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Abstract Treating the central nervous system manifesta-
tions of subjects with neuropathic lysosomal storage
diseases remains a major technical challenge. This is
because of the low efficiency by which lysosomal enzymes
in systemic circulation are able to traverse the blood brain
barrier into the central nervous system. Intracranial
transplantation of neural stems cells genetically modi-
fied to overexpress the respective deficient enzymes
represents a potential approach to addressing this group
of diseases. The unique properties of neural stem cells
and progenitor cells, such as their ability to migrate to
distal sites, differentiate into various cell types and
integrate within the host brain without disrupting normal
function, making them particularly attractive therapeutic
agents. In addition, neural stem cells are amenable to
ex vivo propagation and modification by gene transfer
vectors. In this regard, transplanted cells can serve not
only as a source of lysosomal enzymes but also as a
means to potentially repair the injured brain by replenishing
the organ with healthy cells and effecting the release of
neuroprotective factors. This review discusses some of the
well-characterized neural stem cell types and their possible
use in treating neuropathic lysosomal storage diseases such as
the Niemann Pick A disease.
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Introduction

During the past decade, the potential of stem cell transplan-
tation as a therapeutic modality for neurodegenerative and
neurometabolic diseases has gained significantly increased
interest. Potential applications of this technology include its
use as a cell replacement or augmentation therapy and as a
source of cellular factors that might be deficient in the host or
trophic factors that promote survival and repair of the central
nervous system (CNS) of the host. However, given the
complexity of the cellular organization of the CNS, particu-
larly in diseased states, their deployment as cellular vectors to
prevent or ameliorate neurological disorders likely represents
a more tenable short-term goal than that of a vehicle for cell
replacement and regrowth of damaged circuitry.

Lysosomal storage diseases (LSDs) represent a group of
more than 50 metabolic disorders caused by mutations in
genes encoding catabolic enzymes involved in the normal
degradation of macromolecules within the lysosomes [1]. A
deficiency in the activity of 1 or more of these lysosomal
enzymes leads to the progressive accumulation of uncata-
bolized substrates and consequent cellular dysfunction and
organ failure [1, 2]. Testing of cellular therapies in several
animal models of LSDs has shown that a combination of
gene and stem cell therapy might represent an optimal
therapeutic paradigm. Further research is underway to
bridge the preclinical development path to clinical studies
in humans. Here, we discuss select examples of preclinical
studies that highlight both the promise and challenges of
this technology platform to treating LSDs.

Sources of Neural Stem Cells and Progenitor Cells

Neural stem cells (NSCs) have demonstrated the potential
as a therapeutic modality for the repair of a number of CNS
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disorders. NSCs derived from either the developing or adult
CNS are a heterogeneous population of mitotically active,
self-renewing, and multipotent cells [3, 4]. They exhibit
select cardinal features, such as the ability for unlimited
self-renewal via asymmetric cell division, indefinite ability
to proliferate in response to mitogens, and multipotency for
the different neuroectodermal lineages of the CNS [5–7].
Self-renewal is defined as the capacity of a cellular clone to
generate new stem cells with identical properties for
multiple generations, a characteristic that can be prompted
by the provision of mitogens [5]. Multipotency refers to the
capacity of clones derived from single founder stem cells to
differentiate and generate multiple cell types of a particular
germ layer. Neural progenitor cells (NPCs) derived form the
CNS are also multipotent cells, capable of giving rise to
neurons, astrocytes, and oligodendrocytes, but contrary to
NSCs the NPCs have limited self-renewing capacity [5, 7].
NPCs are a step further along the path of differentiation
than NSCs. Different, but well-defined procedures have
been developed for the isolation, safe expansion, and
maintenance of these cells in chemically defined media
for several years [8, 9].

The ideal donor cells for use in transplantation studies
should be easy to isolate and produce in large numbers. They
also need to be competent in effecting cellular or molecular
replacement in the CNS without causing a deleterious
outcome (e.g., tumor growth). For the past several years,
protocols that allow for the generation of a large number of
NPCs in vitro have been established, thereby supporting the
concept that these cells might represent a renewable source
of uncommitted, ready-to-use cells for transplantation pur-
poses [10]. Neural cells with stem cell properties have been
isolated from fetal [11, 12], neonatal [13, 14], and adult [13]
human brains, as well as rodent CNS using both epigenetic
(with the mitogens epidermal growth factor [15] or basic
fibroblast growth factor [16–18]) and genetic (with the
reversible oncogenes v-Myc or large T antigen [19, 20])
strategies. NPCs can also be isolated from human fetal and
adult tissue by enzymatic dissociation followed by expansion
in the presence of specific growth factors rich and serum-
deficient media. Additionally, fluorescence activated cell
sorting and surface antigen-based cell sorting can be used
to facilitate purification of the cells [11–14]. Adult-derived
NSCs and NPCs avoid the ethical concerns associated with
fetal-derived cells. However, NSCs are more difficult to
isolate from brain biopsies or autopsy samples [13, 14].
Additionally, human adult NSCs and NPCs do not show
telomerase activity and have limited proliferation capacity
following serial passaging in vitro [21]. Although NPCs from
different species respond positively to growth factors, their
growth properties can differ depending on the conditions
being used [22]. NSCs can be expanded either as adherent
cultures [5] or spherical aggregates termed “neurospheres”

[15]. In serum-free cultures supplemented with epidermal
growth factor and/or fibroblast growth factor-2 multipotent
NPCs are able to proliferate indefinitely.Moreover, these clones
spontaneously differentiate into postmitotic CNS daughter cells
(such as neurons, astrocytes, or oligodendrocytes) at withdraw-
al of the growth factors [5, 6, 10]. Brain-derived NPCs have
received the most attention as a source of cells for neural cell
replacement, and they have been widely used for proof-of-
concept studies in animal models of diseases [23, 24].
However, the limited availability of donors and the difficulty
associated with expanding cells derived from postmortem
adult tissue coupled with the concern of potential immune
rejection of transplanted cells provide challenges for their use
as a source of donor cells for therapeutic applications.

NPCs have also been isolated from pluripotent human
embryonic stem cells (ESCs) [25]. ESCs derived from the
inner cell mass of blastocyst stage embryos exhibit 2
unique characteristics: 1) an indefinite capacity for self-
renewal and 2) pluripotency. ESCs can indefinitely divide
into the undifferentiated state, and when exposed to certain
conditions ESCs are able to differentiate into any cell type
including neural progenitors; thus, ESCs are considered
truly pluripotent [25]. Improvements to methods to scale
production of the ESCs to numbers necessary for trans-
plantation have been recently described. Feeder indepen-
dent growth of human ESCs (using protein components
solely derived from recombinant sources or purified from
human material) has been achieved [26, 27], as has the
propagation (through continuous asymmetric cell division)
of ESC-derived neural stem cells without the accompanying
differentiation [28]. These ESC-derived NPCs have been
used in multiple animal studies. The transplanted cells have
been shown to successfully be integrated and differentiated
in a region-specific manner into neurons, astrocytes, and
oligodendrocytes [29, 30]. Although, ESC-derived NPCs
can potentially provide a limitless source of donor cells,
several challenges remain a concern regarding the clinic use
of these cells. First, as with NPCs and other allogenic
transplants, there are concerns of immunorejection and the
need of immunosuppression. Second, the presence of
undifferentiated cells and increased risk of tumorigenesis.
Protocols to avoid the formation of teratocarcinomas
following transplantation of ESCs or ESC-derived NPCs
are still being developed [31]. Recently, a clinical trial
aimed at repairing traumatic spinal cord injury using
oligodendrocyte precursors derived from human ESCs
received authorization from the regulatory agency [32].

Furthermore, the derivation of human ESCs remains
controversial on ethical grounds, prompting the search for
alternative sources of NSCs. Recently, efforts in somatic
cell reprogramming culminated in the generation of a new
class of pluripotent cells, and the so-called induced
pluripotent stem cells (iPSCs) was reported. These iPSCs
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are generated from adult somatic cells by the introduction
of embryogenesis-related genes [33–35]. Adult fibroblasts
obtained from skin biopsies, as well as adult somatic cells
from other sources, can be converted to iPSCs by the
overexpression of the transcription factors POU5F1 and
SOX2. IPSCs are similar to ESCs and can be differentiated
into NSCs in vitro using similar techniques and serve as a
source of cells for different tissues. Pluripotent ESCs and
iPSCs can be expanded indefinitely in culture because they
express telomerase, which prevents chromosome aging
[36]. Patient-derived iPSCs have the potential to avoid
ethical problems and innate immune rejection associated
with ESC-derived cell therapeutics. All of these sources of
stem cells (summarized in Fig. 1) are currently subjects of
active investigation to characterize their survival, migratory
capacity, and efficacy in providing functional benefit in
various models of neurodegenerative and neurometabolic
diseases, and the feasibility of translating the preclinical
data to clinical applications. Furthermore, recent studies
have described new methods for somatic cell reprogramming
to generate lineage-specific cells for tissue replacement. Kim

et al. [37] demonstrates successful transdifferentiation of
somatic cells into proliferating NPCs, bypassing the inter-
mediate pluripotent stage. Alternatively, transdetermination is
the in vivo cellular reprogramming of a stem or progenitor
cell into a related lineage using a single transcription factor
[38]. The therapeutic potential of these new trends in cellular
reprogramming remain to be evaluated. Other sources of
non-CNS-derived somatic multipotent stem cells that are
capable of terminal neural differentiation include bone
marrow stem cells [39], mesenchymal stem cells (MSCs)
derived from bone marrow or blood [40, 41], placental cord
blood stem cells [42, 43], amniotic fluid [44], skin stem cells
[45], and adipose tissue stem cells [46].

Neural Cell-Mediated Therapy of Lysosomal Storage
Diseases

The ability of human NPCs to participate in brain repair has
recently been demonstrated in preclinical studies. Trans-
plantation of human NPCs into rodent brains led to their

Fig. 1 Sources of neural stem cells (NSCs). Self-renewing and
multipotent NSCs for transplantation can be isolated from a variety of
human cell and tissue sources and expanded as attached “monolayers”
or free floating “neurospheres.” The 3 main sources of these cells are:
1) endogenous central nervous system (CNS)-derived NSCs from fetal
or adult donor brain or spinal cord tissue, 2) embryonic stem cell
(ESC)-derived NSCs, and 3) adult somatic tissue-derived NSCs
generated by induced pluripotent stem cell (iPSCs) technology. There

are several extents of multipotency; stem cells that possess the
capacity to generate lineages derived from all 3 primary germ layers
are pluripotent (e.g., ESCs), and tissue-derived stem cells are more
restricted multipotent cells that can differentiate to give rise to multiple
cell types within a particular germ layer (e.g., NSCs and neural
progenitor cells [NPCs]). Neuroblasts and glioblasts are further
restricted in the differentiation process and are committed to a specific
cell lineage
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subsequent migration along appropriate tracts and
differentiation into neurons and glia in a region-specific
manner [19, 24, 47, 48]. As such, NPCs can be considered
a viable source of donor cells to achieve cell replacement and
effect circuit repair in the CNS. However, depending on the
nature of the disease, the deployment of NPCs as cellular
vectors to provide trophic support of the host tissue or
augment the levels of a deficient enzyme might be equally
beneficial. In this regard, hereditary diseases, such as the
LSDs, are appropriate candidates for cell-based therapy.

Lysosomal Storage Diseases

Lysosomal storage diseases are a diverse group of meta-
bolic disorders that are typically inherited in an autosomal
recessive manner [49]. As an aggregate, LSDs affect
approximately 1 in 7700 births with the most affected
individuals showing a diffuse CNS involvement [49]. LSDs
are caused by a deficiency in 1 or more of the approxi-
mately 50 lysosomal enzymes described to date. This loss
in enzyme activity leads to progressive accumulation of
undegraded substrates in the lysosomes resulting in
distension of the organelle, subsequent cellular malfunction,
and clinical disease [2]. Although lysosomal enzymes are
constitutively expressed in all cell types, the extent of
substrate accumulation for a particular LSD depends on the
rate of production of that substrate in the different cells.
Consequently, some LSDs have primarily a CNS presentation,
whereas others have little or no CNS involvement. Treatments
such as systemic enzyme replacement therapy and substrate
reduction therapy have been shown to be effective for some
LSDs, such as Gaucher, Fabry, Pompe, Mucopolysacchar-
idosis (MPS) type I, II, and VI diseases [1]. Although
systemically delivered recombinant enzymes are effective at
correcting the visceral disease, they do not address the CNS
manifestations because of their inability to traverse the BBB
into the brain [50]. Intracranial injections of recombinant
lysosomal enzymes, viral vectors or stem cells encoding
the deficient enzymes, or systemic infusions of modified
enzymes that can transverse the BBB are being evaluated
as potential approaches to address this limitation. This
review is focused on neural cell-based strategies for
treating the neuropathic LSDs.

Cross-Correction

The rationale for a cell-based therapeutic for the LSDs is
predicated on the notion that delivery of a small number of
cells will suffice to correct large regions of the brain. This
supposition is borne of demonstrations that lysosomal
enzymes are capable of undergoing diffusion and facilitating

cross-correction of adjacent cells by virtue of the mannose 6-
phosphate receptor present in most cell types in the CNS.
Moreover, based on a large number of studies, it is anticipated
that a low level reconstitution of enzyme activity in the cells
will be therapeutic [51–53]. However, invasive intracranial
delivery of the cells will be required to bypass the BBB [54,
55]. To maximize the expression and secretion of lysosomal
enzymes, cells can be genetically modified by ex-vivo
transduction of cells using well-established gene transfer
methodologies prior to their transplantation. This strategy
has been evaluated and shown to be effective in treating
several mouse models of LSDs with neuropathic disease
[56–59]. The first demonstration of the therapeutic potential
of NSCs came from studies in MPS VII mice using NPCs
engineered to overexpress ß-glucuronidase (enzyme deficient
in MPS VII disease) into the cerebral ventricles of mice.
Transplantation of the gene-modified NPCs led to
engraftment and differentiation of the donor cells,
secretion of the enzyme, and cross-correction of adjacent
cells [60]. Similar findings were achieved using genetically
modified human NPCs in this mouse model [56, 57].
Intracranial injections of gene-modified multipotent NPCs
also resulted in a broad distribution of β-hexosaminidase, the
enzyme deficient in Tay-Sachs disease, in the brains of
transplanted mice [61]. Transplantation of unmodified
murine NSCs into neonatal Sandhoff diseased (another
LSD) mice was also effective in delaying disease onset,
reducing storage pathology, and extending longevity [62].
These observations were extended to unmodified human
NSCs isolated from the CNS and embryonic stem cells [60].
Perhaps a more clinical relevance was the demonstration of
efficacy with murine-derived NSCs in adult, symptomatic
Sandhoff mice [63].

Cell-Mediated Gene Therapy

An effective stem cell-based therapy for LSDs with CNS
disease requires the cells to migrate from the sites of
administration to broad regions of the brain parenchyma,
and importantly to act secondarily as depots for the
production and secretion of lysosomal enzymes. The
latter will allow for correction of adjacent diseased host
cells via mannose 6-phosphate receptor-mediated endocytosis
to reduce storage accumulation, normalize lysosomal
function, and prevent neurodegeneration. For the cells to
act as effective depots for the production of lysosomal
enzymes, appropriate levels of enzyme synthesis and
secretion need to be demonstrated in preclinical studies.
In some animal models of LSDs with neurometabolic
diseases, such as Sandhoff [62, 63] and infantile neuronal
ceroid lipofuscinosis [64], immortalized NSCs that had
been isolated directly from human CNS or derived
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secondarily from ESCs, are able to secrete appropriate
levels of the deficient enzymes. In contrast, in Niemann
Pick A disease, adult mouse-derived NPCs needed to be
modified by ex-vivo gene transduction before they were
able to secrete therapeutic amounts of acid sphingomye-
linase (SMPD1), the deficient enzyme [58]. NPCs were
transplanted into the striatum, hippocampus, or thalamus
of the mouse model of Niemann Pick A (100,000 cells/
site). The survival, differentiation, and distribution char-
acteristics of gene-modified (to express SMPD1) and
unmodified NPCs were similar. However, lysosomal
storage pathology was only reduced in areas that had
received transplants of gene-modified NPCs (Fig. 2).
Transplantation of unmodified NPCs had no obvious

impact on the degree of storage pathology. Sphingomye-
lin, the primary substrate that accumulates in Niemann-
Pick A disease, has a strong affinity for cholesterol, which
leads to sequestration of amounts of this lipid in the
lysosomes of Niemann-Pick A disease mice and human
patients [65–67]. Filipin staining (an autofluorescent
molecule that binds to cholesterol complexes [65, 68])
demonstrated low levels of fluorescent deposits were
evident in the CA1 pyramidal cell layer (Fig. 2d), granular
cell layer, and CA4 pyramidal cell layer of the hippocam-
pus (Fig. 2f) that received gene-modified NPCs. However,
more extensive fluorescent staining was observed in
corresponding sections that received unmodified NPCs,
suggesting a lesser reduction in cholesterol levels (Fig. 2c,

Fig. 2 Survival and efficacy of neural progenitor cells (NPCs)
following transplantation (100,000 cells per site) into the brains of a
mouse model of Niemann Pick A disease. Regional clearance of
cholesterol deposits in the hippocampus 4 weeks after bilateral
transplantation of acid sphingomyelinase (SMPD1)-transduced or
nontransduced NPCs. (a, b) Coronal view of the adult mouse
hippocampus shows the comparable survival and dispersion of
transplanted (a) unmodified NPCs or (b) modified NPCs. Coronal
section of (c, d) pyramidal CA1 and the dentate gyrus, and (e, f) CA4

pyramidal cell layer showing the marked reduction of fluorescent
deposits visualized by filipin staining on sections that received (d, f)
gene-modified cells vs (c, e) unmodified cells. Insets are higher
magnification views showing more clearly the cytoplasmic clearance
of fluorescent deposits from the (d) CA1 pyramidal neurons and (f)
granular neurons on sections treated with (c, e) gene-modified vs
unmodified cells. (a, b) Scale bars = 200 μm; (c-f) scale bars =
100 μm; insets scale bars = 10 μm. (Adapted from Shihabuddin et al.
[58])
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e). The areas of clearance tightly overlapped with the
regional migration of gene-modified NPCs as viewed in
adjacent sections (Fig. 2a, b). Immunostaining for lysenin, a
sphingomyelin-specific binding protein [69], was also used
to assess sphingomyelin storage, as shown the amount of
lysenin-sphingomyelin staining, which was only reduced in
the areas that received transplants of gene-modified NPCs
(Fig. 3b) and not in those treated with nontransduced NPCs
(Fig. 3a). Interestingly, levels of SMPD1 expression needed
for efficacy appeared to be very low suggesting that only a
small amount of secreted enzyme is required to cross correct
the storage pathology of adjacent cells (Fig. 4). This finding
is consistent with those reported for other storage diseases, in
which only a fraction of normal levels of enzyme was
required to decrease the storage pathology and severity of the
disease [70]. However, the number or proportion of enzyme-
expressing cells required to achieve local correction of
enzymatic activity and substrate clearance in any storage
disorder probably needs to be determined for each disease
target. Also critical to the approach of cell-mediated gene
therapy for LSDs is the ability of these cells to extensively
migrate into the brain parenchyma. It is worth noting that
these mouse NPCs did not migrate as widely as immortalized
murine and human NSCs following transplantation into
neonatal Niemann-Pick A disease mice [71]. Furthermore,
both the immortalized murine NSCs and the human NSCs,
despite being unmodified by gene therapy, secreted thera-
peutic levels of SMPD1 that resulted in a dramatic decrease
in neuronal and glial vacuolation and cholesterol levels
throughout the brain [71]. Moreover, the migratory and
therapeutic potential of human NSCs, isolated directly from
theCNS, and those derived fromESCs, has been demonstrated
in a mouse of model of Sandhoff disease [62].

Recently, Tamaki et al. [64] also reported studies of
transplantation of normal, nontumorogenic, and unmodified

fetal human NSCs that had been grown as neurospheres
(huCNS-SCs) into the brains of an immunodeficient mouse
model of infantile neuronal ceroid lipofuscinosis (INCL).
Extensive engraftment and migration of the transplanted
cells were noted in the CNS that translated into widespread
production of therapeutic levels of the lysosomal enzyme
palmitoyl protein thioesterase-1, the enzyme deficient in
INCL. Treated mice exhibited significantly reduced neuro-
pathology, a delay in the loss of motor coordination, and an
extended survival benefit [64]. This demonstration that
early intervention with cellular transplants of huCNS-SCs
into the brains of INCL patients might allow for the
sustained production of therapeutic levels of palmitoyl
protein thioesterase-1 and consequent protection of host
neurons was the experimental basis for the human clinical
studies with banked huCNS-SCs. The first Food and Drug
Administration-authorized human clinical trial using
huCNS-SCs in the brains of children with INCL was
initiated in 2006 [72, 73]. Results from the phase I clinical
trial showed that transplantation of high doses of human
NSCs (approximately 1 billion cells) into multiple sites of
the brain (8 per patient) was well tolerated. Evidence of
regional engraftment and survival of the transplanted cells
was also noted. Based on the favorable safety data, a phase
Ib trial in patients with less advanced stages of infantile or
late infantile neuronal ceroid lipofuscinosis was initiated in
2010. Recently, this trial was terminated due to the lack of
timely patient accrual. A gene therapy trial in 10 children
with late infantile neuronal ceroid lipofuscinosis using an
adeno-associated virus serotype 2 vector expressing human
therapeutic levels of the lysosomal enzyme palmitoyl
protein thioesterase-1 complementary DNA was also pur-
ported to be safe and result in a significant reduction in the
rate of neurological decline as compared to control subjects
[74]. Conceptually, cell transplantation might offer additional

Fig. 3 Efficacy of neural progenitor cells (NPCs) following trans-
plantation into the brains of a mouse model of Niemann Pick A
disease. Depletion of sphingomyelin in the hippocampus 4 weeks after
bilateral transplantation of gene-modified or unmodified NPCs. The
sphingomyelin-specific binding protein lysenin was used to detect this
lipid in sections from untreated and treated ASMKO animals. (a, b)
Coronal views of the hippocampus showing the marked reduction in

lysenin staining on sections that received (b) gene-modified cells vs
(a) unmodified cells. Insets are higher magnification views showing
more clearly the marked depletion of sphingomyelin from the cells on
sections treated with gene-modified vs unmodified cells. (a, b) Scale
bars = 50 μm; insets scale bars = 25 μm. (Adapted from Shihabuddin
et al. [58])
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advantages by replacing cells that might have been lost to
disease, effecting more global distribution of the enzyme and
secreting neuroprotective host factors.

Conclusion

The potential benefits of cell-mediated therapy for neuro-
metabolic diseases include their ability to confer cell
replacement or protection and repair the host nervous
system. NSCs possess inherent properties for widespread
distribution and the potential for cellular integration
following transplantation. As such, they can be used as
delivery vehicles for both normally expressed and geneti-
cally overexpressed enzymes that are deficient in their hosts
[1, 75–77]. For lysosomal storage diseases, a cell-mediated
therapeutic approach enlists the ability of transplanted cells
to incorporate and produce the enzyme lacking in host cells,
thereby preventing excessive lysosomal storage and the
death of affected neurons or glia. Recent demonstrations of
success in the treatment of several mouse models of LSDs
with human neural cells that had been derived by multiple
methods support this notion. However, although these
studies showed substantial correction of pathology in the
mouse brain, these findings will need to be extended to
animals with a larger brain to move this therapeutic strategy
into the clinic. The generation of NPCs from iPSCs may

provide a large source of donor cells that evade ethical and
immune concerns. However, for LSDs patient-derived
iPSCs have to be transduced ex-vivo to express the relevant
missing enzyme. Potential oncogenic challenges are being
addressed using transposon and small molecule induction,
as well as by predifferentiation and transdifferentiation. The
efficacy and clinical feasibility of iPSC-derived NPC for
cell-mediated therapy remain to be determined. Widespread
distribution of therapeutic cells in larger brains for clinically
relevant use will require the optimization of several factors
including: 1) a well-characterized and nontumorigenic
human-derived source of stem cells; 2) ex vivo modification
of the cells by gene therapy to increase enzyme production,
if necessary; 3) determining the number of injection sites
and dose of cells to be delivered at each site to ensure
effective distribution; 4) the location of the transplant site(s)
in the brain for global distribution; and 5) the need for
immunosupression for allogenic transplants. Due to the
complexity of the neural circuitry, it may be unlikely that
stem cell therapy will be able to reverse pathology in brains
at the advanced stage of the disease. There is a potential to
restore normal function for disability due to ongoing
inflammation and cellular dysfunction secondary to lysosomal
storage, but neuronal loss and scarring are probably irreversible
processes. Thus, it is crucial in neurodegenerative
diseases (e.g., with LSDs) to initiate therapy as early as
possible for stem cell therapy to have a reasonable

Fig. 4 Schematic diagram showing cross-correction of endogenous
neurons in the brain of a mouse model of lysosomal storage diseases
(LSDs) following transplantation of neural progenitor cells (NPCs). In
the LSDs, the lack of a lysosomal enzyme results in cellular storage
buildup within the lysosomes. Following transplantation into the brain

(shown are the hippocampus and thalamus) of a mouse model of
Niemann Pick A disease, the NPCs produced the deficient enzyme (E)
for uptake by the neighboring neurons, and uptake of the E lead to the
reduction of waste and neuroprotection. The areas of clearance tightly
overlapped with the regional migration of enzyme-producing NPCs
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chance of succeeding. Furthermore, it remains to be
determined whether reversal of pathological lesions will
be able to arrest the decline in mental development that
accompanies most subjects with lysosomal storage disorders.
Nevertheless, the encouraging recent preclinical and clinical
studies hold promise for the use of neural-derived cell therapy
in the treatment of this group of neurometabolic disorders.
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