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Neuronal and glial migration in the healthy brain

Cayre M, Canoll P, Goldman JE. Progr. Neuribiol. 2009: 

Neuronal and glial migration in the diseased brain

Burns T, Verfaille C, Low W. J. Comp. Neurol. 2009; 

Cayre, M., Canoll, P., Goldman, J.E. Progr. Neuribiol. 2009;
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Gutiérrez M, et al. Cerebrovasc Dis 2009 

Detante O, Rev Neurol 2014
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Collaterals
Reperfusion
↑ GABA
K+ ATP
↓ GluR2

IV thrombolysis
Thrombectomy
Craniectomy

Structural plasticity:
Neurogenesis
Synaptogenesis
Angiogenesis
Oligodendrogenesis
Astrogliosis scar modulation

Neural graft:
- Precursors
- Neural SC
- Neurons

Ca2+

Glutamate / K+

Excitotoxicity
Free radicals Inflammation

Necrosis

Depol.
Apoptosis

Minutes Hours Days Weeks Months / Years

HSP, IL10, IL1-R antagonist
Free radical scavengers
↓ NOS, ↑ GABAA receptors
BCL protein

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

prevention…) GF / Cell therapy:
- GCSF, EPO…
- Cell therapy (MSC, MNC, HSC, EP…)

Brain Protection Brain Repair

Rehabilitation

BDNF, VEGF, EPO

REPAIR
Trophic factors

Cell therapy

Extracellular vesicles

Dabrowska et al; J of Neuroinflam 2019

Martí-Fábregas J et al, Neurology. 2010



BRAIN PLASTICITY BRAIN REPAIR

M Gutiérrez- Fernández , B Fuentes...E. Díez –Tejedor. 

J Cell and Molec Med. 2012

Dabrowska et al; J of Neuroinflam 2019
Steliga A et al; Trans Stroke Res 2020

REPERFUSION  THERAPIES : 35 – 40 %

Good Outcome (mRS <2 ): 55 - 60 % 

Need REPAIR THERAPIES : ¿? 50 %



Nerve growth factor (NGF)
Vascular endothelial growth factor (VEGF)
Brain derived neurotrophic factor (BDNF)

1947
G-CSF

bFGF
VEGF

BDNF
IGF

Tissue Repair  

Reduces Cell death 

Increases Cell proliferation

Neurogenesis and oligodendrogenesis in vitro

Inmunomodulation

Animal models Clinical trials

Trophic Factors

basic Fibroblast Growth Factor 
(bFGF)

Promotes neurogenesis
Enhances functional recovery and stimulates progenitor cell proliferation

Phase III (286 patients). Prematurely stopped

Brain-Derived Neurotrophic 
Factor (BDNF)

Cellular and functional recovery
Protects and promotes nerve fiber regeneration
Promotes prostacyclin biosynthesis

No studies.

Vascular Endothelial Growth 
Factor (VEGF)

Reduces neuronal cell death, increases angiogenesis and vascular
permeability, reduces infarct volume, improves behavioral recovery

No studies.

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 II/III (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 IIb (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.

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

M Gutiérrez- Fernández , B Fuentes...E. Díez –Tejedor. J Cell and Molec Med. 2012; 16(10):2280-90. 

CELL THERAPYCELL THERAPY

TROHIC FACTORS 



SUBCORTICAL ISCHEMIC STROKE: BDNF

TROHIC FACTORS



Khalili MA et al. J stroke Cerebrovasc Dis 2012

Gutiérrez-Fernández M ….Díez Tejedor E. Stem Cell Research & Ther 2013

Leu S et al., J Transl Med; 2010

Yu-Ching Lin et al. Stroke 2011

CELL THERAPY

PRECLINICAL STUDIES RECOMENDATIONS/GUIDE

Cellular and Molecular Neurobiology 2021

PREPARE



STEM CELLS . PRECLINICAL STUDIES IN STROKE

ADMINISTRATION ROUTES

ORIGIN

CELL TYPE

THERAPEUTIC WINDOW



STEM CELLS

EFECT IN WHITE MATTER AFECTATION
SUBCORTICAL CEREBRAL INFARCT



COMORBIDITIES: HYPERTENSION, HYPERGLYCEMIA

FUNCTIONAL EVALUATION

LESION SIZE

Stroke. 2020;51(1):342-346.

ADMSC did not reverse the hypertension-induced increase in functional impairment

CELL THERAPY

FUNCTIONAL EVALUATION

LESION SIZE

GLIA MARKERS

Stem Cell Res Ther. 2019;10(1):212.



STEM CELLS : PRECLINICAL STUDIES IN ISCHAEMIC STROKE



Clinical Trials

From preclinical results…..…………………to Clinical Trial design

Type of administration: Allogenic/ Autologous

Type of stem cells: Mesenchymal Stem Cells 

Source: Adipose Tissue/ Bone Marrow

Administration route:       Intravenous/ Intraarterial?

Time window:    Inclusion Acute stroke (<24h)
(to be treated as soon as possible within 2 weeks)

Endpoints: Safety
Efficacy: Neurological and functional outcome
Biochemical markers 



CELL THERAPY

AMASCIS

IP: E. Díez Tejedor.

AMASCIS-02



IV ALLOGENIC AD-MSCAMASCIS

Main conclusion: intravenous treatment with AD-
MSCs,1M/kg, within the first 2 weeks from ischemic 
stroke was safe at 24 months of follow-up



IV ALLOGENIC AD-MSC

EARLY WINDOW AMASCIS-02 Ongoing

IV AdministrationAD-MSC : 1M/Kg

Start  < 4 dias



IV ALLOGENIC AD-MSC

DOSE-EFFECT TRIAL

IV AdministrationADSC  DOSES:

1- 1,1 M/kg

2- 2,1M/Kg

3- 2;5M/Kg



Early treatment < 36 h

IV ALLOGENIC MULTIPOTENT ADULT PROGENITOR CELLS

EARLY WINDOW

MASTERS

MASTERS II-Phase III

IV Administration DOSES  within 24-48 h.

-Group 1  : 400 M

-Group  2 : 1200M



IV AUTOLOGOUS BM-MSC

LATE WINDOW

2020



IV AUTOLOGOUS BM-MSC EXPANDED WITH 

AUTOLOGOUS SERUM . LATE WINDOW

STARTING-2

Open-label, blinded assessment
Mean time from stroke onset: 20 days



IC AUTOLOGOUS BM-MSC 

ALD-401 ENRICHED.

LATE WINDOW.

RECOVER-Stroke

Phase 2, sham controlled
Mean time from stroke onset: 18 days

Adverse events: 
• DWI abnormalities (14% vs. 0%)
• Seizures (14% vs. 9%)



EXOSOMES 
Animal model treatment

Otero-Ortega L, et al. J Cereb Blood Flow Metab. 2018 May;38(5):767-779

Small membrane vesicles
Endosomal production
Released to extracelular space

Contain
mRNA, microRNA and proteins

Advantages
Low production cost
They can be frosten and stored in the hospitals

FURTHER DEVELOPMENTS : EXOSOMES (EC Vesicles)



Brain repair is a continuum and it is

linked 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 .

SUMMARY

It is necessary to continue the translational research and to demonstrate safety and efficacy in clinical trials
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