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Neuronal and glial migration in the healthy brain Neuronal and glial migration in the diseased brain
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Burns T, Verfaille C, Low W. J. Comp. Neurol. 2009;
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HSP, IL10, IL1-R antagonist

Collaterals Free radical scavengers
Reperfusion 4 NOS, I GABA, receptors
I GABA BCL protein
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Structural plasticity:
Neurogenesis
Synaptogenesis
Angiogenesis
Oligodendrogenesis
Astrogliosis scar modulation

Therapeutic

strategies

Brain Protection

BDNF, VEGF, EPO
——

-

Brain Repair

General and Stroke Unit care:
BP, glycemia, nursing (mobilization, infection
prevention...)

Rehabilitation

GF / Cell therapy:

IV thrombolysis
Thrombectomy
Craniectomy

Neural graft:

- GCSF, EPO... - Precursors
- Cell therapy (MSC, MNC, HSC, EP...) - Neural SC
- Neurons

Gutiérrez M, et al. Cerebrovasc Dis 2009
Detante O, Rev Neurol 2014

Astrogenesis J

Dabrowska et al; J of Neuroinflam 2019

L .

Marti-Fabregas J et al, Neurology. 2010
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Steliga A et al: Trans Stroke Res 2020 Dabrowska et al; J of Neuroinflam 2019
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Rehabilitation

Trophic Factors — \ b4 =

,“ Neurovascular Unit
REPERFUSION THERAPIES : 35-40 %
Good Outcome (MRS <2 ): 55 - 60 % is
Need REPAIR THERAPIES : ¢?50%  Flas TS
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M Gutiérrez- Ferndndez , B Fuentes...E. Diez —Tejedor.
J Cell and Molec Med. 2012
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Nerve growth factor (NGF)
Vascular endothelial growth factor (VEGF)
Brain derived neurotrophic factor (BDNF)

()

Tissue Repair
Reduces Cell death
Increases Cell proliferation

Neurogenesis and oligodendrogenesis in vitro

- Inmunomodulation

Main results of therapeutic studies with trophic factors or drugs with trophic effects in cerebral infarct animal models and human clinical trials.

Animal models

Clinical trials

Trophic Factors

basic Fibroblast Growth Factor
(bFGF)

Promotes neurogenesis
Enhances functional recovery and stimulates progeni ur cell proliter wion

Phase |11 (286 patients). Prematurely stopped

Brain-Derived Neurotrophic Cellular and functional recovery No studies.
Factor (BDNF) Protects and promotes nerve fiber regeneration

Promotes prostacyclin biosynthesis
Vascular Endothelial Growth Reduces neuronal cell death, increases angiogenesis and vascular | No studies.

Factor (VEGF)

permeability, reduces infarct volume, improves behavioral recovery

Erythropoietin (EPO)

Reduces infarct size and improves neurobehavioral deficits

Safety: open label (13 patients); Efficacy: double blind randomized proof of concept trial (40
patients): Improvement in neurological outcome, and smaller lesion size
Phase 1I/111 (522 patients): negative results and safety concerns

Granulocyte colony- stimulating
factor (G-CSF)

Promotes new blood vessel formation, has anti-inflammatory, anti-
excytotoxic, neuroprotective properties and survival-enhancing capacity and
effects on functional outcome

Safety: Phase Ilb (60 patients)
AXIS-2: safety, tolerability and effect of G-CSF in acute ischemic stroke patients showed no
improvement in patient outcome

EPO + G-CSF

Enhances angiogenesis and tissue plasticity, leading to greater functional
recovery

No studies.

M Gutiérrez- Fernandez , B Fuentes...E. Diez —Tejedor. J Cell and Molec Med. 2012; 16(10):2280-90.



SU BCO RTICAL ISCH EM IC STROKE: BDN F BDNF administration mediated oligodendrocyte differentiation and myelin

formation in subcortical ischemic stroke
Stroke + BDNF

BDNF administration mediated oligodendrocyte differentiation and myelin
formation in subcortical ischemic stroke

FUNCTIONAL EVALUATION
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BDNF-mediated enhancement to the ischemic rat brain by ultrasound-
targeted microbubbles destruction in subcortical ischemic stroke
FUNCTIONAL EVALUATION SCALE WHITE MATTER-ASSOCIATED MARKERS
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PRECLINICAL STUDIES RECOMENDATIONS/GUIDE

STAIR
Selection of animal Selection of ischemia model Define a-priori Sample si i ization and Blinding
Primary and secondary gﬂ? 00 A0
o TR seenne O RReReR
ET-1/Photothrombotic o AR e 4 5
Statistical procedure Improves exteral and internal validity

Adequately powered to

Young, healthy, male rodents getoptimum effect size

Decreasesperformance, detection & reporting bias

ARRIVE Result analysis & reporting P K Ischemia model Pia IMPROVE
Report/publish all results Cerebral blood flow Cerebral blood flow baseline Animal maintenance in optimum
inchuding negative results Post-stroke animals careusing atraffic  Selection of anaesthesia, analgesic conditions
as per checklist light system (green, ember and red) Animal care during surgery Acclimatization and handling

PREPARE Post operative assessment andhumane  Physiological parameters

l endpoint Intervention protocol
STAIR
Effective? &
(Stopivalidataiclnical eialy? Stroke Therapy Academic Industry Roundtable

(STAIR) Preclinical Recommendations

Not effective Effective

\ Ischaemia Models: Procedural Refinements of in
Reportand stop ""f;; S Vivo Experiments (IMPROVE) Guidelines
+ Both genders
Not effective | Effective == Animal Research: Reporting of In Vivo
Experiments (ARRIVE) Guidelines

Reportand stop Validate in large animals

Not effective -
Effective e
Reassess and Substantial evidence of
validate again effectivenessin large animals — >  Clinical Trials

Cellular and Molecular Neurobiology 2021

Stem Cell Therapeutics as an Emerging Paradigm for Stroke (STEPS)
(2008) (2010) (2013) (2019)

« Models: focal + Stroke models with + Many behavioral tests + Stroke model selection
ischemia deficits persisting up to « Aged and adult animals + Sex differences, age
« Rats. Adults and 4w : = Both sexes and comorbidities
aged female and + Control: vehicle or non « Comorbidities « Dose-escalation studies
male functional cells ) « Better control arm- + Drug-cell interactions
= Control groups : Bef;t_avllol;_ral te§t15. rehabilitation + Biomaterials
R AL UL L + Biomarkers to reflect + Neurorehabilitation
« Behavioural tests after treatment e e
« Cell dose response + Dose-response curve ;:‘e ah‘;“’ﬂ? — . |P°te”t'3| tﬁ(ngetsi m
{ « Mechanism of action lacunar, white matter
studies and cell . ;F)’rlf:ll%ll‘esg ;rfag;r‘:snptmnal and safest delivery route and haemorrhagic
delivery issues should be defined in strokes
. P » Evaluate cell deposition, animal models .
Gell Chamcmnzat'o" fate, host-cell interaction EEIETIIE R
+ Safety analysis + Safety assessments
+ Multiple laboratories * Multicenter trials

+ Preclinical data sharing

Embryonic Stem
Cell

Neural Stem Cell

A\

Mesenchymal Stem Cell

MULTIPOTENCY
IMMUNOMODULATION > Trophic factor
»Neurogenesis

PROLIFERATION

»Sinaptogenesis
CELL SIGNALING »Angiogenesis
>Apoptosis

NO > Cellular proliferation

Hematopoietic
Stem Cell

Adipose Tissue

Bone Marrow
Umbilical
Placenta
Demntal

Leu S et al., J Transl Med; 2010
Yu-Ching Lin et al. Stroke 2011
Khalili MA et al. J stroke Cerebrovasc Dis 2012
Gutiérrez-Fernandez M ....Diez Tejedor E. Stem Cell Research & Ther 2013



STEM CELLS . PRECLINICAL STUDIES IN STROKE

ADMINISTRATION ROUTES

ntra-arterially (IA), intr

srnally (IC), of intravenously

LiJetal; J of Cerebral Biood Flow & Metab. 2010; 30:653- 62

Functional evaluation

NEUROLOGICAL EVALUATION SCALES
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Brain Repair Markers

VEGF

Gutiérrez-Fernandez M..Diez Tejedor E; Neuroscience 2011
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lihoshi et al; Brain Research 2004; Chen et al; Stroke 2001; Zhao et al; JCBFM 2006
Leu et al; ; J. Transi. Med 2010,

Yang M et al; Cell Transplant 2010;

Gutiérrez-Fernandez M, Diez-Tejedor E.; Neuroscience J. Transl. Med 2015;
2011;

Shen et al; Neuroscience 2000; Li et al.. Exp Neurol 2006;  Gutiérrez —Ferndndez M..Diez Tejedor E;

Functional evaluation
Rogers’ Test htqu Test

SYP VEGF
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Gutiérrez-Fernindez M, Diez-Tejedor E.; Stem Cell Research&Ther 2013

THERAPEUTIC WINDOW
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Ding et al: Neurobiol.Dis.2007, Induction cell proliferation SVZ

Len etal; J. Transl. Med. 2070
Gutiérrez-Ferndndez M..Diez Tejedor E;
Neuroscience 2011

Gutiérrez-Fernandez M...Diez Tejedor E. Stem
Cell Res & Ther 2013

Shen et al; J of Cer Biood Flow & Metaholism2007

Meta-analysis of preclinical studies of
mesenchymal stromal cells for ischemic
stroke

Neurology® 2014;82:1277-1286
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SUBCORTICAL CEREBRAL INFARCT

STEM CELLS
EFECT IN WHITE MATTER AFECTATION

PRECLINICAL STUDIES CLINICAL STUDIES

Cerobroprotective

Trophic factors effect

Stem cells
44 $e,
A R, R
1) )
4 7 A\ )
1S @y 29 @y
K oy
Neuron with myelin Neuron with damaged
sheath myelin sheath

Prediction of motor outcome in ischemic stroke involving the
pyramidal tract using diffusion tensor imaging
(Gouda Ali, G., 2011)

CELL DEATH (TUNEL)
FUNCTIONAL EVALUATION SCALE
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Otero-Ortega O, Gutiérrez Fernandez M... Diez-Tejedor E. Stem Cell Res Ther. 2015 Jun 19;6:121

CRIOMYELIN

A Control ADMSC B

Contral

ADMSC

( Control ADMSC

Otero-Ortega O, Gutiérrez Fernandez M... Diez-Tejedor E. Stem Cell Res Ther. 2015 Jun 19;6:121
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CELL THERAPY

COMORBIDITIES:

Mesenchymal Stem Cells From Adipose Tissue Do not
Improve Functional Recovery After Ischemic
Stroke in Hypertensive Rats

Luke Diekhorst, BiolD*:; Mari Carmen Gomez-de Frutos, BiolD*:; Fernando Laso-Garcia, BiolD*;
Laura Otero-Ortega, PhD:; Blanca Fuentes, MD, PhD; Jukka Jolkkonen, PhD:
Olivier Detante, MD, PhD; Anaick Moisan, PhDD: Laura Leyva, MD, PhD:
Arturo Martinez-Arroyvo, Tech: Exuperio Diez-Tejedor. MD, PhD: Maria Gutiérrez-Fernidindez, PhD:
on behalf of RESSTORE Consortium
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HYPERTENSION, HYPERGLYCEMIA

RESEARCH

Intravenous delivery of adipose tissue-
derived mesenchymal stem cells improves

Open Access

Chwsci far
s

brain repair in hyperglycemic stroke rats

Mari Carmen Gomez-de Frutos', Femando Laso-Garcia '™, Luke Diekhorst', Laura Orero-Ortega’, Blanca Fuentes',
Jukka Jolkkonen™®, Olivier Detanta™", Anaick Moisan™®, Arturo Martine=Arroyo’, Bxuperio Diex=Tejedor’,
Maria GutiérrezFernandez""(® and on behalf of RESSTORE consortium

FUNCTIONAL EVALUATION
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STEM CELLS : PRECLINICAL STUDIES IN ISCHAEMIC STROKE

Proof concept

Aims:To study the safety and the of acute intravenous (i.v.) xenogenic administration of hAD-MSC or allogenic rat

Functional Recovery Lesion Size Cell death I“ﬂ:“l‘mf‘m“’ response Adipose Tissue-derived-MSC (rAD-MSC) on functional evaluation in rat model of permanent Middle Cerebral
150 modutation Artery Occlusion (pMCAQ).
T L] CELL DEATH DAY 14
§ o N— € :1 o *p< 0,05 vs Control
i'{ 3 Bt E- a
> o s 15 -
E ” N 2 3 . FUNCTIONAL EVALUATION 24H FUNCTIONAL EVALUATION DAY 14 i *
» N s B = . *0< 0,05 vs Control " *6< 0,05 vs Contral = ¥ *
° " a5 o5 3
° TS TNFoo 16 10 ICAM- VCAM- 5 e . S
a 0 ta 70 140 b P HE g‘ﬁ
i * i 2 =0
Crigler et al., Exp Neurol, 2006 Leu etal., J Trans Med, 2010 Gutiérrez-Fernandez M..Diez Tejedor E . Stem Huang L et al., Stem Cell Res ; :f * ; x ;
Gutiérrez-Fernandez M..Diez Tejedor E Ikegame Y, Cytotherapy, 2011 Cell Res Ther, 2013 Ther. 2014 [ o [ g\ ) Control i hAD-MSC g
Neuroscience, 2011 Gutiérrez-Fernandez M..Diez Tejedor E § 1 § : *
Khabbal et al., Cell Transplantation, 2015 Neuroscience, 2011 05 O | *
ol 0
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Chen et al; Stroke 2001 . : y
Shen et al- Neuroscience, 2006 Otero Ortega L..Diez Tejedor E; Stem Cell Res Ther. 2015

Gutiérrez-Fernandez M..Diez Tejedor E Gutiérrez-Fernandez..Diez Tejedor, J Trans Med, 2015
Neuroscience, 2011

Gutiérrez Fernandez M ...



From preclinical results to Clinical Trial design

Type of administration: Allogenic/ Autologous

Type of stem cells: Mesenchymal Stem Cells
INFT
: ' Source: Adipose Tissue/ Bone Marrow
\ \ v « e o .
g _ (- administration Administration route: Intravenous/ Intraarterial?
BRAIN REPAIR MODULATION - Time window: Inclusion Acute stroke (<24h)

! i (to be treated as soon as possible within 2 weeks)
Neurogenesis ynaptogenesis lioggnesis
Endpoints: Safety
Efficacy: Neurological and functional outcome
Biochemical markers




CELL THERAPY

AMASCIS

‘;!M Hospital Universitario LaPaz | i

SaludMadiid [ comenicad oo Masis

o I

Reparative Therapy in Acute Ischemic Stroke With Allogenic Mesenchymal Stem Cells From Adipose Tissue,
fety As: ment, a R ised, D ind Pla ntrolle ingle nter Pilot Clinical Trial
alTrials.gov Identifie:
NCT01678534
Aims: to assess the safety of treatment i.v. with allogensic stem cells from adipose tissue in
acute stroke patients.

Design: Phase lla clinical trial, pilot, single center, prospective, randomizead, double-blind,
placebo-controlled.

Ministerio de Sanidad, Servicios Sociales e isualdad

This pilot study will include 20 patients with acute ischemic stroke, which
will be randomized to treatment with stem cells or placebo (1:1)

Aarm (Flacebo)

Treatment arm (allogeneic stem cells from adipose tissue) by iv via ‘

[vi w2 w3 va V5 |

Vigits ‘ | 0Oh 2h 24h day 7 2 years |

Diez-Tejedor E, et al. J Stroke Cerebrovasc Dis. 2074;23( T0):2694-700.

AMASCIS-02

T

AMASCIS-02. ALOGENIC ADIPOSE TISSUE-DERIVED MESENCHYMAL STEM CELLS IN ISCHEMIC STROKE. A PHASE IIB
MULTICENTER DOUBLE BLIND PLACEBO CONTROLLED CLINICAL TRIAL.

DESIGN: MAIN OBJECTIVE:
= Phase lib clinical trial « Safety
=  Multicenter: Madrid & Sevilla = wvery early phase (within 4 days from stroke onset).

- Randomized, double-blind
= Placebo-controlled SECONDARY OBJECTIVE:

- Alogenic treatment - Potential efficacy

- Adipose-tissue MSC (1M/kg) = Neurological and functional scales: NIHSSS, ERm
= Biochemical markers

MAIN INCLUSION CRITERIA =T AFMST arm
* Acute ischemic stroke Screening ara
- Older than 18 years rendomisetien — St

- NIHSS 8-20 (2 points motor defi
- Prestroke mRS =1

it}

Treastment 24k D7 M3 ME M2 MIE M2e

FUNDING: ISCIIl (529.100 euros)

RESSTORE: a Multicentric and European clinical trials | RESSTORE
www.resstore.eu/ « Traducir esta pégina

RESSTORE, REgenerative Stem cell therapy for STroke in Europe, is a multicentric project in
Personalising health and care (PHC) area financed by the European Commission H2020 programme.
The RESSTORE project is focused on the assessment of the efficacy of intravenous cell therapy to

improve recowvery andfor ..
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- 124 patients
- 4 groups:
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results of the toxicity study
- placebo
- Randomised, double blind
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MNIHSS at 6 months

- 2 years follow-up with biomarkers and MRI
- All RESSTORE centers
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noRE Hoselal Universitario  IdiPAZ AMASCIS IV ALLOGENIC AD-MSC
SaludMadrid La PaZ Hospital Cantoblanco H i

Final Results of Allogeneic Adipose
Tissue—-Derived Mesenchymal Stem Cells

Main conclusion: intravenous treatment with AD-

in Acute Ischemic Stroke (AMASCIS): MSCs,1M/kg, within the first 2 weeks from ischemic
A Phase Il, Randomized, Double-Blind,
Placebo-Controlled, Single-Center, stroke was safe at 24 months of follow-up

Pilot Clinical Trial

Elena de Celis-ﬂuiz"- , Blanca Fuente_s", - AD-MSCs
Maria Alonso de Lecifiana', Maria Gutiérrez-Fernandez',

Alberto M. Borobia?, Raquel Gutiérrez-Zaiiga', E Placebo
Gerardo Ruiz-Ares', Laura Otero-Ortega', 20=
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IV ALLOGENIC AD-MSC
DOSE-EFFECT TRIAL
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IV ALLOGENIC MULTIPOTENT ADULT PROGENITOR CELLS

IV Administration DOSES
-Group 1 :400 M
-Group 2:1200M

within 24-48 h.
EARLY WINDOW
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IV AUTOLOGOUS BM-MSC

Autologous Mesenchymal Stem Cells Improve Motor Recovery
in Subacute Ischemic Stroke: a Randomized Clinical Trial
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FURTHER DEVELOPMENTS : EXOSOMES (EC Vesicles)

SCIENTIFIC REPCIRTS BIODISTRIBUTION

IMMUNOLOGY

Small membrane vesicles
Endosomal production

Animal model treatment
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SUMMARY

Brain repair isacontinuum and itis

inked to cerebral plasticity

In brain damage the REPAIR therapeutic targets are:

neurovascular unit (cells and vessels)
neural fibbers

This can be enhanced through to stimulate trophic effect

Stem Cells
Extracellular Vesicles

To improve brain repair and functional recovery .
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