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Treating Alzheimer’s 
disease with stem cells: 
how far have we come?

Kaylene M Young and Solène Ferreira 

In 2015, 46.8  million people worldwide have been diagnosed with de-
mentia. This figure is predicted to rise to 131.5 million people by 2050 
[1]. Alzheimer’s disease (AD) is the leading cause of dementia, and can be 
further divided into familial AD, which results from genetic mutation and 
has an early age of onset, and sporadic AD. Sporadic AD is by far the most 
prevalent form, and over the past decade numerous risk factors have been 
linked to its development. Aging is still the most significant risk factor, with 
more than 1 in 20 people over the age of 60 developing the disease. AD is 
characterized by the deposition of β-amyloid in the form of plaques, the 
aggregation of hyper-phosphorylated tau as intracellular neurofibrillary 
tangles, neuron loss, and brain atrophy. Many of the pathological features 
of AD were identified over a century ago, however new mechanisms driv-
ing the pathology are still being uncovered today [2]. 

Available therapeutic interventions 
for AD include drugs such as ace-
tylcholinesterase and NMDA re-
ceptor-antagonists, which modulate 
the signalling of neuronal subsets in 
the central nervous system, and have 
some short-term beneficial effects on 

memory loss and cognitive decline, 
but do nothing to delay the progres-
sion of the disease. Currently patients 
that present with AD already display 
significant cell loss, so there has been 
a push to identify and validate serum 
and imaging biomarkers (such as 

“...we still lack a bone fide therapy for 
Alzheimer’s disease that will modify the 

pathology, preserve existing neurons, 
and promote neural regeneration.”
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amyloid imaging). This will enable 
earlier diagnosis, so that other ther-
apeutic interventions targeting amy-
loid and/or tau dysregulation, could 
be utilized early enough to prevent 
degeneration. Drugs that have been 
under therapeutic development in re-
cent years, to counteract AD pathol-
ogy include: anti-Aβ-therapies such 
as Tramiprosate, which failed to alter 
the trajectory of dementia in clinical 
trials; Tarenflurbil, a non-steroidal 
anti-inflammatory drug, which re-
duced Aβ production, but also failed 
clinical trials; and methylene blue, 
which interferes with the abnormal 
aggregation of the tau protein, and 
is currently in phase II clinical trials 
[3]. Therefore we still lack a bone fide 
therapy for AD that will modify the 
pathology, preserve existing neurons, 
and promote neural regeneration. 

In the past two decades a large 
amount of neural regeneration re-
search has focused on stem cells – 
but where has this gotten us? To look 
at this, we have divided stem cell-re-
lated therapies into three broad cat-
egories: activating endogenous stem 
cells; stem cell transplant approach-
es, and stem cells as a disease mod-
elling tool. Each branch of stem cell 
research has gained some traction 
in the AD research field. However 
some approaches appear more feasi-
ble than others, as a treatment that 
could fit within the public healthcare 
system, and be used in combination 
with improved biomarker assessment 
and other therapeutics, to combat 
the growing burden that AD places 
on our communities. 

The discovery of neural stem cells 
resident in the adult mouse and hu-
man brain provided hope that neu-
ral regeneration could be activated 
from within. Neural stem cells are 
found within the subventricular 
zone and hippocampal dentate 

gyrus, where they divide and give 
rise to new neurons that are highly 
plastic and important for learning 
and memory – a function clear-
ly disrupted in AD. Furthermore, 
in response to some brain injuries, 
the newly generated cells have been 
shown to migrate to the site of dam-
age, and even differentiate. This does 
not occur in mouse models of AD, 
which have impaired neural stem 
cell proliferation and neurogene-
sis, particularly in the hippocam-
pus, suggesting that interventions 
designed to promote hippocampal 
neurogenesis may improve some 
aspects of learning and memory. 
Our understanding of neural stem 
cell biology has come a long way, 
and studies in rodents have shown 
that behavioral interventions, such 
as environmental enrichment, cog-
nitive training, and exercise, pro-
mote adult neurogenesis. However 
exposure of mice that model AD 
to environmental enrichment has 
produced mixed results. Overall 
this research points to enrichment 
promoting neurogenesis in mouse 
models of AD, and leading to an 
improvement in cognition. It is 
possible that some of the variability 
in the data can be explained by the 
level of stress induced by the enrich-
ment paradigm, as stress would be 
expected to supress neurogenesis. 

In humans, education is known 
to reduce a person’s risk of devel-
oping AD, yet it is not yet clear 
whether stimulating neurogenesis 
through environmental and cogni-
tive enrichment later in life can also 
be beneficial. Imaging technologies 
to non-invasively measure neuro-
genesis in humans are still under 
development, so it is not possible to 
directly link education and neuro-
genesis. However trials are under-
way that have enrolled cognitively 
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normal individuals in tertiary ed-
ucation programs, later in life, to 
determine whether this will have a 
beneficial outcome on the number 
of seniors that develop AD.

As people do not always adhere 
to a training regimen, it is fortu-
nate that research conducted over 
the past 20 years has identified a 
number of hormones and growth 
factors that influence endogenous 
neurogenesis, including vascular 
endothelial growth factor, brain-de-
rived neurotrophic factor, nerve 
growth factor, progesterone, and al-
lopregnanolone (reviewed in 4). The 
clinical viability of many identified 
regulators is actually quite poor, due 
to factors such as protein stability, 
ability to cross the blood-brain-bar-
rier, or the fact that many of the 
identified regulators have a diverse 
range of cellular targets. However 
the next generation of drug-design 
and drug-delivery approaches may 
help to overcome some of those 
hurdles. Another option is to con-
sider the efficacy of pharmaceuticals 
already in use that activate endog-
enous stem cell populations, and 
repurpose them. For example, the 
beneficial effects of anti-depres-
sants are thought to result from 
the stimulation of neural stem cell 
activity and neurogenesis [5]. How-
ever, stimulating endogenous neural 
stem cells may not be sufficient to 
overcome the memory impairments 
inflicted by AD. Exposing mice to 
acetylcholinesterase inhibitors has 
been shown to increase neural stem 
cell proliferation in the hippocam-
pus [6,7], but these drugs have been 
used for the treatment of dementia 
for more than two decades, and are 
clearly not curative. Perhaps this 
is because the newborn neurons 
still find themselves in an unfavor-
able environment? It is likely that 

therapies that activate neurogene-
sis will be highly beneficial for the 
improvement of cognitive perfor-
mance, but will need to be co-ad-
ministered with an agent that suit-
ably alters the brain environment, 
allowing the new cells to survive. 

Another major avenue of stem 
cell therapeutics is stem cell trans-
plantation. Stem cells, in the form 
of bone-marrow transplants, have 
been in clinical use since the 1960s, 
and stem cells from a variety of 
sources have been proposed for use 
in the treatment of neurodegenera-
tive disease [8]. Human neural stem 
cells cannot be readily obtained, and 
mesenchymal stem cells have a more 
limited ability to generate neural 
cell types, while human embryonic 
stem cells can be expanded in vitro 
and retain their ability to differenti-
ate in each of the major neural cell 
types [9]. However the benefits ob-
served in response to stem cell trans-
plantation in mouse models, are not 
the result of the transplanted cells 
differentiating into functional neu-
rons on a large scale, which was the 
original expectation. They instead 
appear to secrete paracrine factors. 
Both neural and mesenchymal stem 
cells have been transplanted into 
the brains of mice that model AD, 
and were shown to produce bene-
ficial neurotrophic and anti-inflam-
matory effects, while also reducing 
tau phosphorylation, and promot-
ing Aβ clearance (reviewed in 4). 

In recent years a number of stem 
cell transplant approaches have been 
evaluated for safety in clinical trials. 
For example, ischemia-tolerant mes-
enchymal stem cells are currently 
being administered to patients with 
AD as part of a phase IIA clinical 
trial. The efficacy of stem cell trans-
plantation for the treatment of AD 
is yet to be demonstrated in phase 
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IIB clinical trials. However the field 
is certainly moving in that direc-
tion. The past decade has seen the 
evolution of protocols that produce 
more consistent and defined cell 
populations for transplants, making 
it more feasible that the cells can be 
engineered to maximize their para-
crine influence and better abrogate 
disease pathology. 

The final way in which stem 
cells are being utilized for the de-
velopment of an AD therapy is to 
develop a human cell-based model 
of AD. Takahashi and Yamana-
ka (2006) reprogrammed somatic 
cells by the insertion of four criti-
cal genes that endowed them with 
stem cell-like properties [10]. These 
induced pluripotent stem cells can 
be obtained from a patient’s skin 
biopsy [11], and retain their genet-
ic information, including genetic 
mutations or alleles that influence 
their likelihood of developing AD. 
The generation of induced plurip-
otent stem cells from patients with 
AD was initially linked to the devel-
opment of a personalized approach 
to medicine, particularly as an op-
tion for autologous transplantation 
therapies. Such an approach does 
not seem therapeutically viable in 
the context of treating AD through 
the public health system. However 
there is certainly value in producing 
induced pluripotent stem cell lines 
that can be used to further our un-
derstanding of the pathophysiologi-
cal mechanisms of AD, whereby the 

cells could also be differentiated and 
used for the large-scale screening of 
novel pharmacological agents.

In the past 25 years researchers 
working on AD have made signifi-
cant progress, developing an under-
standing of the mechanisms driving 
AD pathology. At the same time, 
they have gained a detailed knowl-
edge of endogenous neural stem cell 
function, and improved their ability 
to consistently produce cell prepa-
rations that are safe for transplanta-
tion. Stem cell-based therapies for 
AD have attracted significant and 
sustained attention, and it is excit-
ing to see this work being carefully 
translated from the laboratory to 
the clinic. In the context of AD, 
stem cells are now therapeutic tar-
gets, disease modifiers, and a way to 
generate a human-cell based model 
of disease. However no single stem 
cell therapy currently in develop-
ment represents a cure for AD. In-
stead they should be seen as valuable 
components that could be integrat-
ed into a combinatorial treatment 
for this very complex disease. 
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