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Background

• Astrocytes are a sub-type of glial cells in the central 
nervous system. They are also known as astrocytic 
glial cells. Star-shaped.

• Astrocytes in humans are more than twenty times 
larger than in rodent brains, and make contact with 
more than ten times the number of synapses.



Background

• Brain diseases are characterized by the active 
inflammatory state of the astrocytes, which is usually 
described as up-regulation of glial fibrillary acidic 
protein (GFAP), considered to be the primary indicator 
of astrogliosis.

• The proportion of astrocytes in the brain is not well 
defined; depending on the counting technique used, 
studies have found that the astrocyte proportion 
varies by region and ranges from 20% to 40% of all glia.

Verkhratsky A, etc. 2013



• They are involved in the physical structuring of the brain. 
They are the most abundant glial cells in the brain that are 
closely associated with neuronal synapses.

• Metabolic support: They provide neurons with nutrients such 
as lactate.

• Regulation of synapse formation, elimination and 
maintenance to synaptic preservation in disease.

• Astrocytes express plasma membrane transporters such as 
glutamate transporters for several neurotransmitters, 
including glutamate, ATP, and GABA.

• Astrocytes contribute to the blood–brain barrier to maintain 
the CNS as an immune-privileged site, a function that is 
critical in the design of drug therapies that are intended to 
affect the CNS

Function
Astrocytes have critical roles in preserving neurological function, from 
developmental regulation of synapse formation, elimination and maintenance.



Function



Classification

• Type 1 (A1): Antigenically Ran2+, GFAP+, FGFR3+, A2B5−. Complement 3 (C3), 
CFB, and MX1S are the most characteristic and significantly upregulated 
genes in A1 astrocytes. A1 astrocytes are induced by activated microglia 
and gain a neurotoxic function, resulting in neuron killing.

• Type 2: Antigenically A2B5+, GFAP+, FGFR3−, Ran 2−. A2 astrocytes 
upregulate many neurotrophic factors and strongly promote neuronal 
survival and tissue repair. 

Liddelow et al., 2017
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Human in vitro astrocyte models

Immature astrocytes specifiable to the forebrain or spinal cord with 
FGF8 or RA, respectively, from hiPSCs using a 180-day protocol. 
Progenitors expanded with EGF + FGF2 for >150 days and then 
terminally differentiated with CNTF for 7 days. Astrocytes elicited 
electrophysiological responses to glutamate, propagated calcium 
waves upon mechanical stimulation, performed glutamate uptake 
and promoted synapse formation of co-cultured neurons.

FGF8, anterior patterning morphogen 
fibroblast growth factor 8 

RA, retinoic acid

Krencik et al. (2011)

Protocol 1



Human in vitro astrocyte models

Human ES cell derived astrocytes obtained through a combination of 
BMP-mediated Smad and LIF-mediated JAK-STAT signalling. 
Neuroprotective properties of astrocyte conditioned media after 
exposure of human ES cell derived neurons to oxidative stress 
through glutathione-dependent and independent mechanisms.

ES cell, Embryonic stem cell
BMP, Bone morphogenetic protein

Gupta et al. (2012)

Protocol 2



Human in vitro astrocyte models

Astrocytes from TARDBP mutant hiPSCs. NPCs grown in suspension 
as neurospheres, enriched with LIF and EGF (4−6wks) followed by 
expansion with EGF and FGF2 and then CNTF for terminal 
differentiation.

TARDBP, TAR DNA Binding Protein 
NPCs, Neural Progenitor Cell

Serio et al. (2013)

Protocol 3



Human in vitro astrocyte models

Fibroblast derived astrocytes from SOD1A4V fALS, C9ORF72 fALS and 
sporadic ALS patients. Conversion to tripotent iNPCs through 
infection with Sox2, KLF4, Oct3/4, c-Myc, followed by switch to 
medium containing FGF2, EGF and heparin. Astrocytic differentiation 
initiated through seeding in NPC medium in fibronectin-coated dish, 
followed by 10% FBS and 0.3% N2.

Meyer et al. (2014)

Protocol 4



Human in vitro astrocyte models

Purification of astrocytes from fetal, juvenile and adult brains via 
immunopanning technique using anti-HepaCAM antibodies.

Zhang et al. (2016)

Protocol 5



Human in vitro astrocyte models

iPSCs from VCP mutant fibroblasts. Astrocytes generated in 
monoculture throughout - FGF used to expand and BMP4 and LIF 
used to terminally differentiate.

VCP, valosin-containing protein
GCP, gliogenic precursors

Hall et al. (2017)

Protocol 6



Human in vitro astrocyte models

Expression of NFIA and SOX9 speeds up iPSC derived astrocyte 
generation which display functional attributes including promoting 
neurite outgrowth, calcium waves after mechanical stimulation and 
glutamate uptake.

Li et al. (2018)

Protocol 7



Advantages and disadvantages of human in vitro astrocyte models.

Model Strengths Limitations

hiPSC
High purity Expensive

Ability to self-renew
Time consuming
Developmental model

ESCs Same as hiPSCs Same as hiPSCs plus ethical concerns

Transdifferentiated fibroblasts

Preserved age of donor Limited supply

Faster than stem cell-based protocols

Reliant on expression of known factors

Currently reliant on serum affecting 
reactivity

Immunopanned primary astrocytes

Ability to study cells exposed to in 
vivo cell-cell interactions Limited supply

Can obtain from adult donors

Immortalised cell line

Fast Karyotype abnormalities

Ability to self-renew

Abnormal proliferative state

Currently reliant on serum affecting 
reactivity



Astrocytes in disease modeling-
ALS 





Modeling-ALS

Direct conversion of human skin fibroblasts to tripotent iNPCs



Direct conversion of human skin fibroblasts to tripotent iNPCs



I-astrocytes express prototypic astrocyte markers



I-astrocytes express prototypic astrocyte markers





iPSC Generation and Cortical-Neuronal Differentiation



iPSC Generation and Cortical-Neuronal Differentiation



iPSC Generation and Cortical-Neuronal Differentiation



iPSC Generation and Cortical-Neuronal Differentiation



Cellular Stress Responses Caused By Intracellular Aβ Oligomers in AD 
iPSC-Derived Neural Cells



Cellular Stress Responses Caused By Intracellular Aβ Oligomers in AD 
iPSC-Derived Neural Cells



DHA-Alleviated Cellular Stress Caused By Intracellular Aβ 
Oligomers



DHA-Alleviated Cellular Stress Caused By Intracellular Aβ 
Oligomers





Generation of ALS patient–specific iPSCs and iPSC-derived motor neurons



Generation of ALS patient–specific iPSCs 
and iPSC-derived motor neurons



Phenotypes of ALS iPSC–derived motor neurons



Phenotypes of ALS iPSC–derived motor neurons



Arsenite-induced death of ALS and control iPSC–derived motor neurons



Arsenite-induced death of ALS and control iPSC–derived motor neurons



Anacardic acid–induced phenotypic changes in ALS and control motor 
neurons



Anacardic acid–induced phenotypic changes in ALS and control motor 
neurons



Function of target Proposed change in function 
in disease

Molecular target Disease

Growth factors Loss of function

IGF1 Rett syndrome
BDNF HD
CCL5 HD
NGF ALS

Metabolic regulation Loss of function

GLUT1 and MCT1 AD and ALS

Energy metabolism AD

Mitochondrial dysfunction HD, ALS and Rett syndrome

Homeostatic function
Gain of function

Connexins, gap junctions and 
hemichannels

Rett syndrome, AD, ALS and 
HD

AQP4 Epilepsy

Loss of function Kir4.1 Rett syndrome, HD and 
epilepsy

Cytoskeleton Loss of function Microtubules Rett syndrome

Glutamate receptor Gain of function Metabotropic glutamate 
receptors ALS and AD

Glutamate transporter Loss of function GLT1 ALS, HD, AD and PD

Signalling pathways

Gain of function

Calcium signalling AD and ALS

Purinergic signalling HD and AD

JAK–STAT3 AD, PDand ALS

Loss of function

MAPK AD
TGFβ HD

Cholesterol production ALS, HD and AD

Oxidative stress Loss of function NRF2 HD, PD, AD and ALS

Inflammatory pathway Gain of function
TNF
NF-κB
IFNγ

AD and ALS
ALS and HD
ALS and PD

Table  Molecular targets in astrocytes that are altered 
in neurological disease



Thank you!
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