“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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ASTROGLIOGENESIS NEUROGENESIS

Astrogliogenic self-renewal ‘
+ Neurogenic self-renewal
Direct differentiation
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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

v Expansion of adult NSCs

v Dendritic maturation of
adult-born neurons

v’ Synaptic integration of
newly generated neurons
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Reviews: Bond et al., Cell Stem Cell 2015; Gongalvez et al., Cell 2016
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Which is the molecular mechanism underlying
adult hippocampal NSC/progenitor fate choice?
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COUP-TFs

(chicken ovalbumin upstream promoter transcription factors)

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

l
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Modlified from Alfano et al., Cell Mol Life Sci 2014



Mouse E15.5

COUP-TFI plays pleiotropic functions
in brain development

mCOUP-TFI

Tsai Y. T. and Tsai M., Endocrr Rev 1997

Cortical
Neuronal arealizationand  Embryonic NSC
migration patterning specification and

competence
Axonal guidance

and targetting

N\

COUP-TFI actions
in the developing
nervous system
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Formation of Postmitotic
inter-hemispheric control of cortical
connections neuronal identity

Formation of
ganglion IX

Dendritic Eye/retina
maturation

morphogeneis

Hippocampus

Axon
formation

myelination

Modified from Park et al., Keio J Med 2003



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-TFl is expressed in radial NSCs (RGLs)
and upregulated in the neurogenic lineage of the adult DG
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Cell Reports

A Single-Cell RNA Sequencing Study
Reveals Cellular and Molecular Dynamics
of the Hippocampal Neurogenic Niche

COUP-TFl is expressed in radial NSCs (RGLs)
and upregulated in the neurogenic lineage of the adult DG
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t-SNE dim2

.

t-SNE dim1

neural
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We found a high number of transcription factors among the
genes specifically enriched in progenitors (Table S3). This prob-
ably underscores the importance of transcriptional cascades in
the switch from NSCs to progenitors and neural progenitor
development. We focused on transcription factors that were
enriched in progenitors and on those that were differentially
expressed between the two main progenitor populations
(Table S3). Among these, there were known regulators of pattern
specification (e.g., Emx1, Emx2, DIx2, Bmil, Foxg1, and Eomes)
(Brill et al., 2008; Hodge et al., 2013; Yoshida et al., 1997) and
neuronal differentiation (Sox771, Neurog2, Neurod1, and
Neurod?2) (Ninkovic et al.,, 2013) and chromatin remodelers
(e.g., Hdac2, Smarca4, and SmarcaZ2), but also many transcrip-
tion factors whose function has not been described in the
context of adult hippocampal neural development (e.g.,
Hmgn2, Lhx2, COUP-TF1/Nr2f1, Pbx1, Cbx3, Maged1, and
Ssbp3). Thus, our data constitute a valuable resource for future
studies on molecular mechanisms regulating neurogenesis.



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

2. COUP-TFlI 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



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

Mature Type 1 Type 2a/b Type 3 Immature  Mature
astrocyte Adult NSCs TAPs Neuroblasts granule  granule
(NBs) neurons  heurons

Glast-CreER™: I NsCs (all) + astrocytes
Ascl1-CreERT™2: I I ] B NSCs(active) + TAPs (2a)

Retrovirus: I 0 D RURURARERERERNN § [} nscs (few) + TAPs (many) + NBs



In vivo inducible COUP-TFI loss of function in adult Glast+ NSCs
coupled to fate mapping

CtrIGIast : COUP_TF,_icKoGIast
@ Glast-CreER™ Glast-CreER™
—| Glast promoter | CreERT2|— —| Glast promoter | CreER™ |—
Rosa26.YEP COUP-TFI () Fosa26.yEp floxed COUP-TF
P Lo aid

NSC pool

proliferation survival

astrogliogenesis

neurogenesis

Mori et al., Glia 2006; Srinivas et al., BMC Dev Biol 2001; Armentano et al., Nat Neurosci 2007



/@ Efficient COUP-TFI deletion in the Glast lineage
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/@ COUP-TFI loss does not alter the RGL cell pool
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i,? COUP-TFI loss reduces neuronal progenitors/neuroblasts

Ctricost
COUP-TFI-icKOS!ast
TAM Analysis
adda WL,

I PTG o R ol ;
(D e L A ?" . :
= A o 400-
5 P .
S E
iy & 5 300 =T
£ B .
‘G T e e Lo . E a-_ 200-
Rt ER -2 LR P el e R L
S e -
Q g / m "3 +
O % 100-
S .L': 3
S yraneRsln =] 2 L
........................................ i
|—YFPINeuroD—I & O
=

Bonzano et al., in revision to Cell Report



/@ Mosaic COUP-TFI loss decreases DG neurogenesis
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éj Reduced neurogenesis in COUP-TFI-icKO

COUP-TFI-icKO®* is not due to altered NSC/progenitor proliferation
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@ Diminished neurogenesis in COUP-TFI-icKO

crﬂG{”* st . .
COUP-TFI-icKO® is not a consequence of newborn cell survival defects

Analysis 600, Eggﬁm (0
UP-TFl-icKO®"s

TAM BrdU (3dpi 17dpi +
oy °% (ﬁp) (ﬁp) -

> £
[ 72 | Y] )
-d1d0”“ d11 d14 d28 TS 200-

mu

0 - .
3dpi 17dpi

=2 100-
o ]
+ = 804
:g ™
> ™
Lg e
o8 ]
m ~. 40-
g:g ) ——
5 S 201
E 4
s 0




o
W
é( Adult neurogenesis is cell-autonomously impaired
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/@ Direct differentiation of COUP-TFI-depleted radial NSCs
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NFIA (Nuclear Factor 1 A),
a pro-astrogliogenic TF during development
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oo Upregulation of the pro-astrogliogenic factor NFIA
COUP-TFl-icKO®%t

in COUP-TFI-deficient radial NSCs and progenitors

g JAM@ 0 Analysis
I I A A A N
-d4 dO d3
DthIG i Dctr’GIasf
- icKOCast . icKOGast
100+ " 40-
*% b 2
o 3 80+ (L;O S 3 a0 *
+
ze < it
243 40- 2 zZ%
XL 2 g
> 20 \\ ................... g 1
..... =
0- 0-
YFP/NFIA Sk
-

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



@ Enhanced astrogliogenesis in COUP-TFI-icKOS%'*st DG ﬁ%f
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BrdU incorporation in DG mature astrocytes:
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Selective COUP-TFI loss of function in
neurogenic progenitors and mitotically active NSCs/progenitors

" Ascll lineage-dependent COUP-TFI-ickO _ RV-Cre into the adult DG
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Battiste et al., Development 2007; Srinivas et al., BMC Dev Rolando et al., Cell Stem Cell 2016
Biol 2001; Armentano et al., Nat Neurosci 2007
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- Enhanced astrogliogenesis - decreased neurogenesis
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RV-Cre

o Enhanced astrogliogenesis and decreased neurogenesis
following retrovirus-mediated COUP-TFI loss
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COUP-TFI deletion in RGL and 1 _, rog
promotes astrogliogenesis at the expense of
neurogenesis

COUP-TFI loss-of-function
(inducible Glast-/Ascl1-lineage, retrovirus)

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



Outline of the study

3. COUP-TFI overexpression and gain-of-function in
NSCs/progenitors through Cre/loxP technology



COUP-TFI overexpression
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C% , Forced COUP-TFI expression prevents astrogliogenesis
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@ COUP-TFI overexpression dramatically increases

..o O apoptosis in newborn neurons
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COUP-TFI loss-of-function COUP-TFI overexpressmn

(inducible Glast-/Ascl1-lineage, retrovirus) (inducible Glast-lineage)
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PHYSIOLOGICAL CONDITIONS
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/@ Neuroinflammation model: E. coli-derived lipopolysaccharide (LPS)
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Neuroinflammation model: E. coli-derived lipopolysaccharide (LPS)
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Neuroinflammation model: E. coli-derived lipopolysaccharide (LPS)
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COUP-TFI gain of function rescues neuron-to-astrocyte
generation upon neuroinflammation
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RV-Cre

2 . COUP-TFI gain of function rescues neuron-to-astrocyte
@/ generation upon neuroinflammation

R26-YFP:hCOUP-TFI (COUP-TFI-O/E) CtrIRV-Cre  Q/ERV-Cre
R26-YFP;wt (Ctrl) +LPS +LPS
. @ 2.5- Astrocyt
RV-Cre LPS/ Analysis § =N:ur::::,yses
@ U J4 ﬂ- ] 0@ 20-
/ | g’é"
dO d’l d4 “ d14 N 1.5-
TR
é 8 1 <Ctr[Rv-Cre
(<] +Saline
w v
> 1.5-
]
2 -2.0-
CtrIRV-Cre+Saline CtrIRV-Cre+L PS COUP.TFLO/ERnsLPS

O R e
..........
| RIS SEOE el BT Ko ST e el

......................

YFP/ /GFAP




PHYSIOLOGICAL CONDITIONS

Adult hippocampus
Dentate Gyrus (DG) Astrogliogenesis

Astrocytes SCS IPC Neurons
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Ongoing analysis and projects

/Neuron morphology in COUP-TFI mutants\ 4 COUP-TFl in aging DG )

—— 2-month- ——12-mon —— 22-month-old———
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