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stem cell

What is a stem cell?

stem cell

SELF-RENEWAL
(copying)

specialized cell
e.g. muscle cell, nerve cell

DIFFERENTIATION
(specializing)



Identical stem cells

Stem cell

SELF-RENEWAL
(copying)

Stem cell

Specialized cells

DIFFERENTIATION
(specializing)

What is a stem cell?



1 stem cell 4 specialized cells

Differentiation - replaces dead or damaged
cells throughout your life

Why self-renew AND differentiate?

1 stem cell
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Types of stem cell:

1) Embryonic stem cells



Embryonic stem (ES) cells:

Where we find them

blastocyst

outer layer of cells
= ‘trophectoderm’

cells inside
= ‘inner cell mass’

embryonic stem cells taken from
the inner cell mass

culture in the lab
to grow more cells   

fluid with nutrients



Embryonic stem (ES) cells:

What they can do

embryonic stem cells

PLURIPOTENT

all possible types of specialized cells

differentiation



neurons

Embryonic stem (ES) cells:

Challenges

embryonic stem cells

skin

blood

liver?





Types of stem cell:

2) Tissue stem cells



Tissue stem cells:

Where we find them

muscles

skin

surface of the eye brain

breast

intestines (gut)

bone marrow

testicles



Tissue stem cells:

What they can do

MULTIPOTENT

blood stem cell

found in 
bone marrow

differentiation

only specialized types of blood cell:
red blood cells, white blood cells, 

platelets



Types of stem cell:

3)Induced pluripotent (iPS)

stem cells



Induced pluripotent stem cells (iPS cells)

adult cell

‘genetic reprogramming’
= add certain genes to the cell

induced pluripotent stem (iPS) cell
behaves like an embryonic stem cell

Advantage: no need for embryos!
all possible types of

specialized cells

culture iPS cells in the lab

differentiation



Induced pluripotent stem cells (iPS cells)

adult cell (skin)

genetic reprogramming

pluripotent stem cell
(iPS)

differentiation



Stem cell jargon

Potency A measure of how many types of specialized cell a stem cell can make

Pluripotent Can make all types of specialized cells in the body 

Embryonic stem cells are pluripotent

Multipotent Can make multiple types of specialized cells, but not all types

Tissue stem cells are multipotent



Tissue stem cells:

Neural stem cells (NSCs)

NSC

brain
committed progenitors specialized cells

Neurons

Interneurons

Oligodendrocytes

Type 2 Astrocytes

Type 1 Astrocytes



Stem cells
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iPSC



iPSC



iPSC



Why iPSC ?

• Genetically modified human neuronal cell lines and primary animal neuronal

cells are typically the first target for drug screening; animal models are

typically used for documenting pre-clinical efficacy.

• The pathogenic mechanisms underlying neurodegenerative diseases are

complex and still largely unknown.

• Most human cell lines and animal models were established with artificial

methods and/or genetic overexpression strategies that may not fully represent

human disease pathology.





iPSC-Derived Neurons and Glia as in Vitro 

Models of Neurodegenerative Diseases

• For neurodegenerative disease modeling, iPSCs were sequentially

differentiated into various kinds of neurons and glia with an effort made to

mimic the process of central nervous system (CNS) development.

• iPSC-derived differentiated neurons and glia were evaluated for their capacity

to model several challenging neurodegenerative diseases, including AD, HD,

PD, ALS, SCA, and SMA, among others.



Although the iPSC technology is a powerful tool, there are various challenges ahead (Figure 2).

Among these challenges, collecting samples from patients, establishing iPSC cultures, and

inducing specific neuron and glial differentiation is extremely time-consuming (>30 d) and effort-

intensive, which are two points that reduce enthusiasm and feasibility for drug screening.

The progression of sporadic neurodegenerative diseases is extremely complex, making it difficult

to identify causes and discover ideal disease markers.

iPSC-Derived Neurons and Glia as in Vitro 

Models of Neurodegenerative Diseases



The generation of iPSCs erases the epigenetic markers from somatic cells and reverts the cells

to the “fetal” stage. iPSC-derived neurons do not exhibit aging-related features such as genomic

instability, telomere degeneration, or mitochondria function decay.

Another major barrier to recapitulating neurodegenerative disease phenotypes is the

establishment of interactions among neurons, glial cells, and immune cells in in vitro models.

Until recently, most iPSC-based neurodegenerative models were relatively primitive in nature

iPSC-Derived Neurons and Glia as in Vitro 

Models of Neurodegenerative Diseases
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