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Human neural stem cells in chronic
spinal cord injury
Armin Curt
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Translational research is inherently challenged to bridge the gap between

preclinical research discoveries and clinical applications and discovering how

to embed new knowledge into meaningful treatment concepts and eventu-

ally apply this in patients. The same is unquestionably true in spinal cord

injury where specific challenges in the translation from bench to bed need

to be considered.
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1. The translational dilemma

Translational research in human spinal cord injury (SCI) involving the application
of stem cells is not only challenged by principal ethical and epistemological consid-
erations about the transplantation of ‘allogenic prospering cells’ but also how to
bridge the gap between preclinical models and traumatic human SCI [1]. A clear
rational alignment between preclinical models and human SCI is inherently limited
as so far proven estimations across different species are missing (uncertainties in
many domains like: time, i.e., how acute is acute and what is a meaningful duration
of treatment; route of application; number of cells needed; outcome measures etc.)
to ultimately give a resilient recommendation for a specific first application in
humans [2,3]. The following editorial alludes to some considerations regarding
stem cells as have been considered in the ongoing Human CNS Stem Cell trial in
sub-acute thoracic human SCI [4].

2. Why consider cell replacement therapies in SCI

In the treatment of patients suffering from complete or severe spinal cord injury (about
50%of SCI patients remain sensory--motor complete while additional 20 -- 30%present
long-lasting severe functional impairments although being classified as incomplete) con-
ventional rehabilitation programs show serious limitations, which can’t be effectively
overcome even by intensifying or prolonging rehabilitation efforts [5]. In principle two
major basic conditions are probably underlying these limitations: i) the restricted capac-
ity for regeneration and repair of damaged spinal fibre tracts (no effective spontaneous
re-myelination or axonal regrowth within injured fibre tracts or as collateral sprouting)
as well as the limitation in neural plasticity (conveying neuronal information across
ancillary pathways is less effective comparably to disorders of the brain, i.e., stroke and
traumatic brain injury (TBI)), and ii) the permanent post- traumatic neural loss (in
humans post traumatic cystic cavities can range from a few mm up to 3 -- 5 cm) leaving
a structural definite neuronal gap which prohibits that effects of neural regeneration or
plasticity that can overcome this morphological challenge (funnel effect) [6].

3. What clinical condition to target

The translation of preclinical findings into clinical application has to follow very
much regulated corridors where sequentially safety (an absolute requirement) and
effectiveness needs to be rigorously addressed to eventually proceed with any clinical
applications (in time the latter can even deviate from the initially intended purposes,
when safety has been proven satisfactory and unexpected beneficial effects appear).
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Regulatory agencies (across many countries) preferably con-
sider primary testing of safety (typical Phase I study) to be
performed in SCI patients with the most severe and mutually
permanent impairment (complete SCI = American Spinal
Injury Association (ASIA) impairment scale A). In addition
the level of SCI lesion considered to be acceptable for a safety
study is within less eloquent areas of the spinal cord (typically
thoracic SCI) where a severe adverse event (like non-
intentional damage due to the route of application or local
toxic effect) is less likely to induce a life-threatening and clin-
ically shattering impairment (in patients with cervical SCI the
additional lesion of even only one segment induces a clinically
obvious and for patients relevant deterioration) [7-9]. How-
ever, it must be emphasized that it is precisely some of these
cautious considerations that seriously affect the ability to
identify safety aspects where subtle changes (that could be of
disastrous effect in incomplete or high-level SCI patients)
are probably masked in thoracic complete SCI. In this context
trial protocols even in the early Phase I studies should con-
sider if and how patients with incomplete SCI might be tar-
geted to increase the sensitivity for detecting both adverse
and beneficial effects [10].

4. How long after injury

In almost all treatments an optimal time window for the ther-
apeutic intervention needs to be defined that allows best pos-
sible outcomes (window of opportunity) and tries to be in line
with the assumed underlying pathophysiology. Again in
Phase I studies the later aspect might not be satisfyingly met
while considerations of safety are at the forefront. In novel
treatments transplanting cells directly into the injured spinal
cord choosing a chronic SCI condition warrants some advan-
tages that need to be held against potential disadvantages (i.e.,
missing the best window of opportunity). For the interest of
safety patients within the chronic stage of SCI (this time win-
dow is defined by conventions of expert groups rather than
clear biological landmarks and based on definitions ranges
from 6 to 12 to 24 months after injury) have some clear
advantages: i) the patients are probably in a more stable con-
dition where acute medical complications associated with the
trauma will be less likely to confound the safe application of
cells, ii) the prediction of the clinical course will be much
more consolidated (in thoracic patients 3 months after injury
the functional outcome can be reliably predicted) and each
single patient might to some extent be taken as their own con-
trol where at least any unexpected or unusual deterioration
might indicate a true adverse event [11,12], and iii) the consent
of a patient will be improved by less pressure due to time con-
straints (the patients will have more time to consider partici-
pation and to appropriately address questions and shun the
trap of a therapeutic misconception) and the already partially
lived experience of the disabilities (to learn what it means to
be paralyzed and how to cope with it) is almost a prerequisite
for providing an informed consent.

5. Mode of action

Conceptually the application of stem cells could offer the abil-
ity to serve a very single specific aim like neuroprotection,
regeneration or cell replacement of a specific cell type (like oli-
godendrocytes or neurones), however, there is as yet, even in
preclinical models, no proof which of the various effects are
most probably involved in some of the observed beneficial
outcomes and how to reliably distinguish them. The perspec-
tive that cell treatments could be a means to provide rather
long lasting treatments (i.e., surviving and eventually inte-
grated cells could be a source for delivering neurotrophic fac-
tors for a long period of time) could be a tremendous asset in
the treatment of human SCI. Clinical experience teaches that
the human spinal cord has a huge capacity for plasticity as for
example witnessed by MRI studies in patients with enormous
deformations of the cord (like compression, benign tumour
formation or syringomyelia, albeit with no or only subtle neu-
rological deficits). In these instances the cord can show exten-
sive changes in morphology, which however require a very
slow progression of the underlying disorder [13]. The later
aspect might be of importance specifically in patients with
severe and rather large areas of spinal cord damage where pro-
longed treatment might be essential to fully exploit the effects
of regeneration and plasticity.

6. Study design

Obviously the study design should be best fitted to the
assumed most important aspects of a novel intervention.
While specifically Phase I studies are challenged to focus on
safety than efficacy the study design often suffers from com-
promises (many of which are obligated by regulatory agencies)
that bear risks in many aspects. In addition early translational
trials frequently fall short as they incorporate clinically mean-
ingful primary and secondary outcomes (besides many safety
readouts) rather than provide valuable surrogates [14] (the later
have been found by the FDA to considerably accelerate the
approval process). Surrogates (markers related to clinical end-
points) that are able to reveal the activity of the intervention
by blood or cerebrospinal fluid (CSF) markers or changes in
neurophysiological--morphological assessments in the absence
(almost the default finding of human Phase I trials in neuro-
science) of clinically promising improvements can be of high
value to objectify either subtle changes (not yet clinically
effective but would need some amplification) or to reveal
novel insights in humans that in return might be relayed
back from bed to bench [14-16].

7. Conclusions

In conclusion it becomes obvious that clinical Phase I
studies are challenged on many ends while safety
aspects unquestionably are key that inevitably affects the
stratification of most suitable patients. In addition, there
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is no standard protocol that could be applied in
clinical SCI Phase I/II trials covering the very varied
approaches and comparisons between such studies are
rather limited.
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