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Epiderniologia della SLA

s<Incidenza della forma sporadica: 1.5 - 2.7/100.000/anno in Europa e
Nord America [Worms, 2001]

sXPrevalenza: 2.7 - 7.8/100,000/anno nel mondo occidentale [Worms,
2001; Chio et al., 2009]

| Figure 3 Incidence rates for amyotrophic lateral sclerosis in Piemonte and Valle d Acata, 1995 to 2004 |
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Modalita di presentazione

disfagia
/ disartria
. Bulbare lingua atrofica
Ipostenia
Spinale  ——— atrofia del cingolo
. mano atrofica
piede cadente

Esordio “diaframmatico” (raro) = insufficienza respiratoria acuta o subacuta
Esordio “generalizzato” (raro)

Esordio “demenza"
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Modalita di presentazione

Classic (Charcot’s) phenotype
Bulbar phenotype

Flail arm phenotype

Flail leg phenotype

Pyramidal phenotype

(predominant upper motor
neuron ALS)

Respiratory phenotype
Pure lower motor neuron
Pure upper motor neuron
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Figure 3 Tracheostomy free survival,
according to amyotrophic lateral
sclerosis (ALS) phenotype. Yellow,
PUMN; red, PLMN; light blue, pyramidal
ALS; grey, flail arm; violet, classic ALS;
green, flail leg; blue, bulbar; cyan,
respiratory. Crosses are censored
patients. PLMN, pure lower motor
neuron phenotype; PUMN, pure upper
motor neuron phenotype.
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30-40% Christian Lunetta

'~ CO90RF72 gene

10% TDP-43 gene

9% FUS/TLS gene
20% SOD1 gene

4-7% CO90ORF72 gene

1% FUS
- « Sporadic ALS
1% TDP-43 « Familial ALS
gene

2% SOD1 g'ene

90% autosomal dominant pattern of inheritance

@ 10% autosomal recessive pattern of inheritance
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Figure An idealized model of the natural history of amyotrophic lateral sclerosis (ALS) based upon focality
and contiguous spread

(Al Onset: At clinical onset, degeneration involves upper motor neurons (UMNs) and lower motor neurons (LMNs) that inner-
vate the same peripheral body region; the site of onset, ratio of UMN to LMN involvement, and rate of progression are each
highly variable but independent of each other, (B} Early spread: As the disease process spreads neuroanatomically through
UMN and LMN levels, clinical manifestations become complex due to differences ("incongruity”) between somatotopic anat-
omy and anatomic distances of the 2 levels. (C) Continued outward spread: For LMN, the ALS disease process continues to
spread rostral-caudal (severity ipsilateral > contralateral) and must pass through the long thoracic region and thus appears
to be mostly at one level. Degeneration may have preferential caudal spread ("directionality”) as discussed in the text. For
UMN, however, the ALS disease process continues to spread medial-lateral and more quickly begins to appear as diffuse.
(D) Advanced spread: Ultimately, degeneration appears to be diffuse and symmetric through temporal-spatial summation
within and between UMN and LMN levels, the natural history of which has depended upon the features established at onset.



Neurodegeneration

Figure 2 Time course of
neurodegeneration and related
parameters, Accumulation of abnormal
proteins instigates a variety of
molecular changes that precede
neurophysiological dysfunctions and
eventual manifestation of clinical
symptoms. Appropriate markers and
measures are required for detecting pre-
symptomatic neurological and
biological changes in patients with
neurodegenerative diseases. Katsuno et
al. Molecular genetics and biomarkers
of polyglutamine diseases. Current Mol
Med 2008;8:221—34.
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Review I

Emerging targets and treatments in amyotrophic lateral
sclerosis
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Figure 1: The increasing pace of advances in ALS
AlLS=amyotrophic lateral sclerosis. MIH=MNational Institutes of Health.
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"Ogni individuo ha diritto alla vita, alla liberta e alla sicurezza
della propria persona".

Dichiarazione Universale dei Dirittt Umani, art. 3 (1948)
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Emerging targets and treatments in amyotrophic lateral
sclerosis
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Figure 2: Novel therapeutic targets in ALS
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Proposed mechanism

Stage of development

Preliminary results and comments

taiggte targets
one’

Protein misfolding

Arnmaclomaol®

[rrvu s aticon
RNA targets

Antisense 5001
oligonucleotides

(1515 333611)"

Mitochondrial targets
Olcy@ime (TRO15622)"

ipexole’

Growth factors
VEGEF (sNNOO29)™

Stem-cell therapy

Bane marrow of embryonic

steimn cells into CNS™-

IPS cells in 5C
Muscle targets
Diaphragm pacing™

Skeletal muscle tropanin
activator (CK-2017357)"

GDF-3 {myostatin) inhibitor

(ACE-0731)

Reticulan 4 (Noga-A)
inhibitor (GSK12232449)"

Decreases synaptic glutamate

Amphifies HSP gene expression

Remowes maisfolded 001

Lowers concentrations of
rmtant S001

Mitochondrial pare modulation

Increases mitochondl
Function

Angiogenesis and
neuroprotect ion

Meuroprotection

Meuroprotection

Diaphragm contraction
Increases muscle force
Fromotes muscle growth

Prodintes necpita gmwlh

Phase 3 study

Phase 2/3 study m FALS

Preclinical studies

Phase 1 stucy in FALS

Phase2/3 study
Fhase 3 study

Phase 1/2 study of
intracerebrovantocular

administration

Phase 1 study

Phase 1 study pending

Phase 1 study
Phase 7 study completed
Phase 1 study in

pustmenopausal warmen

Phase 1 study

Critesia tor tolerability met; study in stage 3 and more than
twn-thirds of patents recruited

Human placebo-controlled study showed safety and CSF
penetration

Promising preclinical data in S0D1 transgenic mouse model™*

Concentrations of mutant messenger RNA reduced with
antisense oligonucieotides and small inhibitory RMA malecules,
leading to slowed disease progression in the mutant S001
Lransgenic mouse model™™

Preclinical studies showed in-vitro and in-vivo efficacy™

Phase 2 study of 102 patients with ALS showed safety and
tolerability, and motor decline lessened and survival improved
in a dose-response manner

Preclinical animral data showed efficacy™

For both strategies, additional preclinical and safety data
required

Optimum cell-type, dose, cofactor requirements, and location
of transplantation unknown

Satety and efhcacy reported”
FDA approval for humanitarian designation exemption pending

Fatigue, strength, and pulmonary function improved in a dose-
TESpONse manner "

Future studies in ALS expected

Study to be completed in 2011

ALS=amyntrophe lateral sclerosis, HSP<heat shock protem, FALS=familial ALS VEGF =vascular endothelial growth factor. iPS=induced plunpatent stem, SC=spinal cord.
FOA=LIS Food and Dirug Administration

Table 1: Summary of ALS therapeutic targets being tested in clinical trials
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Articles I

An antisense oligonucleotide against SOD1 delivered
intrathecally for patients with SOD1 familial amyotrophic
lateral sclerosis: a phase 1, randomised, first-in-man study
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26 patients assessed for eligibility

Sex Age Family historyof  S0D1 mutation Ageatonset  Siteof onset

{years) amyotrophic lateral {years)
sclerosis
& mocluded i Female 49 Yas GludSlys &7 Limb
3 died nat meet Inchision criteria F Mabe 59 Yos Alad\val 59 Limia
— 2 elevated liver function tests .
1 FYE betow minimum 3 Female 36 Yes Gly37Ary 23 Limh
1 withdiew consent 4 Make 41 Yos Alag The 41 Limb
5 Make 47 Yes: Lew3Bval 45 Limb
¥ 6 Male 51 Yes le113The 47 Limb
22 enralled 7 Ferrale 5D Yes Alagval 50 Limb
58 Limb
4¢_ 63 Limb
21 treated 300 & Hirib
45 Limb
275 48 Limb
* 42 Limb
B in cohort 1 Bin 4507 43 Limb
6 given I515 333611 b1 45 Limb
2 given placebo 2¢ = 2257 46 Bilbar
(2 = .
po T 200 2 bl
* : et o5 Limih
5 175 43 Limb
B analysed Ban E i Limb
£ 150 45 Limb
Figure 1: Trial profile £ e .
FVC=forced vital capacity, *Not treat E" 125 ____________-————___—_'_—E:X»J = 2 51}’35-'!'“'9 (2%,3.4)
2 =iy i Gly93Ala (3, 4")
o TH A Asp9oAla (3, 4)
< N lle113Thr (1, 2, 4)
() e [ Bl
& E i 4 Glud9lys (17, 2")
50— = AlagVal (2, 3)
= Asn139Lys (2, 4)
15_,_ —;E',— ||E113T'|'“" fl 4}
=7 AladqVal (3, 4)
0 1 | T | | t |
0 2 4 b é 10 12 14 16
Time since previous ISIS 333611 (months)
Figure 3: SOD1 protein concentrations in CSF of patients enrolled in more than one cohort
Measured by ELISA. SOD1 mutation and cohort number are shown for each patient. *Placebo group for that aisla
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Nogo Expression in Muscle

Correlates with Amyotrophic
Lateral Sclerosis Severity

Mutasa Jokic, MSc,' Jose-Luis Gonzaler de Aguilar, PhD,'
Pierre-Frangois Pradat. MD, PhDD," Lue Dupais, D,
Andomi Echaniz-Laguna, MD,'* Andeé Muller, MD, PhD,"*
Odile Dubo MD, PhD.' Danielle Seillean, MD, PRD,}
Jean-Jacques Hauw, MD, PhID." Jean-Philippe Locfller, Phiy,!
and Vimcent Mennger, MDD, 'hD)®

Nogo, a protein inhibiting axonal regeneration, exhibits a
characteristic isoform-specific pattern of expression in
skeletal muscle of transgenic mice and patients with
amyotrophic lateral sclerosis. Here, the increased levels of
Nogo-A ar Nogo-B in muscle biopsies of 15 amyotrophic
lateral sclerosis patients significantly correlated with the
severity of clinical disability and with the degree of mus-
cle fiber atrophy. Nogo-A immunoreactivity was observed
selectively in atrophic slow-twitch type | fibers, These re-
sults suggest that Nogo cxpression in muscle is a marker
of amyotrophic lateral sclerosis severity,

Ann Neurol 2005;57:553-536
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ClinicalTrials.gov

A service of the LS, National Institules of Heallth
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Search for studies: i | Sﬂard"lj

Advanced Search Help Studies by Topic Glossary
Find Studies About Clinical Studies Submit Studies Resources About This Site

Home * Find Studies » Search Resulls * Sludy Record Delail Text Size

Trial record 1 of 1 for, OZANEZUMAB
Previous Study RelumtoList | Nexl Study

Study of Ozanezumab (GSK1223249) Versus Placebo in the Treatment of Amyotrophic Lateral Sclerosis

This study is currently recruiting participants. ClinicalTrials.gov |dentifier:
Verfied June 2013 by GlaxoSmithKline NCT01753076
First received; December 17, 2012

Sponsor: '

. Last updated: June 27, 2013

I : (]

GlaxoSmumrding Last verified: June 2013
Information provided by (Responsible Party): History of Changes

GlaxoSmithKline

Full Text View  Tabular View  No Study Resuits Posted Disclaimer  |.] How to Read a Study Record

» Purpose

This is a 48-week, randomised, mulli-centre, double-blind, placebo-controlled, parallel group investigation of the efficacy and safety of intravenous
(IV) ozanezumab (GSK1223249) compared to placebo in subjects with Amyotrophic Lateral Sclerosis (ALS). Following a screening period of up to
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Stem cells are unspecialized cells that have two def ning properties:
1.the ability to differentiate into other cells
2.the abllity to self-regenerate.

The ability to differentiate is the potential to Zygote (totipotent)
develop into other cell types. ;

A totipotent stem cell (e.qg. fertilized egg) can ,
develop into all cell types including the embryonic Embryonal stem cell (pleuripotent)
membranes. ‘

A pleuripotent stem cell can develop into cells Germ layer stem cell (multipotent)
from all three germinal layers (e.g cells from the

iInner cell mass). ‘

Other cells can be oligopotent, bipotent or Lineage stem cell® (oligopotent)
unipotent depending on their ability to develop ‘

iInto few, two or one other cell type(s).

Tissue-determined stem cell* (iri- or bi-potent)

{

Terminal cell (nullipotent)

Sell, S. (2004) Stem cells. Stem Cell
Handbook ed. by Sell, S. 1-18

Mesenchymal progenitor cell



Stem cells are unspecialized cells that have two def ning properties:

1.the ability to differentiate into other cells
2.the abllity to self-regenerate.

Self-regeneration is the ability of stem cells to
divide and produce more stem cells. During early
development, the cell division is symmetrical I.e.
each cell divides to gives rise to daughter cells
each with the same potential. Later in
development, the cell divides asymmetrically with
one of the daughter cells produced also a stem
cell and the other a more differentiated cell.

Early In development:

gll'nrrlntrlml
Stem cell L Stem cell + stem cell
e.g. 2ygole 2 - cell stage

Late In development: type 1

asymmetrical
coll islon
Stem call ﬂv—- Stem call + progenitor cell
6.g Hematopoietic Lymphoid precursor +
slam ced Hemaloparelic stern cedl

Late in development: type 2

asymmatrical
cell division Ditferentiated cell +
Pfﬂglﬂl'ﬂtl;'r' cell eeeeesesss————- ifferontiatod coll
8.g. Myeloid progenitor Eosinophil + erythrocyts

Lindblad, W.J. (2004) Stem cells in Dermal
Wound Healing. Stem Cell Handbook ed. by
Sell, S. 101-105.

McCulloch, E.A. (2004) Normal and Leukemic
Hematopietic Stem cells and Lineages. Stem
Cell Handbook ed. by Sell, S. 119-131.




Stem cells have the remarkable potential to develop into many different cell
types in the body during early life and growth.

In addition, in many tissues they serve as a sort of internal repair system,
dividing essentially without limit to replenish other cells as long as the

person or animal is still alive

In some organs, such as the gut and
bone marrow, stem cells regularly
divide to repair and replace worn out
or damaged tissues. In other organs,
however, such as the pancreas and
the heart, stem cells only divide under
special conditions.

Pluripotent Stem Cells

T
L Tubpoant )

In vivo
fertilized egg

8 cell
embryo

Cultured .
undifferentiated
stem cells \
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Blood cells

Neural cells

Cardiac muscle



Pubmed - Stem Cells
15000

11250

7500
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1916 Anno 2013

1981: Scientists discovered ways to derive embryonic stem cells from early mouse
embryos.

1998: method to derive stem cells from human embryos and grow the cells in the
laboratory (as called human embryonic stem cells).

2006: researchers made another breakthrough by identifying conditions that would allow
some specialized adult cells to be "reprogrammed" genetically to assume a stem cell-
like state (as called induced pluripotent stem cells or IPSCs)
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Stem cells in ALS
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Figure: Stem-cell therapy in ALS

Effective stem-cell thevapy in ALS requires corrplex strateqy with sevesl molecular and dellular technigues. In-primis donos-cell source {autologads vs allogeneic)
andd sterm-coll choles |:1'IL"U|'I'II'I:'I.I i ricen s el b should be carefully evaliited (&), and stem cells malntamed and :|,rr|:p|jﬁ|;-|i iy o i i st .|_'|||,‘-1iul_; Lty properties
(B}, Before transplantation, steim celly have to be transdifferentiated [iF non-neural) and committed towards feual phieretypes, and sventually genetically modifed
for release of trophic factor. Permissive niche scombinmg drugs, antioal extramatiy proteins, antoxdants. stimulabion of endogencus stem cells. infugon al
trophuc factors) will ncrease graft survivid and Fvtegration into damaged tissues of host (€, (Relinection site or route and patent’s selection wall influenon peost
ransplantation recoviry. HSC=haemapoietic s 'em cells, MSC=mesenchymal stem cells, IWsintmvenows, IT=mimathecal, 15C «iniraspinal cord

Silani et al., Lancet, 2004
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Allogeneic or Autologous
transplantation

PRO

Allogeneic transplantation using donor stem cells has a seemingly better potential for neuronal repair, as in such
a setting the transplanted stem cells do not carry the putative genetic defects which may be involved in the
pathogenesis of the disease to be treated. In addition, they may actually provide the vehicles for transfer of
normal genes in genetic syndromes. Aside from small studies on hematopoietic stem cells, there are very
limited clinical data on allogeneic stem cell transplantation in the literature. In a pioneering study [48], infusion of
allogeneic MSC in patients with Hurler syndrome (mucopolysaccharidosis type-IH) or metachromatic
leukodystrophy did not reveal any toxic effects and, despite no apparent clinical change, appeared to improve
nerve conduction velocities.

CONS

The obvious disadvantage of such an allogeneic approach is the risk of rejection of the transplanted stem
cells and the possible need for additional chemotherapy/immunosuppression to improve long-term cell
viability. This problem seems to be less prominent in the case of embryonic stem cells since these cells may be

immune-privileged at a signif cant degree.

The vast majority of the available clinical data comes from trials with autologous stem
cells.
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Inducing endogenous

SCs in the adult CNS

to form new neurons
and glial cells

Replacing lost neurons
or glial cells by
transplantation of stem
cell-derived cells

Stem cell-based
approaches to restore
function in
neurodegenerative
disease

Using stem cells and
their derivatives to
release therapeutic
molecules that are

neuroprotective or
modulate inflammation
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S Review series

Stem cells in human neurodegenerative
disorders — time for clinical translation?

Olle Lindvall2 and Zaal Kokaiaz2

'Labaratory of Neurogenesis and Gell Therapy, Wallenberg Neuroscience Center, University Hospital, Lund, Sweden.
‘Lund Stem Cell Center, Lund, Sweden, iLaboratory of Neural Stem Cell Biology and Therapy, University Hospital, Lund, Sweden.

Stem cell-based approaches have received much hype as potential treatments for neurodegenerative disorders.
Indeed, transplantation of stem cells or their derivatives in animal models of neurodegenerative diseases can
improve function by replacing the lost neurons and glial cells and by mediating remyelination, trophic actions, and
modulation of inflammation. Endogenous neural stem cells are also potential therapeutic targets because they pro-
duce neurons and glial cells in response to injury and could be affected by the degenerative process. As we discuss
here, however, significant hurdles remain before these findings can be responsibly translated to novel therapies. In
particular, we need to better understand the mechanisms of action of stem cells after I:ranqplantanun and learn how
to control stem cell proliferation, survival, migration, and differentiation in the pathological environment,



Stem cells in human neurodegenerative
disorders — time for clinical translation?

Olle Lindvall'2 and Zaal Kokaia2.3

TLaboratory of Neurogenasis and Gell Therapy, Wallenbarg Meuroscience Cenler, University Hospilal, Lund, Sweden.
*Lund Stem Gal Gerer, Lund, Sweden. *Laboratorny of Neural Stam CGell Biology and Therapy, Liniversiy Hospital, Lund, Sweden

four main iIssues

First, it is necessary to def ne what is required for the stem cell-based approach to be clinically
competitive and what risks to the patient are acceptable.

Second, disease pathology has to determine which cells should be generated from stem cells; for
cell replacement therapy, different cells will be needed for different diseases. Disease pathology
may also affect the cells derived from the transplanted cells, as has been observed in
intrastriatal grafts of embryonic mes- encephalic tissue more than a decade after they were
implanted in PD patients

Third, prior to clinical application, it must be demonstrated in animal models that the stem cell-
based approach induces substantial improvement of functional def cits that resemble the debllitat-
INng symptoms in patients.

Last, it is important to determine the biological mechanism underlying the observed effects of a
stem cell-based treatment in an animal model.



Healthy transplanted cells cross talk with the surroundings may be
compromised by the abnormal cellular RNA metabolism, able to trigger
MN degeneration, thus impeding any therapeutic outcomes related to
Stem Cells.

In this case, no SC strategy could maintain positive therapeutic outcomes in
the long term, without a supportive treatment able to prevent the spread of
the disease
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ORIGINAL ARTICLE
Year 2012 | Volume: &0 | Issue 5 | Page | 465-4B89

Autologous bone marrow-derived stem cells in amyotrophic lateral sclerosis: A
pilot study

Sudesh Prabhakar', Neelam Marwaha®, Vivek Lal', Ratti R Sharma®, Roopa Rajan', Niranjan Khandelwal®
' Department of Neurclogy, Postgraduate Institule of Medical Educalion and Ressarch, Chandigarh, Indla

* Deparimant of Transfusion Modstina, Postgraduate Institule of Medical Education and Research, Chandigarh, India

" Department of Radiodiagnosis, Postgraduate Instilute of Medical Educalion and Research, Chandigarh, India

Intrathecal infusion

Table 1: Baseline characteristics of patients receiving intrathecal autologous bone marrow-derived stem cells

=FagBied ol —] ! Variable
~ Age (years) 49.1(£15.3)
ﬁ Lymphatyin Female (n) 7
G% i Clinically definite ALS (n) 6
= Bulbar onset ALS (n) 3
| e s e @ —_— Median duration of illness (months) 16 (range: 3- 48)
% by ALSFRS-R composite score 32.2 (+ 10.6}
L e —— |
Table 2: Bone marrow volumes and cytological characteristics
Parameter Mean value (SD)
Bone marrow aspirate volume (ml) 103 (+12.8)
Mononuclear cell concentrate volume (ml) 47 (£ 1.6)
Mononuclear cell count (n) 1.81 x 10°(+£ 0.92 x 10%)
Viability (%) 914 (+ 2.6)
(CD34+ cell count (n) 344 x10°(£1.58 x 'Iﬂ"l)
aisla
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Table 4: Composite ALSFRS-R scores at follow-up compared to baseline

Follow-up Number of Mean 95% P value
duration  patients  difference Confidence
from baseline Interval

Day 90 10 0.50 -053-153 0.299
Day 180 8 238 0.01-4.74 0.049
Day 270 8 4,62 0.78-8.46 0.025
Day 365 7 5.14 -1.09-11.38  0.090




Stem CrLLs

TRANSLATIONAL AND CLINICAL RESEARCH

Neurotrophic Bone Marrow Cellular Nests Prevent Spinal

Motoneuron Degeneration in Amyotrophic Lateral Sclerosis Patients:
A Pilot Safety Study

Micuel Brasover,” Jose M, Moracena,” Frascisca Inesta” Joaous Gomez-Eseron,™® Jose Meca-Latvana,’
Rason Viceaveror,” Micuer Ascer Perez-Espio,” Frascisco Josg Ruiz-Lorez,” Jose Magria Garcia Saxtos,
Parsicia Brepa,” Viramaa [zoea,® Makia Sae® Peoko De MinGo.® Lavka Vivascos," Raraer Cagies,”
Juorrn Jiesez,” Joaguin Hersasoez, Juiia Guaroiora,” Sievia Torees e Rio,” Carsey Axrosez,”

Proko DE La Rosa,® Masin Juniasa Mauano” Axpires SANCHEZ-SALvas,” Javier Lorez)

Juas Frasvisco Martisez-Lace,? Savvanor Marrixez®

"Hematopoietic I’mﬁenltum Transplant and Cell Therapy Unit, “Newrology. “Neurosurgery, “Neumology,
“Neurophysiology, "Neuropsychology. and 'Anesthesiology. Hospital Virgen de la Amixaca, Universidad de
Murcia, Murcia, Spain: PMeurology and 'Radiology, Hospital Morales Meseguer. Umiversidad de Murcia. Murcia.
Spain; ‘Statistical Analysis. Fundacion para la Formucion e Investigacion Sanitarias de la Region de Murcia.
Hospital Universitario Virgen de la Arrixaca, Murcia. Spain: “lnstituto de Neurociencias. UMH-CSIC, Alicante.
Spain

key Words. Amvyotrophic lateral sclerosis » Bone mamow » Aduli stem cells = Somatic cell therapy » Stem cell mansplanmtion = Climeal
trials
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Table 1. Demographics and baseline charactenistics

Fatient no, Sex Age TTT (monihs) FVU (%) ALS-FRS Norris MRC ALS trestment
I F 46 20 113 24 54 45 BB G By T
2 M il 21 104 28 £ 37 E.C.L

3 F 54 16 94 28 6o 38 R.T

4 F 43 40 105 36 K7 47 R

5 M 45 & ™ 27 74 42 R.E

6 M 3 33 104 34 74 46 RECBH

i F 49 29 115 28 7 a5 R

R F 50 23 99 30 70 46 R.E

9 F 52 24 121 .Y 8l 50 R.E,B

10 M 43 i4 120 35 R3 50 R.L

i M 41 15 116 3K 95 54 R’

Median 46 21 105 30 74 46

Abbrevianons: ALS-FRS. amyotrophic lateral sclerosis functional ranng scale: B, baciofen: C, creatine; E, vitamumn E; FVC, forced virtal
capacity; L., hithmm carbonate; MRC, medical research council scale for assessment of muscle power; K, rilutek; T, nzaniding; TTL, time
from diagnosis 1o infusion.
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Mean motoneurons/spinal segment

16
14 W
p 12
= 10
g 8
E 6
4 A
2 |
0
T1 T2 T4-T5 T8-19
—4=—Control| 14,9 14,2 14,9 13,7
——P1 1 25 4,5 1,1
iy P2 1 1,9 4 1,3
—P3 0,3 2,6 4,3 0,7

Figure 5, Mean motoneurons per spinal segment. The mean number
of motoneurons, although inferior 1o that of 4 control spinal cord,
increased progressively from the distal segments of the spinal cord of
the patients to the infused T4-Ty level, where the highest number ol
conserved motoncurons was observed,




STEM CELLS®
REGENERATIVE MEDICINE

Lumbar Intraspinal Injection of Neural Stem Cells in Patients with
ALS: Results of a Phase I Trial in 12 Patients

Jonathan I. Glass, MD'", Nicholas M. Boulis, MD, PhDY¥, Karl Johe, PhDY, Seward B. Rutkove, MDY,
Thais Federici. PhDY, Meraida Polak. RN'. Crystal Kelly. MA', Eva L. Feldman, MDD, PhD*
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Tahle 4: Serious Adverse Events (SAE)

SAE name (related to study) # of subjects
Transient Encephalopathy 1
Pulmonary Emboli 2
CSF leak 1
Wound dehiscence 1
Bronchitis/ pneumonia 2
Dyspnea 1
Atnal Fibrillation 1
Vomiting 1
Basal cell carcinoma 1




In Italia?

Il Progetto sostenuto

Trattamento della Sclerosi Laterale Amiotrofica con Ciclofosfamide, sostenuto da Trapianto Autologo di
Cellule Staminali Ematopoietiche.

Lo studio avra come centro coordinatore il Dipartimento di Neuroscienze, Oftalmologia e Genetica
dell'Universita degli studi di Genova e come centro promotore il Centro Clinico NEMO di Milano
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Attualmente stiamo effettuando solo il reclutamento dei pazienti del I
gruppo .

Il primo gruppo { Gruppe A ) includera pazienti che non sono in grado di
deambulare. 1 pazienti appartenenti a questo gruppo devono avere una
spirometria con un valore di Capacita Vitale Forzata >60% del predetto oppure
essere portatori di tracheotomia da almeno 3 mesi ed essere comungue in grado
di respirare anche autonomamente per lunghi periodi al fine di consentire
I'esecuzione della Risonanza Magnetica Nucleare.
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Stem cells: comprehensive treatments for amyotrophic lateral sclerosis
in conjunction with growth factor delivery

]. SIMON LUNN!, MICHAEL P. HEFFERAN?, MARTIN MARSAILA® & EVA L. FELDMAN'

' Department of Neurology, University of Michigan, Ann Arbor, MI 48109-2200, USA, and zfluesdwsiﬂ!ﬂgx' Research
Laboratory, University of Californta, San Dicgo, CA 92182, USA

{Recerved 22 August 2008; revised form 29 Fanuary 2009; accepred 12 February 2009)

Abstract

Amyotrophic lateral sclerosis (ALS) is characterized by loss of both upper and lower motor neurons. ALS progression is
complex and likely due to cellular dystuncuon at multiple levels, including mitochondrial dysfuncton, glutamate
excitotoxicity, oxidative stress, axonal dysfunction, reactive astrocytosis, and mutant superoxide dismurtase expression,
therefore, treatment must provide neuronal protection from multiple insults. A significant amount of ALS research focuses on
growth factor-based therapies. Growth factors including insulin-like growth factor-1, vascular endothelial growth factor,
brain-derived neurotrophic factor, and glial-derived neurotrophic factor exhibit robust neuroprotective effects on motor
neurons in ALS models. Issues concerning growth factor delivery, stability and unwanted side effects slow the transfer of these
treatments to human ALS partients. Stem cells represent a new therapeurnic approach offering both cellular replacement and
trophic support for the existing populanon. Combination therapy consisting of stem cells expressing beneficial growth factors
may provide a comprehensive treatment for ALS,

Keywords: Amvorrophic lateral sclevosis, growrh facrors, stem cells, gene therapy aisla
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Mesenchymal Stem Cells as Trojan
Horses for GDNF Delivery in ALS

Brian K Kaspar" l
doi:10.1038/mt.2008.216 K \

GDNF are effective In:

* sparing motor neuron death

* Increase survival in a very rapidly progressing animal model of ALS
* Increase In life span of several weeks to a month.

Several studies have demonstrated that GDNF seems to inf uence primarily
disease onset and not progression, making it a diff cult therapeutic
candidate for individuals with more advanced ALS
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Autologous Cultured Mesenchymal Bone Marrow Stromal
Cells Secreting Neurotrophic Factors (MSC-NTF), in Patients
With Amyotrophic Lateral Sclerosis (ALS)

’l‘l Braathlng Ability N/A

Percant lung function (EVG) or (V)

7 Months Since Onset 24
Numbar of mantns since first symptoms of ALS.

Nnn-lmaalva Ventilation (NIV) Unknowrn
Gan PALS use a BIPAF |n the nal?

Diaﬂhmgm NHI‘(DPS) Unknowr
Can PALS use 2 DPS in the trial?




March 21, 2013

RESULTS OF NUROWN™ CLINICAL TRIAL SUGGEST EFFICACY IN ALS
PATIENTS

Data Indicate Initial Clinical Benefit in Overall Clinical and
Respiratory Function

New York, NY and Petach Tikvah, Israel - March 21, 2013 - BrainStorm Cell
Therapeutics (OTCQB: BCLI), a leading developer of adult stem cell
technologies for neurodegenerative diseases, today reported some of the
final results from a clinical study evaluating the company’s NurOwn™
technology in 12 ALS patients. NurOwn Is a proprietary, first-of-its-kind
technology for the propagation and differentiation of autologous
Mesenchymal Stem Cells (MSCs) into NeuroTrophic Factor (NTF)-secreting
cells. The data were presented yesterday, Wednesday, March 20, 2013

during the 65" Annual Meeting of the American Academy of Neurology
(AAN) in San Diego, California.

An oral and poster presentation were made in the Emerging Science Session
by Principal Investigator Dimitrios Karussis, M.D., Ph.D., entitled, “Analysis
of 12 Patients with Amyotrophic Lateral Sclerosis (ALS) Treated with
Autologous Differentiated Mesenchymal Stem Cells: a Phase 1/II Clinical
Trial.” Karussis reported a significantly slower decline in overall clinical and
respiratory function, as measured by the ALS Functional Rating Score
(ALSFRS-R) and Forced Vital Capacity (FVC) score respectively, in the six
patients that received an intrathecal (IT) injection of the cells in the six
months following treatment, as compared to the three months preceding
treatment. The study concluded that in addition to establishing the safety of
the treatment protocol, initial indications of clinical benefit were observed,
which require further confirmation in additional trials. The company is
currently conducting a Phase 1la dose-escalating trial pursuant to recent
acceleration by the Israeli Ministry of Health.

Rasheda Ali's visit to BrainStorm's
cleanroom at Hadassah Medical Center,
August 2012
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Induced | Sedsedpines -

clinical n Leading o dicase nareasing sceptibiy
Neurodevelopmental disorders
Virginia B Mattis, Cliy | Single-gene mutation
Angelman’s syndrome UBE3A B MNo
Rett's syndrome CDKELS, MECP2 . Yeg*
Muchsotide repeat disorder
Fragie X syndrome FRAXA . Yos"™
Chromaosomal abnormalities
Down's syndrome Trisomy 21 . Yes
Frades-Willi syndrome Paternal 15q11-13 Yes"™
Cri du chat syndrome 5pl5 . No
the | ad | riem .. NLGN3, NHEY, SLCGA9, CNTNAP2, PCDH10, Mo
unds SCN7A, BZRAP1, MDGA2
o] Neurodegenerative disorders
Intr i = Single-gene mutation
New == Spinal muscular atrophy SMN1 Yes™
worl Batten's disease (N3 . No
Mitomgeit |1 o oilialdysatonomia  IKBRAP ) Yes
Ataaas SPTBN2, TTBK2, PP2R2B, PP2R2B, PRKCG, ITPR1, PDYN FGF14 . No
° Nucleotide repeat disorder Mo
et : Huntington's disease HTT . Yes'
Spinocerebellar ataxia ATXNI, ATXNZ, ATXN3, ATXN10, CACNAIA - HNo
Mitomycn Friedreich’s ataxia LSPoX - Yag
Multigene or unknown origin
ALS SOD1, WP, ALS2, TARDBP (also known as TDP43) DPPG, ITPR2 Yes™
Retinal degeneration or CLRN1, USH1C, USH1G, USH2A, FZD4, LRPS, NDP, BEST1, CDH23, GPR9B, MYO7A, PCDH1S, MT-ATPE No
disease PRPH2, VCAN
N Parkinson's disease PREN, SNCA, LRRK2, PARK 7, PINKIL, GBA, SNCAIP, UCHL1 Yagasas
Alzheimer's disease PSEN1, PSEN2, APP APOE, CR1, CLU, GSTO1, IDE No
Stroke . PDE4D, ALOXSAP, SORBS], FGG, FGA, LDL-PLA2  No
Figure2: et | (. ot-Marie-Tooth BSCL2, DNM2, EGR2, FGD4, FIG4, GARS, GDAP1, GJB1, HSPB1, .. Mo
tisease HSPES, KIF1B, LITAF, LMNA, MFN2, MPZ, MTMR2, NDRG1,

NEFL, PMP22, PRPS1, FRX, RAB7A, 5BF2, SH3ITC2, YARS

iPS-induced pluripotent stem. ALS= amyotropha latersl sclerosa

Table 2: Neurodevelopmental and neurodegenerative diseases potentially suitable for modelling with iPS cells




Induced pluripotent stem cells: a new revolution for

clinical neurology?

1 & o F, F b §
Yirginma B Mattis, Clive N Svendsen

IPS cells are biologically
indistinguishable from embryonic
stem (ES) cells. Human iPS
cells, like ES cells, can differ-
entiate into a variety of cell types
and may therefore be another
cell source for regenerative
medicine.
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J Cell Mol Med. 2013 May 26. doi: 10.1111/jemm.12062. [Epub ahead of print]

2. The tumourigenicity of iP lls and their differentiated deriva

Department of Advanced Interdisciplinary Studies, Instilule of Basic Medical Sciences and Tissue Engineering Research Center, Academy
of Military Medical Sciences, Beijing, China.

Abstract

Induced pluripotent stem cell (iPSC) provides a promising seeding cell for regenerative medicine. However, IPSC has
the potential to form teratomas after transplantation. Therefore, it is necessary to evaluate the tumorigenic risks of
IPSC and all its differentiated derivates prior lo use in a clinical setling. Here, murine iPSCs were transduced with dual
reporter gene consisting of monomeric red fluorescent protein (mMRFP) and firefly luciferase (Fluc). Undifferentiated
iPSCs, IPSC derivates from induced differentiation (IPSC-derivates), IPSC-derivated cardiomyocyte (IPSC-CMs) were
subcutaneously injected into the back of nude mice. Non-invasive bioluminescence imaging (BLI) was longitudinally
performed at day 1, 7, 14 and 28 after transplantation to track the survival and proliferation of transplanted cells. At
day 28, mice were killed and grafts were explanted to detect teratoma formation. The results demonstrated that
transplanted iPSCs, iPSC-derivates and iPSC-CMs survived in receipts. Both iPSCs and iPSC-derivates proliferated
dramatically after transplantation, while only slight increase in BLI signals was observed in iPSC-CM transplanted
mice. At day 28, teratomas were detected In both IPSCs and IPSC-derivates transplanted mice, but not in iPSC-CM
transplanted ones. In vitro study showed lhe long-term existence of pluripotent cells during iPSC differentialion,
Furthermore, when these cells were passaged in feeder layers as undifferentiated iPSCs, they would recover iPSC-
like colonies, indicating the cause for differentiated iPSC's tumourigenicity. Our study indicates that exclusion of
tumorigenic cells by screening in addition to lineage-specific differentiation is necessary prior to therapeutic use of
iPSCs.

© 2013 The Authors. Published by Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd.
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STEM CELLS

Drug Screening for ALS Using Patient-Specific

Induced Pluripotent Stem Cells

Naohiro Egawa,'>* Shiho Kitaoks,'** Kayoko Tsukita,"* Motoko Naltoh,” Kazutoshi Takahashl,
Takuya Yamamoto,"" Fumihike Adachl,’ Takayuki Konde,"* Kelsuke Okita," Isac Asaka,’
Takashi Aol,' Akira Watanabe,'" Yasuhiro Yamada,'* Asuka Morizane,"® Jun Takahashi,'®
Takashi Ayaki,* Hidefumi Ito,* Katsuhiro Yoshikawa,® Satoko Yamawakl,® Shigehiko Suzuki.’
Dal Watanabe,” Hiroyuki Hiokl," Takeshl Kaneko,” Koukl Makioka,” Kolchl Okamaota,”

Hiroshi Takuma,'” Akira Tamaocka,"” Kazuko Hasegawa,'' Takashi Nonaka,"” Masato Hasegawa,'”
Akihiro Kawata,'" Minoru Yoshida,"* Tatsutoshi Nakahata,” Ryosuke Takahashi,*

Maria C. N. Marchetto,"® Fred H. Gage.'* Shinya Yamanaka,"*"* Haruhisa inoue'*"*

Amyotrophic lateral sclerosks (ALS) b & late-onser, fatal disorder in which the moter peurons degenerate. The
discovery of new diugs for treating ALS has been hampered by & [sch of aceess to metor neurons from ALS
patlents and sppropriate dibease modeli. We generats motor nourons from induced pluripotent stem colls
[PSCs) from familial ALS patients, who coarry matations in Tar DNA binding protein-43 [TO9-43). ALS patient-specific
IPSC-denved mator newurond formed oytosslic sggregates similar to thoie seen in postmonem tsdue from ALS
patients and exhibitod shorter naurites a5 seen in 8 zebrafish model of ALS. The ALS motor neurons wore char
actorized by increaved mutant TDP-43 protein in 8 detergent-insaluble form bound 1o 8 spliceasomal factor
SNAPEZ Expression armay analyses detected srmall increasss in the éxpression of genes invobeed in RNA metsb-
olism and decreases in the expression of genes encoding oytorkeletal protebne. We sxamined four chemical
compounds and found that a histone acetyliransferase inhibitos colled snncardic acid rescued the abnormal
ALS motor neuron phenotype, These findings suggest that motor newrons genarated from ALS patient-derived
IFSCs may provide s useful (ool for elucldating ALS disesse pathogenesis and for tereening doug condidates.

INTRODUCTION

Amvprirephi Lileral schevosls [ALR) B & neunsdegenarative disorder
charscterised by 2 s of upper amd lower motor newmns thay typ-
ically develngs in the ffth ar sixth decade of lie, with a sarvival of
lem than 5 yvary ond & provibece of 2 o I00000 |, 21, The his
topathological lallnuarks of this (ool disease inchide cytesalic aggre
gates in the mobor peveons of most ALS patients with the iporsdic
o of the diseasy. These aggregaies are composed of Tar DA bind-
i precein AN CTIP-43) (3-51, & 4 ld-amans acid nucdearmBMNA bind-
ing proten cantunug o BNA rcogndbion molib Genetle apalysis
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b benidied wore than 30 ostidions in e TP pene in both
lamailial &nad spssruidie ALS vase (8], ALS-dssacsabed abmnonimalities
have beem reported i patient samples and ceffibir and anmmal modeds
(= bl ol seveeral compounids have been idemiized as abrogating the
diseane phenotype bn an ALS monse model. | {omever, whem these com
pounds wem fested i ALS patients, no clinical improvements were
abserved (1],

Induced plnpotent stem odls (5080 have been generated from
ALS patienids and differenlisied o motor eieons (12 19), b B s
fsk yed elemr whether the absisirmmal ccllular. sl mskecular plawinges
o ALS com b recapiiubsied imoviira A Jack of soess bo Buman nesor
inirons ind ippropriaie diseass models his hamperad elfors b e
new diug candidates for ALS. Here, we gonensied hanman molor new
s from (PSCs derived frona famifial ALS patients carrving TIP3
miubaplisig gl bsed them o Ubeiidy & conspound ihal esceind the
ALS pasocisicd plhenotype

RESULTS

il peisor s sty peiennied From iP5 derrved Froai dermal
fibroblusis from paisenis with fanilal ALS or from contrnd indnddisds
by imeunk of pebiovirel oF episomal veciore Seven conkral hoaman 50
by wwere deviveil Boan five simrelated indrsidisadi sitlesat nmitatinm
in the TP pere, ond mine ALS (PSC lines were gencratsd fivan
thive ALS patiends with mndations in TIP3 U4 15 (FRe LA fig
S1A. and table 510, ALS pobients AZ1, AM, and NI4T werr bet
arngygous for the CRROR, MAXTY, @l GISAS mutstions in T4,
respevtively, Newral poguilativons inclaiding motor neunms dervad from
the ALS patiemt iPSCS petained these TOP-4 nuarians (Fig. 15
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Fig. 4. Anacardic aod-induced phenatypic changes i ALS and control motor neurons. (A} gPCR con-
fiorned that § pM anacardic acid treatment for 16 howrs dovwr-regulated TOP-43 mANA expression In pus
rifurd. ALS iPSC-oerived motor neurons. P = 0047 by two-way ANOVA. Ermor bars are SEM. (B) After
treatment with vehicle or 5 pM anacandic acid for 48 hours, cells were hsed, separated (ito soluble
dnd insoluble fractions, and immunoblotted with TOP-43. (0 Quantification of protein band densities after
mmmunobdatting. The dntred line indicates thir baseline vehicle ooly) of relative protein levels (anacardic
acidivehicle), P e B2 % 10 by ¢ vest. Error bars aee SEM, (D] Newrite length of purified motar néurons was
measured 16 hours after treatment with vehicle o 5 iM anacardec acd. P = 0014 by two-way ANCVA,
Error bars are SEM (B} qPCR révealed that anacardic acid weatment up-regulated expression of NEFM
mBENA in ALS IPSC-darived molor newrans. P = 0u032 by 1 test Efror bars are SEM, (F and G) After purifisd
motod nedrons were treated for 186 hours with vehicle or 5 sM anacardic acid, cells wene lysad and ana-
lyzed by expression array profiling. (Yellow bars) P value for significant changes in expression of genes and
sigmaling pathways in ALS versus control IPSC-derived motor nearons was expressed on a logarithmic
scale, (Green bars) P value for GO terms and signaling pathways of anacardic acid-reated ALS motor neu-
rons compared to vehicle-treated ALS motor neurons was expressed on a logarthmic scale, *P < 0.05, **F <
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«Si» del Senato dlla conversione del D Balduzzi: passa il compromesso dedso alla Camera

Staminali, il decreto e legge

Il metodo Stamina equiparato a un farmaco: 3 milioni per la sperimentazione
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6. Perche la comunita scientifica mondiale
non concorda sul Metodo Vannoni?

Per agire secondo le regole il metodo Vannoni deve essere "mostrato": si deve dire quali cellule vengono
impiegate, quante ne sono state isolate, quante volte e stato ripetuto I'esperimento.

E dimostrare che ogni volta che le cellule vengono trattate nel modo "truce" enunciato da Vannoni, cioe
esponendole ad alcol, non solo sopravvivono ma si trasformano anche in neuroni.

Noi sappiamo che tutto cio non accade: gli stessi uff ci brevetti americani hanno affermato che nell'intero

procedimento procedimento
Stamina non c'e nulla di simile a un neurone o a un metodo scientif co. Quest'ultimo, perché sia tale, deve

essere stato replicato almeno 20 volte con gli stessi risultati, trascritti nero su bianco in una relazione

dettagliata.
Il metodo Stamina € privo di questi requisiti. Ma se Vannoni ha da qualche parte la documentazione opportuna

e per qualche motivo non I'ha mai presentate, ora la legge gli da la possibilita di mostrare le carte

Elena Cattaneo
direttore del centro UniStem dell'Universita di Milano
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Letters to the Edito

Ultrasonography of MADSAM peoropaibiv: Fecal aene
eolurpements ol sites of existing and resolval conduction
biboechos

I resd with greut interest the aribcke by Scheid] e al. [1]
focuspd on the alimsoosgraphy Andings of the aoguired
demyveliiating serdory  ond moler néuropathy  (MAD-
BAMI The juthors depacied for the Hirst time i the lern-
qure, that focal nerve enlerpemenis can be deteciad by
wligwoaindd m MADEAM, 6t sies of previous condisciion
Blocks, well wlter complete clinical and electraphiysaological
iesoliition. This observation kighlights m omy opinion 1w
anpariant nupects 1 the clinical course ol 1he dimesse. On
e kide. 0 shaws it ulisssopogsphic morphidogical
clanges may outlest functional recovery in much demvelin-
iting neirepallies. i the oiher side this siudy highliphts
thie Tact tho although 1he chintcal course of the diseise 13
eepptad o be predomuantly in ihe uppey extiemities
morpbolopgical changes 1o the perves of the fower extromi-
Bes oo be detected by wiirmsound preos (o clinieal pnd elee-
trephysiolopcal aftechion

A stmillur spiographical observation has been done only
i ithe cuse of muliifocsl motor seuropathy IMMN] by
Beckiman et gl [2] Thew reported i g stody of X1 paticnis
that a ponogrophic enlargement could be foimd not only m
nerve se i withoul conduction sbnormalities indicabing
demveiinmiire bai ilso i nerves with normiil comdsction

I ovar nevrophysobogss aod ulrasound lab we recently
ghirted Lo peerform wlirasouned m patients alfected rom tm-
mume-inediaied neuropaibdes. Expenencing o cose of &
MADSAM peuropathy wilh disease course over 2 yoirs
we detected sonographically a hypeoraphy of the median
pudd dlner pecve i the Towearm on both sédes, bt pe paih-
ological Hindings conld be detecied in the Jower extremiiics
The site where the hypertrophy wiss delected inulisssund
correlated witly il dite ol conduction block i (he glectro
physiabngicil atudies

Consiclermg the study from Schendl or al. amd our find-
brigs e wotild like by deasd sitention b the uelialiess of
ilirasonography for detectng and diagnosing sepmental le-
sions of e periplicral nepves i MADSAM wnd other on-
mumse-1neclinied neuropathes. These indiogs indecaie thit
e discise process i MADSAM 3 more widdspredd thun
cxpociod on the basis of clinkcal amd  eledirophysiolingec
ahogrmnlities. In opr ‘case though, we could ooy deotec
amy  pathobogeal aboormnline: m the lower cxircmics,
wr the tine codrse of ihe disease may play an mporiant

roke for the detecnon of thess chamges, Uinfirmmmdely there
nre i histobogse studies of nerves in MADSAM sl
electrophysinlogic abnormalities that could confirm these
uliresoanil lindings. These ultrmeonund observaiions eoualkd
heelp thongh o andeérsiand Lhe underbing mochonians o
perve dlnminge amd Eodetste the developmeni of more elfec-
five Lsiimenis

Helerenees

1} Srhei B Mdihoe F, Siisad 50 29 @l |.'|I.I--||||l|ru.|1||'| ol MAINSAM
sasrvpathy ke il nesve cllatpeEmenia ab wiies of 2alatng sl rewilved
ponduiden Mocks Mowrmnumcul Diaand 200 2R TalT 00

77 Meecionimn . van ikon Mg LY Fromsssn H, Vieser LH, v Ak
I, Wokhe I, Ulinssin rrudiliy sliery eRismbivE aeryve Slid el
it Bl sandon Ssiaipaihy, Metmuldpr JECAM Ty W7

Antonins Kemanoodis

g off Nenrobogr, Rufie fimveraiiy,

Nr Fowel-Moueiiod

Ciltramnir. 56, $470 Sha'fown, Germany

Tol - KM THA20I 235 fun +49 2145003024,

Ecpunil pidelrenr gtonis, kempanonchisid groail com

M o g dpmienill gpbaches DO 11T, Es=ig) b FTRATUT R

St cells in severe infaniile splual muscular strophy (SMAL

Mear Xir,

We wonld like to share our receni exponence on the wse
of imfratheenl mesencliymol steim cells bn children with tvpe
| epnal mussidar aprophy (SMAT 53 we belleve It ritses sov
el jssees of concern

Himan mesenchyinal sem odlls |hM3C4) nre Enown b
wecreie o varsely of oylokined and growih Ezctors thar shaw
Bl poracrine and siiocrine gotivities Fod damaged lis-
suis, including nervons cells. The parnne eflects are dis-
bt Fros the chisaseal mosde] of diveet dillerentantion of
stemt cells imio ihe bissoe to be regeneraied, opd nre sup-
poed §i0 have & possible pivetal robe bnovarieus Terms il
aervous cells idnmmege [1]

Thew therapenis role has been odvenily poopeosed in
simnie human ond sl models of second neotoneiro

One of the f ve patients who entered the study,
enrolled at the age of 13 months, died from
respiratory failure at the age of 18 months, 1
month after the second injection. The family
of another patient asked to stop the treatment
after the 5th injection, at 8 months of age, and
the child died at the age of 12 months of
respiratory failure. The other three patients
completed the 6 month treatment course.
During this period in all three there was the

need to initiate sup- portive therapy with
nutritional and respiratory aids. In all three
patients there was a progressive decline of
motor function as demonstrated by the
reduction of the CHOP Intend scale total score
and no clinical evidence of any improvement.
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Cell Stem Ce™
Table 1. Nature of Therapies Offered across Surveyed Websites

Stem Cell Type Frequency Yo
Adult, autologous 9 47
Fetal 6 32
Stem ( cord blood 4 21
Embryonic 2 11
Pﬂl‘tl‘ﬂy Aclu::lngmeh: 2 11
kel Adjuncts 0 0
Dapartment of i Unspecified 0 0
mml‘a’:f Iﬂ Stem Cell Source Frequency %
*Comespondence Bone marrow T 37
D01 10101845t B 0d or mamow donors 5 26
Peripheral blood 5 26
Fetuses 4 21
Fat 2 11
Unspecified 2 11
Other 3 16
Transplantation Procedure Frequency %
Intrathecal, into the CSF 6 32
Irtravenous 6 32
Subcutaneous or intramuscular 4 21
Surgical trans plantation 4 21
Catheterization of deep body vessels 3 16
By mouth 1 3
Topical 1 5




Front, Med, 20011, 34); 3d8-353
RO 101007 /51 16%4-011-0] 30

REVIEW Table 1  Companies marketing stem cel| treatments for amyotrophic lateral sclerosis (ALS)®
MName Location Cell type used Delivery method Clost
Beike Biotechnology Chma Allogeneic umbilical cord blood- Multiple 526 300 LS for imnal
Th derived stem cells (Belke also uses (1V, lumbar punciure) 81X Inectons
e “"regu umbilical cord- and avtologous
glﬂbﬂ’ pErs bone marrow-denved stem cells)
Chaitanva Stem Cell Inda Autologous bone marmow, Intrathecal/mtralesional 6 000-512 000 (bong
Thermpy Center Fetal stem cells injection marmow); 316 D00 (fetal)
Emi etl Kussia Fetal stem cells Mot listed Mot histed
@ Integra Medical Center Mexico Placenta stem cells tmplantation in “different Not listed
Douglas Sipp :
areas sccording to the
Reseqeeh Uit for Scien patient's condition™;, ofien
Kb O30T, Kapan in combination with
acupunciure
Nova Cells Instibute Mexico Autologous bone Nt listed Not listed
marrow-derived stem cells
Stem Cell Rejuvenation Center LisA Adipose-denved stem cells Muluple (1V. 1 s, 8 750 USD
IM. intranasal)
Stem Cells 21 Thailand Adipose-denved stem cells VM injection S1E 000 LUSD
StemProCell LISA Adiposc-denved stem cells Not hsted Not listed
iprocessed usmg Adisiem svsiem)
Tssii Seychelles Mesenchymal stem cells IV injection Mol listed
Wu Stem Cells Medical Center China Neural stem cells Multiple (lumbar punciure, o listed
intracercbral mjection)
ACell-Center Ciermuny Autologous bone IV imjection co-administered 7995 puros (adult);
marmow-denved cells with mannitol 9 (00 euros (child)

* All dats are taken lrom website and patient information resources published by the companies listed. All data reflect claims made as of March 13, 2011.
Website data are archived using SiteSucker software ver 2.3.2, Abbreviations: 1V = mtmavenous; IM = intrimuscular

The marketing of untested and under-regulated stem cell products has developed into a global industry involving
hundreds of companies

Private clinics and physicians around the world claim to use stem cells of various types to treat an extraordinarily
broad range of medical and quality of life indications

Such stem cell clinics operate in regulatory gaps, or even in direct violation of local laws and guidelines; many are
based in advanced economies

Bringing this industry under responsible oversight will require concerted efforts on the part of regulatory authorities,
medical and scientif c organizations, as well as education and engagement of patient groups



Cytotherapy. 2010

Cellular transplants in amyotrophic lateral sclerosis patients: an observational
study.

Gamez J, et al.

Neurology Department, Hospital Universitari Vall d'Hebron, Autonomous University
of Barcelona, Barcelona, Spain. 12784jgc@comb.es

BACKGROUND AIMS: Cytotherapy is a promising option for neurodegenerative disease
treatment. Because of the fatal prognosis and imperative need for effective

treatment, amyotrophic lateral sclerosis (ALS) patients request this therapy

before its effectiveness has been verif ed. The increase in clinics offering

cytotherapies but providing little scientif ¢ information has prompted

considerable medical tourism. We present an observational study of Spanish ALS
patients receiving cytotherapy, analyzing the experiences arising from the

treatment (TX) and considering two progression markers, FVC and ALSFRS-R.
METHODS: Twelve ALS patients with a mean age of 48.6 years (SD 12.8) received
cytotherapy 26.9 months (SD 15.8) after clinical onset. ALSFRS-R and FVC at TX
were 32.3 (SD 6.8) and 63.4% (SD 15.3), respectively. TX involved transplants of
olfactory ensheathing cells in three patients, and autologous mesenchymal stromal
cells in the remainder.

RESULTS: One patient died 33 months post-TX after surviving for 49 months. Five
required mechanical non-invasive home ventilation 7.4 months post-TX. Two

required invasive ventilation 13 months post-TX. Five patients needed gastrostomy
feeding 23.3 months post-TX. Survival between clinical onset and the study end

date was 50 months (SD 17.2). No signif cant adverse events or changes in the
decline of FVC and ALSFRS-R compared with the disease's natural history were
observed.

CONCLUSIONS: Our observations suggest that these therapies do not halt the
course of the disease. Cytotherapy cannot yet be considered a curative treatment
for ALS.
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