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and neural differentiation of pluripotent embryonic stem cells provided the first in vitro models of human
neurodegenerative disease. Investigation into the molecular mechanisms underlying stem cell
pluripotency revealed that somatic cells could be reprogrammed to induced pluripotent stem cells
(iPSCs) and these cells could be used to model Alzheimer disease, amyotrophic lateral sclerosis,
Huntington disease, and Parkinson disease. Additional neural precursor and direct transdifferentiation
strategies further enabled the induction of diverse neural linages and neuron subtypes both in vitro and in
vivo. In this review, we highlight neural induction strategies that utilize stem cells, iPSCs, and lineage
reprogramming to model or treat age-related neurodegenerative diseases, as well as, the clinical
challenges related to neural transplantation and in vivo reprogramming strategies.
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1. Introduction

The foremost aim of neural cell reprogramming is the treatment
of age-related neurodegenerative disorders and the functional
regeneration of neural circuits in vivo. This concept is particularly
relevant to the central nervous system, which retains a limited
capacity for self-regeneration in adulthood. The isolation of
pluripotent embryonic stem cells (ESCs), in vitro neuronal
differentiation, and transplantation of ESC-derived neurons to
models of neurodegenerative disease marked the first milestones
in the application of stem cell-related technologies to human
diseases. Investigation into the molecular mechanisms underlying
this pluripotency revealed that somatic cells could be repro-
grammed to induced pluripotent stem cells (iPSCs) with a limited
number of transcription factors. These cells enabled direct
modeling of genetic and sporadic forms of Alzheimer disease
(AD), amyotrophic lateral sclerosis (ALS), Huntington disease (HD),
and Parkinson disease (PD). Refined reprogramming strategies
enabled the direct transdifferentiation of diverse neural linages
and neuron subtypes both in vitro and in vivo. However, as an

evolving technology, neural reprogramming still faces numerous
challenges to clinical implementation. In this review, we highlight
neural induction strategies that utilize stem cells, iPSCs, and
transdifferentiated non-neuronal cells to model or treat age-
related neurodegenerative diseases, as well as, the clinical
challenges related to neuron transplantation and in vivo repro-
gramming strategies.

2. Stem cell-based neural induction strategies
2.1. Embryonic stem cells

2.1.1. Teratocarcinoma cells and embryonic stem cells

The isolation of mouse teratocarcinoma cells with properties
highly similar to cells of the early mouse embryo provided the first
in vitro experimental model of cellular pluripotency (Stevens,
1967). The in vivo transplantation of single teratocarcinoma cells
isolated by enzymatic dissociation of embryonal carcinomas
revealed that these cells are multipotential with the capacity to
differentiate into diverse somatic lineages (Kleinsmith and Pierce,
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