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Repair what is lost: Neuroprotection
through neural stem cells in progressive MS
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Genchi et al.” report the first phase 1 trial of neural stem cell transplantation in multiple sclerosis showing a
reduction in gray matter atrophy. Results give hope for a new era of induced neuroprotection, especially in

progressive multiple sclerosis.

Multiple sclerosis (MS) is a disease of the
central nervous system (CNS) driven by
an auto-immune response to myelin. The
pathological mechanisms that drive the
multifocal inflammation so characteristic
of MS are still unknown.”> Most people
with MS feature periods of relapses, asso-
ciated with the formation of new lesions,
and periods of remission. Treatment of
this relapsing-remitting phenotype is
focused on preventing relapses with im-
munomodulating and immunosuppres-
sive medications or hematopoietic stem
cell transplantation (HSCT).> However,
there are important pathological changes
outside these bouts of focal inflamma-
tion, and an increasing focus lies on
mechanisms that drive slow neurological
decline.” Important among these is neuro-
degeneration,® which strongly correlates
with clinical functioning and can be severe
in the form of brain atrophy but remains
poorly understood.? Such changes are
especially severe in progressive MS
(PMS), a phenotype associated with less
relapses and a more gradual and more
severe decline in clinical functioning.
Immune-focused treatments have mostly
been ineffective in PMS, highlighting the
need for treatments focused on neuro-
protection.

In a recent issue of Nature Medicine,
Genchi et al.' show the feasibility of neural
stem cell transplantation in the STEMS
trial. This is the firstin-human phase 1 trial
with intrathecally injected neuronal pre-
cursor cells (NPCs) from human fetal
CNS (hfNPCs). The trial was based on
the hypothesis that NPCs can exert tro-

phic support and immunomodulation,
leading to neuroprotection and tissue
repair. As such, this is a significantly
different approach from the anti-inflam-
matory compounds that have been trialed
in PMS. The study is also important in that
it features a wide array of exploratory
outcome measures to measure neuropro-
tective effects.

The primary outcome measure was
safety, which was met, indicating that
the additional regiment of anti-rejection
and antiviral treatments was successful.
After 3 years, survival was 100%. There
were no acute complications, with most
only showing a low-grade transient head-
ache and neck stiffness, which can be
attributed to the lumbar puncture. In those
individuals where cerebrospinal fluid
(CSF) was available 3 months after treat-
ment, analyses indicate the presence of
donor cells, implying longer-term viability
of these NPCs. These results clearly
open the door for phase 2 and 3 trials.

Secondary outcomes of clinical activity
and progression showed no effect, which
is disappointing but perhaps require
longer time windows. In fact, it is known
that current standard clinical outcome
measures are often insensitive to subtle
changes in neurological functions and
need a relatively long follow-up period to
detect characteristic progressive deterio-
ration, especially in PMS.® It should also
be noted that half of all affected individ-
uals formed new lesions, which is unex-
pected in such a progressive population
with already severe disability (EDSS 7).
The presence of inflammatory activity is

especially surprising with the concomitant
use of tacrolimus to prevent rejection of
transplanted NPCs. This concomitant im-
mune activity could also have masked
neuroprotective effects on all outcome
measures and requires monitoring in sub-
sequent larger studies, although there
was no correlation with treatment dose
in the current investigation.

It is important that cognitive assess-
ments were also included, given their
high correlations with atrophy.2 No effects
were found, possibly due to the lack of a
larger battery of tests and control data
but also the presence of baseline differ-
ences between groups. Similar negative
results were seen for plasma biomarkers,
neurophysiological and ophthalmological
measures known to be relevant for
MS. Interestingly, all changes over time
were not related to treatment dose, also
implying that there was no worsening
related to treatment, highlighting safety.

Perhaps most interestingly, advanced
MRI analyses showed an effect for gray
matter volume loss. Rates of this neuro-
degenerative change during a 2-year
follow-up period were lower in individuals
treated at higher doses compared with
those at lower doses, with a trend for
whole-brain volume loss. Both rates also
directly correlated with the number of
injected NPCs, even after correcting for
baseline neurodegeneration and the for-
mation of new lesions. This direct correla-
tion thus implies a specific neuroprotec-
tive effect that warrants further study.
This effect could be driven by repair
mechanisms induced by the NPCs, as
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previous preclinical work in models of
MS suggests specific migration to de-
myelinated areas inducing such repair.”
Whether this effect is also at play here
remains difficult to conclude because
of the limits of in vivo monitoring of
such changes. Future studies could also
incorporate regional measures of neuro-
degenerative change that have been
shown to be especially powerful at
explaining clinical heterogeneity and
treatment response, such as thalamic
volume.®

Finally, an impressive array of CSF
analyses was performed, indicating an up-
regulation of trophic factors and immune-
related molecules and cytokines/chemo-
kines, although these could be driven by
the additional immunomodulatory treat-
ment and/or high immune activity of this
cohort. More interestingly, an advanced
proteomics analysis showed an enrich-
ment of cellular pathways responding to
growth factors and neuroplasticity. Such
advanced pathways are highly interesting
but remain difficult to implement in a clin-
ical setting, which is more feasible for neu-
rofilament light (NfL) and glial fibrillary
acidic protein (GFAP),° both of which un-
fortunately showed no positive treatment
effect. However, this effect could be
masked because of their additional relation
with neuro-inflammatory changes.

Some unanswered questions remain.
Firstly, it is unclear how long NPCs remain
viable in a human setting and toward
which cells these stem cells differentiate.
Further exploring mechanisms of action
would be of high interest given that earlier
work has shown the presence of oligo-
dendrocyte precursor cells in PMS, which
appear inhibited in their maturation.'°
Secondly, neurodegenerative effects are
impressive but also warrant some
caution, given the high inflammatory ac-
tivity of the cohort, which impacts mea-
surement due to edema, but could also
impact possible neuroprotective effects
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induced by NPCs. In addition, the lack of
clinical impact of the neuroprotective ef-
fect warrants longer follow-up with addi-
tional clinical biomarkers, as it remains
unclear whether a purely neuroprotective
effect is sufficient to achieve meaningful
benefit for an affected individual. Finally,
this study specifically chose individuals
with relatively severe disease courses
and failure of previous DMTs, while neuro-
protective strategies might be especially
beneficial to prevent such disease pro-
gression, possibly warranting future trials
in earlier disease stages.

In summary, this important study is a
first step toward NPC-based neuropro-
tection in MS, showing a feasible and
safe approach. As neuroprotection is tak-
ing center stage in the treatment of people
with MS, we eagerly await results from
subsequent phase 2 and 3 trials in the
future.
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