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Running enhances neurogenesis, learning,
and long-term potentiation in mice

Henriette van Praag*", Brian R. Christie'*, Terrence J. Sejnowskis, and Fred H. Gage*"
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Adult hippocampal neurogenesis buffers stress
responses and depressive behaviour

Jason S. Snyder', Amélie Soumier, Michelle Brewer', James Pickel' & Heather A. Cameron'

Glucocorticoids are released in response to stressful experiences
and serve many beneficial homeostatic functions. However,
dysregulation of glucocorticoids is associated with cognitive
impairments and depressive illness'”. In the hippocampus, a
brain region densely populated with receptors for stress hormones,

Novely-supressed feecing
stress and glucocorticoids strongly inhibit adult neurogenesis’.

Decreased neurogenesis has been implicated in the pathogenesis oo L e g T v TKas
of anxiety and depression, but direct evidence for this role is lack- s g, e
ing**. Here we show that adult-born hippocampal neurons are “ e .
required for normal expression of the endocrine and behavioural - fw
components of the stress response. Using either transgenic or radi- 3 100 £ 2
ation methods to inhibit adult neurogenesis specifically, we find B B
that glucocorticoid levels are slower to recover after moderate Cumiate fosing atency ()
stress and are less Y in i Fored swim
deficient than intact mice, consistent with a role for the
hi in regulation of the ic-pituitary-adrenal e, = o
(HPA) axis®”. Relative to controls, neurogenesis-deficient mice b .
also showed increased food avoidance in a novel environment after ©
acute stress, increased behavioural despair in the forced swim test, “
and decreased sucrose preference, a measure of anhedonia. These 2
findings identify a small subset of neurons within the dentate gyrus O Gortror— sess. O Gonvor — Swess
that are critical for hippocampal negative control of the HPA Sucrossproorsaca
axis and support a direct role for adult neurogenesis in depressive . '
illness. 100- vy, g 100, [=ls
w g =
@ £
Mice lacking neurogenesis show increased anxiety/depression- © tae
like behaviours - -
© Control ~ Stress. oo Control  Stress.

Adolescent alcohol abuse disrupts
frontal cortical development and
maturation of executive function

A wide range of antidepressants share the common feature
of increasing hippocampal neurogenesis

Table 1~ Effects of psychotropics and electroconvulsive shock on neural precursor proliferation (prolif.) in neurogenic regions of the brain

Compounds Model Study Hippocampus Subventricular zone
Prolif. Neurogenesis ~ Prolif. Neurogenesis
Fluoxetine SSRI Sprague-Dawley adult rat 28 days in vivo  Malberg 2000 Increase 6 NeuN
Reboxetine NRI Sprague-Dawley adult rat 28 days in vivo  Malberg 2000 Increase  75% NeuN
Electroconvulsive shock Sprague-Dawley adult rat 28 days in vivo  Malberg 2000 Increase
Tranylcypromine MAOI Sprague-Dawley adult rat 28 days in vivo  Malberg 2000 Increase
Morphine pu receptor agonist  Sprague-Dawley adult rat 28 days in vivo  Malberg 2000 Decrease
Thyroxine Adult rat Abrogini 200" Increase  BrdU
Tianeptine TCA Adult male tree shrews 28 days in vivo  Czeh 2001" BrdU
Exercise (voluntary running) ~ Adult mice van Praag 199" BrdU
Lithium Sprague-Dawley adult rat 28 days in vivo ~ Chen 2000 60% NeuN
Fluoxetine Adult mouse 28 days in vivo Santarelli 2003 Increase No change
Olanzapine y Wakade 2002°! Increase  Increase NeuN
Risperidone Adult Wistar 21 days in vivo Wakade 2002*  No change Increase  Increase NeuN
Haloperidol Sprague-Dawley adult rat 28 days in vivo  Malberg 2000 No change
Adult Wistar 21 days in vivo Wakade 2002*' No change No change
Adult rat 28 days in vivo Halim 2004 No change
Clozapine Adult rat 28 days in vivo Halim 2004 Increase
Quetiapine Adult rat acute in vivo Xu 2006 Increase !ncl'se

SSRI, Selective serotonin re-uptake inhibitors; NRI, noradrenaline re-uptake inhibitors; MAOL, monoa e cxidsse inhibitors; TCA, tricyclic

antidepressants: BrdU, bromodeoxyuridine; NeuN, neuronal nuclei. . .
Novelty-suppressed feeding test:
time required for a mouse to eat in a novel environment
after fasting (anxiety, anti-depressant)

Alcohol disrupts
neurogenesis in the adult
brain

When neurogenesis encounters
aging and disease

A reduction in neurogenesis underlies aging-related cognitive deficits and
impairments in disorders such as Alzheimer’s disease (AD).



Sleep deprivation/fragmentation
inhibits neurogenesis

Sleep deprivation inhibits adult neurogenesis in the
hippocampus by elevating glucocorticoids

Chris
priss

eters, Liron Noiman, and Elizabeth Gould*

Neuroscience 148 (2007) 325-333

HIPPOCAMPAL NEUROGENESIS IS REDUCED BY SLEEP
FRAGMENTATION IN THE ADULT RAT

% GUZMAN-MARIN,*> T. BASHIR* N. SUNTSOVA,*>¢
& SZYMUSIAK®* AND D. McGINTY®**

The WhO, Where NSCs can be maintained in culture for expansion:

aﬂd When Of 1. As free-floating, clonally-derived neurospheres, grown in
the presence of EGF and/or FGF-2

neu I’Oﬂa| death 2. As adherent, immortalized NSC lines, tipically carrying an

. oncogene to facilitate continued proliferation, again

N ag e-re | ated growing in the presence of FGF2 (and/or EGF)

neurodegenerative
disorders

Human neurospheres Evidences of NSC plasticity

A neurosphere is a

tissue-culture-generated * Bjornson CRR, Rietze RL, Reynolds BA, Magli MC,
clone of cells in different Vescovi AL. Turning brain into blood: a

states of differentiation, hematopoietic fate adopted by adult neural stem

all presumed to arise P . . R
from a single multipotent cells in vivo. Science 1999; 283: 534-37

stem/progenitor cell

Neurosphere on laminin
(inset: semi-solid media)
a-nestin

a-vimentin

a-GFAP

a-B/II tubulin

a-GFAP + a-BlIl tubulin . .
De novo generated Clarke DL, Johansson CB, Wilbertz J, et al.

neuron (a-p il tubulin and Generalized potential of adult neural stem cells.
peroxidase) Science 2000; 288: 1660-63
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Transdifferentiation PANCREAS
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NEURAL CELLS VESSELS

Only phenotypic markers, no functional data!

“Having cells go where they're supposed to go,
connect up and become functional...is a bigger
problem in the nervous system than anywhere else”

Mark Mattson, NINDS, Bethesda

Brainbow mice

NATURE | doi:10.1038/nature02460 | www.nature.com/nature

NSC migration in the adult
brain

New neurons in these regions
originate from a residential
population of adult

neural precursor cells. Neurons

born in the adult SVZ migrate over a
great distance

through the rostral migratory stream
(RMS) and become mostly granule
interneurons

and periglomerular interneurons in
the

OB, whereas neurons born in the
adult SGZ

migrate into the GC layer of the
dentate gyrus (DG) and become
glutamatergic

dentate cells

in the hippocampus.




The neurogenic niche

Niche constituents
that support adult
SVZ or SGZ
neurogenesis
include

- endothelial cells
- ependymal cells
- astrocytes

- microglia

- mature neurons

In contrast to embryonic neurogenesis, one hallmark of adult neurogenesis
is its dynamic regulation by neuronal activity at specific stages

Mice versus Sheep to study the functional
role of adult neurogenesis

o Sheep development (puberty at 6-8 months) and its life expectancy (10-12 years) are rather long in
comparison to rodents and differences in life span could influence the rate of neuronal maturation in
adulthood.

o Sheep possess a gyrencephalic brain, a cortex with a laterally expanded folded pial surface similar
to non-human and human primates, and adult neurogenesis could differ from a lissencephalic brain
with a smooth cortical surface, like rodents, since major developmental differences exists between
both types of brain.

o Sheep is also a seasonal breeder, unlike the majority of laboratory rodents, and these seasonal
changes are under the control of the hypothalamic region.

o Sheep live under different complexity of social organization and in a more natural environment than
laboratory rodents.

o Sheep are highly social and develop selective and stable bonds.

o In this species, odors play a key role in individual recognition of conspecifics either in male-female or
mother-young interactions

Species-specific dynamics

In the OB of rodents, the far majority of newborn neurons are observed
within 15 days after BrdU injections and are fully mature 15 days later

In the macaque, only a very small population of BrdU positive cells is found
even at 3 months post-injection in the granular cell layer.

In sheep, no variation of BrdU cell density is observed across time except a
decrease at 8-month post-injection, suggesting a slow process of apoptosis
over this period, in contrast to rodents in which half of the newborn cells die
within the first month after birth. Very few neuroblasts (BrdU+/DCX+ cells)
are found at 1 month after BrdU injections in the granular layer of the sheep
MOB. This population peaks at 3-month and decreases slowly up to 8
months after BrdU injections. No mature neurons (BrdU+/NeuN+ cells) are
observed before 3 months post-injections and the highest proportion of new
neurons is found 8 months after BrdU injections. A substantial proportion of
immature cells, evidenced by Sox2 labeling, is found both in the
periventricular and granular layers, again supporting the hypothesis of the
presence of stem cells that could differentiate according to physiological
challenges.

Neuronal maturation takes longer in sheep and macaques compared to
rodents

The use of genetically modified mice
to eliminate adult neurogenesis

Newborn neurons in the adult brain are required for some, but not all hippocampus or olfactory
bulb-dependent tasks

Adult hippocampal neurogenesis Adult olfactory bulb neurogenesis

contributes to: contributes to:

O spatial-navigation learning O long-term structural integrity of the

O long-term spatial memory retention olfactory bulb

O spatial pattern discrimination o short-term olfactory memory

O trace conditioning o olfactory fear conditioning

o contextual fear conditioning o long-term associative olfactory

o clearance of hippocampal memory traces memory involving active learning

O reorganization of memory to extra- O pheromone-related behaviors, such as

hippocampal substrates mating and social recognition

DCX labels
neuroblasts

Olphactory neurogenesis and maternal behaviour

In sheep maternal behavior at parturition depends on

Ifactory attraction toward amniotic fluids that cover th
newborn lamb. These cues render the newborn lamb
attractive and stimulate its licking by the mother, thus
inducing maternal behavior. Moreover, ewes are able to
discriminate their own young from an alien lamb by
learning its olfactory signature within 2 h after
parturition, which is accompanied with neurochemical
changes occurring in the MOB.

Decreased cell proliferation occurs in the SVZ, but not in the DG, in ewes that remain with their lambs for
the first 2 days after parturition when compared to ewes separated from them, but maturation of the
neuroblasts is heightened.

Olfactory experience sculpts newborn neurons with nostril closure decreasing and odor enrichment
increasing the arborization complexity of newborn granule cells. In the context of motherhood, olfactory
exposure to pups induces changes in structural synaptic plasticity of newly born olfactory neurons.
Although, the functional relevance of the plasticity occurring in the MOB remains to be determined, one can
hypothesize that the decrease in the number of neuroblasts would reduce cell competition and
consequently increases their maturation, allowing them to be integrated in the neural network involved in
learning

Exposure to either own or unfamiliar lambs increases the percentage of neuroblasts activated in the
granular layer of the MOB compared to exposure to an unfamiliar ewe, indicating that the preferential
activation is not seen for any social odors but is specific to lamb odors.



Hypothalamic neurogenesis and food intake

In mice, hypothalamic newborn neurons acquire the identities and the functional
phenotypes related to the control of energy homeostasis, including NPY or
POMC.

Some of these new neurons are responsive to fasting and leptin.

Diet seems to regulate adult hypothalamic neurogenesis, although the results are
equivocal. Opposing effects of high fat diet on neurogenesis and body weight are
reported depending on the ages and sexes of the animals tested, as well as the
duration of the diet and the targeted hypothalamic area.

Commonly, following growth as EBs, cells are
specified to adopt a neural progenitor cell (NPC)
fate by exposure to retinoic acid (RA) or by
maintenance in chemically-defined, minimal
medium in the presence of FGF-2, a potent

Any remaining non-neural pluripotent stem
cells could give rise to teratomas upon
transplatation, and have been shown to do
so in rodents

mitogen /
Stem cell
pe Source Pros Cons Lo x

1CM of blastocyst Plusipotent, unlimited Tumorigenicity, ethical :iss"”
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NSCs . R specific
_ Embryonic ONS Neural lineage-committed,  Long-term maintenance,
Embryonic o A thical considerati
NSCs X
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AdultNSCs  hippocampus restricted potential?,
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The different regions of the developing brain are patterned by gradients
of different secreted and diffusible signaling molecules; the TFs.
regulated downstream of these molecules then specify positional
identity and NPC fate. Mitogens used in vitro, particularly FGF-2, might
be responsible for altering NSC gene expression, thus affecting their
capacity to generate particular cell types

Cell therapy for Parkinson’s Disease

early proof of principle from human mesencephalic tissue from
aborted fetuses

1980 Transplantation of dopamine-producing cells from
patient’s own adrenal glands

1982 Dopaminergic fetal neurons can survive in the eye
anterior chamber
Transplantation of fetal tissue into the damaged area
of the brains in rats and monkeys models of
Parkinson’s Disease (MPTP)

1085 Fetal tissue (7-9 weeks) transplantation in humans

1995 NIH funding for two double blind, placebo control
clinical trials of fetal tissue transplantation

Factors that influence neurogenesis as
potential therapy

Selected  Physical NSAIDs Contextual
DietIntake  Exercises Learning Transplanted
NSCs
TrkB TrkA

;
;

NSCs Proliferation NSCs Proliferation
Dopamenergic Cholinergic
a Neurons b Neurons

Neuronal pathways that
degenerate in Parkinson’s Disease

- tremor
- rigidity
- movement loss

Levodopa therapy: loss of efficacy, side effects

Studies in patients with PD after intrastriatal transplantation of
human fetal mesencephalic tissue (7-9 weeks), rich in post-

mitotic dopaminergic neurons, have provided proof of principle
that neuronal replacement can work in the human brain

@ The grafted neurons survive and reinnervate the striatum for as long as 10
years, despite an ongoing disease process that destroys the patient’'s own
dopaminergic neurons (Kordower et al., NEJM 1995; Piccini et al., Nat
Neurosci, 1999)

@ The grafts are able to normalize striatal dopamine release and to reverse
akinesia, thus becoming functionally integrated into neuronal circuitries
(Piccini at al., Ann Neurol, 2000)

® Several open-label trials have reported clinical benefit, and some patients
have been able to withdraw from L-dopa treatment for several years (Pongar
at al., Brain Res Bull, 2003)

@® Two recent sham surgery-controlled trials showed only modest improvement
(Freed et al, NEJM 2001; Olanow et al., Ann Neurol, 2003)
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TRANSPLANTATION OF EMBRYONIC DOPAMINE NEURONS FOR SEVERE
PARKINSON’S DISEASE

Curt R. Freep, M.D., Paul E. Greene, M.D., Rosert E. Breeze, M.D., Wer-Yanay Tsal, Pu.D
Witiam DuMaucke, PHD., Recharo Kao, Sanora Dicon, RN, Howano Winkewn, R.N., Swaron Culver, NP,
Joun Q. TRouanowsk, M.D, PH.D., Davio EiceLgenc, M.D., and Staniey Far, M.D.

No clinical improvement
Dyskinesia (aberrant reinnervation? inflammation? contaminants?)

Long-term clinical outcomes
after fetal cell transplantation in
parkinson disease: implications
for the future of cell therapy

JAMA Neurology

Long-term Clinical Outcome of Fetal Cell Transplantation for Parkinson Disease: Two Case Reports

Zinovia Kefalopoulou, MD, PhD; Marios Politis, MD, PhD; Paola Piccini, MD, PhD, FRCP; Niccolo
Mencacci, MD; Kailash Bhatia, MD, PhD; Marjan Jahanshahi, PhD; Hakan Widner, MD, PhD; Stig
Rehncrona, MD, PhD; Patrik Brundin, MD, PhD; Anders Bjirklund, PhD; Olle Lindvall, MD, PhD;
Patricia Limousin, MD, PhD; Niall Quinn, MD; Thomas Foltynie, MRCP, PhD

Importance: Recent advances in stem cell technologies have rekindled an interest in the use of cell
study reports the

tegies for patients with Parkinson di 1y long-term

's of fetal cell transplantation in 2 patients with Parkinson dis

ach long-term
as the design of

follow-up data can usefully inform on the potential efficacy of this approach, as wel
trials for its further evaluation.

Observations: Two patients received intrastriatal grafts of human fetal ventral mesencephalic tissue,
rich in dopaminergic neuroblasts, as restorative treatment for their Parkinson disease. To evaluate the
very long-term efficacy of the grafts, clinical assessments were performed 18 and 15 years
posttransplantation. Motor improvements gained gradually over the first postoperative years were
sustained up to 18 years posttransplantation, while both patients have discontinued, and remained free
of any, pharmacological dopaminergic therapy.

Conclusions and Relevance: The results from these 2 cases indicate that dopaminergic cell
transplantation can offer

provide proof-of-concept support for future clinical tria

e and

¢ long-term symptomatic relief in patients with Parkinson disease
using fetal or stem cell therapies.

JAMA Neurol. doi:10.1001/jamaneurol.2013.4749 JAMA. 2014:311(6):617-618. doi:10.1001 [ama. 2013.285516.

Other sources for DA neurons

Bjorklund et al Embryonic stem cells
develop into functional dopaminergic.

neurons afler ransplantation in a
Parkinson rat model, PNAS 2002

Kim et al. Dopamine neurons derived

from embryonic stem cells functon in Kawasaki et a. Generation of
an animal model of Parkinson's

opaminergic neurons and pigmented
disease, Naturo 2002 epithelia from primato ES by stromal

cel-derived inducing actvty, PNAS.
Chung et al. Genetic engineering of L
mouse embryonic stem cells by Nurr
enhances diferentiation an
maturation into dopaminergic

rons, Eur J Neurosci 2002

Dopamine neurons can be generated also from human ES cells
However, chromosomal aberrations have been observed in mid-term
cultured human ES cells

No new trials have
been performed in PD
patients in the last few
years, as cell
transplantation has
turned out to be less
effective than deep
brain stimulation

To date, thousands of patients with Parkinson's disease
have been treated with deep brain stimulation. The
electricity-based technique requires the insertion of one
or two pager-sized generators under the skin, usually
near the collar bone. The generator emits tiny electrical
pulses that pass along wires, also under the skin,
through electrodes implanted in select areas of the brain.
Some patients experience a tingling sensation, but
typically the stimulation pulses go unnoticed

TRANSEURO is a European research consortium with the
principal objective to develop an efficacious and safe treatment
methodology for Parkinson’s disease suffering patients using
fetal cell based treatments. The consortium has gathered
international experts including leading clinicians, scientists,
industrial partners, ethicists and patients’ representatives who
have joined forces in a new round of experimental work and cell
therapy trials in Parkinson's Disease.

The principal goals of Transeuro are:

To show that the consistency and efficacy of dopaminergic cell replacement in
Parkinson's disease can be improved by careful attention to tissue preparation
and delivery, patient selection and immunosuppressive treatment

To show that dopaminergic cell replacement can be clinically efficacious in the
absence of any troublesome off-state dyskinesias in clinical trials of fetal ventral
mesencephalic transplants in patients with mild Parkinson's disease

To develop a protocol that can serve as a template for all future clinical trials in
the cell therapy field including stem cell-based therapies and the ethical
implications and ramifications of such work.

Dopaminergic neurons generated
from monkey embryonic stem cells function
in a Parkinson primate model

Yasushi Takagi et al

Neural progenitors induced from
primate ES cells. Spheres were
immunoreactive for NCAM (C, green),
Musashi-1 (D, red), and Nestin (E,
green)



Dopamine-producing nerve cells
(labelled red and green) made from
iPS cells created from a Parkinson's
patient

STEMCELLS™

The scientists at StemCells are
directly testing the generation of
dopaminergic neurons from the
cultured neural stem cells. The
neural stem cells and the
dopaminergic neurons will be tested
side by side in preclinical animal
models that mimic the cardinal
features of Parkinson's disease.

Huntington’s disease

- chorea and progressive dementia
- mutations in the huntingtin gene

- the defective protein forms large
clumps that gradually destroy the
medium spiny projection neurons in
the striatum

@ |Intrastriatal grafts of fetal striatal tissue containing projection neurons re-establish
connections with the globus pallidus and receive inputs from host cerebral cortex,
reversing motor and cognitive deficits in rats and monkeys.

@ Clinical trial with intrastriatal transplantation of human fetal striatal tissue showed
that grafts survived, contained striatal projection neurons and interneurons, and
received afferents from the patient’s brain.

The extent of clinical benefit is unclear.

STEMCELLS™

Working in collaboration with StemCells founders Drs. Fred Gage (The
Salk Institute) and Irving Weissman (Stanford Medical Center), the team
at StemCells, Inc. led by Dr. Nobuko Uchida, has succeeded for the first
time in finding markers for human brain stem cells. Using these markers
and state of the art cell sorting, we have been able to purify stem cells
away from the other cells in the brain tissue. The purified stem cells
have been expanded using proprietary cell culture systems and
transplanted back into host mouse brains.

The transplanted stem cells engrafted and differentiated into human
neurons and glia that intermingled with host brain counterparts.
Remarkably, after seven months, the transplanted human cells survived
and migrated to specific functional domains of the host brain, with no
sign of tumor formation or adverse effects on the recipients.

Purified hNSCs

Expanded hNSCs

The dentate gyrus of the
hippocampus is a site of
continuing neurogenesis in
rodents and humans. Various
types of mature human neural
cells (insets - brown) could be
seen in this site of active
neuroregeneration.

Stem Cell Reports
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Cell therapy for Huntington’s

disease

10 patients
10 fetuses per patient
1 autoptic report

171
140),



TABLE 1. Clinical Trials of Cell Transplants in Huntington’s Disease

o/Side
Tmplane Immne
Study non t Tracks Treamment Safety Effioscy Imaging Anatoray
Cubsand 4 23 7 VMer 23?7(B] Cra No pathological or  Net yet possible  MRI-guided sterectaxy,
Caech WGE immanological to determine 5o reponied follow-up

rezponse
MexicoCity 2 1 EI-13 WGE CNewiy  CyA+Ped No surpical insidents Not reported

or sibzequent

Loz Anpelez 14 5-8 E8-10 LGE  1CN +4Pu  Notrepored
(B]

MRI MRS™ and FDG
PETH

Bozon 12 3538 Poreie LGE 2CN+4Pu CyAorant- Safe no serious Not reported
v MHC SEs®
Tampa 7 2% E8-% LLGE peu(B] Cra6 1 death, 3 subdural MRI and PET
months ‘hematomaz®
Créeeil 5 24 EI59 WGE 2QN43Pu GrAlyem Puoosdim afe®

Mild prychissic SEz

London 2 Possible peychisric MRI and DR PET, -
SEinone pasent  choreain 1 vival in PET
NEST-UK 4 2-3 E8-12 WGE Teiple Only SEs related % MRI graft susvival
immnosuppres-
sion®™

[B] = bilateral implants; CN = caudate nucleus; CyA = cyclosporin A; E = weeks of embryonic age; LLGE = lateral aspect of the lateral
ganglionic eminence; Pred = prednisolone; pcPU = postcommissural putamen; Pu = putamen; SEs = side effects; Tnple = combined
cyclosporin A, prednisolone, and azothiaprine; WGE = whole ganglionic eminence; [U] = unilateral implants; VM = ventral mesenceph-
alon.

@ A European trial on more than 100 patients is currently ongoing

Novel therapies for m

MOTONEURON DISORDERS

Intravenous defivery of stem cel-derived
wild-type microglia andor astrocytes for

1
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precursors, molor neurons and
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Intraperitoneal delivery of ceftriaxone
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Growth factors
hold promise for
delaying onset/
progression - ho pecs
restoration of -
lost function W'E\ K

Directing progenitor cell along specific pathways of neuronal differentiation in a
systematic manner has proved difficult, not least because the normal developmental
pathways that generate most classes of CNS neurons remain poorly defined.

Cell, Vol. 110, 385-397, August 9, 2002, Copyright ©2002 by Cell Press

Directed Differentiation of Embryonic
Stem Cells into Motor Neurons

Motoneuron
diseases

involve lesions in one or
both components of a
two-neuron pathway

Amyotrophic lateral sclerosis
(Lou Gehrig’s disease)

Lower and upper motor degeneration
Onset at 40-50 years

Respiratory failure within 2-5 years
Deterioration can be slowed by riluzole
(glutamate-blocking drug) and antioxidant
vitamins - but modest/no improvement
10% genetic forms: earlier onset, Lewy
body inclusions and spinocerebellar
degeneration

Stem cell therapy
for amyotrophic
lateral sclerosis

In its common form, ALS is
characterized by progressive
dysfunction and degeneration of
motor neurons in cerebral cortex,
brain stem and spinal cord. Muscle
weakness progresses rapidly and
causes death within a few years.

To have long-term value, stem cell
therapy must restore function of both
upper and lower motor neurons

Stem cell therapy
for amyotrophic
lateral sclerosis




The US company NeuralStem has received FDA approval for a clinical trial in which 12
patients with ALS will be treated by injection of human fetal-derived NSCs into the
lumbar region of the spinal cord, where it is hoped they will exert a neuroprotective
effect.

Eligibility Criteria:
1) Confirmed diagnosis of ALS by a neurologist

2) Has tracheostomy and is ventilator
dependent for greater than 3 months OR a vital
capacity greater than 60% predicted value

3) Unable to walk due to ALS
4) Lack of complicating medical conditions

5) Live in geographic proximity to Emory
University Hospital

6) Ability to communicate vocally or with low-
tech tools (writing or letter board)

7) A willing and able caregiver who is
committed to the study.

Product status:

U.S.: FDA-approved NSI-566 Phase |l trials commenced in September 2013, and concluded final
surgeries in July 2014. Phase Il concludes after six-month observation period.

Mechanism of Action: Rebuilding neural circuitry

Route of Administration: Direct injections into the spinal cord

- See more at: http://www.neuralstem.com/cell-therapy-for-als#sthash.Tell6aEJ.dpuf

The cervical injection procedure was well tolerated
and disease progression did not accelerate in any sub-
ject, verifying the safety and feasibility of cervical and
dual-targeting approaches. Analyses on outcome data
revealed preliminary insight into potential windows of
stem cell biological activity and identified clinical
assessment measures that closely correlate with ALS
Functional Rating Scale-Revised scores, a standard
assessment for ALS clinical trials.

March 2014

Stem cell therapy
for amyotrophic
lateral sclerosis

Stem CELLS 2012;30:1144-1151 www.StemCells.com

Stem CriLs

REGENERATIVE MEDICINE

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

Joxatax D. Grass* Nicioras M. Bouuss,” Kt Jouk,* Sewaro B. Rurkove,* Tuats Feoerict,”
Merama Porak,” Crystar Kerny,” Eva L. FELOMAN®
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Multiple Sclerosis

Problems for a cell therapy
approach:

* It is both an autoimmune and a
neurological disorders: “adding
cells may be adding fuel to the
fire”

* The damage sometimes extends
beyond the myelin sheets to the
underlying neurons
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Remyelination of the Central Nervous System: A Valuable Contribution from the Periphery
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21 patients (11 women and 10 men) with relapsing-remitting MS
Autologous non-myeloablative haemopoietic stem cell transplantation
Average follow up time 37 months: 17 of the patients (80 percent)

scored better on a standard test used to gauge their vision, muscle
strength, motor coordination, and other aspects of neurological function

Symptoms improvement even after paralysis onset!
Spontaneous homing appealing for a systemic disease!



Stem cell transplantation in multiple sclerosis:
current status and future prospects

Nature Reviews Neurology 6, 247-255 (May 2010)

Amyotroph Lateral Scler. 2010 May 3;11(3):328-30.

No benefits from experimental treatment
with olfactory ensheathing cells in patients
with ALS.

Piepers S, van den Berg LH.

Department of Neurology, Rudolf Magnus Institute of Neuroscience, University Medical Centre Utrecht, The Netherlands.
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Abstract
Cell based therapies may be promising options for treating ALS. These therapies aim at neuronal replacement or they
may prevent dysfunctional motor neurons from dying. C¢ icting results on ion of olfactory

ensheathing cells (OECs) in ALS mouse models indicate that this technique is not yet ready to progress to
clinical trials. A Chinese group has nevertheless treated ALS patients with OECs. We carried out a prospective
study of seven patients who underwent OEC treatment in China, following them from four months before departure
until one year after treatment. Muscle strength, level of daily functioning and respiratory capacity were measured at
regular intervals. Three patients reported subjective positive effects directly after treatment. No individual

bjective il was and outcome measures gradually declined in all patients. Two patients
had severe side-effects. Based on our findings in these ALS patients who underwent experimental OEC
treatment, we conclude that there are no indicati that this is i

Stem cell therapy for CNS
diseases: where do we stand?
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Stem Cell Tourism

First case of alleged stem-cell fraud enters US courts

Six residents of Los Angeles, California, are suing South Korean company RNL Bio and associates in a
Californian court for alleged fraud. They claim the company convinced them to travel to clinics in South Korea,
China or Mexico to donate fat tissue and have stem cells from it re-administered to cure diseases and even
reverse ageing.

Stem Cell Bank

New Scientist, 13 July 2012







