
“Neuron-astroglia cell fate decision in the adult mouse 
hippocampal neurogenic niche is

cell-intrinsically controlled by COUP-TFI in vivo”
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Reviews: Beckervordersandforth et al., Cold Spring Harb Perspect Biol 2015; Hsieh, Genes Dev 2012 



Astrocytes and adult-born neurons cover key roles
in adult DG neuroplasticity

 Spatial navigation

 Pattern separation

A

B

input output

 Expansion of adult NSCs

 Dendritic maturation of 
adult-born neurons 

 Synaptic integration of 
newly generated neurons 

Reviews: Bond et al., Cell Stem Cell 2015; Gonçalvez et al., Cell 2016
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Which is the molecular mechanism underlying
adult hippocampal NSC/progenitor fate choice?

COUP-TFI



Modified from Alfano et al., Cell Mol Life Sci 2014

• Major homologues in Vertebrates: 
COUP-TFI (NR2F1) and COUP-TFII
(NR2F2)

• Highly conserved during evolution

• Orfan nuclear receptors

• Steroid/thyroid hormone receptor
superfamily

• Function as activators and/or 
repressors for target gene 
transcription

COUP-TFs
(chicken ovalbumin upstream promoter transcription factors)



Modified from Park et al., Keio J Med 2003

COUP-TFI plays pleiotropic functions
in brain development

Tsai Y. T. and Tsai M., Endocrr Rev 1997
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Outline of the study

1. COUP-TFI expression pattern within the adult hippocampal
DG

2. COUP-TFI loss of function in the DG niche through Cre/loxP
technology

3. COUP-TFI overexpression and gain-of-function in 
NSCs/progenitors through Cre/loxP technology
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COUP-TFI is expressed in radial NSCs (RGLs)
and upregulated in the neurogenic lineage of the adult DG



COUP-TFI is expressed in radial NSCs (RGLs)
and upregulated in the neurogenic lineage of the adult DG
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COUP-TFI loss of function in the DG niche through Cre/loxP
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In vivo inducible COUP-TFI loss of function in adult Glast+ NSCs
coupled to fate mapping

Mori et al., Glia 2006; Srinivas et al., BMC Dev Biol 2001; Armentano et al., Nat Neurosci 2007
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Efficient COUP-TFI deletion in the Glast lineage

Bonzano et al., in revision to Cell Report 



COUP-TFI loss does not alter  the RGL cell pool



COUP-TFI loss reduces neuronal progenitors/neuroblasts

Bonzano et al., in revision to Cell Report 



Mosaic COUP-TFI loss decreases DG neurogenesis



Reduced neurogenesis in COUP-TFI-icKO
is not due to altered NSC/progenitor proliferation



Diminished neurogenesis in COUP-TFI-icKO
is not a consequence of newborn cell survival defects



BrdU+YFP+

BrdU+YFPneg

Adult neurogenesis is cell-autonomously impaired
in COUP-TFI-icKO



COUP-TFI-icKOGlastControls



Direct differentiation of COUP-TFI-depleted radial NSCs
is unlikely to occur in mutants

@ short time



NFIA (Nuclear Factor I A), 
a pro-astrogliogenic TF during development
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Upregulation of the pro-astrogliogenic factor NFIA
in COUP-TFI-deficient radial NSCs and progenitors

 Switch of COUP-TFI deficient NSC/progenitor commitment towards an astroglial fate



Enhanced astrogliogenesis in COUP-TFI-icKOGlast DG

 no depletion of the stem cell pool  no direct differentiation into astrocytes



COUP-TFI-icKOGlastControls



BrdU incorporation in DG mature astrocytes: Astrocytes within the hippocampal CA1:

‘’Re-awakening’’ of mature parenchymal astrocytes
does not occur in COUP-TFI-icKOGlast hippocampi



Selective COUP-TFI loss of function in
neurogenic progenitors and mitotically active NSCs/progenitors

a b

Battiste et al., Development 2007; Srinivas et al., BMC Dev
Biol 2001; Armentano et al., Nat Neurosci 2007

DG stereotaxic injection of

Cre-expressing Retrorirus (RV-Cre)

Rolando et al., Cell Stem Cell 2016

Ascl1 lineage-dependent COUP-TFI-icKO RV-Cre into the adult DG



a
Enhanced astrogliogenesis - decreased neurogenesis

from Ascl1+ activated NSCs and neurogenic
progenitors in COUP-TFI-icKO

 COUP-TFI promotes neurogenesis by repressing astrogliogenesis in progenitors



Enhanced astrogliogenesis and decreased neurogenesis
following retrovirus-mediated COUP-TFI loss

b

1. CtrlRV-Cre (R26-YFP;COUP-TFIwt/wt)
2. COUP-TFI-icKORV-Cre (R26-YFP;COUP-TFIfl/fl)



COUP-TFI deletion in RGL and neurogenic progenitors
promotes astrogliogenesis at the expense of 

neurogenesis

 COUP-TFI is necessary to promote neurogenesis from RGL and progenitors
by repressing their commintment towards an astroglial fate
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COUP-TFI overexpression
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+TAM

Ctrl COUP-TFI overexpression



Forced COUP-TFI expression prevents astrogliogenesis

SGZ/GCL



COUP-TFI overexpression dramatically increases
apoptosis in newborn neurons
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Neuroinflammation model: E. coli-derived lipopolysaccharide (LPS)

RT-qPCR:

Activated microglia



Neuroinflammation model: E. coli-derived lipopolysaccharide (LPS)



Neuroinflammation model: E. coli-derived lipopolysaccharide (LPS)

Decreased COUP-TFI expression



COUP-TFI gain of function rescues neuron-to-astrocyte 
generation upon neuroinflammation

1. CtrlRV-Cre + Saline
2. CtrlRV-Cre + LPS
3. COUP-TFI-O/ERV-Cre + LPS



COUP-TFI gain of function rescues neuron-to-astrocyte 
generation upon neuroinflammation

1. CtrlRV-Cre + Saline
2. CtrlRV-Cre + LPS
3. COUP-TFI-O/ERV-Cre + LPS
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Ongoing analysis and projects

COUP-TFI in aging DGNeuron morphology in COUP-TFI mutants

Neuroinflammation, tamoxifen
and COUP-TFI

Filippo Michelon Daniele Stajano

Isabella Crisci, Valentina La Monica, Eleonora Dallorto

 migration/positioning (SGZ/GCL, ectopism)

 morphological features (total dendritic length, 
branching points, ...)

in CtrlGlast, COUP-TFIO/EGlast, COUP-TFI-hetGlast,
COUP-TFI-icKOGlast

COUP-TFI

DG neurogenesis

 characterization of COUP-TFI 
expression in the DG niche at 
different ages (2-24 months)

 lineage tracing in CtrlGlast at 
different ages

 long-term evaluation of TAM-
treatments in young CtrlGlast vs 
COUP-TFI-icKOGlast 

DG astrogliogenesis??


