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Abstract

Spinal cord injury (SCI) is a highly debilitating neurological disease, which still lacks effective treatment
strategies, causing significant financial burden and distress to the affected families. Nevertheless, nanotech-
nology and regenerative medicine strategies holding promise for the development of novel therapies that
would reach from bench to bedside to serve the SCI patients. There has already been significant progress
in the field of cell-based therapies, with the clinical application for SCI, currently in phase II of the clinical
trial. Stem cells (e.g., induced pluripotent stem cells, fetal stem cells, human embryonic stem cells, and
olfactory ensheathing cells) are certainly not to be considered the panacea for neural repair but, especially
when combined with rehabilitation or other combinatorial approaches using the help of nanotechnology,
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they seem to be the source of some of the most promising and clinical translatable cell-based therapies that

could help solving impactful problems on neural repair.
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Introduction

Spinal cord injury (SCI) is a highly debilitating neurological
disease, caused either by trauma or by a disease i.e. a tu-
mour. SCI brings an unbearable burden, both to the patient
and to his family, but also to the society as a whole, given
the great psychological, physical, financial and social impact
of the injury. The incidence of SCI around the world is on
average 40—80 per million with 250,000 to 500,000 being in-
jured globally each year (World Health Organization, 2013).
For the traumatic SCI, depending on the region, there are
differences in incidents; namely, within the United States
of America (USA), such differences are estimated to 40 per
million and within Western Europe to 15 per million (Lee
et al,, 2014). From the patient’s perspective, after a SCI there
is almost no system that is not affected due to the injury,
but high priority is given in hand and arm function for
tetraplegic patients and in bowel, bladder and mobility for
paraplegic patients (Simpson et al., 2012). In terms of the
societal burden, the lifetime cost varies, with an average,
for a high-level tetraplegic patient, being $4,724,181 and
$2,310,104 for a paraplegic one, when injured at the age of
25 in the USA (National Spinal Cord Injury Statistical Cen-
ter, 2013).

It has been speculated for many years that cell therapies
are the key approach for SCI in order to restore the func-
tion. Ever since the first peripheral transplantation in 1980
(Richardson et al., 1980) when central nervous system (CNS)
axons were grown in peripheral nerve grafts, several other
types of cells have been used. The cells try to target different
stages of the injury, namely the acute, sub-acute or chronic
stages, with the ultimate goal to create a permissive envi-
ronment and/or replace the lost neurones so that new axons
and synapses can be formed and function restoration can be
achieved after SCI. In the rest of the review, we will include a
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small description of the pathophysiologic stages of SCI and
describe the most promising cells that are either in clinical
trials or they are very promising and may be approved in the
near future. Finally, we will try to explore the obstacles for
clinical translation and give future directions for catalysing
the clinical applications.

Pathophysiology

The pathophysiology of SCI can be divided into three stages
acute, sub-acute and chronic. It should be noted that the sci-
entific community has not globally agreed in the exact dura-
tion of each of those stages so certain variations may be seen
in the literature.

In the acute phase of SCI (seconds to minutes after the
injury), the initial mechanical impact leads to direct damage
of the tissue, meaning haemorrhage, local oedema, necrosis,
and laceration of the tissue (Kakulas, 2004; Silva et al., 2014).
During this phase, various systemic and local events emerge
(Hulsebosch, 2002), such as systemic hypotension, spinal
shock, vasospasm, plasma membrane compromise, isch-
emia, and neurotransmitter/ionic disturbances (Rowland et
al., 2008; Silva et al., 2014).

Some of the acute phase events pass into the sub-acute
phase (minutes to weeks after the injury), just like some sub-
acute phase events continue into the chronic phase of SCI
(months to years after injury).

In the sub-acute phase, a cascade of secondary events takes
place, including further oedema, vasospasm, excitotoxicity,
inflammation, free radical production, lipid peroxidation,
ischemia, apoptosis, demyelination and neurotransmitter/
electrolyte disturbances (Donnelly and Popovich, 2008; Silva
etal., 2014).

In the sub-acute and chronic phases, the central part of
the spinal cord contains a lentiform-shaped cyst filled with
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fluid, while hypertrophic astrocytes are found around that
cyst, initiating a process called “cavitation” process (Rowland
et al., 2008; Silva et al., 2014). Those astrocytes along with
other cells secrete extracellular matrix and inhibitory mole-
cules, thereby causing inhibitory factors, such as chondroitin
sulfate proteoglycans (CSPGs), to get locally up-regulated. In
turn, that leads to the glial scar formation, which sets both
a physical and a chemical barrier to the process of neurore-
generation (Liu et al., 2013). Finally, retrograde degeneration
occurs to the damaged neurones through apoptosis similarly
to the neurodegenerative disorders (Crowe et al., 1997; Fre-
und et al., 2013).

Having a good understanding of the pathophysiology of
SCI along with a valid hypothesis and robust methodology,
researchers can use different cell transplantation methods
targeting any of those stages. The choice of the stage to aim
for depends on the scientific rationale and prior experimen-
tal evidence.

Promising Types of Cells and Stem Cells
Different types of cells have been tried out for SCI (Figure
1). Regardless of whom the cells are taken from (either from
the patient himself or from a donor), very few of the cells
demonstrated adequately promising results, which could al-
low them to reach the clinical trial phases.

In the next section, we will describe the rationale behind
the use of each cell type in different phases of SCI, as well as
the advantages and disadvantages linked to the most prom-
ising cells that are either on clinical trials or about to enter.
In addition, a quick reference guide with the most promising
cells used in SCI will be provided in the form of a table, aim-
ing at helping researchers, clinicians and investors to quickly
scan through all the possibly translatable cell-based novel
interventions, given that the field is growing extremely fast
to follow (Additional Table 1).

Olfactory Ensheathing Cells (OECs) as a
Possible Treatment for SCI

The olfactory system is comprised of peripheral nervous
system (PNS) and CNS components. The olfactory mucosa
is divided into the olfactory epithelium and lamina propria.
The olfactory epithelium contains olfactory receptor neurons,
which project cilia into the nasal cavity, and other support-
ive and mucosal cells. The lamina propria consists of loose
connective tissue and OECs, which ensheathe bundles of
olfactory receptor axons, extending from the olfactory epithe-
lium (Barnett and Chang, 2004). These OECs are considered
CNS glia and they display properties of both astrocytes and
Schwann cells (SCs). In the adult olfactory system, OECs lie
between the CNS and PNS, both anatomically and physiologi-
cally, and they stimulate and guide nerve regeneration. This is
why it is believed that they encourage nerve regeneration after
injury in the CNS (Choi and Gladwin, 2015).

Since the first transplantation of OECs in the spinal cord
in 1994 (Ramoén-Cueto and Nieto-Sampedro, 1994), sever-
al laboratory experiments, both in small and large animal
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models, have demonstrated great functional and structural
outcomes. Even though, so far, it is not clear how the OECs
achieved this outcome, i.e., nerve regeneration, trophic fac-
tors secretion, attraction of SCs etc., OECs demonstrated
several promising results and they were easily accessible
from the surgeons’ point of view, thereafter moving to clini-
cal trials (Li et al., 2003; Lopez-Vales et al., 2006; Granger et
al., 2012). Even though the pre-clinical results did not always
come to an agreement, the controversy noted has been at-
tributed to several factors, such as the different cell cultures
used or the different techniques for transplantation, efc.
(Richter et al., 2005; Novikova et al., 2011).

Ever since the first clinical trials of OECs, which took
place in China, Australia and Spain in the years 2003, 2005
and 2006 respectively (Huang et al., 2003; Féron et al., 2005;
Lima et al., 2006), a lot of progress has been made. Although
the safety of the OECs transplantation in humans is now
well-documented with many phase I clinical trials (Li et al.,
2015), the need for a robust well-designed phase II clinical
trials is still unmet. Another issue that needs to be taken
into consideration before measuring the efficacy of OECs, is
that certain technical parameters need to be optimized and
pre-processing is essential to ensure sampling of the optimal
OEQC:s, i.e. via the study of the immunohistochemical profile
of the cells and the sampling of the right type of cells among
the various cells included in the mucosa or bulbs. In addi-
tion, the transplantation techniques need to be improved
so that a bigger viable number of OECs can be delivered to
the injury site through needles without harming the healthy
tissue (Choi and Gladwin, 2015). Despite all those hurdles
linked to the use of OECs, very promising results were re-
leased in 2014 by the Prof. Raisman’s team in the University
College of London (UCL) in London, United Kingdom,
showing functional recovery below the level of injury in a
patient, who was a recipient of transplanted OECs. This was
a strong finding favouring the use of OECs as an efficient
treatment for SCI (Tabakow et al., 2014) (Figure 2).

SCs at Clinical Trial

SCs are the supporting cells surrounding the peripheral
nerves. It is widely known that peripheral nerves demon-
strate the ability to regenerate and SCs seem to play an im-
portant role in guiding the axons in order to find their way
back to the muscle (Son and Thompson, 1995). It is also
known that after a SCI, SCs migrate to the site of the injury
(Bruce et al., 2000; Guest et al., 2005). In addition, several
lab results show that SCs have beneficial effects when trans-
planted into injured spinal cords of experimental models,
although some reaction within the hostile CNS environment
at the site of transplantation was observed during the first
days of transplantation, leading to significant apoptosis of
the SCs (Bunge and Wood, 2012; Wiliams and Bunge, 2012).
The safety of the use of SCs has already been checked and so
far it has been confirmed by two clinical trials (already com-
pleted) involving SCs’ transplantation in human spinal cords
(Saberi et al., 2008, 2011; Zhou et al., 2012). Two other clin-
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Figure 1 Schematic illustration of the various adult and fetal sources for stem cells.
BM-MSC: Bone marrow-derived mesenchymal stem cells; MSC: mesenchymal stem cells; UC-MSC: umbilical cord-derived mesenchymal stem
cells; OEC: olfactory ensheathing cells; iPSC: induced pluripotent stem cells; hESC: human embryonic stem cells.
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Figure 2 The paralysed man who can ride a bike.
(A) Schematic illustration of the OECs transplantation technique and
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the rational behind it. After the removal of the olfactory bulb or biopsies

from the olfactory mucosa, the SCI injury site is surgically exposed and the OECs are injected, after having been isolated, cultured, expanded and
characterized, based on the hypothesis that the OECs transplantation will help the nerve tissue to regenerate across the spinal cord to repair the
damage and lead to the patient’s functional improvement. (B) This 38-year-old man is believed to be the first person in the world to recover from

complete severing of the spinal nerves. He can now walk using a frame,

ride an adapted tricycle and live an independent life thanks to the pioneer-

ing OECs transplantation, which was combined with a physiotherapy plan. The OEC transplantation technique was developed by the team of Prof.
Raisman from the University College of London and the surgery was performed by a Polish team led by Dr. Tabakow from Wroclaw Medical Uni-

versity (BBC News, 2016). OECs: Olfactory ensheathing cells.

ical trials regarding the safety of transplantation are ongoing
in Miami, USA for both the sub-acute and chronic phase of
SCI. The chronic phase clinical trial is currently recruiting
patients and is expected to be completed by 2018.

Cells-Based Immune Modulatory Therapies
for SCI to Promote Neural Repair

For many years there was the notion that the immune re-

sponses in the CNS, contrary to what applies for other organ
systems, were detrimental to wound healing and functional
recovery (Allan and Rothwell, 2003). Even though this was
established as a widely accepted dogma and was supported
by many studies, there were many more recent studies that
challenged this theory and provided evidence of the poten-
tially beneficial effect of neuroinflammation (Kigerl et al.,
2009; David and Kroner, 2011). Thus, it has been hypothe-
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sized by many researchers that there are certain aspects of
neuroinflammation, which are indeed detrimental to the
healing process, but there are other aspects, which are ab-
solutely essential to the improvement of the functional out-
come after CNS damage.

Myeloid-derived suppressor cells (MDSCs)

MDSCs are a heterogenous group of immune cells from the
myeloid lineage, to which dendritic cells, macrophages and
neutrophils also belong. Some novel myeloid subsets have
recently been identified, i.e., monocytic MDSCs and M2
macrophages and they are considered to be beneficial after
SCI. Even though the anti-inflammatory (M2) phenotype of
macrophages is considered to facilitate neuroregeneration,
neural plasticity and neuroprotection, it is found that the
pro-inflammatory (M1) macrophages persist after SCI and
result in protracted cell and tissue loss (Geng et al., 2015). It
is also known that Gr-1" immune cells, mainly neutrophils,
also include other immune cells subtypes, being categorized
according to their relative expression of Ly6-G and Ly6-C.
Recent studies suggest that depleting Gr-1" cells can be cata-
strophic for the process of functional recovery, but the same
was not found for the subset of Ly6G" cells, indicating a ben-
eficial role of the Ly6-C" cells, presumably of the monocytic
MDSCs (Plemel et al., 2014).

In terms of the neutrophils presence, there are currently
no studies of phenotypic analysis to demonstrate the pres-
ence of a particular subtype of neutrophils after SCI or other
CNS traumatic lesions. It is known that neutrophils are
classified in accordance to their pro- or anti-tumoral global
actions as described in cancer studies, namely N1 (pro-tu-
mour) and N2 (anti-tumour). Nevertheless, given that the
neutrophil heterogeneity concept is relatively recent, further
studies need to work on the subsets recruited after SCI to
draw conclusions for the beneficial or detrimental effects of
any particular neutrophils subset on neural repair mecha-
nisms. It has been hypothesized though that the same dual-
ity may apply to the subsets of neutrophils, just like the one
found for the macrophages, something that may justify the
conflicting previous reports targeting these cells after SCI
(Cuartero et al., 2013; Neirinckx et al., 2014).

In an attempt to reverse the loss of motor and senso-
ry function, a clinical trial phase II with autologous skin
co-incubated macrophages (ProCord) was initiated in 2013.
The concept derived from the pioneering research of Prof.
Michal Schwartz at the Weizmann Institute of Science but,
unfortunately, the trial did not manage to demonstrate the
anticipated efficiency and stopped (Knoller et al., 2005; Lam-
mertse et al., 2012).

In the future, though, a better understanding of the com-
plex immune system and polarization of certain MDSCs
subsets (i.e., macrophages or neutrophils) towards the ben-
eficial subset may finally make them part of potential SCI
repair strategies.

Mesenchymal stem cells (MSCs)
MSCs are a group of heterogeneous non-hematopoietic
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multipotent cells that demonstrate the ability to self-renew
and differentiate into cells of mesodermal origin such as os-
teoblasts, chondrocytes, and adipocytes in different culture
settings. In addition, it has been shown that MSCs have the
potential to modulate the inflammatory response, as well as
the ability to differentiate into tissue of non-mesoderm ori-
gin, such as nerve tissue (Kopen et al., 1999; Deans and Mo-
seley, 2000). Several sources can be used to obtain MSCs, the
most promising for clinical translation purposes being bone
marrow, adipose tissue and umbilical cord (Pittenger et al.,
1999; Zuk et al., 2001; Lee et al., 2004). Several experiments
in small and big SCI animal models have demonstrated the
beneficial effects of MSCs from different sources (Dasari et
al., 2014), making the way to the clinic a reality.

Right now, on clinicaltrial.gov there are six clinical trials,
which are actively recruiting, with one using umbilical cord
MSCs, three using bone marrow MSCs, and two using MSCs
of unreported origin. Several other clinical trials have al-
ready been completed though and others are about to begin
now, holding out some hope with regard to the results to be
reported in the future.

Embryonic stem cells (ESCs)

After the first successful isolation of human ESCs (hESCs)
the idea of regenerative medicine started to come closer to
the reality (Thomson et al., 1998). There are three main ways
for ESCs to be obtained: i) by pre-implantation or blasto-
cyst-stage embryos (from unused embryos produced during
in vitro fertilization procedures), ii) by a somatic cell nuclear
transfer (Wilmut et al., 2002), 3) by parthenogenetic activa-
tion of eggs (Cibelli et al., 2002; Vrana et al., 2003).

The major obstacles for the clinical translation of ESCs
were ethical issues and chromosomal instability leading to
tumor formation. After several experiments have demon-
strated positive results in different SCI animal models (Iwa-
nami et al., 2005; Keirstead et al., 2005) and after having
created protocols that produce stable cell lines, ethical issues
were bended and the pioneering company Geron attempted
to transplant ESCs into the first patients in the world. Un-
fortunately, Geron stopped the trial due to financial issues
and, eventually, Asterias Biotherapeutics Inc. Company re-
launched the first clinical trial transplanting ESCs-derived
oligodendrocyte progenitor cells into humans (Ilic et al.,
2015). Asterias Biotherapeutics Inc. has been currently re-
cruiting participants for a clinical trial phase I/Ila, named
SCIStar Study (Asterias Biotherapeutics Inc., 2015).

Fetal stem cells (FSCs)

The neural FSCs are isolated from donated aborted embryos
between 4 and 8 weeks. The fetal subtype of cells is multi-
potent, which means that those cells lack the differentiation
potential of hESC, but they can still produce certain lineag-
es, such as neural. For over 30 years, several studies have
demonstrated beneficial results when transplanted in SCI
models (Reier et al., 1986; Houlé and Reier, 1988). Perhaps
the experiments with FSCs are some of the oldest types of
experiments, which managed to demonstrate functional re-
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covery in experimental models. The fetal grafts or the FSCs
do not only induce the growth of new neuronal relays that
integrate into the host tissue, but they also act as a bridge for
the injured tracts to facilitate nerve fibers regrowth. The ex-
act mechanisms are still not well understood, but there are
several very promising attempts using other experimental
models in order to potentially extend the results to human
applications in the future (Kadoya et al., 2016).

Even though FSCs are considered to hold promise for the
future of nerve regeneration in humans, there are still cer-
tain major drawbacks that need to be considered. 1) There
is a need for immunosuppression following transplantation,
2) There are also ethical concerns linked to that method, 3)
The risk of tumorigenesis from neural FSCs is present and
constitutes a major concern that halts progress to clinical
translation.

Finally, NeuralStem Inc. is currently in clinical trial phase
I using human spinal cord stem cells (NSI-566), which are
derived from the spinal cord of a single 8-week-old fetus and
expanded serially by epigenetic means only. Even though
there are no published data available, it is reported by the
company that there had been no serious adverse events, that
implantation of stem cells in chronic SCI patients is feasible
and, that implantation of their NSI-566 FSCs in the SCI
patients has been safe and well tolerated. The last surgery
was completed in July of 2015 and the patients have recently
completed a 6-month post-observation period (NeuralStem
Inc., 2015). The company actually has already proceeded
with a phase I/II clinical trial using those cells for motor
deficits in stroke patients and with a phase II clinical trial
with NSI-566 cells for the treatment of amyotrophic lateral
sclerosis (ALS). Therefore, in the next decade there is a lot
to be explored in terms of the clinical applications of FSCs.

StemCells Inc. is another company, which has already
launched a clinical trial phase II for cervical SCI, named the
Pathway Study (StemCells Inc., 2015a, b), while the results
of a clinical trial phase I/II has already been completed in
May 2014 for thoracic SCI with favourable safety profile
and signs of biological activity and preliminary efficacy.
According to the company, human fetal brains were ob-
tained from Advance Bioscience Resources, in accordance
with all state and federal guidelines. The company has been
transplanting a human central nervous system stem cells
(HuCNS-SC) product, which is a highly purified population
of human neural stem cells that are grown in a suspension
as clusters of cells called “neurospheres” These cells can be
expanded for a number of generations in culture while still
retaining their potential to, at a single cell level, self-renew
and differentiate into the three major cell types of the CNS
- neurons, astrocytes and oligodendrocytes. The first cohort
of the Pathway Study, which was completed in April 2015,
was designed to assess the safety of cell administration into
the cervical cord and select the dose level for the 40-patient
second cohort, a randomized, controlled and single-blinded
arm of the trial. Enrollment for the second cohort of the
pathway study is currently underway.

Induced Pluripotent Stem Cells (iPSCs) is
Promising

The ultimate goal of stem cell therapy for SCI are to find a
source of neural progenitor cells (NPCs) or other neural
lineage cell lines that are both ethical and easy to use in the
clinic.

In 2006, Takahashi and Yamanaka (Takahashi and Ya-
manaka, 2006; Takahashi et al., 2007) found a way to re-
program somatic adult cells and bring them back to their
pluripotent state, which is similar to the state of cells in
embryos. They created the iPSCs by using human fibroblasts
with only four genes. Several types of somatic cells have
been used so far for the production of iPSCs, such as dermal
fibroblasts, bone marrow CD34" cells, human cord blood
cells, peripheral blood cells, adipose-derived stromal cells,
neural stem cells, and keratinocytes (Aasen et al., 2008;
Haase et al.,, 2009; Kim et al., 2009; Sun et al., 2009; Loh et
al.,, 2010; Takenaka et al., 2010).

Despite their seminal discovery for science, several hur-
dles need to be surpassed in order to see iPSCs in every-day
clinic. First of all, the risk of genomic modification due to
viral transgenes needs to be overcome by insertion-free or
“footprint-free” iPSCs. Secondly, there is the risk of tumor-
igenicity, given that iPSCs are capable of being differenti-
ated into any type of cell, forming any kind of tissue, even
producing tumors. This is why it is of high importance to
ensure the right differentiation of iPSCs before their trans-
plantation. Finally, the way that iPSCs are cultured and
grown also needs to be considered, because non-human
pathogens or antigens, which were being triggered due to
the co-culture with other cells, can make the iPSCs unsuit-
able for transplantation.

Several steps have been taken towards that direction in or-
der to surpass these obstacles, like the fact that an adequate
number of iPSCs was produced without co-cultures or lenti
virus (Nakagawa et al., 2014). In addition, adult fibroblasts
managed to directly grow into NPCs or neuronal cell lines
without passing from the pluripotecy state, thereafter elimi-
nating the risk of tumor formation (Pang et al., 2011; Han et
al., 2012; Ring et al., 2012; Thier et al., 2012). An important
step forward for iPSCs-related research is the fact that after
iPSCs were used in SCI mouse and primate immunodefi-
cient models, improved locomotor function was observed
(Tsuji et al., 2010; Nori et al., 2011; Kobayashi et al., 2012).
Last but not least, the first clinical trial with iPSCs started
in 2014 for age-related macular degeneration (AMD). Thus,
we hope that the following years will manage to ensure the
safety of iPSCs for use in human patients, so that clinical
trials for SCI could be initiated. Additional Table 2 summa-
rizes the cell-based clinical studies that have taken place for
the treatment of SCI and have published their results.

Conclusion and Future Directions

In conclusion, although there has been a huge amount of
research carried out at experimental and preclinical over de-
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cades on SCI, including stem cells therapy but there still no
treatment available. However, currently, there are numbers
of cell therapies at various stages of clinical trials.

A number of preclinical studies with embryonic tissue
have shown that supraspinal pathways, such as the ones of
reticulospinal, rubrospinal or even corticospinal tract can
be reconnected, making hESCs and iPSCs a possible choice
of stem cells. Other cells, such as the OECs exert their ben-
eficial effects by helping local propriospinal interneurons to
create new circuits for bypassing the lesion or by other un-
identified mechanisms that can produce positive functional
results. Currently, the most promising cell-based therapies
have already reached or are approaching the phase I clinical
safety trial studies. Nevertheless, despite the initial enthu-
siasm on cell-based therapies, it is now evident that such
therapies cannot be panacea for SCI and other disorders and
that no miraculous cure can occur without a deep under-
standing of the effect that cell transplantations have on the
nerve tissue. A step-by-step systemic approach is required
by tracking the lesion site at each stage.

One step forward could be the application of emerging
technological advancements, such as the ones in the field
of nanotechnology, given that those advancements could
improve stem cells delivery, provide a “toolkit” for signif-
icant and impactful advances in the field of neural repair.
The fast clearance or death of the cells within the CNS is a
major problem that has been identified, which could be ad-
dressed in the future with the use of injectable matrices and
other sustained-release bioengineered micro- or nano-car-
riers. Combinatorial approaches can further optimize such
therapeutic strategies. For example, cells can be infected
with vectors in order to manage to produce growth factors,
Chondroitinase or other molecules, thereby creating a fa-
vourable environment that promotes survival. In addition
to that, a mixture of different cell types for transplantation is
thought to increase the effectiveness of cell-based interven-
tions, as indicated by several in vivo animal studies.

Last but not least, the value of such cell-based interven-
tions needs to be recognized despite the obstacles towards
clinical translation, which could be tackled in the future
with systemic combinatorial approaches. There is a signif-
icant danger that such cells-based approaches may be con-
sidered inefficient because they did not match the scientists’
expectations, disregarding any minor improvements noted.
Advanced technology should be utilized in order to detect
the slightest post-intervention changes to the injury site,
given that if cell therapies can accomplish even minimal
repair within CNS, that could pave the way to the combi-
natorial approaches that are about to come, increasing the
potentials for success. Advanced imaging modalities could
be the key in order to monitor the outcomes. It is possible
that the use of non-invasive imaging technology, like MRI/
PET scanners, which are being introduced in clinical trials,
will facilitate the screening of the cell-transplantations effect
on the spinal cord, just like it has previously been done in
regenerative medicine for other organ systems (Naumova
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et al,, 2014). Even though such tools are still not ready to be
applied to the clinical setting, they could possibly be utilized
in clinical trials as an additional assessment tool (Martin et
al., 2016), enabling the safe translation of promising cell-
based therapies to the clinic.
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within the next decade.

Additional Table 2: Clinical application of cells for the treatment of
SCI (published data).
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