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Central nervous system regeneration approach in the toxic
cuprizone model of de- and remyelination: application of

mesenchymal stem cells

Laura Salinas Tejedor

1. Summary

Multiple Sclerosis (MS) is an autoimmune demyelinating disease of the central nervous
system (CNS) characterized by neuroinflammation, neurodenegeration and functional
disability. Available drugs reduce the inflammatory condition and thus protect from
demyelination and axonal damage. However, treatments to enhance remyelination are not
available. Among the new therapies that are being investigated, mesenchymal stem cell
(MSC) therapy has emerged as a promising alternative for enhancing endogenous
remyelinating processes. Beneficial effects have already been obtained from MSC therapy in
the experimental autoimmune encephalomyelitis model, but its mechanism of action is still

not well understood.

To provide a better understanding of the influence of MSC in the CNS, we transplanted MSC
from different origins (human, murine and canine) directly into the ventricles or into the
lesions in the corpus callosum during cuprizone induced demyelination. Evaluation of the
remyelination process was conducted through immunohistochemical analysis of the myelin
content and the glial cell populations. Additionally, we first characterized several
oligodendroglial markers (APC and Olig2) for the unambiguous identification of

oligodendroglial cells during our major experiments.

Our results show that MSC neither influenced remyelination nor glial reactions. Therefore, we
conclude that MSC do not have a direct beneficial impact on CNS remyelination in the toxic

cuprizone model, in which peripheral immune cells do not play an important role.
1



Consequently, we suggest that positive MSC effects might be depended on the presence of the

peripheral immune system.



Regenerationsannéherung des zentralen Nervensystems im
toxischen Cuprizone-Modell: Einsatz von mesenchymalen

Stammzellen

Laura Salinas Tejedor

2. Zusammenfassung

Die Multiple Sklerose (MS) ist eine Autoimmunerkrankung des zentralen Nervensystems
(ZNS), in deren Verlauf die Myelinschicht betroffener Nervenzellen geschadigt wird und
neurologische Symptome auftreten. Verfligbare medikamentése Therapien wirken
entziindungshemmend mit dem Ziel, den entstandenen Schaden auf ein Minimum zu
reduzieren. Behandlungen, die Remyelinisierung férdern, liegen nicht vor. Neue Therapien,
die auf dem Einsatz mesenchymaler Stammzellen (MSC) beruhen, stellen eine
vielversprechende  Alternative dar und haben als Ziel die endogenen
Remyelisinierungsprozessen zu verstarken. Erste therapeutische Erfolge konnten im
Mausmodell der experimentellen autoimmunen Enzephalomyelitis bereits verbucht werden.

Die unterliegenden Mechanismen sind weiterhin nicht geklart.

Mit dem Ziel, die Wirkungsweise transplantierter MSCs besser zu verstehen, haben wir MSCs
unterschiedlicher Herkunft (human, murin, canin) in die Ventrikel oder in die durch
vorangegangene Cuprizone-Behandlung entstandenen Lé&sionen im Corpus callosum
transplantiert. Die Effekte auf die Remyelinisierung und gliale Reaktionen wurden mittels
immunohistochemischer Féarbungen untersucht. Im ersten Schritt wurden auflerdem zwei

oligodendrogliale Antikorper (APC, Olig2) auf ihre Spezifizitat getestet.

Unsere Ergebnisse zeigen, dass MSC Zellen weder die Remyelinisierung noch Glia-Zell-

Reaktionen beeinflussen. Dadurch, stellten wir fest, dass MSC Zellen keinen direkten
3



forderlichen Effekt auf den Remyelinierungsprozess im ZNS im toxischen Cuprizone Modell,
bei dem periphere Immunzellen keinen Einfluss haben, entfalten. Somit kdnnte ein mdglicher

positiver Effekt von MSC vom peripheren Immunsystem abhéngig sein.



3. Introduction

Multiple sclerosis

Multiple sclerosis (MS) is an autoimmune demyelinating chronic disease of the central
nervous system (CNS) that leads to myelin loss resulting in degeneration of axons and
neurons (Keough et al., 2015). The onset of this disease occurs in an early age, affecting
predominantly young adults between 20 to 40 years old. Additionally, women are twice more
susceptible in developing MS as men. In 2008, it was estimated that approximately between 2

to 2.5 million people in the world suffer from MS (Lassmann, 2014).

The pathogenesis is mediated by an autoimmune attack of autoreactive T cells against myelin
proteins, such as myelin basic protein (MBP), proteolipid protein (PLP), myelin
oligodendrocyte olygoprotein (MOG), or myelin associated glycoprotein (MAG), which
infiltrate the CNS through the damaged blood brain barrier (BBB) (Kotter et al., 2001).
Besides, not only complement, antibodies, macrophages, NK cells participate in the direct
immune attack, but also toxic substances, such as nitric oxide and other oxygen reactive
species secreted by activated microglia, contribute as well (Esiri, 2007). Demyelinated axons
have a redistribution of ion channels, and begin to accumulate sodium and calcium ions,
leading to swelling of the axolema, wallerian degeneration, axonal loss and finally, to
neurodegeneration (Dutta and Trapp, 2007). Therefore, once demyelination takes place,
remyelination is a very important process necessary to restore neurological functions and

prevent neurodegeneration (Franklin and Ffrench-Constant, 2008).

Remyelination

Remyelination is a regenerative process that occurs spontaneously after demyelination. It
involves the generation of new mature oligodendrocytes, which produce new myelin sheaths

around the axons (Franklin and Ffrench-Constant, 2008). This process is important to restore
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the fast saltatory nerve conduction. In addition, it might be neuroprotective due to the fact that
oligodendrocytes offer trophic support and myelin protects the axons of further damage.
Unfortunately, often in MS patients, this process is incomplete (Jarjour et al., 2015). Several
studies have suggested that the main reason of remyelination failure could be attributed to a
problem during oligodendrocytes precursor cells (OPC) proliferation, differentiation into
mature oligodendrocytes, or a problem of the mature oligondendrocyte to wrap correctly the
axons (Jarjour et al., 2015). Additionally, other studies have suggested that inflammation may
be closely linked to remyelination (Franklin and Hinks, 1999) due to the observation that new
myelin formation usually starts in MS during the acute inflammatory phase rather than in
chronic stages. Therefore, the correct environmental signaling in a specific timing may be
crucial for remyelination. Unfortunately, the role of glial cells in this process is controversial

and not fully understood (Gudi et al., 2014).

The role of glial cells in de- and remyelination

Glial cells (oligodendrocytes, microglia, and astrocytes) have gained interest in neuroscience
because they give support to neurons and play a crucial role in the maintenance of
homeostasis during injury and repair. Oligodendrocytes, which are the myelinating cells of
the CNS, originate from OPC. Myelin is a phospholipid rich layer around the axon that allows
fast saltatory nerve conduction (Keirstead et al., 1999) and offers axonal protection by
providing trophic support to the axon. During an inflammatory condition like in MS,
oligodendrocytes are damaged. This leads to demyelination and consequently, neurological

disability. In this pathological context, microglia and astrocytes are recruited to injured areas.

Microglia are the innate immune cells of the CNS. In their resting status they use their
processes to survey the environment for hazardous signals that trigger their activation (Gudi et
al., 2014). Activated microglia have different phenotypes and functions depending on

mediators in the microenvironment. While the M1-like pro-inflammatory phenotype is
6



neurotoxic and damages oligodendrocytes trough a pro-inflammatory cytokine secretion and
nitric oxide production (Giunti et al., 2012), The M2-like anti-inflammatory phenotype
enhances remyelination by phagocyting myelin debris and contributing to degeneration and
tissue remodeling (Perry et al., 2010). It was shown that macrophage/microglia depletion is
unfavorable for remyelination, because myelin debris is slowly removed and this hinders the
new formation of myelin fibers (Kotter et al., 2001). Additionally, microglia may also secrete
soluble factors such as IGF-1 and TGF-B1, which promote OPC differentiation (Franklin and

Hinks, 1999).

Astrocytes are glial cells of the CNS that provide trophic support to neurons and surrounding
cells. They maintain the extracellular ion balance and have an important role during repair, as
well. During a demyelinating insult, their role is controversial. On one hand, they are the main
source of chemokines, such as TNFa, involved in the pathogenesis of MS. However, since
they form astrogliosis, it was suggested it might be a physical barrier around demyelinated
areas, which might hinder OPC to enter and remyelinate MS lesions (Fitch and Silver, 2008).
On the other hand, a recent astrocyte ablation study reported their importance for
remyelination by recruiting microglia and OPC to the lesion through chemokines such as
CXCL10 (Skripuletz et al., 2013). Furthermore, among astrocyte secreted factors anti-
inflammatory cytokines, growth and transcription factors, such as PDGF a, FGF2, LIF,
CNTF, IGF-1, which promote myelination and oligodendrocyte and neuron survival have

been found (Moore et al., 2011)

Animal models to study de- and remyelination

Animal models represent a useful tool to investigate de- and remyelination and the cellular
and molecular mechanisms behind these processes. Indeed, different animal models for MS

are known which mimic different aspects of the complex pathophysiology in MS.



1) Experimental autoimmune encephalomyelitis (EAE) is the most studied inflammatory
animal model for MS. This model can be either induced by active or passive immunization. In
the active EAE, autoreactive T cells proliferate and migrate towards the CNS upon
immunization with purified myelin or myelin proteins (e.g. MGP, PLP or MOG) (Kipp et al.,
2012). In the passive EAE, immunization is conducted by transfer of activated myelin specific
T cells (McPherson et al., 2014). In both modalities, activated T cells, after encountering the
specific myelin antigen, induce an immune reaction which leads to demyelination and disease
development. Unfortunately, remyelination takes place simultaneously with demyelination,
and peripheral immune cells infiltration in the CNS complicates the analysis (Tanaka and

Yoshida, 2014).

2) The cuprizone model is a toxic demyelinating model, where the blood brain barrier remains
intact. Upon cuprizone feeding, oligodendrocytes undergo apoptosis and myelin is degraded
and consequently removed by activated microglia, which are recruited to injured areas. De-
and remyelination is well characterized, especially in the corpus callosum and cerebral cortex
(Skripuletz et al., 2011). After complete demyelination, cuprizone is removed allowing
spontaneous remyelination. Although the demyelination induction is artificial, this model
allows studying remyelination in the absence of the influence from the peripheral immune
system. Additionally, there are other toxic models of demyelination. Direct injections of
lysolecithin or ethidium bromide into the white matter lead to a local demyelination (van der

Star et al., 2012; Kipp et al., 2012).

3) Theiler’s murine encephalomyelitis virus presents a virus induced model of demyelination.
This virus produces a persisting infection in oligodendrocytes, causing their damage and

consequently, demyelination (Ulrich et al., 2006).



4) Genetic models originate from a mutation in a gene encoding for a myelin protein such as
PLP (Hudson et al., 1989) or MBP (Roach et al., 1985). Indeed, they are less suitable for MS

studies because the lesion formation approach is different.

Remyelinating strategies

Current therapeutics in MS are based on the use of immunomodulatory drugs, which aim to
reduce CNS inflammation and thus demyelination and axonal loss. However remyelination is
not influenced by current drugs. Therefore, novel approaches for MS therapeutics aim to

enhance remyelination and neuroregeneration.

Cell replacement therapy is one approach to achieve remyelination, in which cells are
exogenously administered. Several cell types have been reported to achieve remyelination e.g.
oligodendrocytes, OPC, Schwann cells (Bachelin et al., 2005), Schwann precursor cells and
olfactory ensheathing cells (Franklin et al., 1996). However, this approach encounters a main
problem, which is that their transplantation into a non-permissive remyelinative environment

may not foster remyelination

For that reason, other approaches that modulate the endogenous mechanisms to boost
remyelination could be more appealing. For this purpose several mechanisms could be used.
The application of growth factors, such as PDGF2 and FGF2, could mediate the recruitment
and proliferation of OPC (Franklin and Hinks, 1999). Other growth factors, such as IGF1 and
TGFR1, could be applied to promote OPC differentiation into mature oligodendrocytes
(Franklin and Hinks, 1999). In contrast, the removal or neutralization of inhibitory signals
may also achieve remyelination. Additionally, transplantation of non-myelinating cells or
other factors, which could provide a suitable environment, could promote remyelination.
Recently, the transplantation of exogenous stem cells, such as mesenchymal stem cells (MSC)

has been proposed to enhance repair processes in animal models of MS. MSC are multipotent



stem cells that can differentiate into different cells from the mesodermal lineage, such as
osteoblast, adipocytes and chondrocytes (Uccelli et al., 2008). Although recent studies have
observed its transdifferentiation into neuron-like cells (Zhang et al., 2005), their use was not
meant for a cell replacement therapy. MSC solved the above mention problems from previous
approach, because they may modulate the microenvironment. Moreover, they can be isolated
from both adult and fetal tissues and they can be easily expanded to larger quantities ex vivo
for transplantation. In addition, they might not need to migrate to the lesion areas to produce
their effect and it is speculated that they may have a ‘touch and go’ mechanism. As a
consequence it is likely that engraftment would not be required (Uccelli and Prockop, 2010).
Furthermore, the growing interest around MSC relies on its immunoregulatory properties and
its immunopriviledged state (Hass et al., 2011). MSC efficiency have been proved in several
preclinical and clinical studies for several autoimmune diseases such as graft versus host

disease (GVHD) (Prasad et al., 2011) and systemic lupus erythematosus (Sun et al., 2010).

The underlying mechanism of MSC has been widely discussed in the EAE model. MSC
injection seems to suppress the innate and adaptative immune system through direct cellular
interactions in secondary lymph nodes in lungs and by releasing soluble molecules, such as
prostaglandin E2, tumor growth factor 8 (TGFR), hepatocyte growth factor, human leukocyte
antigen G isoform, indoleamine2,3-dioxygenase (IDO), interleukin 10, and metalloproteinases
(Di Nicola et al., 2002; Krampera et al., 2003). Consequently, the priming process is
modified, CD4+ T, CD8+ T, NK and B cells anergy is induced, B and T cells are arrested in
the GO/G1 phase inhibiting proliferation and metalloproteinases secreted by MSC cleave
chemochines required for T cell migration towards the CNS (Uccelli et al., 2008).
Furthermore, MSC reduce the ongoing inflammation by down regulating the production of
IFNy, interleukin 2, and TNF o. Nonetheless, local and direct effects of MSC are not well

understood because all reported studies are performed in the EAE model, where local effect

10



cannot be differentiated from the influence of the peripheral immune system (Morando et al.,

2012; Uccelli and Prockop, 2010)
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4. Aim of the study
The main goal of this thesis was to analyze possible beneficial effects of MSC on CNS
remyelination. For this purpose, we have used the cuprizone model in which the interference

of peripheral immune system does not play a role.

Our first attempt was to introduce human MSC intravenously and intranasally. This prior
study from our group showed that MSC did not infiltrate into the brain because they were not
able to cross the blood brain barrier when applied in the periphery (Nessler et al., 2013). For
this reason, in this study we transplanted MSC from three different origins (human, murine,
and canine) into the CNS (ventricle or demyelinating lesion in the corpus callosum) to
overcome that limitation. Thereafter, we prepared mouse brain sections and we examined

them through immunohistochemical analyses to follow the effects on myelination

To examine de- and remyelination processes by using immunohistochemistry, reliable
markers are needed. Therefore, in the first part of the project, we aimed to characterize the
adenomatous polyposis coli (APC) (monoclonal CC-1) and anti Olig2 antibody as valid
oligodendrocytic markers to examine murine CNS tissue under normal and de- and

remyelinating conditions.
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Abstract

Oligodendrocytes are the myelinating cells of the central nervous system. Since many studies
of demyelinating diseases focus their research on this cell type, there is growing interest for
obtaining reliable markers that can specifically recognize oligodendroglia. Established
markers are the myelin-associated neurite outgrowth inhibitor (NogoA), the transcription
factor Olig2, and the antibody CC-1, the latter being directed against the protein adenomatous
polyposis coli (APC). Unfortunately, it has been discussed whether APC and Olig2 could
recognize astrocytes under pathological conditions as well. Hence, we performed
immunohistochemical studies using the oligodendroglial markers NogoA, APC, and Olig2 in
a murine model of cuprizone induced demyelination. We have found that APC co-localizes
with NogoA and the myelin protein CNPase and does not co-localize with the astrocytic
marker GFAP. Olig2 shows co-localization with APC but there is also a small population of
Olig2/GFAP double positive cells. In conclusion, our results underline that APC and NogoA
are reliable markers for detection of mature oligodendrocytes. The use of the Olig2 marker
should be combined with GFAP to exclude the GFAP positive population of cells from the

quantification of oligodendroglia.
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Abstract

Remyelination is the natural repair mechanism in demyelinating disorders such as multiple
sclerosis (MS) and it was proposed that it might protect from axonal loss. For unknown
reasons, remyelination is often incomplete or fails in MS lesions and therapeutic treatments to
enhance remyelination are not available. Recently, the transplantation of exogenous
mesenchymal stem cells (MSC) has emerged as a promising tool to enhance repair processes.
This included the animal model experimental autoimmune encephalomyelitis (EAE), a
commonly used model for the autoimmune mechanisms of MS. However, in EAE it is not
clear if the beneficial effect of MSC derives from a direct influence on brain resident cells or
if this is an indirect phenomenon via modulation of the peripheral immune system. The aim of
this study was to determine potential regenerative functions of MSC in the toxic cuprizone
model of demyelination that allows studying direct effects on de- and remyelination without
the influence of the peripheral immune system. MSC from three different species (human,
murine, canine) were transplanted either intraventricularly into the cerebrospinal fluid or
directly into the lesion of the corpus callosum at two time points: at the onset of
oligodendrocyte progenitor cell (OPC) proliferation or the peak of OPC proliferation during
cuprizone induced demyelination. Our results show that MSC did not exert any regenerative
effects after cuprizone induced demyelination and oligodendrocyte loss. During
remyelination, MSC did not influence the dynamics of OPC proliferation and myelin
formation. In conclusion, MSC did not exert direct regenerative functions in a mouse model
where peripheral immune cells and especially T lymphocytes do not play a role. We thus
suggest that the peripheral immune system is required for MSC to exert their effects and this

is independent from a direct influence of the central nervous system.
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7. General discussion

Central nervous system regeneration might be a promising solution for several
neurodegenerative and autoimmune diseases. In the case of multiple sclerosis, remyelination
would not only protect axons from further damage, it could also slow down or stop disease
progression. Neuroprotective strategies are continuously being studied in preclinical and
clinical phases, but so far, no successful remyelinating approaches can be applied in the

human disease.

During the evaluation of neuroregenerative therapies, oligodendroglial cells are in the focus of
interest, because the failure in the remyeliantion process of demyelinated intact axons is
mainly attributed to a defect in the regeneration process of new myelinating oligodendrocytes
(Kotter et al., 2011; de Castro et al., 2013). Since the assessment of any new therapy requires
the unequivocal recognition of oligodendrocytes (e.g. in immunohistochemical staining), in
our first study we analyzed the adenomatous polyposis coli (APC) protein (monoclonal CC-
1) and Olig2 surface markers as reliable indicators of oligodendroglial cells to examine
murine CNS tissue in health and disease. The interest of the first part of this thesis raised after
several studies suggested that APC and Olig2 could be expressed by astrocytes in pathological
conditions (Leroy et al., 2001; Cai et al., 2007). In this study, we demonstrated that APC does
not co-localize with the astrocytic marker GFAP, but with the established oligodendroglial
markers NogoA and CNPase. Therefore, we conclude that APC can be used as a reliable
marker for the detection of mature oligodendrocytes in both untreated control mice and in

mice during de- and remyelination in the white and grey matter areas of the brain.

Regarding to the marker Olig2, we could confirm that Olig2 is not only expressed in OPC, but
also in mature oligodendrocytes. However, we also observed co-expression of Olig2 with the
astrocytic marker GFAP in a small cell population during cuprizone induced demyelination at

the peak of OPC regeneration. We speculate that those cells are more likely to be OPC, since
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several studies also showed oligodendrogenesis or Schwann cell differentiation from

GFAP/Olig2* cells (Blakemore, 2005; Mecha et al., 2013).

In the second chapter, we investigated the use of mesenchymal stem cell as a remyelinating
therapy to treat demyelinating disorders of the central nervous system. Several preclinical
studies in the EAE model showed that this cellular therapy ameliorates the disease
progression by inducing T cell anergy (Zappia et al., 2005; Kassis et al., 2013). However, it is
not clear whether neuroprotection with MSC require the presence of the peripheral immune
system for its effect. In order to address this question we used the advantages offered by the

toxic demyelinating cuprizone model.

Unlike EAE or other models used for studying demyelinating diseases, the cuprizone model
allows us to study demyelination and remyelination independently, because after complete
demyelination is reached, cuprizone is removed from the diet and demyelinated areas start
spontaneously to remyelinate (Skripuletz et al., 2011). In addition, the peripheral immune
system takes no part in the process of demyelination, which is an important feature that makes
this model appropriate to address our scientific question. Do MSC need the peripheral

immune system to exert their beneficial effect?

First, we examined in vitro the change of growth factor expression of MSC in an
inflammatory environment. This condition emulated the milieu found in the transplantation
area at the injection time. As a consequence, we observed that the mRNA for IL-6 and GDNF
was significantly upregulated. Since the cells reacted in that specific environment, we

expected an analogous response after its transplantation.

However, it could be argued that while the cells are injected stereotactically directly into the
ventricles or into the corpus callosum, the BBB is partially disrupted, at least, at the level of

injection. For this reason, we evaluated the effect of the stereotactic procedure in the
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cuprizone model. Although we did find a few CD3+ cells near the cannula’s track, we did not
observe that this administration route boosted remyelination in the evaluated regions (cortex
and corpus callosum) because comparative analysis between animals treated with cuprizone
and animals that received cuprizone and underwent the stereotactic procedure confirmed that

remyelination was not enhanced due to the inflammatory event at the injection site.

Regarding the results obtained of transplanted animals with MSC of different animal species
and obtained from bone marrow (human and murine MSC) and adipose tissue (canine MSC),
we did not observe any difference among all studied groups. Therefore, we concluded that
MSC therapy did not have a beneficial effect in the cuprizone model. Moreover, since similar
studies performed in the EAE model, where the peripheral immune system plays an important
role, resulted in a beneficial effect, we drew the conclusion that MSC may not have a direct
influence on the CNS, but they could exert their properties by modulating the peripheral

immune system.

After intravenous transplantation, MSC mostly become trapped in lungs (Wagner et al., 2009)
and just a few of them escape to the peripheral blood stream. For that reason, we speculate
that whatever mechanism of action they have, it might take place in the lungs. Recently, a
new study suggested that effector and memory T cells are primed the lungs before entering
the central nervous system (Odoardi et al., 2012). This could explain where the MSC would
establish contact with effector T cells to exert their immunoregulatory properties.
Additionally, in a recent study MSC were directly injected into the CNS in the EAE model. In
this case, MSC were able to stop the disease course and obtained similar results from
intravenously injected cells in EAE, but they did not considered that in that model the BBB is
not intact and there is infiltration of peripheral immune cells, growth factors and cytokines
from the periphery. Therefore, they were not able to assure that cells have a direct effect in

CNS. However, our results from this second study confirmed that MSC had no direct impact
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in the CNS, consequently, there would not be any need to inject them directly into

demyelinated areas, but they could be delivered intravenously (see Fig 1.).

Nevertheless, the use of any MSC therapy raises several concerns that should be addressed in
order to approve them for therapeutic use. Safety is a major problem to resolve because until
now it is still controversial whether MSC could generate or stimulate growth of existing
tumors by promoting angiogenesis (Haarer et al.,, 2015). Furthermore, MSC are
immunopriviledged, this means that the immune system of the host is not able to react against
them. The advantage of this condition is that patients receiving MSC transplantation will not
need the use of immunosuppressive drugs, but this could be problematic if they turned into
precancerous MSC. In that case, the immune system of the patient would not be able to
recognize them as a threat and they would not be rejected. Moreover, it is unclear whether this
immunopriviledged state remains after stem cell differentiation (Haarer et al., 2015). If not,

patients might need to use immunosuppressive drugs, as well.

Another aspect to determine is the quantity necessary to administrate for its effectiveness.
Intravenous injections result in rapid reduction in cell number. Therefore, administration of
large amounts of cells might be required, especially when MSC engraftment is scarce. In
addition, the unclear mechanism of action and the lack of standardized trials complicate its

study.

Future experiments should be focused to solve some of the afore-mentioned concerns in order
to develop different measures that would improve MSC therapy. For instance, a recent study
suggested to irradiate MSC at 80Gy before transplantation in order to avoid its malignant
transformation into precancerous cells. This method neither reduces their viability nor
interferes with their properties (Wang et al., 2014). Furthermore, Hoffman et al. suggested the

use of hydrogels as a measure to solve the high doses necessary to inject MSC for therapeutic
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use (Hoffman et al.,, 2014). Another approach to increase its effectiveness could be to
transgenically engineer MSC for delivering known therapeutic genes. For example, they could
overexpress BDNF or CNTF (Lu et al., 2009) or produce recombinant IFNR (Ryu et al.,

2013).

Nevertheless, extrapolation from animal models to human therapy cannot be easily done,
because they usually do not represent all the pathological aspects of human disease (Tanaka et
al., 2014). However, we can take benefit of them to shed some light on MSC therapy and

about the process of remyelination.
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