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hNuclear Ag
hGPCs sorted as A2B5+/NCAM-

35 weeks after neonatal injection
MBPshi/shi x rag2-/- host

Human glial progenitor cells are highly migratory in vivo



MBP
35 weeks

Windrem, Cell Stem Cell, 2008

Hypomyelinated mice can be remyelinated by human glial progenitors



Blastocyst complementation may be used to 
establish neural or glial chimeras defined whose 
specificity is defined by that of the conditional 
regulatory element that determines host cell 
deficiency

Pros: Complete replacement of the target 
phenotype



Blastocyst complementation may be used to 
establish neural or glial chimeras defined whose 
specificity is defined by that of the conditional 
regulatory element that determines host cell 
deficiency

Pros: Complete replacement of the target 
phenotype

Con: Depending upon regulatory element used to 
direct DT expression, may not be limited to region 
of interest or to CNS

Con: Cannot humanize: mismatched cell cyclicity; 
risk of gonadal integration 



Nature Biotechnology, 2018Cell Stem Cell, 2019



hNuclear Ag
35 weeks

Mice neonatally-engrafted with human glial progenitor cells 
become substantially chimeric for human glia 
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Human glial progenitors invade 
cortical parenchyma to displace and 
competitively replace mouse glial 
progenitors

Windrem et al. J. Neurosci., 2014



Human glial 
progenitor cells 
form dense 
networks  in 
chimeric brains 
brain

Joana Osorio, MD 



7 months Han et al, Cell Stem Cell, 2013
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Human astrocytes are larger and more 
complex than mouse astrocytes

Oberheim et al, J Neuroscience, 2008



Are humanized glial chimeric mice smarter?



Human glial chimeric

Mouse allograft control

Unengrafted control

Human glial chimeric mice acquire conditioned fear more rapidly

Han et al., Cell Stem Cell, 2013



Wang et al, Cell Stem Cell, 2013

Production from 
pluripotent stem 
cells of patient- and 
disease-specific 
human glial 
progenitor cells



Human ESC/iPSC chimeras inform the role of glia in neuronal pathology

MBP/hNA



Human glial chimeras may be established with iPSC-derived GPCs 
to produce patient-specific human glial chimeric mice

Patient-derived glial chimeras allow us to define the contributions of 
glial pathology to human-specific neurological disease

Neuropsychiatric disorders, such as schizophrenia, first appear in 
apes and humans, paralleling human glial evolution

Is schizophrenia a glial disease?

Experiment: Compare chimeras established with iPSC GPCs from 
childhood-onset schizophrenics (n=8) to age/gender controls (n=6)
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Juvenile-onset schizophrenic hiPSC OPCs exhibit abnormal migration

Schizophrenia-derived iPSC OPCsControl-derived iPSC OPCs, 19 weeks



Myelination in hiPSC hGPC chimeras 

Control HGPC SCZ hGPC

hNuclei MBP hNuclei MBP

Windrem et al, Cell Stem Cell, 2017



Astrocytic 
differentiation by 
schizophrenia-
derived GPCs  is 
delayed in vivo 

SCZ/hN/GFAP

CTL/hN/GFAP

5 months after 
neonatal injection

Windrem et al., Cell Stem Cell, 2017



Control Schizophrenia

Schizophrenia-derived astrocytes are abnormal and occupy incomplete domains



Schizophrenia-derived iPSC OPC-implanted mice exhibit 
markedly increased anxiety and antisocial behavior 

9 months old
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human
mouse

Perinatal intrastriatal injection of CD44-sorted hGPCs
12 week-old R6/2 HD mouse

Huntington disease pathology may be ameliorated by glial replacement



hGPC transplantation lessens HD-related cognitive and motor deficits in R6/2 HD mice

8 weeks post-transplant, SmartCube    11 weeks post-transplant, NeuroCube

Benraiss et al, Nature Comm., 2016
Osipovitch et al., Cell Stem Cell, 2019
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Therapeutic modeling: Human vs human competition may be assessed in mouse chimeras
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Human vs human competition may be assessed in mouse chimeras
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Healthy donor hGPCs confront and dominate mHTT-expressing hGPCs, as a function of time and distance



Allogenic human glial competition in a mouse: WT and HD glia from mouse striata - 54 weeks
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Differential gene expression of WT and HD glia during competition

Differentially Expressed in Rescue GPCs Differentially Expressed in Rescue Astrocytes 



Effects of donor on host: Mouse cells in cortex of perinatally engrafted WT and SCZ hGPCs 
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1 year in vivo 



Mouse neuronal genes dysregulated in the presence of human SCZ Glia
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