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Since Yamanaka’s group successfully discovered iPSCs technology a decade ago,

new approaches for disease modeling have happened in the field. iPSCs have become Ana Revilla
. . . . . . Cell Biology Department, Universidad Complutense de Madrid,
the primary alternative to ESCs and is considered as a potential tool for modeling Spain

neurodegenerative diseases. The most prevalent form of dementia worldwide is AD,
with aging being the major risk factor to develop it. Although it was described more
than a hundred years ago, currently it doesn’t exist a cure for this disorder, and ordinary
treatments can only temporarily alleviate their symptoms. It has been reported that
only 5% of AD cases are inherited, showing the remaining 95% a sporadic origin. Our
understanding of AD pathogenesis is currently limited by difficulties in obtaining live
neurons from patients and the limitations to model the sporadic form of the disease.
Given that, iPSCs can be derived from somatic cells of AD patients and subsequently
be differentiated into neurons, the development of therapies based on the use of stem
cells might be a promising novel tool for cellular replacement therapy, in addition
to disease modeling and drug discovery for AD. Direct reprogramming, cocktails of
small molecules, gene editing or 3D cell culture are among those new strategies that
are improving the application of stem cells in regenerative medicine. Here, we show
how present approaches in the field of iPSCs can contribute to create novel AD disease
models.
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Introduction

Since hESCs were discovered many advances have been taken
place in the stem cells field." A major breakthrough in this arena came
ten years ago, when the Yamanaka’s lab generated iPSCs from mouse
and human fibroblasts by using a cocktail of transcription factors.>3
These cells were similar to ESCs in morphology, gene expression
profile and differentiation potential* but, without the ethical concerns
and technical constraints hESCs entail because they have an adult
somatic origin. iPSCs significance is apparent in clinical application,
as these cells can avoid immune rejection because they can be
derived from the patient’s own cells. One step forward in stem cell
technology is what has been called direct reprogramming, that is,
the ability to fully differentiate cells and induce them toward other
cell types while circumventing an intermediate pluripotent state. It
has been reported the generation of iNSCs from mouse and human
fibroblasts by direct reprogramming with a single factor, Sox2.° These
iNSCs express NSCs markers and resemble wild-type NSCs.%” Thus,
self-renewable and multipotent iNSCs can be generated directly
from fibroblasts by reprogramming. However, the need for using

transgenic reprogramming factors in this approach still presents
major technical and safety concerns.® In this sense the use of small
molecules seems to overcome those technical drawbacks being
capable of converting human fibroblasts into neurons with a cocktail
of small molecules supplemented with chemicals known to promote
the differentiation of neural progenitors into neurons.’ iNs produced
by this cocktail possess typical functional hallmarks of neurons.'
Recently, the application of stem cell research to neurodegenerative
disorders is rapidly increasing, not only for cell replacement therapy"!
but also as potential models of the malady in vitro'>"® contributing
to improve knowledge of the cellular and molecular mechanisms of
neurodegeneration and innovative drug discovery such as AD. The
main goal of this mini-review is to show current progress in the field
of iPSCs, and how these new approaches are creating innovative AD
disease models which subsequently will contribute to elucidate its
pathogenesis and future cure.

Discussion

AD is the most frequent form of dementia in which the major
risk factor is senescence, especially after the age of 65. Nowadays,
ordinary treatments cannot stop or reverse its advance, but some
symptoms may momentarily be reduced. The most common type
of AD is sporadic which accounts for 95% cases in contrast with
less than 5% for familial."* Indistinctly to AD form, these patients
exhibit progressive dementia with anatomically extracellular A
plaques, and intracellular NFTs as a result of hyperphosphorylated tau
protein accumulation. In both types, they share the same clinical and
pathological process in a way that the imbalance between production
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and degradation of AP results in neuron loss. Given that AD is a
heterogenous disorder with multiple causes that can be involved in
neurodegeneration, its final etiology is not thoroughly understood.
However, genetic factor is considered to be among main contributors
to the risk of AD. Mutations in disease-causing genes and disease-
risk genes have been identified and linked with FAD and SAD."
Prominently inherited mutations of PSEN1, PSEN2 genes as well as
their substrate APP, whose excision give rise to AP} peptides depending
on intervening secretases are among the principal causes of early-
onset FAD.'*'” However, the etiology of the most abundant form of
AD, sporadic, is not yet well known since it depends on a sort variety
of circumstances such as gender, age, sociocultural environment
and mutations in APOE>!® whose frequent variations are the only
well documented association with SAD. The boundaries for AD
pathogenesis knowledge are, on the one hand, the difficulties to obtain
live neurons from patients, since samples come from post-mortem
tissue. On the other hand, the conventional experimental models with
animals or cell lines are quite inappropriate for that disorder, since it
is difficult to replicate the disease traits in a lab setting.!” Therefore;
AD models based in iPSC are suitable for this purpose. To study FAD
pathogenesis, iPSCs-derived neurons have been used from patients
with mutations in APP, PSEN1, and PSEN2 in which the production
of AP peptides and the accumulation of phosphorylated tau protein
was analyzed. Different studies have showed that the expression of
AP peptides -AB38, AB40, AB42- and ratio among them was altered
compared to iPSCs from healthy donors revealing the importance
that balance may play for AD development. On the contrary, no
accumulation of tau protein was observed in this type of FAD-
derived neurons, revealing that at least for that genotype this protein
may not be the main cause of ailment.'>!>* Indeed, some studies
have showed that iNs and iPSCs-derived neurons from FAD patient
fibroblasts had an increased AB42/AB40 ratio that resembles that
observed in AD brains.'®?!>> Similarly, human iNs from familial AD
patients recapitulated the pathology of altered processing and aberrant
endosomal localization of APP as well as increased production of A
peptides.” The iPSCs technique is especially useful for FAD but it is
more so in the case of the sporadic form whose low prevalence makes
it difficult to identify the agent responsible of the disorder. Therefore,
the underlying molecular events can be approached without intrusion
of external factors, allowing the identification of new networks
of regulated genes related to AD progress. Thus, based in this
technology many studies have revealed that numerous other genes
can become susceptible in the sporadic form. One of those genes is
the aforementioned APOE gene, responsible of lipids transportation
through the lymphatic and circulatory systems, which suggests that
lipid metabolism plays a role in the etiology of AD.** Similarly,
there is a significant correlation between expression of SORLI1
haplotype which encodes an endocytic trafficking factor whose levels
modulate the processing of APP to AP as well as other proteolytic
products implicated in SAD, and the BDNF gene.>** Because of the
varied nature of SAD phenotype iPSCs-derived neurons from those
patients without inheritance must be extensively expanded to obtain
statistically significant data. Moreover, detection of slight phenotypic
changes between cells differentiated from a patient or control iPSCs
may not reveal a relevant phenotypic difference between both
groups of cells but rather reflect the system’s intrinsic dissimilarity
between individual iPSC lines.”’ It is for that reason that isogenic
pairs composed of disease-specific and control iPSCs that differ
exclusively at the disease-causing mutation have been generated,
being presently the best disease in a dish model strategy.?®** This
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approach has been possible thanks to last advances in gene editing
(CRISPR-Cas9; TALENs; ZFN).3*3! iPSCs with heterozygous and
homozygous mutations in the genes for APP and PSEN1 generated
through CRISPR/ Cas9 technology and differentiated into cortical
neurons have recapitulated specific features of AD.? Another
important achievement for disease modeling is the recent advances
in 3D cell culture Matrigel-based technology. This system has made
it possible to generate novel 3D neural cell culture models capable
to recapitulate AD associated traits seen in post-mortem samples
such as AP deposition similar to amyloid plaques, and NFT-like tau
aggregates from patient iPSC-derived neurons or from genetically
modified human stem cell lines; this pattern has not been feasible to be
reproduced even in animal models.?® These results reveal that iPSCs
based technology together with 3D human cell culture models and
genome editing are very promising tools to study human brain-like
environment and open a new dimension for regenerative medicine,
disease modeling and high-throughput drug screening to treat AD.335

Conclusion

Although AD was first described more than a century ago, and it
is the most prevalent neurodegenerative disease worldwide, the cause
of this disorder remains unclear. Many efforts in favor of revealing
its etiology have been made along these years but conventional
experimental models have not been able to unravel its pathogenesis. A
new era in regenerative medicine arose when iPSCs were discovered.
iPSCs are similar to ESCs but without the ethical constraints related
to embryo destruction, and they can be obtained without depending
upon the naturally limited harvest of ESCs. Considering that iPSCs
come from adult somatic cells and given that they can be derived to
any cell type, such as neurons, iPSCs have become a perfect tool to
develop new disease in a dish models of AD. Furthermore, the iPSCs
technology offers new possibilities for biomedical research and clinical
applications, not only for in vitro cellular models of neurodegenerative
diseases but for autologous transplantation for which theoretically
no immunosuppressive therapy would be necessary. However,
many limitations still affect the application of this technology to
personalized medicine in a clinical setting. The main restraints are
related to technical issues, such as the development of safe and
efficient methods for iPSCs generation. Additionally, not only iPSCs
are expected to present the same challenges as ESCs but they also
bear the same genetic traits as the patient, and the particulars of the
reprogramming process may give rise to further problems. Another
important issue is the risk of tumor formation by iPSCs, which is even
higher than that of ESCs, especially when viral or genome-integrating
vectors are used. Currently, the adoption of disease models based
on 3D cell culture technology will be critical to recreate functional
brain structures with multiple cell types, more similar anatomically
to AD affected brain than conventional cell culture models. Finally,
genome editing has proven to be a very powerful tool for modifying
a DNA sequence that along with iPSCs technology will bring in the
near future new experimental models of disease, and encouraging
prospects for gene therapy directed at human diseases treatment.
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