-Henrik Grinnemo?




ESC Transplantation for Severe Heart FalJure

The Three Pillags of the ESC(%@”TE Trial

O@%"F&:&ltlﬂ%t Effects After I&(%If ESC-Derived SSEA-1"

/ Progenitor Cells @‘ﬁbedded Into a Fibrin Gel

2)

Ejection LV End-Diastolic se” LV End-Systolic
l~"ractior<)1}\\‘06 Volume Q,(,«’° Volume
o0 Trn " 005 & ow
7.00 6’\“ ML 00 'S H #0.00
A 2% BQ.GOOS 000 oo & S .00 I
550 ,&C/ 60.00 (obo 20.00 [
éﬁo * 0.00 e Q 10,00 .
10,00 0,00
A i &J'.lﬂ)? - -10.00

2,00 20.00 -20.00
100 i 10,00 -30.00
(1,0 — 0,00 [ 40,00

. Sham (n=13) . Controls (cell-free scaffold, n=12) . Treated (n=16)

Bellamy et al. J Heart Lung Transplant 2015;34:1198-207.



ESC Transplantation for Severe Heart FalJure
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The Three Pillags of the ESCO@”TE Trial
b&‘ RN
The géKangaroo » Operation

,00

)

¢

Fibrin patch emb@dding Delivery of the patch onto Coverage of the cell-loaded
human ESC3erived the epicardium of the  fibrin patch by the patient’s

cardio-vascular progenitors infarct area pericardium used as a bioreactor




Roadmap of Preclinical Studies

Engraftment of hESC-derivad cardiac-committed
cells in the infarct2d rat myocardium
(Immunostaining agsinst anti-human myaosin)

HUES-1 transplanted ®  I6-transplanted Control
myocardium myocardium myocardium

Model

Number

= Cardiac

_ differentiation
Primary EFSESnEse

End point scaffolds
= Functional _.

outcoine " THUES-1 BMP2 HUES-1 BMP2/SUS402 16 BMP2
= Absence of

teratoma Tomescot et al. Stem Cells 2007:25:2200-5.
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Roadmap of Preclinical Studies

Teratorna formation 7 weeks after Tx
of undifferentiated hESC in a mouse

Model N <l & - model of immunodeficiency
‘ (RAG2-/- yc-I- C5-1-)
&
<
Number  «° o
© & 6:6
® < i~
,LQ\' Q O .
. 0(4
= Cardiac Absence of Q@b ,
_ differentiation teratoma &Qf‘” ;
Primary EFSESucise: <

End point scaffolds
= Functional

outcoaine

= Absence of
teratoma X25
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Allogeneic Tx of Rhesus ESC-Derived SSEA1* CV Progenitor Ceils in Infarcted
Rhesus
Cell transfection with G~P driven by a cardiac promoter
Assassment at 2 months

grafted cells jGFp
infarcted
myocardium

10 i

2

\ 2um

10 um 10 pm

Blin et al. J Clin Invest 2010;120:1125-39.




ESC Transplantation for Severe Heart Failure

Safety Testing ©
Virology &

= Cell banks
(MCB/WCB,
LPCB)

= Antibody
= SSEA-1*
progenitors

No contamination
,.1/




ESCORT Trial: Viral Testing

g
Cell line 16" Supernatant from 16 cell culture (6
Cultivable and non cultivable mycoplasma de\l{&%n according to European Pharmacopera
Mouse antibody production test with T "MV challenoe é}
Evaluation by real-time quantitative P N4
type | (HIV-1) RNA sequences CDI15" progenitors (P41) & {é®

Evaluation by real-time quantitative P
type 2 (HIV-2) RNA sequences
Evaluation by real-time quantitative P
RNA sequences

Evaluation by real-time quantitative P
sequences

Evaluation by real-time quantitative P
and 11 (HTLV-1 and 2) DNA sequenci
Evaluation by real-time quantitative P
DNA sequences

Evaluation by real-time quantitative P
DNA sequences

Evaluation by real-time quantitative p
DNA sequences 3
Evaluation by real-time quantitatied ¥
DNA sequences v
Evaluation by real-time quantitative P
DNA sequences

Evaluation by real-time guantitative P
sequences using Tagman technology
Evaluation by real-time quantitative P
DNA sequences

Evaluation by real-ime quantitative P
DNA sequences

Detection of viral contaminants using
In vitro assay for the detection of bovi

Cultivable and non cultivable n ?éplasma detection according to Euro%éa’ﬁ Pharmacopeia
Determination of viral contm@ﬁmms using MRC-5 and Vero cell linggl
Detection of viral contami @ils using human cells (HEK293) <
Evaluation by F-PERT &Dthe presence of reverse transcriptase, gRivity
In vitro assay for lhtd’elecnon of bovine viruses according IQQCFR
< S .
. L 6
CDI15" progeg{ors (P47) X <
Cultivable g5 non cultivable mycoplasma delectioaz;ﬁcording to European Pharmacopeia‘&:

Determiggyion of viral contaminants using MRC -3and Vero cell lines &
Detecgg@n of viral contaminants using human c,eﬁs (HEK293) W
Evgpation by F-PERT of the presence of r\@f&rsc transcriptase activity N

C ; ; : \

1tro assay for the detection of bovinggiruses according to 9CFR N

0 (4 2
@Q o o
N <

Anti-SSEA-1 antibody : Lysa@ of cells. clone VIM C6 Batch 51 10{(&46

Extended assay for muril}{@/enotropic.-"Amphotropicv'M(‘ F Relrov'@é’ detection
Detection of viral contamiants using mouse cells (NIH/3T3) ©

Determination of \"ng?omammams using MRC-5 and Vero ¢! lines

Transmission eleagsdn microscopy for detection of adven@%us agents into cells (Stade I)

0 <0
b@ Vs
Anti-SSl'z&l antibody : 530 Anti-SSEA 1 (CD15)-Microbeads batch 5110824021

S

Detecg®r of viral contaminants using mouse cells (NIH/3T3)
D@ nination of viral contaminants using MRC-5 and Vero cell lines
\/@nalysis by negative stain electron microscopy

fLQ

i into cells (Stade 1)
"
leno-Associated Viruses

ythrovirus B19 DNA

patitis A virus (HAV)

ation method (2 media)
ation method (2 media)
European Pharmacopeia
ce according Lo European
mated eggs according to

R
tetrovirus detection

ce according to European

nated eggs according to



Concise Review: Assessing the Genome Integrity

of Human Induced Pluripotent Stem C@Ws What
Quality Control Metrlcs7 &

¥
N
Minimal DN@e‘integrlty testing in hlggﬁs
(2 7
FISH, PCR or ddP(Q\\én P53 mutation(Qv Whole genome
Karyotyping selected chro/m omes aCGH screggoo Exome seq seq
Initial hiPSC line Yes Optional’«b Optimal if done  Optim ¢i°done, On a case by In the f%@fé’
quality assessment §\® 2@ essential for case basis ,@
for research, or é( @research on \;6\
quality assessment N4 &o aging, cell cycle, &
after CRISPR/Cas9- ¥ ‘ 6/ apoptosis, cancer Q>\Q’
mediated < (40 ,0{0
modification OOQ ‘0@@ R
Routine screening typing, FISH, PCR, or ddPCR NQQ‘ Optimal if done, r®<° In the future?
(culture-induced _q, —analysis of selected chromosomes ,\6’\8 and essential for I\
abnormalities]}@ (every 3 months) Q research on @0
research «(,/ aging, cell cyc@
, apoptosis, éﬁﬂcer
For clinical use Yes Optional (t nitor Alternative to Yes Yes In the future?
cells dépng amplifica- exome 5@
tio™Br for rapid con-  sequencing ) <
before releasing
k?’the cell line)

Abbreviations: aCGH, array co gr’atnve genomic hybridization; ddPCR, digital droplet PCR; FISH, fluorescent in situ hybridization; hiPSCs, human
induced pluripotent stem c,e\/tg; CR, polymerase chain reaction.

fLQ

Assous et al. Stem Cells 2018:36-814-21.




ESC Transplantation for Severe Heart Failure

Safety Testing ‘éés\g
Virology Cyt@ogenetics \\@e‘?‘umorigenicity
Cell banks

(MCB/WCB,
LPCB)

Antibody

= C=il banks Pluripotent ESC
SSEA1*
progenitors
SSEA-1-cells

N
X
&

SSEA-1*
progenitors

¥
- gnpfkmg experiments
(:Qpﬁ njections in
¢ Immunodeficient mice

, &
pe S (RAG2 /- yc-/- C5-/-)
Q\O &R
é( <
o 2ed

¥ 0 0 00000 700 o 00

q{?jo Absence of abnormal

o genomic imbalance

No contamination 1
v No tumor if

appropriate purification

No genetic abnormalities



Embryonic Stem Cell fOr Regenerative Therapy (ESCORT)

NCT02057900 S
S

Inclusion Criteria
= Severe LV dysfunction (LVEF < 25%)
= History of Ml (= 6 mo.)
* Disabling functional limitaiion (angina and/or

NYHA Class I11/IV heart tailure) despite cptimal
medical therapy

= Previous implantation of an ICD = CRT

= Indication for a conventional coronary and/or valve
procedure







Patient Data

Pt # Sex/Age (yrs) LVEF (%) Myocardial infarction
Age Location

M/77 20 30 yrs AS
/68 25 ?
M/81 19 10 yrs
G yrs
M/60 32 6 mo.
M/65 34 17 mo.
M/57 19 10 mo.

©
*Early post-ops®eath; Multiple co-morbidities (EF:17%; 2 previous MIs;
”respiratory failure; Afib; obesity; peripheral arterial disease);
no relationship with treatment




Cell Characteristics

10004
95
90

85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

<@

@Q,b
0,9 & 90
0,8 & 80
S
07 & 70
<
0,6/\0& 60¢?
o N
55 Q&“‘SO
<%
0,4 & 40
&
0,3 5 30
<O
0,2 & 20
1 0\,@
01 10
, HE 0
Nanog Isl-1

PCR measurements expressed as fold
changes relative to undifferentiated 16 ESC




Outcome Measurements

Potential complication Assessment Timing

Arrhythmias ICD interrogations Pre-op, 2 wks
1,3 & 6 mMo., 1yr.

Tumour PET scan Pre-op, 6 mo.
CT scan Pre-op, 1 yr.

Alloimmunization Donor cell-specific Pre-op, 2 wks,
antibodies 3& 6 mo., 1yr.

Side-effects Clinical evaluation Regular
of Immunotherzapy Renal function routine checks




Interrogation Pt #2
of ICD

Dt #3

Pt #4

Pt #5

2 weeks
1 month
3 months
6 months

1 year




ESCORT Trial: Assessment of Tumoriegenicity

w9
&

I8EDG Pet Scan &

Pre-op & 6 monthss®

Method of Pt #2
Assessment

PET Scan Normal Normal

(6 months)

CT Scan Normal Normal

09
\\®

Wholefbody CT Scan
ﬁreop & 1 year

Pt #4 Pt #5 Pt #6

-~

Normal iNormal Normal

Normal Normal Normal




ESCORT Trial: Assessment of Tumorigenicity

Detection of donor cell DNA in patients’ Qt‘ood
The ESC line was sequenced on the 22-gene N@é panel validated
for r@gze “variant detections”

s
. : . o SAmong the 6
s 3 E 2 g & g 6\
S v = E
i, s ¥iiilo@ of : polymorphic loci,
s 3 3 § § 3 ¢ ¢ ¢ § g g § (‘5}0
o — ° = B
a - £ s ) i L] g o I
- 5 : @
Pos 1§ §ii§ joroiod R one is a rare altergtion:
17SG180  [ERg84(NM_Jinon3  [Benigaiatre] AN/A JOUL ERBE4 G &7 SSINV_ 062352 [c421+5AG | R
1756160 [FGrR3(NM [Exon 14 [Benigasiles] ania Jour o [n&imy fi 100 320N 000424 [c1exea  [B51 o Nleed SM AD4 p Ph&. 2Phe
1756180 |6GFR(NM_OfExon20 | Benigs siles{Potymarout EGFREINGNTEIGN [20 903 161U 062283 [c2%61G>A |16, ~  lad
175G180  |METINM_0JExon2 | BenigsSileafPoly rv.'rbu NESD [nteare |2 4565 TGSV 001 27500 1[c 1131T {8 o C. 1086T>( é‘&.
1TSG16)  |TPS3(NM OfExon & Benign PolymanOUul W& [pPol2g |4 5019 FRUNM 00065 [c 2150 Q(O 12 chel?
17SG160  [sA%AD4 (NMExon 9 Benign Silea{Polymanon SWMADE [p Phe X 4959 S0NU_0053595  [E908ST>C R che 33 \\Q

. X2
@6 & {0
S <
e L Q
e s ™ , <& o

This polymorphism was not present
in anv of the patients’ constitutive
DNAS




ESCORT Trial: Assessment of Tumorigenicity

Detection of donor cell DNA in patlents’ thod

Cell line sequ@ﬁce for the SMAD4

%lymorphlsm
3394 sgqﬁences 1683 C & 1711 T

&}o

MADE D Lty e 4

No signicant variation found in plasma
sample for the same genomic position
7245 sequences: 3 C & 7242 T

No cell line DNA in the circulation (cut-
off of 0.5%)




ESCORT Trial: Assessment of Alloimmunization

Cell counts (% of max)

N

N

Immunophenotyping of SSEA-1* Cardiovascular P\gé%enitors

X
HLA-A/B/C HLA-E HLA-DR HLA-DP ®®% HLA-DQ
A alx. 3%, il s.2o. |1 Wb 1.4% WM % 2 | 1
,/“"i P77 % f(\‘)w : 0% % /‘\'\ 8.7 % i {}6 7 % {
| \ 1\ 4 1 i < |
! f " \ 1 | ,(" \ W Q,b ‘
// \' ,"/ \ AR \ ; ((\6 1
. \ &6 | - \ r@ .
0\ c(\

Recognition of Ma_]or Hnstocompatlbdlty Compggx
Class I An&ﬁgens by Natural XKiller Cells

{\“
A\
X
By Glorglg\”l"nnchlen /\0 &
‘9 ,Z\@\\
@ N <
O & @Q’b
O é”

*In severdl cxpcnmeﬁ‘tal systems, the susgéﬁtlblhty of target
cells to NK cclLﬂnedlated lysis is muefsely proportional to
their expresgmn of class [ MHC 4htigens

(\

-9 J Exp Med. 1994, 180:417-21.
x



% proliferating cells

ESCORT Trial: Assessment of Alloimmunization

40 1

40 1

Patient 1

mediu
>
V
Patient 4

medium

&

Mixed Lymphocyte Reactions

allogeneic PBMC patient PEMC

allogeneic PBMC patient PBMC

Patient 5

medium

allogeneic PBMC patient PBMC Qo

.Cngé' .

&
2

30 1
20 1

10 7

\\Q/
{00
Zi?'atient 3

(Q medium

Patient 6

o L

allogeneic PBMC patient PEMC

medium

BCD4+
BCDa+

allogeneic PBMC patient PEMC

®CD4+
uCDs+

allogeneic PBMC  patient PBMC



ESCORT Trial: Assessment of Alloimmunization

&g@
&
Complement-dependent Antigen—deﬁendent
cytotoxicity & cell-mediatgﬁ cytotoxicity
W) o 104 " 4 -4 -h{PC
o 6@‘6 - ;23@ g —o IFNhCRC
y = {E0TA 40,0006 880§507 ut S
" Re=0,%6261 <O Z AR
U . &0 4 \
S . Meanéﬁally dose of cyclgéporme 163 mg @‘*51 mg
91
d (gef'um drug levels: LQZ + 46 ng/mL) {0\\?’
94
Qoi\/lycophenolate m@efetyl 2g/day @@e‘?
0 &
m WQ‘*- 1-month treatnaeht 0
1 O
e ’\V >
" &4"‘ p=ER@ LB 1507 ] @Q@
v’ @‘< RY=0,88261 O\;&
0: o beisooo 2000 50 Oo 100 1500 2000 2500
Ooo@‘ Luminex-based DSA-HLATMFI
<b© Hocine et al. Sci Rep. 2017;7:411235.
Sy




Changes In LV Ejection Fraction

%
50,00

45,00
40,00
35,00
30,00
25,00
20,00
15,00
10,00

5,00

0.00




Changes in the Regional Function of the

Cell/Patch-Treated Segments (Score Tx segments/Nb gegments)

Normal : 1; Mild hypokinesia : 2; Severe hypokinesia : 3; Akinesi@g«?@él; Dyskinesia: 5

5
45
4
3,5
3
2,5
2
1,5
1
0,5
0

<
Z

N
& p=0.0006
Mixgdzmodel ANOVA on ranks
&

()
PreTx o°
®
.
,-1/0

4 of the 5 patients who contributed the 1-year data had
no revascularization of the treated segments




Case Report

Infarcted Non-viable Non-revascularized Cell/Patch Transplanted Area

(2-D Echo, Parasternal short-axis view)
Antero-lateral MI; LAD CABG (mammary graft)
+ cell/patch delivery on the lateral wzil (4 x 106 cells)

3 months 12 months




Case Report

Infarcted Non-viable Non-revascularized Cell/Patch Transplanted Area

(2-D Echo, 2-chamber views)
Infero-lateral MI; LAD + obttise marginal CABG (2 mammary grafts)
+ cell/patch delivery on the infero-lateral walt (6,5 x 10° cells)




Case Report

Infarcted Non-viable Non-revascularized Cell/Patch Transplanted Area

(2-D Echo, 2-chamber views)
Infero-lateral MI; LAD + obttise marginal CABG (2 mammary grafts)
+ cell/patch delivery on the infero-lateral walt (6,5 x 10° cells)
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ESCORT In Perspective

= An encourag D -
) _ “& Faculty of Med@ine, Osaka University
trials with re

Q}ékc University to begin world's |
é(%r the heart
D




An encouraging signal tor future PSC-based clinical
trials with regard to safety

= A platform seiving as a building block for futtire
Improvements In cell scale-up, controlled cardiac

differentiation, purification and combiraison with tissue
engireering




ESCORT Trial : The Feedback Experience

Step Objective &M&e@’thod

R -
‘Qp?} ﬂ'**...' Il
o<
. e
= Expansion Feed®r-free automatedq*
’ &
<~ cultures &
%(S\Q &QJ&Q
S
o <0
® o
& &
O ¢

(JO (®6 \ |
"@ |
. Dlﬁegw@flatlon Improx(seTnent of the &\of P,
“ & )
@V cell yield .@?‘_ze"“j'?“! _________ o M. e soct

© & ‘

< 2 ‘

\,b(o &O\s& Crdnor:ow
& ‘ T
2
(\q‘ Denning et al. Biochimica et Biophysica Acta
@(/0 .?”l(). /4\’/)3 ] ,?3(‘\]-48.




ESCORT Trial : The Feedback Experience

.\\Q@’
Step Obijective Method
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An encouraging signal tor future PSC-based clinical
trials with regard to safety

= A platform seiving as a building block for futtire
Improvements In cell scale-up, controlled cardiac
differentiation, purification and combiraison with tissue
engireering

= A mechanistic insight possibly paving the way for a-
cellular therapy based on the exclusive delivery of the
cellular secretome




Hallmarks of Cardiac Regeneration

Methods

* Transplantation of
exogenous PSC-
derived
cardiomyocytes

Stimulation of
endogenous
cardiomyocyte
division

Reprogramming of
endogenous
fibroblasts

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



Hallmarks of Cardiac Regeneration

Methods & | Challenges

* Transplantation of : EXxogenous sources:
exogenous PSC- Large-scaie
derived & production
cardiomyocytes ‘ Maintenance of long-

Stimulation of term cell survival

\oZ ‘
endogenous R S = Endogenous
cardiomyocyte , sources:

division v’ Control of cell cycling

Reprogramming of _ -
endogenous = Avoidance of life-

fibroblasts threatenir_lg
arrhythmias

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



Cell Therapy : A Changing Paradlgm

Remuscularization Paracnthe signaling
& Cellular graft-induced
X -
& harnessing of endogenous
& repair pathways

& Lines of E\@ﬁence

S« The thera@eﬂtlc efficacy of
a-Actinin (Human+Aéonkey) Nuclei 9
' ¢ transplagited cells is
Xz dlSC@Fﬁ‘lECtEd from their

susftamed engraftment
b

o “Cells secrete a wide blend
& of bioactive factors

= The functional benefits of

’* il the transplanted cells can
%&ﬁ be recapitulated by their
| secretome

Chong et al. Nature2014;510:273-7.



Head-to-Head Comparison of ESC-Derived SSEA-1*

Cardiac Progenitors vs. Cell-Derived Extracellular(yesmles

\0

SSEA-1* &
' , Contr%?alpha MEM)

. Prg@enltors

%) . "
E=" O <O l \\QJQJ l
SSEA-1* . i Baseline echo @{’0@ Echo 2

retained +Injections % Sacrifice

C hgrﬁfi(\c LV Dysfunction

* Functional assessment

= Histological analyses

* Gene changes in heart tissue
(blinded)

Kervadec et al. J Heart Lung Transplant 2016;35:795-807.



Head-to-Head Comparison of ESC-Derived SSEA-1*
Cardio-Vascular Progenitors vs. Cell-Derived Extracellglar Vesicles

~0
O

SSEA-1*

= Q27 genes were similarly up-regulated
in NESC-Pg-treated and EV-treated mice as
compared to controls
S = Z-score analysis predicted that 78% of
| the pathways associated with these up-regulated
genes would predominantly lead to benefical
cardiac outccines '

22% Ué(ﬂm;nl‘,nl Outcomes 78% B%@gfcial Outcomes

2
050}‘\

in yolume from TO, to 6 wegeks (
(8]

(9]

SSEA-1*
retained

Pro-fibrotic, 6%

-

)\’JI

afae
o)}

Ch

motes cell cycle, 25%

Kervadec et al. J Heart Lung Transplant 2016;35:795-807.




Paracrine Mechanism of Action of hESC-Deriv%g SSEA-1*
Cardiac Progenitors &

Percentag e

miR-630:1% miR-2(f
miR-191:1% 1%
miR-205: 1%
miR-320: 1%
miR-125: 1%
miR-130: 1%
miR-135: 2%

miR-15 cluster: 2%

Tao et al. Oncotarget 2015;6:42613-22.




Functional Equivalence Between the EV-Enriched Secretome and the
« Mother » Cells &

Model Comparator  End Points Outcorne Reference

Chronic ischemic ESC-derived LV function Kervadec et al. J Heart

Heart failure CV progenitors Lung Tx 2016;35:795-807.
Duchenne Cargiosphere- LV function Aminzadeh et al. Stem Cell

agerived cells

Pulmonary MSC Pulmorary hemodynamics Chen et al.

hyperte:ision RV hypertrophy @)  Acta Pharmacol Sin
Puimonary arteriole remodeliing 2014;35:1121-8.

Acute kidney MSC  Recovery of tubular lesions Bruno et al.
injury Renal function =) .50 Nephiol
(BUN & creatiiine levels) 2009;20:1053-7.

MSC  Motor coordination deficits Doeppner et al., Stem Cells
Neuronal survival Translational Medicine
Angio-neurogenesis 2015;4:1131-43,




Evolution of Cardiac Cell Therapy Trlals

Skeletal CD34+/CD133+

(,0 BMMNCS
Myoblasts

FIRST GENERATION

Adapted from Banerjee et al. Circ Res 2018;123:266-287.
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