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Abstract—The following was completed as part of the 2011 Route 28 Summit at the International
Symposium on Neural Regeneration. The topic of the Route 28 Summit was “Novel Ways to Exploit
Stem Cells for Recovery of Human Central Nervous System Function.” In response to the Route 28
challenge, we propose a novel combinatorial treatment approach using multiple biological interventions
in conjunction with controlled electrical stimulation to enhance the benefits of a cellular replacement
strategy. Using an aligned polymer scaffold seeded with embryonic neural stem cells, we aim to create a
relay for the disconnected axons in a transection rodent model of spinal cord injury. This approach will be
implemented with (1) a growth factor gradient, (2) chondroitinase ABC (chABC) injections, and (3)
functional electrical stimulation and in situ-recording. We hope to create an environment that is
supportive for stem cell survival and differentiation to facilitate neural relays, long distance host axonal
regeneration, and functional recovery.
BACKGROUND

As participants in the Route 28 Summit at the 2011 International Symposium for Neural
Regeneration we were asked to use stem cells in a novel way to enhance regeneration. In the days-to-
weeks that follow the initial spinal cord injury (SCI), a secondary cascade of deleterious events is
initiated, including: local vascular remodeling, electrolyte changes, neurotransmitter accumulation, free
radical generation, excitotoxicity, cell death, and loss of neurotrophic factor resulting in substantial
damage to the injured region [1-2]. The presence of inhibitory proteins in the environment [3] and the
lack of trophic support [4—6] are thought to be some of the factors involved in the lack of central nervous

system (CNS) regeneration. In the pre-clinical setting, recent studies have suggested treatments involving



the use of growth factor gradients to guide axons in appropriate directions [7—10], enzymatic digestion of
inhibitory chondroitin sulfate proteoglycans (CSPGs) to facilitate axon growth [5] and the use of
biodegradable printed scaffolds to enhance survival of transplanted stem cells [11]. However, even when
improvements are observed, regeneration is slow, inefficient and never fully restores the nervous system
to its pre-injury state in primate models [12—13]. As robust functional recovery is rarely achieved, it is
necessary to re-think the stem cell-based SCI regenerative interventions using novel, combinatorial
approaches [14].

To close the gap between the alpha motor neurons in the cortex and effector muscles, following
SCI, researchers have used functional electrical stimulation (FES), in which electrical stimulation is used
to generate or suppress activity within the CNS [15]. FES devices are currently being used in humans to
restore: bladder function, upper limb movements including grasping of the hand, posture, balance, cough,
and other motor functions [16]. Electrical stimulation near the site of injury has also been shown to
facilitate axonal outgrowth [17]. For example, direct stimulation to specific tracts above the level of SCI
in a rodent model resulted in robust outgrowth of tract axons and facilitated improved functional recovery
[18]. However, the best technologies only restore partial function, which in some cases cause unnatural
incomplete movements [19]. In addition, computational and recording technology is yet unable to
completely mimic and restore fluid movement after SCI.

To increase the benefits of both biological and FES therapies following SCI, we propose using
both in combination. Transplantation of neural stem cells of different origins has been used for several
years in SCI [10,20-21] resulting in inconsistent levels of functional restoration. Applying electrical
current to the spinal cord can help reactivate circuitry below the injury level and facilitate the control of
smooth and skeletal muscle caudal to the injury [22—24]. The premise is that neither therapy by itself
yields robust and concerted restoration of function, but the combined strengths of these approaches will
achieve this goal.

STUDY PROPOSAL

We hypothesize that combining biological and neuroprosthetic approaches will increase long



distance regeneration of host motor axons, establish a functional relay via exogenous hES-NSCs, and
facilitate locomotor recovery following a spinal cord transection in rats.
Specific Aim 1: Creating Sustainable Biological Relays

We first aim to transplant aligned poly-L-lactic Acid (PLLA) matrices seeded with neurally pre-
differentiated human embryonic stem cells (i.e., hRES-NSCs) in addition to growth factor gradients and
chABC injections to create biological relays following spinal cord injury. hES-NSC can be manipulated
to direct their fate toward neuronal fates [25-26]. By seeding the scaffold with hES-NSCs, we hope to
promote the sprouting and formation of synaptic connections with intact circuits on either side of the
lesion, thereby bridging the damaged area to create a functional relay. In addition, the inclusion of a
growth factor gradient established by applying neurotrophin-3 (NT-3) at the caudal graft-host interface
should facilitate long distance regeneration of host axons. We hypothesize that this combinatorial
approach will create an environment conducive to aligned and efficient motor axon growth, thereby
facilitating long distance host regeneration through the graft and/or the establishment of a functional
relay by exogenous hES-NSCs.

Specific Aim 2: Supplementing the Biological Relay with FES

To span the disconnection of brain and movement, we will implant an array of stimulating and
recording electrodes spanning from a few millimeters rostral of the injury and graft site to lumbar spinal
segments caudal to the injury. This will provide an artificial relay that allows electrical signals to bypass
and/or cross the injury site as regeneration proceeds (see Figure). Rostral-to-transection FES electrodes
will be placed in the vicinity of the corticospinal tract (CST) to directly stimulate corticospinal axon
regeneration [18]. Caudally transected axons undergo degeneration due to loss of somal contact, but alpha
motor neurons and interneuronal circuits are maintained, at least transiently, following SCI [27]. FES
electrodes will be placed in the vicinity of the ventral horn caudal to the transection to stimulate
interneurons and alpha motor neurons. FES caudal to the injury site will be used to maintain muscle
physiology and integrity immediately following the loss of descending innervation. Combining the use of

stimulating and recording electrodes with the treatments discussed in Aim 1, we hope to both boost long



distance host axonal regeneration through the graft, facilitate the formation of functional relays, while
maintaining electrical input to interneurons and motor neurons below the level of injury. We hypothesize
that implantation and utilization of recording and stimulating electrode arrays spanning from T2-L1 will
promote long distance host axonal regeneration and/or biological relay circuit formation thereby

improving functional locomotor outcomes.

Internal Microprocessor

o Stimulating
A A P> Recording Electrodes
- Electrodes ‘

(«

—
et

) (@)

| T10 T12 L1 J
~ Rostral Caudal
—— v
. ~ mini osmotic
< . ( : 5 External Computer
Alligned PLLA RUmpE== - Recording electrode data
k Scafold collection
- Control of stimulation
parameters

Figure. Schematic diagram demonstrating combination of interventions used in this proposal.
METHODS AND EXPERIMENTAL PLAN

We will first investigate these therapies in a rodent full transection model of SCI before
advancing to larger mammals. This model allows us to remove a segment of the cord and replace it with
our aligned PLLA matrices [28]. We can then reliably test whether regeneration and functional
improvements are taking place. If this preliminary “proof of concept” experiment demonstrates promising
results, we will optimize the procedures (i.e., decreasing the invasiveness and update the scaffold and the
pumps to the most recent technological advances) and move toward more clinically relevant models of
SCL

Aim 1
Immunosuppressed rats will undergo a full spinal cord transection between T5-T7. Human

embryonic stem cells will be pre-differentiated in vitro into neural progenitors (hES-NSC) [25]. The



aligned electrospun PLLA matrix seeded with dissociated hES-NSCs will be implanted acutely into the
cavity between T5-T7 and anchored in place with fibrin glue. The matrices will allow axons to grow in
straight, parallel bundles and mimic the anatomical organization of the intact spinal cord. In addition, a
brain-derived neurotrophic factor (BDNF) and NT-3 loaded mini-osmotic pump will be implanted caudal
to the lesion to promote survival of the grafted cells and attract growing axons [29-31]. chABC will be
injected at the rostral and caudal portions of the injured cord to prevent the build-up of CSPGs.

Aim 2

Prior to T5-T7 transection, intraspinal microstimulation (ISMS) microwire and sensory arrays
will be implanted into the injured spinal cord [23,32]. A number of these arrays will be implanted from
T2-T4 in the CST region to locally stimulate this important axon tract. Arrays will also span from T8-L1
within the ventral horn to target interneurons and alpha motor neuron pools. Microwires will be fixed to
the dura at their site of insertion, with cyanoacrylate glue drops. Stimulation location and parameters can
be mapped by motor cortex stimulation in rodents prior to T5-T7 transection injury. Post transection, the
PLLA scaffold will also be implanted (same as Aim 1) with an array of electrodes spanning the transected
region. Throughout the post-transection experiment, rostral recordings from descending motor pathways
will be sent to a subcutaneous microprocessor programmed to stimulate caudal motor neuron pools. The
microprocessor will be implanted subcutaneously and programmed through a wireless connection to
ensure proper calibration and allow for adjustments to the rostral recording threshold required to elicit
caudal stimulation, as well as the location, timing and intensity of those caudal stimulations.

In vivo locomotor, sensory and spasticity assessments will be performed to monitor the recovery
and potential development of sensory allodynia, hyperalgesia and spasticity. Subsequent histological
assessments will be performed with particular focus on the survival and neuronal differentiation of grafted
hES-NSCs, the integration of the PLLA scaffold with host tissue, and the growth around the graft-host
interface. By examining the expression of markers specific to human cells (cytoplasmic antibody or
lentivirus carrying green florescent protein), we will be able to distinguish between endogenous and

exogenous neurons, and thereby assess the relative contributions of long distance regeneration by host



cells versus local relay formation by transplanted cells. Injection of an anterograde tracer, biotinylated
dextran amine into the motor cortex 2 weeks prior to sacrifice will allow us to evaluate the extent of
axonal sprouting of host cells and visualize the connectivity between host and grafted neurons. Additional
analyses will be conducted to look for evidence of aberrant sprouting, long-term damage due to ISMS and
recording electrodes embedded in the spinal cord and the possibility for tumor formation.
DISCUSSION AND CONCLUSIONS

Combinatorial approaches are necessary to overcome the lack of functional axonal regeneration
and locomotor recovery that occurs following severe spinal cord injury [14]. Therefore, we propose a
therapeutic approach that combines a variety of interventions intended to: 1) reduce the inhibitory factors
present at the lesion site (chABC), 2) increase the presence of axon growth promoting factors (BDNF &
NT-3), 3) replace lost neural connections by transplanting cells capable of generating new neural circuits
(hES-NSCs), 4) provide a substrate for neural growth and/or regeneration of appropriate connections
(PLLA scaffold), and 5) maintain the excitability of the local and peripheral circuitry involved in motor
movements (FES). The FES component supports the locomotor system by keeping it excitable and
functioning until axonal plasticity and/or regenerative processes re-establish biologically meaningful
connections. Importantly, the FES input can also be altered in response to the output recorded at various
levels during the experiment. We believe that this research project represents a required step forward in
the study of potential therapies for spinal cord injury, as there is a paucity of work integrating state-of-the-
art neuroprosthetic interventions with cutting edge biological approaches. In the present work, a
neuroprosthetic implant is envisioned as a tool to help limit the loss of neuronal and muscular function
below the level of injury, while potentially boosting plasticity and repair processes involving a
combination of biological interventions. Importantly, such a device would allow for continuous
monitoring of the ongoing changes in electrical conduction that occur during recovery from spinal cord
injury. The availability of monitoring from the electrode array will provide invaluable insight into
recovery from spinal cord injury, particularly in terms of the timing and tailoring of interventions to suit

ongoing changes in the underlying connectivity of neural substrates.
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Abstract—The following was completed as part of the 2011 Route 28 Summit at the International
Symposium on Neural Regeneration. The topic of the Route 28 Summit was “Novel Ways to Exploit
Stem Cells for Recovery of Human Central Nervous System Function.” Traditional cell transplant
strategies have not been successful in promoting robust functional recovery following spinal cord injury
(SCI). Part of the reason why cell transplant therapies have failed may be related to improper targeting of
regenerating axons through the lesion. In this report, we propose a novel therapeutic approach using stem
cell-derived radial glial cells in combination with a magnetically aligned fibrin scaffold for targeted
axonal regeneration. Animals with a cervical dorsal column injury will receive an injection of embryonic
stem cell-derived radial glial cells along with a fibrin-thrombin solution directly into the lesion. The fibrin
scaffold will be aligned in situ using magnetic resonance imaging (MRI) prior to polymerization. To
further promote axon growth through the lesion, cyclic adenosine monophosphate and chondroitonase
ABC will be co-administered rostral and caudal to the lesion. Functional recovery will be evaluated using
electrophysiological assessments and the sticker removal and forelimb reaching tasks. Growth of the
regenerating or sprouting host axons will be examined at 3 and 6 mo after injury using MRI and diffusion
tensor imaging. Histological analyses will be conducted to visualize the underlying circuitry mediating
putative functional recovery. It is hypothesized that the fibrin-mediated linear organization of the radial
glial cells in the lesion will enhance targeted axon outgrowth and improve functional recovery following
SCL

BACKGROUND



Radial Glial Cells
Radial glial cells play an integral role in guiding cell migration during development of the central
nervous system. In birds and fish, radial glial cells play an essential role in regeneration following injury
[1]. Furthermore, data suggest that radial glial cells maintain their phenotype and favor the regenerative
response in the presence of a patterned substrate (i.e., fibrin) [2]. Embryonic stem cell-derived cells with a
specific radial glial phenotype are readily obtainable [3] (Figure 1). Therefore, radial glial cell transplant

therapy is technically feasible.

Figure 1. RG3.6 cells showed features of radial glial cells. (a) Differential interference contrast (DIC)
and (b) green fluorescent protein (GFP) showing radial glia morphology. Expression of radial glial
markers: (C) the intermediate filament protein, nestin, and (d) brain lipid binding protein (BLBP). Scale
bar =20 um. Adapted with permission from Hasegawa et al. [3].
Aligned Substrates Can Enhance Axonal Growth

It is becoming increasingly evident that physical cues such as topography can play a significant
role in guiding axons [4]. For instance, following peripheral nerve injury, Schwann cell basal lamina and
the associated extracellular matrix provide guidance cues for the regeneration of axons [5—6].
Specifically, laminin and chondroitin sulfate proteoglycans interact with regenerating axons and either
promote or inhibit axonal outgrowth. In a recent study, poly-L-lactic acid microfibers in either aligned or
in random configuration were examined to determine the effect topography on axon outgrowth [7]. The
authors found that neurites of cultured dorsal root ganglia (DRG) neurons, grown on aligned fibers,
reached significantly greater distances compared to randomly aligned fibers and film controls (Figure 2).

Moreover, DRG neurons cultured on random fibers produced a denser network of neurites than those



cultured on films without any topography (Figure 2(a—b)). However, the overall length of neurites did
not significantly differ between these two conditions (random versus control) (Figure 2(b—c)), suggesting
that the path of neurite growth is more circuitous on randomly aligned fibers. Therefore, while the
presence of a suitable substrate is essential, alignment of the substrate can maximize targeted neurite

extension by limiting or restricting the direction of axonal growth.

Figure 2. Aligned substrates can enhance axonal outgrowth in vitro. Dorsal root ganglia P4 explants were
plated onto (a) smooth, (b) unaligned, and (c) aligned fibers. Samples were labelled with neurofilament

(NF). Scale bar = 500 um. Adapted with permission from Hurtado et al. [7].

Study Proposal
We hypothesize that stem cell derived radial glial cells can significantly enhance axonal
outgrowth after injury to the spinal cord. We propose a highly innovative approach that uses MRI to
produce an aligned fibrin scaffold.
METHODS
Treatments and Animal Groups
Adult Sprague-Dawley rats will be subjected to a complete bilateral removal of dorsal column

between C6 and C7. Animals will recover for two weeks while the injury site stabilizes. Two weeks



following injury, the glial scar will be surgically resected and rats will be injected with embryonic stem
cell-derived radial glia (GFP-labeled for better tracking in vivo) in a fibrin-thrombin mixture. Rats will be
placed in a MRI scanner to align the fibrin scaffold during a crosslinking reaction with thrombin as
previously described [8]. chABC will be injected rostrally and caudally to the lesion site, immediately
following removal from the MRI. cAMP will be injected into the C7 DRG to further promote axonal
outgrowth. Five experimental groups will be used: radial glia + aligned substrate + cAMP + chABC;
radial glia + aligned substrate; radial glia + unaligned substrate + cAMP + chABC; aligned substrate only;
and radial glia only.
Histology
At 3 and 6 mo post-injury, the anterograde tracer, biotinylated dextran amine, will be injected into
the C7 DRG to assess the extent of axon growth.
Functional Analyses
The sticker removal test for proprioception and reach task for fine motor control, as well as
electrophysiological assessments as previously described [9], will be used. The following time points will
include behavioral assessments: training (pre-injury), post-lesion, pre-graft, post-graft (with biweekly
tests up to 6 mo).
In Vivo Imaging
Longitudinal studies using DTI will be used to visualize the growing axons [10—11].
DISCUSSION AND CONCLUSIONS
It is anticipated that this novel application of radial glial cells will enhance axonal outgrowth and
improve functional recovery after SCI. However, a few potential limitations to this approach may exist.
We proposed to use fetal-derived stem cells; however, previous studies suggest alternative methods for
the development of radial glial cells from embryonic stem cells [3]. The use of embryonic stem cells may
have more clinical relevance, due to availability and ethical constraints against the use of embryonically
derived cells. Secondly, magnetic alignment of the fibrin scaffold has been successful in vitro but has not

yet been attempted in vivo. Therefore, additional modifications may be necessary to obtain



polymerization of fibrin scaffolds in vivo. Thirdly, stability of the fibrin scaffold in vivo may be a
limiting factor. Though a possible limitation, previous studies suggest that fibrin gel degradation can be
significantly prolonged by either the addition of aprotinin [12] or the addition of polyethylene glycol onto
the fibrin [13]. Lastly, if the proposed treatment shows efficacy in this specific injury model, additional
testing will be needed to determine if this method can be used in a chronic setting and/or in other injury
models.
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Abstract—The following was completed as part of the 2011 Route 28 Summit at the International
Symposium on Neural Regeneration. The topic of the Route 28 Summit was, “Novel Ways to Exploit
Stem Cells for Recovery of Central Human Nervous System Function.” Amyotrophic lateral sclerosis
(ALS) is a neurodegenerative disease characterized by the loss of motor neurons leading to paralysis and
death. The vast majority of ALS cases are idiopathic; however, at least 2% are caused by mutation of the
copper-zinc superoxide dismutase 1 gene on chromosome 21. Here, we propose a three-pronged
approach: (1) identify the molecular trigger for the onset of symptomatic ALS using a microray approach,
(2) develop a genetically modified cell-based treatment, and (3) restore lost respiratory function once
disease progression has been halted by an implanted stem cell treatment.
BACKGROUND AND SIGNIFICANCE

ALS is a neurodegenerative disease affecting about 30,000 Americans [1]. The typical
timecourse of the disease from onset to death is two to five years. Most cases of ALS are idiopathic and
the precipitating factor in genetic cases is yet unknown. Currently, the only approved clinical treatment is
Riluzole, which blocks glutamatergic transmission in the CNS [2]. Clinical trials have been conducted
with varied success using modified stem cells [3—4], anti-glutamatergic factors [5—7], and neurotrophic
factors [8]. Further investigation is needed to determine the cause and molecular triggers of the ALS, and
the development of an effective treatment. First, we propose an extensive microarray study using induced
pluripotent stem cells (iPSCs) derived from patients with ALS-SOD1 to determine what molecular
change occurs at the onset of symptomatic ALS. Second, we propose a novel intervention/therapy using
genetically modified autologous hematopoietic stem cells. Finally, we present a simple method for

restoring respiratory function in patients using stem cells to form interneuronal relays.



PROPOSED STUDY AND METHODS
Hypothesis Statement
We hypothesize that stem cells can be modified to deliver protective factors to the CNS in order
to halt the progression of ALS.
Aim 1: To Determine the Molecular Trigger For Motor Neuron Death And Symptom
Presentation in ALS-SOD1 Patients
We will use gene microarray technology to investigate the gene expression profiles of cells from
ALS-SODI1 patients before and after onset of symptoms, and cells from healthy subjects (controls).
Fibroblasts will be harvested from ALS-SOD1 patients (n = 20) and age matched controls (n = 5) every
four months over the five year period during which symptomatic onset typically occurs. The fibroblasts
will be transformed into iPSCs which will be induced to become motor neurons, oligodendrocytes,
astrocytes, microglia and macrophages [9—12]. Since the initiating trigger for ALS is not known, all of
these cell types need to be investigated. Mixed cell cultures of all possible combinations of ALS-SOD1
and control cells will be grown. mRNA will be isolated from each culture condition, hybridized to the
Affymetrix GeneChip Human Genome U133 Plus 2.0 array for microarray analysis, and fold changes will
be calculated. The resulting gene data sets will be further analyzed with Ingenuity Pathway Analysis
(IPA, Ingenuity Systems, Inc.) for comparison analysis. Gene expression patterns that correlate with
disease progression and cell type will be identified. For this exercise, we hypothesize that we will find
transcription regulators that correlate with symptomatic progression. Based on current literature, we
propose that these transcription factors will include c-Fos and JunD because the expression levels increase
dramatically at the time symptoms are observed [13]. Identifying these molecular triggers will allow for
therapeutic interventions that target these molecules and their related signaling pathways.
Aim 2: To Develop Hematopoietic Derived Monocytes Modified to be Protective Against ALS
While Retaining the Innate Ability to Home to Lesioned Areas
In order to deliver therapeutic factors to the sites of neuronal loss in ALS, macrophages derived

from autologous bone marrow derived hematopoietic cells by standard protocols [14] will be used to



home to areas of inflammation by endogenous mechanisms. Similar cell types have been shown to home
to areas of inflammation in myocardial infarction and glomerular nephritis [15—16]. These cells will then
be infected with multiple replication incompetent lentiviral expression vectors to drive the cells toward a
wound healing macrophage phenotype, alleviate the damage caused by ALS, and allow for elimination of
these cells at later times. Cell lines will then be generated that stably express these factors. Gene
expression in all viral vectors will be driven by the MMP-9 promoter.

As presented in the Figure, IL4 and IL13 will be used to drive monocytes into an M2 type
macrophage phenotype with wound healing properties [17]. To alleviate damage caused by ALS, insulin-
like growth factor-1 (IGF-1), somatostatin, c-Jun N-terminal kinase inhibitor (D-JNK-1) and excitatory
amino-acid transporter 2 (EAAT?2) will be expressed. IGF-1 promotes cellular proliferation, cellular
differentiation and inhibition of apoptosis when activated. Although unsuccessful in clinical trials when
delivered by subcutaneous injection [18], IGF-1 was shown to exert neuroprotective effects in a mouse
model of ALS when delivered by lenti-viral vector [19], and has also shown increases in mesenchymal
stem cell engraftment when expressed by transplanted cells [15]. Somatostatin and D-JNKI-1 inhibit c-
Fos and JunD, respectively, and, turn off the trigger of ALS that we (hypothetically) derived from our
microarray studies [13,20-22]. EAAT?2, which increases glutamate re-uptake at the synaptic cleft, will
reduce the excitotoxic effect of glutamate in ALS [5,23-24]. Herpes simplex virus-thymidine kinase

(HSV-TK) generates monocyte susceptibility to Ganciclovir [25], allowing removal of any excess cells.
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Figure. Proposed genetic modifications of hematopoietic derived monocytes.

We will transfer these modified monocytes into a SOD1-G93A mouse model of ALS using an
established femoral vein systemic delivery technique [26]. After transplantation, animals will be
monitored. Once symptoms have diminished or stabilized, animals will undergo a blood-brain barrier
(BBB) integrity test using IV injection of biotin conjugated dextran [27]. At the point where the dextran is
no longer found outside of the blood vessels in sectioned tissue, we will administer Ganciclovir
conjugated to a high molecular weight dextran to prevent travel across the BBB and restrict HSV-TK
mediated cell death to areas outside of the CNS. In order to prevent excess cell death due to the bystander
effect, we will administer dexamethasone concomitantly [28].

Aim 3: To Augment Respiratory Function in a Rodent Model of ALS Once Disease Progression
is Halted by Our Treatment Protocol

We will use the SOD1-G93 A rat model to test whether autologous bone marrow derived



hematopoietic cells driven to become neural precursor cells (NPCs) [29—30] can promote improved
respiratory behavior. NPCs will be stereotactically transplanted in the cervical spinal cord at the level of
the phrenic motor nucleus of the transgenic rats. Several segmental injections will be used to deliver cells
and populate the area around the phrenic motor neuron pool. NPCs transplanted in similar fashion have
been shown to develop into interneuronal phenotypes that become integrated into the phrenic motor
pathway and alter respiratory patterns [31-32]. Baseline plethysmographic and electrophysiological
parameters will be evaluated and compared to post-transplant time points.
DISCUSSION AND CONCLUSIONS

This proposal describes an innovative approach to understanding and treating ALS. Three
challenges are addressed: identification of a precipitating factor in development of ALS symptoms,
application of a systemic treatment that will be able to reach the entire CNS in a biologically relevant
way, and treatment of the devastating loss of respiratory function seen in late stages of the disease.
However, this approach is currently technically unfeasible. First, discovery of the molecular trigger for
ALS would require approximately 285,000 microarray chips to analyze all the mixed cell cultures
proposed. Such an undertaking would be very expensive and require an enormous amount of labor for
tissue processing and data analysis. Allowed unlimited resources, as we were in this exercise, we were
freed from this limitation. Second, it is doubtful that a single cell could be stably transfected with as many
genes as we have proposed and secrete all these factors at clinically relevant levels. However, this could
be approximated with several genetically modified cells being co-transplanted. Transplantation of NPCs
to augment respiratory function is feasible but would be insufficient for treating ALS without a treatment
to halt or slow the progression of the disease. The idea that transcription factors are the key molecules for
the progression of neurodegenerative diseases is being pursued [33] and, therefore, may yet prove to be
part of the molecular trigger for symptomatic ALS. Focusing on the factors that lead to progression of the
disease instead of the causative factors has the potential to extend the application of these results beyond
the SOD1 form of ALS to the idiopathic cases as well.
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