
Neural stem cells 

 

1912 discovered in rodent brains, 

dismissed as artifact 

 1992 multipotent cell 

in brain of monkey 

 1996-1998 BrdU in 

brains of cancer 

patients 

 2001 Neural stem 

cells in cadavers 

 2006 Neural 

progenitors from 

epilepsy surgery  
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Angelo Vescovi 



Neurogenesi e nicchie 





Human neural stem cells (red) cluster around a 

motor neuron (green) in the spinal cord of an 

ALS-afflicted rat (Photo: courtesy Sandra Klein) 



Protection of neurons by adult stem cells  



Stem cells therapeutic strategy potentially target several  
of these putative mechanisms 





Problemi nella ricerca sulle cellule 

staminali e rischi nel trasferimento in 

clinica 

• Le cellule staminali e i loro derivati rappresentano un nuovo 
prodotto 

• Sono difficili da controllare (eterogeneità nei risultati) Rischio 
di tessuti ectopici e tumori 

• I modelli animali non sempre rispecchiano la situazione 
nell’uomo, soprattutto per quanto riguarda la tossicità. Studi in 
cui si trapiantano cellule umane in animali non possono 
predire con precisione la risposta immunitaria e biologica 
nell’uomo 

• Le cellule staminali possono sopravvivere per anni nel 
paziente, o la loro azione essere irreversibile, quindi ci deve 
essere un attento follow-up 



 
http://www.isscr.org/clinical_trans 

Francese, tedesco, inglese 

http://www.isscr.org/clinical_trans




- Regolamento (CE) N. 1394/2007 del Parlamento europeo e del consiglio del 13 

novembre 2007 sui medicinali per terapie avanzate recante modifica della direttiva 

2001/83/CE e del regolamento (CE) n. 726/2004 (applicabile dal 30 dicembre 2008) 

riguardante i medicinali per terapie avanzate preparati industrialmente e destinati al 

commercio negli Stati membri. 

- Linee guida GMP 

 Linee guida EMEA 

 Linee guida AIFA-ISS 

SVILUPPO DI UN PRODOTTO CELLULARE 

IN CONDIZIONI GMP 

(Good Manufacturing Practices) 



TEST STERILITÀ: NEGATIVO  

CONTAMINAZIONE DA MICOPLASMA: NEGATIVO  

TEST ENDOTOSSINE BATTERICHE: NEGATIVO  

CITOGENETICA: CARIOTIPO  NORMALE  

SENESCENZA CELLULARE: NO ACCORCIAMENTO DEL TELOMERO  

TEST VITALITÀ: MAGGIORE 98% 

CONVALIDA DEL PROCESSO DI PRODUZIONE  

CONTROLLI DI QUALITÀ PTC 

IMMUNOFENOTIPO:  CD45-, CD14-, 

                   CD90+, CD105+, CD44+, CD29+, CD106+, CD166+ 



Cell types for transplantation 

• Candidates to stem cell therapy in ALS 

must be able to survive and influence the 

pathological tissue environment, including 

inflammatory and immune reactions, and 

migrate into the sites of diffuse 

neurodegeneration.  

 

• Moreover, it is fundamental for clinical 

application that stem cells are safe, and 

can be easily isolated and expanded. 



 

 

 

 

 

 

 

Cell Replacement 

 

 

 

 

 

 

 

Neuroprotection 



hMSCs and hNSCs   Transplantation in  SOD1-
G93A mice 

(Localization, survival and neural markers 
expression) 
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QUANTIFICATION OF  

LUMBAR MOTOR NEURONS 

      Transplanted Controls 

Neuroscience Institute, University of Torino 

CD11b 

CD11b 

GFAP 

QUANTIFICATION OF MICROGLIA  

ACTIVATION  

Transplanted 

SOD1G93A 

mice  

Sham operated 

SOD1G93A 

mice  

5458 + 682 3549 + 607 P<.005 

T13 L2 L4 

    SHAM MICE 28.411 28.485 27.500 

   TRANSPL MICE 21.647 21.357 20.353 

AND REACTIVE ASTROGLIOSIS 

ANOVA   p = 0,003286  



Allogenic vs autologous stem 

cells transplantation 

    

 

   Autologous transplantation may obviate 

the need for immunosuppression and also 

may facilitate the authorization of clinical 

studies. However, autologous cells might 

be more vulnerable to the disease  





macrophage/microglia 

infiltration 

endogenous 

astrogliosis 



Route of delivery 

http://www.google.it/imgres?imgurl=https://upload.wikimedia.org/wikipedia/commons/thumb/0/0d/ICU_IV_1.jpg/173px-ICU_IV_1.jpg&imgrefurl=https://it.wikipedia.org/wiki/Fleboclisi&usg=__eFYDbfWCYMxkSULJGzNXfe59dc4=&h=260&w=173&sz=17&hl=it&start=9&zoom=1&tbnid=qI39VqvfqRhWHM:&tbnh=112&tbnw=75&ei=36LWUZjwJIKMOLbngeAF&prev=/search%3Fq%3Dfleboclisi%26hl%3Dit%26gbv%3D2%26tbm%3Disch&itbs=1&sa=X&ved=0CDwQrQMwCA








How to get cells where they are needed? 
 

The use of stem cells for therapy requires that they can easily access  
the target tissue to exert their therapeutic effect as the cells respond 

 to a particular pathological microenvironment.  
The proximity of grafted cells favours the diffusion  

of trophic and immunomodulatory factors to MNs and surrounding glia. 

 



HuNi/DAPI 

A B 

hMSCs and hNSCs   
TRAPIANTO IN RATTI SOD1-G93A 

Sopravvivenza 



neuronal phenotype astrocytes oligodendrocytes 





Lumbar 

Transplantation 
Lower Limbs 

Cervical 

Transplantation 
Upper Limbs 

Diaphram 



Local propagation 

Kanouchi T et al. J Neurol Neurosurg Psychiatry 
doi:10.1136/jnnp-2011-301826 

Onset and regional spread 

mechanisms 

http://www.health.state.mn.us/divs/idepc/dtopics/stds/images/syringe.jpg
http://www.health.state.mn.us/divs/idepc/dtopics/stds/images/syringe.jpg


Micropump injection system  

supported by a table-fixed arm 



  

Adverse Event Nb of Patients 

(%) 

Mean Duration  

(days) 

Pain in trunk 13 

(68%) 

5  2.49 

 (Range: 1-10) 

Sensory light-touch 

impairment in one LL 

10 

(52%) 

47.7 55 

(Range: 6-180) 

Tingling sensation   

in one LL 

8 

(42%) 

107 127 

(Range 3-365) 

Sensory light-touch 

impairment in sacral 

region 

3 

(21%) 

18 10 

       (Range:7-28) 



Neurotrophic Bone Marrow Cellular Nests Prevent Spinal Motoneuron 

Degeneration in Amyotrophic Lateral Sclerosis Patients: A Pilot Safety Study  

Miguel Blanquer Blanquer , Jose M. Moraleda Jiménez , Francisca Iniesta Martínez et al 

2012 Mar 13.   [Epub ahead of print]  

T3-T4 



Floating cannula 



2012 Mar 13.   [Epub ahead of print] 







T1 T2-T3 T3-T4-T5 





Stem cells Study 

phase 

Regulatory 

Oversight 
Route of 
delivery 

Immunosup
pressant 
therapy 

Number 
of cells 

Nb     of 
pts 

tot 107 

Patients 
(inclusion 
criteria) 

Outcome Refs 

Autologous 

BM MSCs 

1 NIH, Ethic 

Committee 

Intraspinal T4-

T9 

no Mean 

57x106 

 

10 Age 20-75 

FVC>50% 

Safe also in 

the long term 

(9Yrs) 

Mazzini et al 

2003,2006,20

08,2010, 

2012 

 Autologous 

BM-derived 

hematopoietic 

progenitors 

Open 

single arm 

phase I 

trial 

Clinical 

Trials Ethics 

Committee 

Agencia 

Medicament os. 

Intraspinal 

(T3-T4) 

no 2 mL 

mononucle

ated cells 

11 Age:33-61 

FVC>50% 

Spinal onset 

Safe tolerated 

(2yrs follow-

up) 

Blanquer 

Blanquer et 

al, 2012 

Human spinal 

cord-derived 

stem cells 

(HSSC) 

Phase I trial University 

Institutional 

review board 

Intraspinal 

(lumbar 

spinal cord) 

Basiliximab  

Prednisolone 

Tacrolimus 

Mycophenolate 

5-10 

injections 

100,000 

cells/ 

injection 

12 + 11 Age >18 yrs 

ALSFRS-R 

FVC > 60% 

Safe and well 

tolerated. 

Glass et al., 

2012,2013 

Fetal olfactory 

ensheathing 

cells 

 

Controlled 

pilot study 

 

Chinese Ministry 

of Health 

Bilateral 

corona radiata 

 

no 

 

2x106 

 

15 

 

Age: 

Range: 

20-70 

 

Safe 

ALSFRS 

score stable 

in the first 4 

months 

Huang et al. 

2008 

 

Autologous 

blood purifyed 

CD133(+)    

Single-

center pilot 

trial 

Ethic and 

Research 

committees of 

the hospital. 

Frontal motor 

cortex 

no 2,5-

7,5x105 

10 Age 38-62 

Duration of 

the disease 

Range:18-

42months 

Safe (1 year 

follow-up). 

Improvement 

of survival 

ALSFRS 

Martinez  et 

al., 2009 

Autologous 

BM derived 

hematopoietic 

progenitors 

Single-

center pilot 

trial 

Regional Ethics 

board 

Ministry of 

Health 

Intraspinal 

(C3-C4level) 

CSF 

IV 

no 4x106 

15x106 

5x106 

13 Age 34-71 

Duration 

Range:2-5yrs 

Moderate-

severe  

No 

complications 

Deda et al,  

2009 

Autologous 

HSCS 

 

 

 

Single-

center pilot 

trial 

institutional 

review board 

irradiation; 

immuno-

suppression 

Tacrolimus 

methotrexate 

= 6 Age: 

35-69 

FVC>60% 

Duration 5-

30months 

Tolerated. 

No clinical 

benefits. 

 

Appel  et al., 

2008 

Autologous 

BM MSCS 

Phase 1/2 

open-safety 

clinical trial 

EthicCommittee

Registered 

in the National 

Institutes of 

Health database 

Intrathecally 

and 

intravenously 

no 54.7106 

CSF 

24.5106 iv 

19 Age 25-65 Feasible and 

safe .   

Immediate 

immunomodul

atory effects. 

Karussis  et al 

, 2010 



 

Nicholas M, Boulis 

  Emory University, Atlanta  

  

 Angelo Vescovi 

Milano Bicocca University 

Foetal Neural Stem Cells Transplantation in ALS 

(EudraCT: 2009-014484-39) 

Lumbar Transplantation  

 

http://www.ternieprovincia.com/images/news/1/6671/img1.jpg


   

 

• Phase I trial, aimed at testing safety and feasibility of 

intraspinal injection of “clinical grade” (produced 

following the Good Manufacturing Guidelines in a 

pharmaceutical grade authorized facility) neural stem 

cells from natural miscarriages into a cohort of 18 ALS 

patients using a validated surgical apparatus and 

injection procedures.  

Foetal Neural Stem Cells Transplantation in ALS 

(EudraCT: 2009-014484-39) 

Lumbar Transplantation  

 



Criteri di Inclusione 

• Gruppo 1 (n=6) 

   

• Deambulazione impossibile   

• Capacità Vitale Forzata > 60% 

in posizione assisa. 

  

• Gruppo 2 (n=6) 

  

• Deambulazione con ausili o 

assistenza   

• Capacità Vitale Forzata > 60%; in 

posizione seduta 

  • Gruppo 3 (n=6) 

   

• Deambulazione autonoma    

• Capacità Vitale Forzata > 70%; in 
posizione seduta 

  

Trapianto intramidollare di cellule staminali neuronali umane come 

terapia putativa per la SLA: proposta di un trial clinico di fase I  

EudraCT: 2009-014484-39 

Diagnosi di SLA definita in accordo  con i criteri rivisti di El Escorial  
  
Età: 20-75 anni 
 
Documentata progressione di malattia negli ultimi 6 mesi 
 
Assenza di patologie concomitanti complicanti il quadro clinico 



Gruppo 1  

(iniezioni D8-D11) 
50.000  cellule (15 microlitri) per 

sito di iniezione      
Gruppo 1a:monolaterale 

Gruppo 1b: bilaterale  

   

Gruppi 2 e 3 

(iniezioni C5-C6) 

50.000  cellule (15 microlitri) per 

sito di iniezione    

Gruppo 2a: monolaterale 

Gruppo 2b: bilaterale 

 

Gruppo 3a: monolaterale 

Gruppo 3b: bilaterale 

Trapianto intramidollare di cellule staminali neuronali umane come 

terapia putativa per la SLA: proposta di un trial clinico di fase I  

EudraCT: 2009-014484-39 



Impiego delle cellule staminali mesenchimali autologhe in pazienti con sclerosi laterale amiotrofica 

Paziente 
Cod. paziente ISS: 121 Cod. paziente:  
Data di nascita: 19/10/1969 Sesso: F 

Sperimentatore: Mazzini Letizia (Rif. 102) 

Autorizzazione al trattamento del paziente 

 Modalità: Parere favorevole ISS 

Data invio domanda: 02/05/2005 Data protocollo ISS: 17/05/2005 

ALS Centre 

Recruitment of the 

patient 

 

Local Ethics Committee 

Approval of the protocol 

Control of the adherence  

to  the protocol 

 

Italian National Institute 

of Health 

Approval of the protocol, 

Control of the adherence  

to  the protocol 

Monitoring of the results 

Safety Advisory Board 

 

Control of the adherence  

to  the protocol 

Monitoring of the results 



Foetal Neural Stem Cells Transplantation in ALS 

(EudraCT: 2009-014484-39) 

Lumbar Transplantation  

 

Surgery 

Device 



Immunosuppression 

• Although the brain remains an 
immunologically privileged site 
due to the blood–brain barrier, 
there is evidence that this 
barrier can be compromised in 
disease (BV. Zlokovic Neuron 57, 
January 24, 2008) 

 

 

• Studies of cell graft survival 
demonstrate that 
immunosuppression increases 
the survival of graft tissue 

• (M. Hovakimyan et al. / Annals of 
Anatomy 194 (2012) 429– 435) 

 

 

• Methyprednisolone 125 mg IV is 
administered preoperatively at 2 
hours before incision. Patients 
subsequently receive a 28-day 
taper with a dose change each 
week:  60 mg ,40 mg ,20 mg, and  
10 mg orally every day.  

• Cefazolin 1g IV is administered at 
the time of dural opening. and an 
equal dose is given immediately 
after surgery.. 

• Tacrolimus   is administered at 
0.1 mg/kg orally per day with twice 
daily dosing beginning on 

• postoperative day 1..The drug  is 
titrated to  maintain  the blood 
level between  5-10 ng\ml  for 6 
months and then stopped 



800 010 010 

Tutti i martedì ed i mercoledì dalle 9 alle 13 e dalle 14 alle 17 

Alternativamente è possibile inviare una mail al seguente indirizzo: 

trialSLA@neurothon.it 

Trapianto intramidollare di cellule staminali neurali umane come terapia putativa 

 per la SLA: proposta di un trial clinico di fase I  

Responsabile: Prof. Angelo Vescovi 

Direttore IRCCS Casa Sollievo della Sofferenza San Giovanni Rotondo  

  

Centro Regionale Esperto SLA Novara 

  (Responsabile drssa Letizia Mazzini)  

  

Ambulatorio Malattie del Motoneuroni   

Padova 

 (Responsabile dr Gianni Sorarù)   

Centri di Reclutamento 



Pazienti 

(Trapianto Lombare)  

Paziente/Centro Gruppo età sesso 

durata 

malattia(mesi) Data reclutamento data intervento 

N° mesi follow-

up-post 

740/Novara A1 30 M 60 07/03/2012 25/06/2012 15 

746/Padova A1 57 M 68 20/07/2012 31/07/2012 8 
† 

753/Novara A1 54 F 16 17/05/2012 24/09/2012 8 
† 

766/Novara A2 35 M 72 07/08/2012 05/11/2012 6 

767/Padova A2 67 F 36 29/10/2012 01/02/2013 7 

779/Padova A2 38 M 32 17/12/2012 22/03/2013 6 

I due pazienti sono deceduti per cause indipendenti dal trapianto come  

documentato dalle autopsie. Nessuno ha presentato eventi avversi gravi 



Foetal Neural Stem Cells Transplantation in ALS 

(EudraCT: 2009-014484-39) 

Lumbar Transplantation  
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Foetal Neural Stem Cells transplantation in ALS 

(EudraCT: 2009-014484-39) 

Lumbar Transplantation  

1 month post-surgery 3 months post-surgery 



Conclusioni 

(I Gruppo) 

Il trapianto intramidollare delle cellule 

staminali neuronali umane a livello 

lombare è sicuro nel breve e medio 

termine 

Trapianto intramidollare di cellule staminali neuronali umane come 

terapia putativa per la SLA: proposta di un trial clinico di fase I  

EudraCT: 2009-014484-39 



Sono stati reclutati 4 pazienti. Uno ha terminato i tre mesi di osservazione  

ed è stato sottoposto  a trapianto nel midollo cervicale il 23 settembre scorso 

 senza complicanze chirurgiche. Il prossimo intervento è previsto il 25 ottobre  



From: Gowing and Svendsen, Neurotherapeutics, Sept 9,2011  



• Stem cells research and application is opening great opportunities in 
ALS treatment. The scientific community and patients urgently need 
safety and efficacy to be addressed properly in the framework of 
rigorous controlled clinical trials. 

 

• Translation, by which we mean advancing scientific discoveries from 
the laboratory into practical applications for patient benefit, i.e., 
‘‘bench to bedside,’’ requires a comprehensive collaborative team 
approach: research scientists and clinicians must work closely with 
regulatory agencies, patient advocacy groups, ethic bodies, cell 
manufacturing facilities, and industry to achieve the quality of 
studies and necessary funding to ensure success. 
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