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Welcome to the second volume of Neurosphere!

Following on from the Neurosphere Student
Journal rebrand, we are proud to present you with
original research publications written and peer-
reviewed by our very own students. The research
articles survey, condense, and critically assess
the current literature concerning neurogenesis
and stem cells in regenerative medicine. The
use of neural stem cells truly holds great
promise for clinical translation and disease
treatment particularly in conditions characterised
by significant neuronal loss, which we hope is well
relayed as you read the publications.

In this issue, we will take you on a journey
exploring the phenomenon behind neurogenesis,
the application of neural stem cells for treating
neurodegeneration, and alternative regenerative
approaches. The included articles cover stem cell-
derived neural progenitors for treating Parkinson’s

Disease, neural stem cells in temporal lobe
epilepsy treatment, and glial reprogramming in
traumatic brain injury as well as a scientific
commentary taking a critical perspective on the
current stem cell use guidelines. This issue also
features a perspective article by a PhD candidate
within regenerative medicine at King’s, providing
insight into their journey to securing a PhD and
offering valuable advice for students who wish to
seek a PhD.

We also look forward to seeing you at King’s
College London Neuroscience Society’s Annual
Neuroscience Conference 2022; the conference
programme and short biographies for the
conference speakers can be found at the end of
the journal.

We have put a lot of effort into bringing you high
quality and compelling publications so we hope
you enjoy it!
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Abstract
Midbrain dopaminergic neurons degenerate in Parkinson’s disease and replacing them might benefit
patients. First attempts to transplant human foetal ventral midbrain (hfVM) tissue date to 1980s.
Since then, advances in stem cell biology allowed to generate embryonic stem cell (ESC)- and induced
pluripotent stem cell (iPSC)-derived dopaminergic progenitors. This review compares safety and
efficacy of the above strategies by discussing published clinical trials. HfVM tissue transplantation
appears safe and moderately effective, yet ethical and practical issues prevent further trials. ESC- and
iPSC-derived cell transplantation techniques appear more promising if strict differentiation protocols
are followed, providing an attractive avenue for future trials.

Introduction
Parkinson’s disease (PD) is the second most
common neurodegenerative disease, which affects
1-2% of the elderly population1. The
cardinal signs of disease include rigidity,
bradykinesia, postural instability, and tremor2.
The best treatment option available is chronic
administration of L-DOPA, which, however,
provides only symptomatic relief. Developing
new therapeutic agents for PD has been difficult
due to the lack of clear understanding of its
pathophysiology and disease targets, as well as the
lack of animal models with good construct, face,
and predictive validity.

Resulting from a progressive loss of dopaminergic
neurons in the substantia nigra pars compacta
(SNc), PD is an ideal target for cell replacement
therapy. The idea behind this treatment strategy is
that dopaminergic neurons, derived directly from
donor tissue or induced from donor stem cells,
can reinnervate striatal neurons and recover motor
function. Transplantation is recognised as one of
the greatest medical achievements of the last half
century. Much progress has been made to improve
surgical techniques, reduce graft rejection by the
host immune system, and to prevent infectious
complications following transplantation of cells,
tissues, and organs. Nevertheless, researchers
and clinicians have yet to design a suitable
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protocol for transplantation of cells into the central
nervous system (CNS). Key safety concerns of
intracerebral transplantation are immunogenicity
and tumorigenicity of the graft. The brain
has traditionally been seen as immunologically
privileged, meaning that it is able to tolerate the
introduction of foreign antigens without eliciting
an inflammatory immune response. However,
immune reactions to grafts that are not major
histocompatibility complex (MHC)-matched to
the recipient have been demonstrated in preclinical
studies3. Another key safety consideration is
tumorigenicity of transplantation, especially when
undifferentiated cells are used, as they can
proliferate uncontrollably and differentiate into
unwanted cell types. For instance, transplantation
of undifferentiated neuronal precursor cells was
previously reported to result in the formation of
teratoma tumours in rodents4.

Method
Data was collected via PubMed advanced search,
where the following key terms were used:
‘Parkinson’s disease’ AND ‘Transplantation’,
while filtering for Clinical trials only. This search
produced 87 results. Only clinical trials involving
the use of foetal ventralmidbrain tissue, embryonic
stem cell-derived neural progenitor cells, and
induced pluripotent stem cell-derived neural
progenitor cells in sporadic Parkinson’s disease
patients were selected for, which resulted in 19
records describing 12 clinical trials. Only records
written in English were included. Furthermore,
ClinicalTrials.gov website was searched by using
terms ‘Parkinson’s Disease’ and ‘transplantation’,
which produced 35 results. Selecting for
ongoing trials using foetal ventral midbrain tissue,
embryonic stem cell-derived neural progenitor
cells, and induced pluripotent stem cell-derived
neural progenitor cells resulted in 5 trials.
Recent reviews were also searched for additional
records, which were not found after PubMed
and ClinicalTrials.gov search. This produced
7 more clinical trial records and 22 additional

epidemiological, preclinical, or methodological
records, which were included in this review. This
resulted in 48 publications identified fromPubMed
search and reviews and 5 clinical trial records
identified from ClinicalTrials.gov being included.

Results & Discussion
Human foetal ventral midbrain tissue
The most obvious source of cells for
transplantation in PD is human foetal ventral
midbrain tissue. The benefit of this approach
is that the cell type of transplanted neurons is
known, while differentiated cells have reduced
tumorigenic potential. However, the use of
human foetal tissue is limited by ethical,
infectious, regulatory, and practical concerns.
This presents a major challenge for making foetal
cell transplantation a standard therapy for PD.

Safety: Immunogenicity

Many early open-label trials attempting
transplantation of hfVM tissue into striata of
PD patients made use of immunosuppressant
therapies, either monotherapy with cyclosporin
A or triple therapy with cyclosporine A,
azathioprine, and steroids, to minimize the risk
of graft rejection5–10. Nevertheless, the value of
immunosuppression is in question. Human foetal
tissue expresses low levels of MHC antigens,
but they are upregulated in the presence of
inflammation11. Matching patients and donors
for ABO blood group appears sufficient for
minimising the risk of rejection, as patients treated
with cyclosporine and prednisone seem to do
just as well as, or even worse than, untreated
patients12. In a first double-blind controlled trial
of the procedure, transplantation of hfVM tissue
without the use of immunosuppressantswas shown
not to cause a severe immune reaction, while the
transplanted cells survived in 17 of 20 patients in
the transplantation group13,14. However, in several
studies an initial improvement of symptoms was
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followed by deterioration, which coincided in time
with the discontinuation of cyclosporine, raising
the possibility that some degree of graft rejection
may have occurred and prevented continuing
benefit8,15. However, it should also be noted
that there is evidence from rodent studies that
cyclosporine can itself have hyperlocomotive
effects, which could be a confounding factor16.

Efficacy: effects on dopaminergic transmission
and PD symptoms

First attempts to transplant foetal ventral midbrain
tissue into the striatum of PD patients date back
to 1980s5. A seminal study by Lindvall et al.
described only modest improvements in motor
function and no changes in 18F-FDOPA uptake
after transplantation in 2 patients. However, these
initial results encouraged more small-scale open-
label studies, which showed long-term benefits of
hfVM tissue transplantation into the striata of PD
patients6,7,9,12,17,18. These initial studies varied
in the processing of foetal tissue and the number
of donors per patient, which first pointed at the
importance of following a strict protocol for more
beneficial outcomes in patients10,18.

The first double-blind controlled trial of
hfVM transplantation showed dopaminergic fiber
outgrowth in 17 of 20 patients, as shown by
increase in 18F-FDOPA uptake on PET and by
histological examination of post-mortem brain
tissue13,14. Transplantation resulted in significant
improvement of PD symptoms in younger patients
(60 years old or younger) one year after surgery,
as assessed by the UPDRS and Schwab and
England scales, but not in older patients, despite
similar increases in 18F-FDOPA signals in both
groups19,20. Clinical benefit and graft viability
were sustained for at least four years after
transplantation. Importantly, when patients who
received transplants after prior sham surgery
were compared to patients transplanted during the
initial study, clinical improvements observed over
the first year were identical in the two groups,
suggesting that there were no measurable placebo

effects21. Another double-blind controlled trial of
hfVM tissue transplantation showed no significant
overall treatment effect in 17 patients with
transplantation and a significant treatment effect
only in milder patients15,22. Despite lack of
clinical improvement overall, striatal 18F-FDOPA
uptake was increased in the transplantation group,
whilst histopathological examination of post-
mortem brain tissue showed robust survival
of dopaminergic neurons. However, one
complication that was observed in patients from
both trialswas off-medication dyskinesia, whereby
patients experience severe rigidity at times when
L-DOPA effects wear off. This was later explained
by serotonergic hyperinnervation in the striatum of
patients who have undergone transplantation23,24.

Efficacy: patient selection

These trials suggested that patient selection
can have a significant effect on transplantation
outcomes. In one trial discussed above, a
significant improvement in PD symptoms was
only seen in younger patients13. Subsequent
analysis revealed that it was not patient age,
but the pre-operative response to L-DOPA that
predicts the magnitude of neurologic change
after transplantation21. Moreover, preoperative
preservation of dopaminergic projections to the
ventral striatum, as indicated by 18F-FDOPA PET,
was predictive of a better treatment response14.
This makes sense, as responsiveness to L-DOPA
indicates the presence of dopamine receptors that
could respond to dopamine produced by the foetal
implants. Similarly, in another trial, a significant
improvement in motor performance was seen only
in patients with milder disease, which could also
reflect higher level of remaining dopaminergic
receptors and, thus, higher responsiveness to L-
DOPA15. Thus, responsiveness to L-DOPA and
18F-FDOPA PET results can assist in the selection
of patients for future trials of cell-based therapies
for PD.

The above studies have provided a proof of
principle that cell therapies can be beneficial in
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PD. However, due to seemingly low efficacy of
this approach, high occurrence of undesirable
side effects, and practical and ethical limitations
of using foetal tissue, trials of hfVM tissue
transplantation for PD were paused in the
early 2000s until recently. To minimise the
risk of graft-induced dyskinesia and maximise
benefit for patients undergoing transplantation,
a TRANSNEURO trial was designed due to be
completed in 2021 (ClinicalTrials.gov Identifier:
NCT01898390)25. The main objective of the
trial was to recruit patients at an earlier disease
stage who are more likely to benefit from
transplantation, as assessed by responsiveness to
L-DOPA and preserved 18F-FDOPA signal in the
ventral striatum. The protocol for preparation
of hfVM tissue was strictly defined to produce
approximately equal number of dopamine cells
for transplantation and minimise transplantation
of serotonergic neurons. However, the study
encountered major logistical problems associated
with unpredictable harvesting of fresh foetal tissue,
such that only 11 patients received a transplant of
20 originally planned. The results of this trial are
yet to be published; however, trials with hfVM
tissue are unlikely to continue given the problems
of tissue supply. Other sources of dopaminergic
cells are necessary for this field to progress.

Embryonic stem cell-derived neural
progenitor cells
Undifferentiated embryonic stem cells can also be
collected from foetal tissue and treated to induce
neural progenitor cells (NPCs), which can then be
transplanted and differentiate into dopaminergic
neurons at the graft site. The advantage of
stem cell-based dopamine replacement is that
stem-cell-derived neurons are available in large
numbers, while the outcome of transplantation
is more predictable, as the number, genotype
and differentiation stage of neurons is consistent,
unlike in fVM transplantation trials25. Moreover,
ESC-derived cells produced on a large scale can
be cryopreserved, allowing high reproducibility of

studies. However, transplanting undifferentiated
cells comes with unpredictability of what cell
types will develop at the graft site and concerns
about tumorigenicity of such treatment.

Safety: immunogenicity

NPCs express low levels of MHC-I, suggesting
that matching patients and donors according to
their MHC is unwarranted26. However, there
is no clarity as to whether immunosuppressant
therapy should be used. Initial open-label trials
showed that implanting ESC-derived NPCs into
the striata of patients with or without the use
of immunosuppressants did not produce a severe
immune reaction, including BBB damage, blood
vessel injury or oedema26,27. However, ongoing
trials use immunosuppressant therapy to minimise
the risks of graft rejection.

Safety: tumorigenicity

Pre-differentiating cells in vitro prior to
transplantation should in theory reduce stem cell’s
tumorigenic capacity but does not eliminate it
completely. Open trials previously showed that
NPCs can be safely implanted into the striatum
without inducing any tumour formation26,27.
However, previously a case report of brain tumours
occurring as a result of NPC transplantation
in a patient with ataxia telangiectasia raised
concerns about tumorigenicity of such treatment
and whether it can be introduced into
standard practice28. Another approach, which
is currently being tested in an open-label
clinical trial, is selective isolation of foetal
midbrain tissue and differentiating cells ex vivo
into dopaminergic progenitors (ClinicalTrials.gov
Identifier: NCT01860794). However, it suffers
from the same issues of limited tissue availability
and ethical concerns as in trials of hfVM
transplantation.

Improved understanding of the development of
dopaminergic neurons facilitated the development
of a protocol for dopaminergic progenitor
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induction from ESCs and iPSCs. This can
be achieved through dual inhibition of BMP
and TFG/Activin/Nodal signalling, midbrain
specification by Wnt signalling activation, and
ventralisation by Sonic hedgehog signalling
activation29. Several strategies have been
suggested to then eliminate undifferentiated cells
from the graft. Sorting out the undifferentiated
pluripotent stem cells with the use of stem
cell markers is one possibility30. Alternatively,
adding an antimitotic agent at a defined part
of the differentiation process could also help
remove undifferentiated cells31. The best strategy
would involve selecting for markers of midbrain
dopaminergic progenitors and efforts aimed at
defining those markers are currently under
development32.

Efficacy: effects on dopaminergic transmission
and PD symptoms

Some evidence exists for improvement of PD
symptoms after NPC transplantation, although no
double-blind controlled clinical trials have been
conducted to date. An open trial showed that
implanting NPCs into the striata of PD patients
produced increases in uptake of radionuclide
dopamine transporter (DAT) in the putamen of
the implant side in 6 out of 8 PD patients
examined27. This was associatedwith a significant
reduction in PD symptoms up to 57 months after
transplantation, as assessed by the UPDRS, Hoehn
and Yahr, PDQ-39, and Schwab-England scales.
In another study involving 8 patientswith PD,NPC
transplantation produced motor improvement, as
assessed by UPDRS scores, lasting for at least
4 years26. PET similarly showed enhanced
dopaminergic neurotransmission in the putamen
that correlated with improved motor function.
However, given that these were open-label trials,
possible conclusions about the efficacy of such
treatment are limited. Thus, trials of neural
precursor cell transplantation are at early stages
and emphasise safety rather than efficacy.

The above studies used undifferentiated NPCs, yet

transplanting dopaminergic progenitor cells might
be a safer, and more efficient, strategy to replace
dopaminergic neurons. The first controlled,
albeit not double-blind, trial of ESC-derived
dopaminergic progenitor cell transplantation into
the putamina of PD patients, STEM-PD, is
currently ongoing. A strict protocol was
designed for differentiation of dopaminergic
progenitors from ESCs to avoid transplanting
unwanted cell types, and their subsequent
cryopreservation to increase reproducibility of
treatment. Triple immunosuppression regime
is used to minimise risks of graft rejection.
Interestingly, this trial continues from the
previously discussed TRANSNEURO trial and
so will allow direct comparison of hfVM tissue
transplantation with ESC-derived dopaminergic
progenitor transplantation. Another open trial,
led by BlueRock Therapeutics, uses a similar
approach: midbrain dopaminergic neurons, MSK-
DA01, are generated from human ESCs and
transplanted into the putamina of PD patients
(ClinicalTrials.gov Identifier: NCT04802733)33.
The results of these trials may indicate feasibility
and tolerability of using ESC-derived NPCs in PD
and will serve to guide further developments in
this direction - a double-blind controlled trial will
eventually be necessary to conclude on the efficacy
of this strategy.

An approach with fewer ethical concerns is
the use of human parthenogenetic embryonic
stem cells (hPESCs), which are derived from
unfertilised oocytes through the suppression of
the second meiotic division. There are several
ongoing open-label clinical trials testing the use of
parthenogenetic ESCs in PD (ClinicalTrials.gov
Identifiers: NCT02452723, NCT03119636).
However, the use of parthenogenetic cells comes
with its own concerns – especially about the
genetic abnormalities that are associated with
the use of unfertilised eggs. Moreover, it is
currently unclear whether hPESC-derived NPCs
differentiate into dopaminergic neurons at the graft
site29. For instance, one of these trials is using
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PAX6-positive neural progenitor cells, which are
of dorsal neural fate, while authentic midbrain
dopaminergic neurons are derived from a PAX6-
negative ventral midbrain neural precursor34,35.

Induced pluripotent stem cell-derived
neural progenitor cells
The development of induced pluripotent stem cell
technology has revolutionised the field of stem cell
therapy, as it is now possible to transplant human
dopaminergic neuron progenitors, while avoiding
the ethical ramifications of using foetal-derived
tissue36. Somatic cells can be isolated from adult
donors and reprogrammed into pluripotent stem
cells, so they can be differentiated using a protocol
similar to the one discussed above for ESCs.

Safety: immunogenicity

While human foetal or ESC-derived tissues are
known to illicit a host immunogenic response,
autologous transplantation using cells derived
from one’s own iPSCs eliminate the risks of tissue
rejection and the need for immunosuppressants.
For instance, a recent case report demonstrated
survival of autologous iPSC-derived midbrain
dopaminergic progenitor cells transplanted into
the putamen of a PD patient without the use of
immunosuppressants37.

However, one major disadvantage of autologous
transplants is that they retain the genetic risk
factors that contributed to PD in the first place.
Moreover, generating iPSCs from each individual
patient would be a costly and time-consuming
procedure. Finally, checking transplant quality
is much more difficult when a different batch
of cells is used for every transplantation.
For these reasons, allogeneic transplants using
MHC-matched iPSCs may be a more optimal
strategy. Although the expression of MHC
antigens in iPSCs is initially low, it increases
after differentiation both in vitro and in vivo38.
Thus, to avoid unnecessary risks, first clinical

trials of allogeneic iPSC transplants will use
immunosuppressive therapy.

Safety: tumorigenicity

Just like for ESC-derived cell transplantation,
two main strategies exist for removing
undifferentiated cells from iPSC-derived grafts:
using an antimitotic/proapoptotic agent to
selectively eliminate proliferating cells or sorting
dopaminergic progenitor cells from other cell
types using cell type-specific markers. For
instance, querceptin, an inhibitor of survivin,
was previously used in a case study of
autologous iPSC-derived dopaminergic progenitor
transplantation - the transplant did not form amass,
suggesting that no pluripotent cells were present
at the graft site, and no tumorigenic activity
was seen37,39. In a currently ongoing trial of
allogeneic iPSC-derived dopaminergic progenitor
transplantation, fluorescence-activated cell sorting
using antibodies for CORIN, a floor plate marker,
and ALCAM, a CNS microvascular endothelium
marker, is used after differentiation to enrich for
dopaminergic progenitors29.

Efficacy: effects on dopaminergic transmission
and PD symptoms

A first case report of autologous iPSC-derived
dopaminergic progenitor transplantation reported
improvements in motor performance of the patient
and modest improvements in the 18F-FDOPA
signal up to 2 years after transplantation37.
Although this is a result from a single patient,
this encourages further trials of autologous
and allogenic iPSC-derived dopamine progenitor
transplantation in PD.

In 2018, an open-label iPSC-derived
dopaminergic progenitor transplantation trial
for PD led by J. Takahashi and colleagues
at Kyoto University’s Center for iPS Cell
Research and Application began to recruit their
first patients (Clinical Trial: R000038278)40.
A strict protocol for dopaminergic progenitor
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differentiation followed by sorting for CORIN+
cells was developed to enhance the safety and
efficacy of the transplantation procedure. A
single immunosuppressant drug, tacrolimus, is
also administered to patients to minimise the
risks of graft rejection. This trial is due to be
finished in 2023 and will be the first to show the
feasibility and tolerability of using iPSC-derived
cell transplantation in PD.

Conclusion
Foetal ventral midbrain tissue transplantation
currently appears to have gathered the greatest
evidence base as cell therapy for PD, given the
number of clinical trials supporting its safety and,
less so, efficacy. However, the TRANSNEURO
trial showed that both practical and ethical
considerations regarding the use of foetal tissue
prevent it from becoming a standard therapy.
ESC-derived cell transplantation may be a better
alternative, if a strict differentiation protocol is
employed, which ensures that only dopaminergic
progenitors are present in the graft. Demonstrating
the safety of the use of parthenogenetic ESCs
can allow this field to progress even further,
as the ethical and practical ramifications of
using embryonic tissue will be resolved. The
use of iPSC-derived dopaminergic progenitors is
another promising strategy for cell therapy in
PD, which also eliminates the need for using
embryos. Results of the STEM-PD and Kyoto
trials will guide further developments in this
direction. However, it is important to remember
that the placebo response is high among surgically
treated patients and only double-blind controlled
trials can provide insight into the efficacy of
cell transplantation in PD41. This relates to
both the extreme nature of treatment used in
these trials and the lack of clearly discernible
results, as improvements in PD symptoms after
transplantation may be gradual and subtle.

Reverse translation based on the outcomes of
these clinical trials will be important for further

development of cell therapies and potentially
neuroprotective strategies, as preclinical studies
often cannot recapitulate the outcome of the
same treatment in humans. Several developments
are currently underway. To eliminate the need
for immunosuppressive treatment, transplanted
cells can be genetically modified to reduce
their immunogenicity. For instance, using
CRISPR/Cas9 to delete MHC genes from iPSCs
and simultaneously express CD47 signal for
evading immune cells has been achieved for
grafting cardiovascular cell types42. To42
approach the issue of proliferation of incorrectly
specified cells following transplantation, a
“suicide gene” approach was also designed43.
In this strategy, herpes simplex virus thymidine
kinase system is used, which selectively eliminates
proliferative cells when activated by ganaciclovir
administration. Although the use of this strategy
would come with major regulatory hurdles, it is
a proof of concept that further improvements to
the current transplantation strategies can be made.
Whether a protocol for selectively generating A9
nigral dopaminergic neurons, rather than A10
ventral tegmental dopaminergic neurons, can be
generated is yet to be determined but it would help
to increase the similarity between transplanted
and original cells. Other interesting technologies
under development include generation of iPSC
lines, which may be inherently protected from PD
pathology or which can be functionally regulated
by opto- and chemogenetic approaches44. Finally,
preclinical studies of in vivo conversion of
astrocytes to functional neurons have attracted
much attention in recent years45. Although this
strategy is far from being tested in clinical trials,
it is a promising technology, which avoids many
safety hurdles of cell transplantation.

In conclusion, dopaminergic neuron replacement
is an encouraging treatment strategy, which has
already demonstrated tolerability and feasibility.
Despite the controversial outcomes of early
clinical trials and many safety and ethical
hurdles, remarkable progress in stem cell and
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developmental biology has been made since these
early attempts, allowing the development of safer
and more reproducible protocols. Within 10
years of their discovery, iPSC lines are already
being trialled in clinic. Nevertheless, it is
important to remember that PD also involves
degeneration of neuronal systems other than the
striatum, which are likely to continue to degenerate
after replacement of dopaminergic neurons.
Thus, stem-cell-derived neuron transplantation
will never be a cure for PD and should only be used
if themotor improvements outweigh theworsening

of non-motor symptoms25. Finally, given
previous reports of alpha-synuclein accumulation
in transplanted hfVM cells, it is likely that
eventually transplanted ESC/PSC-derived cells
will succumb to PD pathology46,47. Only
combining disease modifying therapy with cell
transplantation will allow a complete treatment
for PD. Thus, the focus in the PD field
should still be on developing safe and effective
neuroprotective strategies to stop or even reverse
disease progression.
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Abstract
While evolution in conventional therapies (e.g. chemotherapy, radiotherapy) for neurological tumors -
particularly glioblastoma - have not resulted in a notable increase in patient survival, recent advances
in understanding adult stem cell biology and respective research may precede novel stem cell based
therapies for neurological cancers. Stem cell research may offer effective intervention for certain
pathways leading to neurological oncopathology. Targeting cancer stem cells has become one of the
most effective approaches under investigation to improve cancer survival, quality of care and life. This
review probes the potency of stem cells in managing neurological cancer, particularly respective to
restoration of cognitive and executive function in patients.

Introduction
Most current interventions for brain tumors,
including radical surgical resection followed by
radiation and chemotherapy, have substantially
improved the survival rate in patients suffering
from these brain tumors. However, they
remain incurable in a large proportion of
patients, with malignant neurological tumors such
as glioblastoma multiforme remaining virtually
untreatable. There are currently more than
400,000 drugs that can eliminate tumor cells in
vitro, however, cancer remains a leading cause
of death worldwide1,2. This is in part due to our
inability to selectively deliver adequate drug doses

to residual tumor cells after surgery and radiation,
in part due to intervention limitations such as:
tumor invasion, off-target toxicities, and acquired
resistance. Therefore, there is substantial need for
effective, low-toxicity therapies for patients with
malignant brain tumors, and gene therapy targeting
brain tumors should fulfill this requirement3.

Stem cells (SCs) have been found to exhibit
an innate tumor-tropic migratory behavior, and
therefore contain the potential to be modified
to deliver a variety of therapeutic agents and
efficiently distribute their cargo into brain tumors.
This can be achieved via pursuing invading
streams of tumor cells deep into the brain
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parenchyma, without eliciting an immunogenic
response.

Cancer stem cells (CSCs) are a subpopulation of
self-renewing malignant and oncogenic cells that
drive tumor initiation, progression and recurrence.
It has been shown that embryonic pathways control
self-renewal capacity and are involved in cancer
stem cell maintenance and proliferation. Targeting
these pathways may be effective in eradicating
cancer stem cells by focusing on the main root
cause of cancer and avoiding chemotherapy and
radiotherapy resistance.

Additionally, CSCs have natural tumor-tropic
behavior, so can be modified to deliver a
variety of therapeutic interventions and enable
tumor-specific penetration of therapeutic agents -
increasing exposure of the tumor while preserving
non-tumor tissues. For such an approach, neural
stem cells (NSCs), mesenchymal stem cells
(MSCs) and induced NSCs (iNSCs) provide a
chance of success as shown in most recent studies.

In outline, stem cell driven neuro-
oncotherapeutics fall within the gene therapy
bracket. Gene therapy for brain tumors strategies
can be grouped in twomajor categories: molecular
and immunologic. The widely used molecular
gene therapy approach suicide gene therapy -
based on the conversion of non-toxic prodrugs
into active anti-cancer agents via introduction
of enzymes and genetic immunotherapy - involves
the gene transfer of immune-stimulating cytokines
including IL-4, IL-12 and TRAIL. For both
molecular and immune gene therapy, neural stem
cells (NSCs) can be used as delivery vehicles of
therapeutic genes. The significance of the NSC-
based gene therapy for brain tumors is that it
is possible to exploit the tumor-tropic property
of NSCs to mediate effective, tumor-selective
therapy for primary and metastatic cancers in the
brain for which no tolerated curative treatments
are currently available4.

This brief review contemplates the preclinical

and clinical use of NSCs as targeted delivery
vehicles for anticancer agents, the use of
CSCs, and possible molecular genetic intervention
aimed at neurological stem cells. It will also
consider the recent progress in the therapeutic
potential of stem cells for neurological tumors
respective to cognitive and executive function,
and perspectives for future preclinical studies and
clinical translation.

Method
An online search of the literature was carried out
on the PubMed/MEDLINE and ClinicalTrials.gov
websites, restricting it to the most pertinent
keywords regarding the in vivo research on stem
cells and their therapeutic use for neurological
tumors. Clinical trials and preclinical data
belonging to the last 10 years were shortlisted.
A further sorting was implemented based on
the best match and relevance. Keywords used
included:“Stem Cell Therapy” OR “Stem Cell”
OR “Stem Cells” OR “Cancer Stem Cell” OR
“Stem Cell Treatment” OR “Cancer Stem Cells”
AND “Neurological Cancer” OR “Brain Cancer”
OR “Brain Tumor” OR “Spinal Cord Tumor”
OR “Spinal Cord Cancer” NOT “review” NOT
“LiteratureReview”NOT“literature review”NOT
“Review”.

Results
Use of CSCs
Emerging evidence locates stem-like cells within
tumors, known as Cancer Stem Cells (CSCs),
which exhibit characteristics of both stem cells
and cancer cells. In addition to the self-
renewal and differentiation capacities of stem
cells, CSCs have the ability to resist apoptosis
and seed tumors into their animal host4. CSCs
are resistant to conventional chemotherapy and
radiation treatment and are very likely to be the
origin of cancer metastasis5. CSC self-renewal
and differentiation is tightly controlled bymultiple
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regulatory networks, including cytokines from
the cancer cell microenvironment - regulatory
network consisting of microRNAs and Wnt/β-
catenin, Notch, andHedgehog signaling pathways.
Loss of miRNA results in a defect in self-
renewal with a failure to down-regulate stem
cell specific markers. miRNA plays an essential
role in establishing SC identity and altered
expression of miRNA has been identified in neural
CSC6. CSCs are hence novel vehicles to target
cancerous culture. The efforts in pursuit of
exploiting CSC potential include Hoey et al.
which developed antibodies against delta like 4
ligand (DLL4), a component of Notch signaling
pathway that reduced proliferation of tumor cells
and CSC function7. Alongside this, Jin et al.
applied a monoclonal antibody 7G3, to the IL-
3 receptor alpha chain (CD123), which reduced
CSC engraftment as IL-3-mediated intracellular
signaling and self-renewal of CSC (CD34+CD38)
was inhibited by 7G38. Ginestier et al. also
tested a strategy to target CSCs through blockade
of the IL-8 receptor CXCR1 using either a
CXCR1-specific antibody or a small-molecule
CXCR1 inhibitor, repertaxin4. The breast
CSC population was reduced after anti-CXCR1
treatment. In addition, repertaxin retarded tumor
growth, inhibited metastasis, and reduced the
breast CSC population in human breast cancer
xenografts4. The lack of correlation between
the proportion of CSCs and clinical outcome
restrains the clinical translation CSCs targeting
strategies. More clinical evidence is required
to demonstrate correlation between the therapy-
resistant CSC proportion in a tumor and tumor
malignancy to determine clinical significance of
CSC targeted therapy.

Use of NSC and iNSC
NSC stands for unipotent neural stem cells,
usable due to their tendency to migrate towards
neurological tumors before differentiating. iNSCs
refers to induced NSCs, which are artificially
derived from reprogrammingmature neurons back

into their unipotent stem cell form.

NSC Mediated Nanoparticle Delivery

Nanoparticles (NPs) open a new window of
possibilities of which two have shown promising
potential in cancer therapeutics: Small-Molecule
Drug Delivery (NP platform offers potential for
the selective triggered or sustained release of
anticancer drugs at tumor sites), and Physical
Tumor Destruction or Photothermal Ablative
Therapy (using inert, metallic, stimuli-responsive
NPs - gold nanorods for instance - with tumor-
localized antennae that can convert near infrared
light into heat capable of “burning” tumor tissue,
avoiding collateral damage)9–11. In both modes
of treatment, NSCs can be modified into precise,
non-immunogenic vectors subsequent to their
tumor tropism, transporting either surface-bound
or internalized NPs.

NSC Mediated Oncolytic Virotherapy

Anti-cancer oncolytic viruses is a treatment using
biotechnology to convert viruses into therapeutic
agents by reprogramming them to induce the
death of cancer cells regardless whether the cells
are resistant to radiotherapy or chemotherapy.
This can stimulate immune system recognition
of cancer cells as a result of exposure of tumor
antigens after lysis. The efficacy of this approach
has been limited by delivery hurdles such as
rapid immune system inactivation of viruses, poor
viral penetration of tumors, and the inability
of the viruses to reach tumor foci that are
separated from the main tumor mass by normal
tissue12,13. The minimal immunogenicity of the
NSCs improves viral delivery and should enable
repeat administrations. There is scope to engineer
CD-NSC lines to deliver adenovirus (CRAd-
Survivin-pk7) that proliferates solely in cells that
overexpress survivin, a protein overexpressed only
in tumor cells. Once the NSCs seed the virus
into tumor foci, the virus continues to replicate
in tumor cells and ceases when normal tissue is
reached. Evidence shows reduced tumor burden
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and prolonged survival14–16.

NSC Mediated Therapeutic Protein Secretion

To date, therapeutic anti-cancerous, precise
proteins such as growth factor-antagonists, tumor
necrosis factor-related apoptosis-inducing ligand,
Interleukins, and antiangiogenic protein have been
successfully engineered into NSCs17–25. NSCs
were transduced to vectors that could stably release
anti-cancer proteins, overcoming the short half-
lives of conventional treatments regimens and
demonstrating anticancer effects when secreted in
various preclinical tumors.

NSC Mediated Enzyme and Prodrug Therapy

NSCs can be genetically engineered to deliver
prodrug activating enzymes throughout tumor
foci to convert inactive prodrugs into tumor-toxic
active drugs by expressing prodrug-converting
enzymes for tumor localized chemotherapy. Once
activated, the drug can affect surrounding tumor
cells through diffusion, intercellular gap junctions,
or endocytosis of apoptotic bodies released from
dying cells. This provides a critical safety switch
that can eliminate the cells after their therapeutic
effect has been actualized9,10,26,27.

NSC Mediated Secretion of Exosome as
Carriers for Therapeutic Oligonucleotide

Oligonucleotide therapeutics (ONTs) are drugs
that manipulate gene expression and improve
the disease state. They are most often in
the form of antisense oligonucleotides, which
hybridize with a target mRNA to downregulate
gene expression via an RNase H-dependent
mechanism28. NSCs secrete exosomes that enable
the transfer of endogenous miRNAs, antigenic
peptides, and perhaps even synthetic ONTs.
Exosomes are extracellular vesicles, tiny bubbles
that are released from stem cells, that carry genetic
information and proteins to cells and create paths
for communication between cells. This includes
the transference of oligonucleotides capable of

disturbing oncogenic expression. Preliminary
studies suggest that NSCs can rapidly internalize
ONTs and retain them.

Current NSC Preclinical Development
Given the emerging emphasis on anti-tumor
immune response for effective treatments, the
majority of NSC preclinical studies to date have
involved immunodeficient xenograft models the
most successful approaches have advanced to the
clinic involve cargo that exhibits a substantial
bystander or amplification effect (i.e. prodrug-
converting enzymes and oncolytic viruses).
Despite NSCs’ experimentally proven potency to
NSCs to improve the efficacy of other therapeutic
loads while minimizing off-target toxicity, studies
in syngeneic followed by humanized mouse
models will be important.

Current NSC Clinical Development
The first human trial investigating stem cells as
potential cancer treatment was carried out in
2020, at Lesniak and Northwest University. The
aim of the study was to establish the safety
of using NSCs loaded with CRAd-Survivn-pk7
in addition to radiation therapy and TMZ. This
case is an example of NSC mediated oncolytic
virotherapy, and successfully demonstrated safety
and a certain degree of efficacy. Result
shows gradual improvement, however, long term
observations are needed to determine efficacy. In
summary, NSC Mediated Oncolytic Virotherapy
demonstrated non-immunogenicity despite the
concern surrounding the nature of this approach.
It successfully achieved proof-of-principle for
brain tumor-localized NSC mediated oncolytic
virotherapy, NSC mediated prodrug conversion
and long-distance migration of loaded NSCs to
tumor microsatellites29. Further investigation is
needed to determine efficacy and safety of other
approaches as well as a detailed account of stem
cell therapy on various aspects of neurological
tumors. Cohort studies may also be required to
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determine long term effect on patients. Further
investigation, for both the same approach and
different strategies is currently pending.

Cognitive and Executive Function

There is currently no direct mention of cognitive
and executive function in regards to stem cell
based therapy for neurological cancers, mainly
due to lack of clinical investigation and the
novelty of this hoard of strategies. Furthermore,
targeted investigation is required to investigate the
influence of this cognitive and executive function,
whether there is significant difference, or whether
this influence is positive or negative. It would be
crucial to investigate the long term effect also, as
the complex nature of stem cells lays ground for
troubling issues arising in both the long and short
term. The current evidence has demonstrated
overall short term safety and feasibility of using
stem cells behind theory. However, this is not
enough to prove or predict the effect on long term
cognitive and executive function. Cognitive and
executive functions are thought to be intertwined
and influencing one another, both directly and
indirectly. Directly in a sense that cognitive or
executive decline would enhance a decline in the
latter. Indirectly in a sense that a decline in
one results in conditions and predicaments that
contribute to theworsening of the other. Currently,
decline in cognitive and executive function
consequent to neurological cancers is thought to
be predominantly contributed to by inflammation
secondary to tumor development, lateral damage
caused by conventional therapies, peripheral
damage caused by tumorous hyperplasia, or a
loss of functional tissue to cancerous tissue.
Considering these causes, stem cell based
therapies may be assumed to improve cognitive
and executive function. At the very least, it may
decrease or slow down degeneration as they would
not exert the same lateral damage as conventional
anti-cancer treatment and would, in theory, be
more effective and time efficient at delivering
treatment. Targeting cancerous stem cells early

during their unique course of development also
bodes well for the possibility of avoiding the
development of cancer from an early stage, or
decreasing the speed and malignancy of cancer.
This in turn would significantly contribute to
cognitive and executive function as well as overall
survival. Although there is no current indication
of influence on cognitive and executive functions
specifically, this may change upon accumulation
of new evidence.

Discussion
For themajority of discussed strategies, an efficacy
convincing enough to pursue a clinical trial has
not yet been reached. Although, with sufficient
development, they may revolutionize cancer
therapeutics and significantly improve patients
quality of life during and after treatments. So far,
the utility of these strategies have been investigated
in preclinical cancer settings, involving xenograft
models30. Studies in syngeneic and humanized
mouse models will therefore be amongst the
primary nexts steps. The most potent NSC-
mediated strategies have proven to be those
involving therapeutic cargo delivery. They exhibit
a substantial amplification effect (i.e., prodrug-
converting enzymes and oncolytic viruses), and
improve the efficacy of other therapeutic protein
or nanoparticle cargo while minimizing toxicities.
Further development will focus on optimizing the
number and distribution of NSCs throughout loco-
regional and systemic solid tumor metastases.

While tumor-tropic NSCs are intended to deliver
or create therapeutic effects within the tumor,
NSCs’ complex mechanisms may allow them to
persist or replicate within the tumor environment
for an extended period of time22. Upon elongation
of duration of therapeutic NSC persistence, they
may impact the immune microenvironment within
the tumor. In animal models, NSCs have shown
to secret molecules that inhibit the proliferation
and activation of T-cells, antigen-presenting cells,
and microglia, and even induce apoptosis in
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blood-borne, CNS-infiltrating, pro-inflammatory
T helper type 1 cells31. Studies using tumor-
tropic NSCs within tumor settings delivering
oncolytic viral payloads have reported the release
of pro-inflammatory immunomodulators, IL-6,
and tumor necrosis factor α are associated
with triggering an innate immune response.
Inconveniently, NSCs also seem to release the
immunosuppressive cytokine IL-10 and decrease
oncolytic virus-mediated activation within nude
mouse brains14.

Tumor-tropic NSCs also exhibit notable
tumorigenicity also highlighted in a preclinical
peripheral nerve injury model32 in which the
NSC source developed into a tumor33. Recent
clinical results using the clonal NSC line have
however demonstrated non-tumorigenicity27,34.
The net impact of stem cell driven therapeutics
on the tumor immune microenvironment are
still unclear. There remains the possibility of
genetically engineering stem cells to overcome
these limitations14. This, however, calls for more
research particularly within a clinical setting. The
influence of stemcell therapeutics on cognitive and
executive function, mainly due to the deficiency of
clinical enquiry, remains for themost part a theory.
Increased efficacy and decreased toxicity might
improve functional restoration, and targeting
cancer stem cells before they exert cancerous
damage may minimize or avoid damage to said
functions.

Xenobots: A Possible New Frontier

In 2020, scientists were able to derive self-
replicating robots from stem cells. They
utilized algorithms inspired from stem cell genetic
development to disassemble and reassemble stem
cells into robots and exhibit certain characteristics
of living stem cells. Xenobots are nano-robots
created using pluripotent stem cells, only a
fraction of a millimeter wide, that have been
synthesized out of biological material assisted
by an evolutionary algorithm in recent years.
Pluripotent stem cells, the building blocks of

xenobots, are extracted from blastula stage
embryos of the African clawed frog Xenopus
laevis, hence the name xenobots. An algorithm
then runs through numerous evolutionary paths
of the xenobot designs to gauge the most viable
structures, suited to a specific behavioral pattern
designed by the scientist in charge. The most
ideal structures are selected and built in vivo
using pluripotent stem cells. The algorithm
continues creating the most suitable 3D structure
for the xenobots using biological components
of Xenopus laevis pluripotent stem cells. The
assembly is done manually. Cardiac progenitor
cells are added during assembly. These then
differentiate into cardiomyocytes, able to create
contractile motion in the xenobots. This ability is
programmed to give rise to the novel property of
kinematic self-replication in the xenobots, which
is the outcome of four programmed behaviors:
movement patterns, manipulation and transport of
objects in the cellular environment, and behavior
amongst each other, such as docking to one
another35. Although in the early stages of research,
xenobot technology shows great potential for
finding and removing CSCs before they develop
into mature cancerous cells, mature cancerous
cells, and tumors. This is all however a theory, and
further investigation and development is required
to determine the feasibility of such theories.
Regardless, xenobots are another potentially
revolutionary but unconventional stem cell based
approach to treating all cancers, specifically
neurological cancers.

Conclusion
Though currently available clinical treatments and
therapies have clearly extended the prognostic
outlook for many patients with brain tumors, many
of these advances are short lived. Themissing link
to treatment of these cancers is a more complete
understanding of the basic molecular and cellular
origin of brain tumors. However, new discoveries
of stem cell and developmental neurobiology have
given birth to the variety of stem cell manipulation
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methods. Investigation of intriguing similarities
between neoplastic and malignant cells within the
central nervous system of brain tumor propagation
is the current frontier of stem cell and cancer
biology. This review has highlighted the potential
of utilizing stem cells as demonstrated in in vivo,
preclinical investigations, as well as clinical trials.
Considering the lack of clinical trials, this review
has also highlighted the need for more clinical
investigation within the field. This is particularly
important as current research in other innervation
routes have not shown notable improvementwithin
the context explored by this review.

Stem cell technology has been applied in the

treatment of brain tumors largely because of
the ability of some stem cells to infiltrate into
regionswithin the brainwhere tumor cellsmigrate,
shown in preclinical studies. However, research
remains inconsistent and different papers seem
hard to link to each other to form a better overall
understanding. This review highlights the need
for further investigation using hominid samples
prior to clinical trials given these uncertainties
and inconsistency. There is currently no study
exploring the influence of stem cell therapies on
specific aspects of the disease, such as cognitive
function in patients. Further exploration of such
concept is another key area, potent of inspiring
more effective approaches and strategies.
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Abstract
Temporal lobe epilepsy (TLE) results in hippocampal sclerosis which is partly characterised by a
loss of pyramidal neurons. This article will evaluate the potential clinical applications of Neural
Stem Cell (NSC) grafting in the hippocampus to increase neurogenesis and prevent seizures in TLE,
specifically with regards to astrocytes, inhibition and neurogenesis. NSCs stimulate both neuron and
glia production and also secrete multiple neurotrophic factors, therefore, the aim of this article is to
explore whether these abilities can be directed into the treatment of epilepsy. This emphasises why
neurogenesis should be discussed as an important target for treatment.

Introduction
Epilepsy is a highly prevalent chronic neurological
disorder1. Temporal lobe epilepsy (TLE) is
the most common type of epilepsy2 originating
in the temporal lobe, and is characterised by
hyperexcitability in the hippocampus3. Resulting
symptoms of TLE include seizures, learning
and memory impairments and occasionally,
depression3. Severe TLE is associated with
hippocampal sclerosis4, neurodegeneration in the
dentate gyrus, and reorganisation of hippocampal
circuit5. Currently, the main source of treatment
is anti-epileptic drugs (AEDs). Despite the
optimistic prevention of seizures in 70% of
patients using AEDs, 30% are still suffering the

severe consequences of epilepsy6. A 2018 study
evaluated how successful AEDs are in treating
epilepsy by monitoring seizure control7. The
study lasted a year and used a total of 1795
individuals who were newly treated for epilepsy
using AEDs. At the end of the study period,
it was found that 1144 people out of the 1795
had been seizure free for at least one year,
this is equivalent to 63.7%7. This statistic is
very close to the quoted statistic of 70% stated
earlier. Another limitation of AEDs is that
they produce varied adverse effects in different
individual patients, therefore, AED selection has
to be individualized8. In addition, AEDs solely
provide symptomatic treatment and do not cure
or influence the course of the disease3, hence,
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further research into treatments is required.During
recent years, progress has beenmade in describing
clinical features of epilepsies and the mechanisms
responsible for this disorder9.

Neurogenesis is the generation of new neurons
in the central nervous system through division
of NSCs and neuronal differentiation10. Adult
neural stem cells are unique because of their
ability to differentiate, self-renew and their
particular involvement in neurodevelopmental and
neurodegenerative diseases11. The amount and
pattern of neurogenesis is altered by seizures,
however, the overall effect depends on the type
of seizure. Chronic temporal lobe epilepsy is
associated with declined dentate neurogenesis in
the adult hippocampus12. Therapies introducing
neural stem cells are a potential route of treatment
for chronic epilepsy because of their ability to
replace neuronal populations lost as a result of the
disease3. It is hypothesised that neural stem cell
transplantation can inhibit seizures. When stem
cells are transplanted into the epileptic sites of the
hippocampus, specific neurons are made which
synthesise the inhibitory neurotransmitter γ-
aminobutyric acid therefore, inhibiting seizures13.
These multipotent NSCs can be expanded from
multiple regions of the brain14.

Method
Data was collected via a PubMed search where the
advanced search tool was used. To begin with,
the terms ‘epilepsy’, ‘seizures’, ‘Anti-Epileptic
Drugs’ and ‘neural stem cells’ were used. 160
articles were presented therefore it was decided
that the article question needed to be refined. The
question was changed to only consider ‘temporal
lobe epilepsy’. This narrowed down the search
to 53 results. The filter option was used to
select articles published within the past 10 years
which left 32 sources. This was refined to 14
references by choosing those including statistical
data and/or actual studies of NSC grafting into the
hippocampus. From the 14 studies, only 5 of the

studies clearly demonstrated the methodologies
adopted and assessed the role of astrocytes,
inhibitory interneurons, and the restoration of
pyramidal neurons – aspects this review will
discuss.

Results & Discussion
Role of astrocytes
Analysis of the numbers of newly born neurons
in the dentate gyrus using 5-bromodeoxyuridine
and/or doublecortin assays showed considerably
increased dentate neurogenesis in animals
receiving grafts of NSCs compared to control
groups without NSCs15. NSCs were taken from
E9 caudal neural tubes of Sox-2:EGFP transgenic
mice brains and transferred into the hippocampi
of middle-aged F344 rats15. Phenotypic
characterization revealed that the transferred
NSCs differentiated mostly into astrocytes and
oligodendrocyte progenitors15. These astrocytes
secrete anticonvulsant factors which help slow
down the cognitive and emotional dysfunction
caused by temporal lobe epilepsy13. Many studies
implicate astrocytes for use in treatment of TLE16.
During epilepsy, K+ and glutamate homeostasis
is disrupted. Astrocytes are coupled through
gap junctions which means they can redistribute
elevated K+ from sites of enhanced neuronal
activity16. Astrocytes can also help rebalance the
abnormally high concentrations of extracellular
glutamate resulting from epilepsy. Overall,
astrocytes have main roles in brain function
including K+ and glutamate homeostasis and
supplying neurotransmitter precursors for reuse at
excitatory and inhibitory synapses. They therefore
provide considerable treatment for epilepsy16.

Role of inhibitory interneurons
The anti-epileptogenic effect of NSCs in adult rats
with status epilepticus has been tested17. Two
groups of rats were compared, one involving 95
rats suffering induced epilepticus and the other
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being a control group of 12 rats without induced
epilepticus. Experimental status epilepticus
was induced in the rats by lithium-pilocarpine
injection and β galactosidase encoded human
NSCs were transplanted intravenously into the rat.
Spontaneous recurrent seizures were monitored,
and an immunohistochemistry was performed
with extracellular field excitatory postsynaptic
potentials recorded. Results showed that
the human NSCs differentiated into GABA-
interneurons in the damaged hippocampus17. This
indicated that NSCs, once differentiated into
inhibitory interneurons, could prevent recurrent
seizures in adult rats. NSCs demonstrate
the ability to stimulate the generation of
new GABA–ergic interneurons which synthesise
the inhibitory neurotransmitter γ-aminobutyric
acid10. If these cells produce many GABA-ergic
inhibitory interneurons, they may be efficient for
inhibiting seizure activity3.

Role of neurogenesis/restoration of pyramidal
neurons

A study by Shen et al. explored the possibility of
using Hippocampal Stem Cells (HSCs) obtained
from rats to promote reorganisation of degenerated
regions of the injured hippocampus in an epileptic
brain of a rat18. The animal subjects were
randomly divided into three groups: control
group, transplanted group and non-transplanted
group with 24 subjects in each group. Within
the transplanted group, neonatal rat HSCs
were transferred into the right hippocampus of
rats with kainite acid-induced epilepsy. An
electroencephalogram (EEG) was used to monitor
the hippocampus and amygdala nucleus for the
total 24 weeks. Rats with grafted HSCs exhibited
reduced frequency of epileptic wave discharge
and a 50% decrease in amplitude of discharge18.
At weeks 1, 4, 8, and 24, the number of
CA3 pyramidal neurons were analysed with Nissl
staining and data was compared between the
3 test groups. The staining showed that, by
8 weeks, the loss of CA3 pyramidal neurons

had been significantly restored in the group
of rats receiving HSCs compared to the other
groups. Considering these results, HSCs derived
from postnatal hippocampus offer a promising
reparative effect on an epileptic brain18.

Overall analysis
Analysis of these studies evidently shows
that inhibitory neurons inhibit seizure activity,
astrocytes balance ions and substances which
reduce epileptic effects and neurogenesis can
restore pyramidal neurons lost as a result of TLE,
therefore managing the effects of epilepsy. There
is an evident lack of data concerning the long term
effects of NSC grafting in these studies which is
an important limitation.

Future outlook
Whilst the introduction of NSCs is promising,
it remains difficult to predict the overall impact
of increased neurogenesis on frequency and
intensity of spontaneous seizures12. If more
research validates these conclusions, then we
have the potential to prevent chronic epilepsy3.
Studies on the efficacy of using stem cells
for treating TLE are lacking as it is only
in recent years that NSC based therapies for
treating neurodegenerative diseases have received
interest3. It will be important to examine the
efficacy of combination strategies such as grafting
of NSCs into the hippocampus with systemic
administration of neurogenesis-enhancing factors
such as antidepressants, neurotrophic factors,
antioxidants or dietary supplements. The
specialised role of astrocytes should not be
overlooked as an important route of treatment,
not only for epilepsy, but other neurological
disorders such as Huntingtons and Parkinsons
disease19. The ability for astrocytes to control
the molecular microenvironment around neuronal
circuits should be subject to more research.
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Conclusion
In conclusion, Multiple clinical studies show
that grafting of NSCs into the hippocampus can
both increase neurogenesis and decrease seizure
activity. There is an evident correlation between
increased GABA-ergic neurons as a result of NSC
grafting and seizure inhibition13. Many studies
have emphasised the role of astrocytes in CNS
homeostasis by which they effectively control the

effects of TLE. The majority of studies exploring
NSC grafting to treat epilepsy use animal models
therefore the generalisation of their findings is
limited. This emphasises the need for new human
studies. In addition, research regarding the long
term effects of NSC is significantly lacking. This
is an important limitation since we do not know
how long the benefits of NSC grafting will last in
cases regarding TLE.
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Abstract
A novel method for regenerating lost or damaged neurons via direct lineage reprogramming of
endogenous cells is advancing strategies for treating neurological disorders. As neurons and glia
share a common progenitor cell, forced expression of neuronal fates in supportive glial cells in the
injured brain can generate a population of newly regenerated neurons. Traumatic brain injury (TBI),
particularly its secondary metabolic effects, can cause loss or damage of neurons and serious functional
impairments. As reactive glial cells are common in response to TBI and a proliferative population
of endogenous glia, reprogramming of these glia into neurons could be a treatment for neuronal loss
in TBI. This literature review aims to assess the evidence for using glia to neuron reprogramming to
regenerate neurons and improve outcomes for traumatic brain injury and to explore the methodology
adopted for using this strategy to treat other central nervous system (CNS) disorders.

Introduction
Traumatic Brain Injury (TBI) is a complex
neurological injury caused by insult to the head
that can create serious functional impairments
and increase risk for neurodegenerative disease.
TBI is the leading cause of acquired disability
among young adults and annually costs the
British economy £15 billion1. Neuronal tissue
damage resulting directly from the initial injury
is classed as primary brain injury, but the most
damaging and long lasting impacts typically
result from a secondary cascade of pathological

events2. Damaged blood vessels and parenchyma
can cause metabolic and oxidative stress via
hemorrhage, vasogenic oedema, and excitotoxic
ischemic necrosis3. These subsequent cellular
events, excitotoxicity, inflammation, reactive glial
cell activation, and oxidative stress, are the main
contributing factors to neuron loss and functional
impairment4.

A significant challenge in treating TBI is
the replenishment of neurons lost during the
pathological events. Despite decades of research,
strategies targeting neuronal loss, including
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stem cell transplantation, have failed to yield
clinically meaningful results. The main
hurdles faced by stem cell transplantation have
been immune rejection, pathogen contamination,
graft induced dyskinesias, along with several
ethical concerns5. Some of these issues can
be avoided by recruiting an endogenous cell
population for in vivo neural reprogramming,
rather than transplanting exogenous cells. Direct
glia-to-neuron reprogramming is an innovative
technology for neuron regeneration that utilizes the
stem cell like qualities of reactive glia cells to force
ectopic expression of a variety of transcriptional
regulators of functional neurons6,7. This review
will discuss the current research on glia-to-neuron
reprogramming in TBI, as well as methodologies
adapted for treating other CNS disorders with this
technique.

Method
Data was collected through PubMed and Medline
advanced search. The search terms used were
“traumatic brain injury” AND “glia*” AND
“reprogram*” to find all relevant papers related
to cell lineage reprogramming specific to TBI.
The language and year of publication were not
filtered as this would have limited the number of
relevant papers to be included. This yielded 12
results, 3 of which were reviews. To search for cell
lineage reprogramming in other central nervous
conditions, “glia* to neur*” AND “reprogram*”
produced 507 results. Filtered for research support
and reviews, this search produced 389 results.
To refine this, the term “reactive” was added,
producing 35 results, 26 of which were research
support. Additional search filters “conversion”
and “direct lineage” were searched in different
combinations, as no results were produced with
all search terms selected.

Results & Discussion
Glial reprogramming in TBI
A high risk for neuronal death in TBI is due
to loss of energy supply following damage to
blood vessels and parenchyma8. Depletion of
ATP causes failure of ion pumps that maintain ion
gradients, failure of astrocytic glutamate cycling,
and reversal of astrocytic glutamate transporters9.
These processes cause excitotoxicity, an excess
buildup of extracellular glutamate that leads
to neuronal injury and death9. A glial scar
forms at the site of injury to create a physical
and chemical barrier preventing further neural
degeneration, but also prevents regeneration10.
In response to injury, microglia are the first
to respond, then NG2 glia, then astrocytes11.
Parenchymal astrocytes responding to CNS injury
regain a neurogenic potential that is typically
surpassed in the injured brain environment, but
with careful manipulation of genetic expression
in these cells, a neurogenic potential can be
achieved12. With this induced neurogenic
potential, the cells in the reactive glial scar can
provide a population of newly generated neurons
through direct cell reprogramming, surpassing
many issues involved in cell transplantation
strategies. Direct conversion of glial cells at the
scar site into functional neurons can not only solve
the inhibitory issue of the scarring tissue but also
provide localized functional neurons11,13.

The search produced only one clinical trial
involving glia to neuron cellular reprogramming
in TBI models. In this study, glial cells
were successfully reprogrammed into induced
pluripotent stem cells (iPSCs) using retroviral
mediated expression of transcription factors Oct4,
Sox2, Klf4, and c-Myc in mouse models of
TBI12. These iPSC were shown to differentiate
into neurons that produced action potentials and
glial cells in the damaged tissue cavity12. While
this is promising, further research is needed on
how to target specific cell types, such as NG2
glia, astrocytes, reactive glia, or microglia, and
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how to induce the appropriate cell type such as
pyramidal, interneurons, or granule neurons for
functional integration into the damaged network.
In TBI, degenerated cell populations can occur
anywhere in the brain, therefore the cell types to
be regenerated can vary. Properly understanding
the mechanisms of cell-specific targeting and
the requisite transcription factors is needed to
move these trials forward14. Additionally, iPSC
induction runs the risk of cell tumorigenicity,
tumor forming cell overgrowth. More research is
needed onmechnanisms for avoiding tumorgenitiy
which may include expressing apoptotic suicide
genes, or avoiding pluripotency altogether with
direct cell lineage programming. This direct
approach is an attractive strategy that has produced
results for improving functional outcomes in
animal models of several other CNS conditions.
Trials on lineage reprogramming for other CNS
disorders have also made advances in deciphering
the transcriptional regulators that correspond to
specific cell types, as will be discussed in the next
section.

Glial reprogramming in CNS injury
Search results under the criteria “glia* to neur*”
AND “reprogram*” AND “react*” produced
85 results. Filtered for research papers and
reviews, 35 results were produced. Reviewing
these results, it was found that direct lineage
reprogramming has been observed to improve
functional outcomes and reduce symptoms in
mouse models forMesial Temporal Lobe Epilepsy
(MTLE) and ischemic stroke, and to induce
targeted cell types in Alzheimers and Parkinsons
mouse models12,13,15,16.

As criteria for MTLE includes reactive gliosis,
loss of GABAergic interneurons, and hippocampal
seizures, direct lineage reprogramming of
reactive and transplanted glial cells in the
hippocampus of mice with induced MTLE
regenerated functionally integrated interneurons
and reduced seizure frequency and intensity16.

Using adeno-associated viral (AAV) vectors to
force ectopic expression of known GABAergic
neuron inducing transcription factors, Ashl1 and
Dlx2, GABAergic interneurons were regenerated
that exerted inhibitory effect on hippocampal
granule cells, reducing seizures16. Achieving
functional connectivity and symptom reduction
with newly generated neurons from glia to neuron
reprogramming in MTLE is a promising result for
future directions in this field.

Search results produced evidence for using direct
cellular reprogramming in animal models of
ischemic stroke, stab wound, and Alzheimer’s
disease (AD) via forced expression of the master
neural transcription factor Neurod1 (ND1) for
generating induced neurons (iNs)15,17. As
reactive gliosis and neural degeneration are
features of several neurodegenerative diseases
and of ischemic conditions, these conditions are
implicated to benefit from treatment by direct
lineage reprogramming. In rodents with ischemic
damage, retroviral mediated forced expression of
ND1 induced neurons in 66% of the infected
reactive astrocytes, as detected by the expression
of the neural factor NeuN17. Of these iNs,
80% expressed the vascular glutamate transporter
vGLUT, suggesting the expression of mechanisms
for functional integration17. In a mouse
model of Alzheimer’s, retroviral ND1 infection
produced NeuN expressing iNs that formed axonal
projections and synaptic connections17. ND1
induced a glutamatergic cell fate in astrocytes
and a glutamatergic or GABAergic fate in
NG2 glia, providing insights into cell type
specific targeting13. Additionally, the master
transcriptional regulator, Sox2, was found to
successfully reprogram NG2 glia in the cortex
of stab wounded mice into neurons that formed
synaptic connections with innate neurons18. Glial
reprogramming via ND1 has been replicated in
human cells in vitro, whereby cultured human
astrocytes were induced into NeuN expressing
neurons by ND1 directly, without passing through
a neural progenitor stage, but this has not been
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tested in vivo17. These results have not been
correlated to symptom reduction or functional
improvements, yet are encouraging for future
research.

The search results also produced trials for inducing
dopaminergic neurons in vivo from astrocytes in
Parkinson’s mouse models via lentiviral mediated
forced expression of the transcription factors
Neurod1, Ascl1 and Lmx1a and microRNA
NeAl21817. These induced dopaminergic neurons
were excitable, exhibited properties of mature
dopaminergic neurons, and rescued spontaneous
motor behavior in mice with induced Parkinson’s
symptoms19.

Conclusion
While newly published studies on using glia to
neuron reprogramming have produced results for
treating MLTE, ischemic stroke, Alzheimer’s and
Parkinson’s in mice models, much more needs
to be done before bringing these into human

trials. This novel technique addresses some
issues with cell transplantation, but more evidence
on targeting cell type specificity and on which
transcription factors induce target cell types to
integrate for circuit repair is needed. Bringing
this technique into TBI treatment will require
more understanding of which cell populations to
target, which transcription factors to use, and
what the critical periods in the disease process
are. While glial cells have been successfully
reprogrammed into iPSC in mice TBI models,
generating specifically targeted cell types and
inducing functional synaptic connectivity between
target cell types is needed. Developing functional
synaptic connectivity between newly programmed
neurons is important, as synapse loss is a
cause of functional impairment following TBI,
therefore assuring the recovery of functional
synapses is a critical issue20. Neuronal loss
is a hallmark of many neurodegenerative and
neurological diseases, therefore if proven effective,
this strategy holds potential to be a pivotal step
towards developing regenerative medicine for the
nervous system.
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Abstract
The peripheral nervous system (PNS) is a matrix of 43 pairs of sensory and motor neurons, and
autonomic neurons that modulate the functions of sensation, movement and motor coordination by
connecting the body’s extremities to the brain and spinal cord (CNS). Peripheral nerve impairment
may result from systemic disease (e.g. diabetes, autoimmunity etc.) or localized lesion (e.g. trauma,
tumors etc.); and can cause loss of motor function (something as simple asmaking a sandwich), sensory
deficit (such as blindness/visual impairment), or a combination of both. Despite its commonality,
advances in treatment and the ability of peripheral neurons to regenerate spontaneously, peripheral
nerve impairment persists to pose a clinical hurdle. The central reasoning being the lack of supportive
Schwan cells or their ability to maintain their regenerative property. Building Schwan cell scaffolding
via tissue engineering is a promising treatment in theory, and in evidence provided by in vivo and
clinical experiments.

Introduction
Contrary to the CNS, neurons of the PNS have a
greater ability to regenerate. Conversely, contrary
to most tissue in the body, peripheral neuronal
regeneration is slow and often incomplete and
inadequate due to a number of confounding
factors. The lack of supportive Schwann cells or
their inability tomaintain a regenerative phenotype
is a major factor. Over half of patients subjected to
peripheral nerve injury (PNI) do not regain good
to excellent sensory or motor function subsequent

to nerve repair. Often characterized by loss of
sensation, complete or partial apraxia, chronic
pain, and threat of permanent disability.

There is currently no licensed stem cell based
therapy for PNI, meaning PNI continues to be an
area of unmet clinical need. This commentary
aims to briefly explore international efforts to
develop and denote stem cells for Schwan cell
based engineered tissue compared to Europe and
the UK, and the significance thereof.

Advances in nervous system tissue engineering
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technology have led to efforts to build Schwann
cell scaffolds to overcome this and enhance the
regenerative capacity of neurons following injury.
Stem cells that can differentiate along a neural
lineage represent an essential resource and starting
material for this process. There are currently
a variety of different stem cell types that are
showing promise in vivo for nervous system tissue
engineering in the context of peripheral nerve
injury. They are, however, faced by a range
of biological, practical, ethical, and commercial
considerations in using these different stem cells
for future clinical application. Reflecting on these
considerations, it is evident that there are areas
where a different approach can be adopted in order
to spur more innovation and breakthroughs.

Overview of Advances
From a tissue engineering perspective, stem cells
would often be differentiated in vitro prior to
being combined with a scaffolding material such
as collagen to form artificial tissue. In this
context schwann cells are able to support sensory
and motor neurons of the PNS to allow and
assist their natural intrinsic process. Currently
there are no licensed stem cell based artificial
nerve tissue (product) for treating peripheral nerve
damage. However numerous preclinical studies
have pointed out the ability of stem cells from a
variety of sources to differentiate into Schwann
cells as starting material for these engineered
tissue scaffolding. As of December 2021, only a
small fraction of clinical trials have reached phase
three and four status. This has been in part due to
underlying regulatory, ethical, and legal barriers
to clinical translation of stem cells1 as well as
the practical considerations of using stem cells
for peripheral nerve repair discussed later in this
passage2.

In regards to clinical trials, umbilical cord blood
stem cells were themost common source, followed
by adipose derived stem cells, neural stem cells,
and epithelial stem cells. There have been

various other sources of stem cells used in
preclinical studies that have shown remarkable
success. Cui et al. utilized mouse embryonic
stem cells (ESCs) into a sciatic nerve in a
rat axotomy model after the sciatic nerve was
transected3. ESCs were neurally induced and
were transplanted 1 hour after removal of a 10mm
segment of nerve. Three months following the
axotomy, the ESCs survived and showed better
regeneration than controls. Neural stem cells
(NSCs), isolated from both the embryonic and
the adult central nervous system transplanted adult
pig subventricular zone by Liard et al.4, resulted
in NSCs inside an autologous venous graft into
a femoral nerve gap in an adult pig model and
reported improved functional recovery at 6months
compared to controls. Takahashi and Yamanaka5
used four transcription factors, namely, Oct3/4,
Sox2, c-Myc, and Klf4, to generate pluripotent
cells (iPSCs) directly from mouse embryonic
or adult fibroblast cultures6. Recently, Sakaue
and Sieber-Blum also isolated human epidermal
neural crest stem cells from the hair follicle
bulge and showed they can be differentiated into
functional Schwann cells7. Manipulation of
WNT, sonic hedgehog, and tumor-growth-factor
βsignalling pathways and exposing the cells to
growth factors led to the expression of Schwann
cell markers, and the expression of neurotropic
and angiogenic transcripts, making these cells
promising candidates for nerve repair.

Amongst the other notable sources are skin
derived precursors (SKPs)8–10, dental pulp stem
cells (DPSCs)11–13, perinatal stem cells14–16, bone
marrow stem cells (BMSCs)17,18, and skeletal
muscle derived stem cells (SMDSCs)19,20.

Overview of Drawbacks
One recurrent concern surrounding stemcell based
therapies including developing artificial nerve
tissue for PNI treatment, is the overlap between
stem cells and tumorous cell characteristics. This
overlap has also been shown to translate into
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carcinogenicity of artificially developed, induced,
and inserted stem cells.

Stem cell based therapies are also often met by
numerous ethical, practical, and legal barriers
to clinical translation, some of which may
sensibly be avoided. For instance, several
studies have commented on the lack of regulatory
harmonization where subtle differences in good
manufacturing practice (GMP) protocols can
prevent a certain therapy moving forward21–23.
Obtaining formal approval for a clinical trial from
the respective regulatory bodies requires aligning
manufacture and cell processing with current
GMP, Good Tissue Practice, and Good Clinical
Practice. A key regulatory standard to note in
regards to the development of stem cell-based
therapies for peripheral nerve repair is “minimal
manipulation.” This is defined as “processing that
does not alter the biology of the cell”24; however,
from an artificial tissue engineering perspective,
the stem cells would often be differentiated in
vitro prior to being combined with a scaffolding
material to form artificial tissue25,26, and therefore
the artificial stem cell driven nerve tissue would
be classed as more than minimally manipulated.

Furthermore, the essential addition of additives
such as growth factors can differentiate a stem
cell towards a particular lineage27 and the large-
scale amplification of stem cells also increases the
mutation rate that could directly impact treatment
with these cells or lead to other diseases27,28.
Recent work has also shown that long-term culture
can alter the genetic composition of the cells29–31.
Overall, there is currently no optimalmedium used
for stem cell expansion.

An Area of Possible Intervention
in Europe and the UK
Using stem cells in clinical trials requires
formal approval by the relevant regulatory bodies
that are responsible for ensuring that therapies
meet standards of safety and quality without

putting public health and national security at
risk. Reviews comparing relevant regulatory
frameworks show that the USA and Europe have
the largest number of clinical trials using stem
cells, followed by East Asia32.

However, since the discovery of induced
pluripotent stem cells, Japan, which has a
similar regulatory framework to USA and Europe,
has refined its guidelines to push forward the
development of stem cell innovations and has led
to the first-ever clinical trial using iPSCs33.

In Europe, the European Medicines Agency
(EMA) regulates stem cell-based therapies and
related tissue-engineered medicinal products. In
the UK, it is the Medicines Health and Regulatory
Agency (MHRA) that regulates such therapies
and related clinical trials. Artificial nerve
tissue falls under the same category and would
be regulated as Advanced Therapy Medicinal
Products (ATMPs)34.

For an ATMP to achieve regulatory approval
in Europe it would be subject to a centralized
marketing procedure. Applications would
be assessed by the Committee for Advanced
Therapies and the Committee for Medicinal
Products for Human Use before a decision is
made by the EMA to grant or refuse marketing
authorisation.

In the USA, stem cells and tissue-based products
or technologies are regulated by the Food and
Drug Administration (FDA) and/or Human Cells
and Tissue-Based Products (HCT/Ps). For
peripheral nerve repair application, cells are often
combined with natural or synthetic materials to
form artificial nerve tissue and are classified as
“biological drugs” which are regulated by the
Center for Biologics Evaluation and Research.
For clinical trials or commercializing such a
product, authorisation must be sought from the
FDA through submission of a Biologics License
Application.
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The regulatory framework for Japan is similar
to that of Europe and USA35 and guidelines
governing the translation of stem cell therapies
were established by the Ministry of Health,
Labor and Welfare (MHLW). Japan has recently
passed a Regenerative Medicine Promotion Law,
which provides the opportunity for patients to be
treated with regenerative therapies based on the
latest scientific knowledge, thus permitting earlier
patient access36.

Following Japan’s footsteps, although belatedly,
the USA have also introduced schemes to
accelerate the delivery of stem cell-based
therapies such as “Fast Track,” “Breakthrough
Therapy,” “Accelerated Approval,” and “Priority
Review”37,38. Similar regulatory pathways for
earlier patient access have recently been proposed
for the UK and Europe, but they have not been
translated into practice39. In recent years, the
EuropeanMedicines Agency (EMA) has also been
inviting companies to participate in pilot project

adaptive pathways aiming at patient groups with
serious conditions and unmet medical needs40.
Such schemes to provide earlier patient access are
also gaining traction in Europe and the UK via the
adaptive pathway approach.

Reflecting on a global scale, it is highly
encouraging that there is a clear international
effort to develop stem cells for Schwann cell
based engineered tissue for therapeutic application
within the PNI field. Stem cell based therapy
for PNI presents a huge clinical opportunity that
cannot pass by UK and European innovation,
especially when that reason would be due to
mere bureaucracy. A key area Europe and the
UK can benefit from reflecting on is regulatory
frameworks and schemes to push for more
innovation, creativity and collaboration within the
field. An example would be providing education,
exchange, research and degree programs or
placements for students at an early stage of their
career to increase exposure to the field.
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Today, being accepted into a doctoral program
reflects years of invested effort, perseverance,
persistence, and perhaps a bit of luck too.
It happens that in recent years the level of
competence when applying to these programs has
increased considerably with only around 10% of
applicants getting an interview and 2% of these
managing to obtain a place.

I remember when I was doing mymaster’s studies,
the programme coordinator asked how many of us
would like to do a PhD, and most of us raised our
hands (it is worth mentioning that we were more
than 100 students). In response, he said that not
even 10% of us would get it. It might have been
something we did not like hearing at the time, but
it turned out to be true. Talking to other students
I have realised that many of the applicants usually
do not have well-founded reasons as to why they
would like to pursue a doctorate - I have come
across some who apply solely for the sake of the
academic title or because most of their peers from
university do. Additionally, I believe that a PhD
is not about doing lots of experiments, putting out
different publications, or helping the group leader
with his research. Rather, a doctorate should be
seen as a preparation based on problem-solving
learning that trains you to think in an analytical

and critical manner. If carefully chosen, this
preparation process occurs unconsciously while
working in a field you feel passionate about.
Therefore, and based onmy experience, my advice
is to take some time to evaluate all your career
options before committing to a doctorate, both
inside and outside academia, as there might great
alternatives to PhD studies.

I am currently in the first year of the Wellcome
Trust - KCL Advanced Therapies for Regenerative
Medicine (ATRM) PhD programme. I joined this
programme because I am particularly interested
in computational biology and the study of cell
fate control mechanisms in the mammalian brain
for the development of potential cell regeneration
therapies. But how I became interested in this
specific field dates back to several years ago.
During the first years of my undergraduate studies,
I did voluntary internships in three laboratories
to start exploring different research areas and
see what I liked the most. In one of these,
I worked with axolotls for a summer, which
made me realise how fascinating these creatures
were and how much we could learn from them.
Axolotls, besides being beautiful animals, are
extensively used in scientific research for their
ability to regenerate their limbs, eyes, gills, and
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even their brains. Studying these animals with
the ambition of understanding how regeneration
occurs had a great impact on me, despite this
being my first contact with “real” research and
that my main intention was only to learn different
lab techniques. Later, in my last year of university,
I learnt about neurodegenerative disorders, which
immediately caught my attention. My curiosity
about these disorders led me to start reading more
about the brain as I could not explain to myself
how such a powerful organ could be, at the same
time, so vulnerable. This made me realise that I
wanted to continue my academic preparation with
postgraduate studies focusing on neuroscience and
regeneration. However, I had no background in
the neurobiology field, and this was a requirement
in most universities. To gain some experience
and increase my chances of getting accepted in a
neuroscience master’s, I joined a developmental
neurobiology lab as a voluntary research intern for
18 months, where I studied tissue regeneration in
terrestrial slugs. Although I was later rejected in
most of my applications, my efforts paid off in the
end, and Iwas accepted into theMScNeuroscience
programme at KCL. Once there, I met Prof
Benedikt Berninger, whose research focus was
a perfect match with my interests: promote
neuronal regeneration in the adult mammalian
brain. I joined the lab and learnt about his
pioneering work in the generation of induced
neurons via the direct lineage reprogramming
strategy, which consists of the conversion of
other endogenous brain cells, such as glia, to
neurons by inducing the expression of neurogenic
transcription factors. The idea behind this strategy
is that we could, at least in theory, replace
lost neurons in the damaged brain with induced
neurons generated from other resident brain cells.
Thus, for my thesis project, I developed a Python-
coded algorithm that allowed using automated
image analysis of nuclear morphologies to make
predictions regarding reprogramming success in
experiments of glia-to-neuron conversion in vitro.
My experience in the lab of Prof Berninger
helped me grow my passion for the field, and

the idea that my research could contribute to new
strategies for regenerating the diseased brain gave
me goosebumps. For this reason, I decided that I
wanted to continue my career with PhD studies in
brain regeneration.

Choosing a PhD programme is not an easy task
and should be done with caution as it is a long-
term commitment. Thus, it is important to explore
different fields and find what you like the most –
even outside academia. Rushing is a very common
mistake as there is no advantage in joining a
programme as young as possible when you have
not had time to gain more skills or even find your
real passion. As described here, it took me several
years to find exactly what I wanted to do for a
PhD, and if I had rushed and gone for the first PhD
option that I was offered I would not have been
completely satisfied. Furthermore, the decision
of committing to a PhD should be a two-sided
evaluation: (1) the university decides whether you
are a good candidate for the programme, but (2)
you should also assess whether such university
and programme are the best options for you.
More important, I believe, is the selection of
a good supervisor, who should not only have
a good publication record and be active in his
research field, but also have sufficient time to
provide adequate supervision and mentorship, be
interested in the project, and be supportive. Once
you have found a good supervisor it becomes
easier and a kind of teamwork to find funding
and the best programme for you. In my case, the
Wellcome Trust – KCL ATRM PhD programme
was the option that best suited my interests as it
offered a regenerative medicine focus and many
neuroscience-related projects. In addition, it
also allows students to explore three laboratories
of their choice during the first year, which in
many cases, can be useful to learn new skills.
Although it is highly competitive to get in (as
most PhD programmes), I am certain that if you
have strong life science-related background and
well-founded reasons of why you want to join the
programme then the application process becomes
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straightforward. Finally, I would like to highlight
that the main key to being accepted in a doctorate
programme is motivation, being motivated will
make you stand out from the rest of the candidates.

One last aspect to take into consideration when
deciding to go for a PhD is dedication. Once
started your PhD you will realise that it is not a
stereotypical “9-to-5” job in which you can forget
about work once you get home. There will be
times when you might be in the lab after 10 pm
or analysing data at 2 am, thus being dedicated is
essential. Usually, successful PhD students are not
only truly passionate about their research but also

keep up to date with new developments in their
field and are able to deal with failure. The latter is
particularly important as many times experiments
do not work, results are not relevant, or the data
obtained suggests the opposite of the expected.
However, if your field genuinely excites you, these
are not seen as failures, rather as opportunities to
becomemore creative and design new experiments
or to come up with new ways of analysing the
data. All things considered, joining a doctoral
programme is a big commitment that demands
time and effort but, in the end, it gives you the
satisfaction of becoming an expert in your field
while contributing to its expansion.
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ACADEMIC YEAR 2021/22

Joining the Neurosphere Student Journal
The Neurosphere Student Journal is King’s College London’s only peer-reviewed student scientific
journal, and we’re looking for neuroscience enthusiasts to write for our next issue! If this is you, why
not get in touch with our Editor-in-Chief and start writing for us? We are also continually on the search
for more peer reviewers and another Editor to join us, so please get in touch if you’re interested.

Benefits of Joining
• Improve your own academic and scientific
writing skills, which will be particularly useful
for final dissertations or critical paper analyses
in certain modules’ assessments.

• Boost your portfolio with inside tips and advice
for getting your own research works published in
ISSN, ISBN or PubMed ID index publications.

Joining as an Editor
• As an editor, your role will be to mentor students
through the scientific writing process from start
to finish. This will include giving advice and
feedback on article outlines, structure, literary
research techniques and scientific writing style.

• Students must have prior works and author
credits in established scientific publications that
are either ISSN, ISBN, or PubMed ID indexed.
You may also be asked for an example of your
work.

Joining as a Peer Reviewer
• As a peer reviewer, your role will be to check
that articles are methodically sound, factually
accurate, and their sources are scientifically
credible. Training can be provided.

• Students must be affiliated with either FoLSM
or IoPPN, and hold an average grade equivalent
to or above 65%

Editor-in-Chief: Samah Sabreen
samah.sabreen@kcl.ac.uk
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SUBMITTING AN ARTICLE

Writer’s Information Package
This writer’s information package contains all the information needed to guide you through the writing
process, which will see your finished article published in our Journal! To get started, please email
our Editor-in-Chief (contact details given below) from your King’s, Imperial, or University College
London email address.

1. Article Outline
The first step is to draft an article outline.
Unfortunately, the Journal is unable to accept
pre-written articles or submissions from students
outside of King’s, Imperial, or University College
London.

1) Before submitting an article, please send in
an outline of the article you wish to write
to our Editor-in-Chief (contact details below).
Depending on the content or topic, they may
assign you to work with a different member of
the editorial team to best fit your needs.

2) Your outline will then be assessed, with any
feedback returned to you. This process will
repeat until an article outline is accepted.

3) A submission date will then be given to you for
writing a draft of your article, along with an
anticipated publication date.

4) Using the provided feedback, you may then
start to complete your article draft.

5) Your completed article draft may require
further revisions once submitted (see section
4. Article Acceptance).

2. Article Topic & Type
The Journal welcomes topics relating to basic,
translational or clinical neuroscience. Topics
that are clinical in nature (such as those on
psychiatry, neurology, or neurosurgery), or based
on scientific or medical education are also
welcomed. Unfortunately, the Journal is unable
to accept articles whose topics are on psychology,
or articles written in an essay format.

Articles must be one of two article types:

• Literature Review (called Research)
a scientific research article giving a methodical
summary of the current understanding of a
topic. These articles are usually researched from
databases such as PubMED, and are structured
with an abstract, introduction, methods, results
and discussion, and conclusion.

• Commentary Article (called Letter)
a commentary on systemic scientific or clinical
practices or direction. Whilst these are
more opinionated in nature, they must still
be substantiated by significant research and
evidence.
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3. Article Content
Please keep the following in mind when writing:

• The preferred submission file format is
Microsoft Word document (*.docx).

• Article titles should be no more than 2 lines on
print, which equates to roughly 75 characters
(including spaces) and should not contain any
punctuation, abbreviations or acronyms.

• Content complexity should be aimed towards
first year undergraduate students; that is, assume
A-Level knowledge and a basic understanding of
biological principles, but not the topic at hand.

• Word count is strongly recommended to be
750 words minimum excluding references, but
there is no upper limit. For review articles
we recommend 1000 words minimum excluding
references and an abstract of 100 words.

• For review articles, please structure your
article with an abstract and sections for the
introduction, methods, result and discussion,
and conclusion. The methods section should
detail your literature search strategy and
inclusion/exclusion criteria. Your editor will be
able to advise you with your search strategy.

• Referenced material must be ISSN, ISBN, or
Pubmed ID indexed.

• Citations should be made in numeric Vancouver
style, with in-text citations being made with
lower case square brackets enclosing the
reference number.

• All abbreviations should be written out in full
on the first mention, with the abbreviated form
then given in parentheses.

4. Article Acceptance
Once your first article draft has been submitted,
this is what you can expect to happen next:

• Your editor may give feedback and suggest
minor revisions. Thesemay relate to the article’s
structure, content, or writing style. Your editor
will work with you collaboratively to get your
article to publication standard.

• Once a final draft is accepted by your editor, it
will be passed on to be peer-reviewed to ensure
factual accuracy and scientific credibility.

• The peer-review team may pass feedback on to
your editor, in which case further revisions may
be needed and the article will be resubmitted for
peer-review.

• Once your article has been accepted by both your
editor and the peer-review team, your article will
be ready for publication!

5. Article Publication
Once your article has been accepted, this is what
you can expect to happen:

• The Journal is published once per semester on
the Society’s website. If your article misses
that semester’s submission deadline, it will be
rolled-on to next semester’s issue.

• Once published, feel free to share your article
on social media!

Editor-in-Chief: Samah Sabreen
samah.sabreen@kcl.ac.uk
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Saturday 12.02 Sunday 13.02 

Coffee Break

Coffee Break

Lunch Break + Posters / Awards

Annual Neurosoc Conference
Neurogenesis and Stem Cells in Regenerative Medicine

10:00 - 11:15

11:15 - 11:30

11:30 - 12:45

12:45 - 15:00

15:00 - 16:15

16:15 - 16:30

16:30 - 17:45

17:45 - 18:30

Intro to Neurogenesis 
Dr Paula Alexandre

Adult Neurogenesis
Prof Sandrine Thuret

Engineering Neurogenesis
Prof Benedikt Berninger

Applications of Stem Cells
in Regeneration 
Prof Patrizia Ferretti 

Applications of Stem Cells
in Regeneration  
Prof Jack Price 

Applications of Stem Cells
in Regeneration 
Dr Ivo Lieberam 

Neurogenesis and 
Development Dr Matthew 
Grubb & Dr Darren Williams

Ethics on the Use of Stem
Cells in Research and
Medicine PALs

Networking and Integration with the Speakers

Conference Programme



Professor Thuret is Head of the Neurogenesis and Mental Health
Laboratory and Deputy Head of the Basic and Clinical Neuroscience
Department (KCL) and has a background in bioengineering, molecular,
cellular, behavioural and ageing biology. She has made significant novel
contributions to neural stem cell biology in the context of regeneration,
neurodegeneration, mental health, and neurogenesis with over 5000
citations and a TED talk with 11 million views.

Professor Sandrine Thuret
King's College London

Professor Berninger is a Professor of Developmental Neurobiology at the
Centre for Developmental Neurobiology at KCL His lab's research
primarily focuses on how to initiate neurogenesis in the mammalian brain
by converting support cells into induced neurons, using in vitro and in
vivo virus-based models. Professor Berninger's lab also study neural
stem cell models, to further inform their research in integrating newly
generated neurons within existing networks.

Professor Benedikt Berninger
King's College London

Dr Ivo Lieberam
King's College London

Dr Lieberam is a senior lecturer and researcher at the Centre for
Developmental Neurobiology at KCL. The focus of Dr Lieberam’s
research over the past few years has been the question how stem cell
technology can be harnessed to understand the function and dysfunction
of neural circuits that control motor behaviour, and how stem cell-derived
tissue can be used to regenerate neuromuscular circuits in adult
mammalian animal models and, ultimately, in human patients. 

Annual Neurosoc Conference
Neurogenesis and Stem Cells in Regenerative Medicine

Conference Speaker Bios



Professor Ferretti is a Professor of Regenerative Biology at the
Developmental Biology & Cancer Department, UCL GOS Institute of Child
Health. Her lab is undertaking research in human somatic stem cell
plasticity, particularly focusing on adipose-tissue-derived stem cells, and
their potential for craniofacial tissue repair in combination with
biocompatible scaffolds and morphometric analysis. Other areas of
research include investigating the cellular and molecular basis underlying
changes in the regenerative capability of the spinal cord.  Prof. Ferretti
has made sustained and internationally recognised contributions to the
field of regenerative medicine and has also edited the 1998 book "Cellular
and Molecular Basis of Regeneration from Invertebrates to Humans"
which was very well received. 

Prof Patrizia Ferretti 

University College London

Professor Price is a Professor of Developmental Neurobiology and
former Head of the Cells & Behaviour Unit at the Institute of Psychiatry,
Psychology & Neuroscience, KCL. He is also former Head of the Division
of Advanced Therapies, UK National Institute for Biological Standards
and Control. Prof Price’s specific interest is the commercial and clinical
translation of gene and cell therapies. He is also the author of "The
Future of Brain Repair: A Realists Guide to Stem Cell Therapy".

Prof Jack Price 

King's College London

Dr Alexandre is a researcher and lecturer at the Developmental Biology
and Cancer / Birth Defects Research Centre, UCL GOS Institute of Child
Health. Her lab's research focuses on understanding the cellular and
molecular mechanisms that regulate neurogenesis as well as the
neuronal pattern in the brain and spinal cord and how they relate with
developmental brain disorders, utilising live imaging combined with
histological and transcriptional analysis in zebrafish embryos which are
being expanded to the human developing hindbrain.

Dr Paula Alexandre
University College London



Dr Darren Williams is a Reader in Developmental Neurobiology, based at
the Centre for Developmental Neurobiology, KCL. His research primarily
focuses on investigating the development of insect nervous systems; his
lab has worked towards elucidating fundamental aspects of early
development events as well as late developmental events that refine
neuronal shape at both cellular and sub-cellular levels. Dr Williams
pioneered live imaging techniques to study the remodelling of axonal and
dendritic arborizations live in intact animals.

Dr Darren Williams
King's College London

The King's College London School of Bioscience Education Peer
Assisted Learning (PAL) is a student-led scheme dedicated to supporting
and supplementing the bioscience student experience. Volunteer PAL
Leaders (PALs) design and run workshops and other events to help
enhance students' study skills. PALs gain transferable skills, such as
time management, communication, leadership, and gain confidence
through participating in the scheme.

PALs

King's College London

Dr Matthew Grubb is a Reader in Neuroscience, based at the Centre for
Developmental Neurobiology, KCL. His lab is currently investigating the
effects of experience on the development, form, and function of the
brain. The Grubb Lab primarily works on the mammalian olfactory
system, to explore experience-dependent plasticity and how this
interacts with ongoing neurogenesis under various conditions.
Additionally, after his lab uncovered the two distinct subtypes of
dopaminergic neurons in the olfactory bulb, Dr Grubb's research is now
also centred on understanding the differences in gene expression and
network connectivity between these two subtypes, crucial for discerning
their roles in sensory information processing.

Dr Matthew Grubb
 King's College London


