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Introduction: Neuroplacentology or influence of placenta on normal and pathological 
fetal brain development

PlGF

PlGF, CD146

CD146

VEGFR1

Prenatal Alcohol Exposure
(PAE)

Sautreuil et al., Front Cell Neurosci, 2024

Marguet et al., Acta Neuropathol Commun, 2022Brosolo et al., Neurobiol Dis, 2022Léger et al., Neurobiol Dis, 2020

Lecuyer et al., Ann Neurol, 2017

CRISPR/CAS9 approach
in mouse
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WORKING HYPOTHESIS

- There is a Placenta-Brain axis of communication contributing to the neurovascular 
development which is impaired by PAE

- PLGF and CD146 reflect a wider dysregulation of the angiogenic process



Intra-organ (horizontal) strategy
Ctrl Treated (alcohol)

Expressome of genes 
dysregulated by PAE in a given 
organ (if they are expressed)

inter-organ (vertical) strategy

Expressome placenta 
versus its paired fetal 

cortex
(inter-organ signature) 
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e

p
 1

4 hybridization one-color 
µ-arrays of cortical and 

placental cRNA :
44306 probes/array

4 samples / chip:
• Cortex Ctrl
• Placenta Ctrl
• Cortex EtOH
• Placenta EtOH

Down  2X 
in cortex 

vs placenta (6326)

Up  2X 
in cortex 

vs placenta (6584)

Up   2X in cortex 
vs placenta :

• Up Ctrl (402)
• Up EtOH (748)

• Up Common (5836)

Down  2X in cortex 
vs placenta :

• Down Ctrl(493) 
• Down EtOH (753)

• Down Common (5573)

Down  2X in cortex 
vs placenta :

• Down Ctrl (113)
• Down EtOH (213) 

Up  2X in cortex 
vs placenta :

• Up Ctrl (312)
• Up EtOH (610)

Extraction of inter-organ
variations on probes 

exhibiting  2X variation in 
Ctrl OR EtOH groups (both

directions) in at least 3 on 4 
replicates ; 

Removal of Riken sequences
and unkown genes

Down  2X in cortex 
vs placenta AND

 vascular development:
• Down Ctrl (6)

• Down EtOH (14)

Filtering on GO terms
"vascular development" 

(3707)

Up  2X 
in cortex 

vs placenta AND

 vascular development:
• Up Ctrl (16)
• Up EtOH (43)

Down  2X 
in cortex 

vs placenta AND

 vascular development:
• Down common (15)

Up  2X 
in cortex 

vs placenta AND

 vascular development:
• Up Common (13)

Down  2X 
in cortex 

vs placenta (6066) 

Up  2X 
in cortex 

vs placenta (6238)

GeneSpring analysis

Volcano plot of probes 

exhibiting  2X variation
in cortex vs placenta

(both directions)

Venn analysis of probes

exhibiting  2X variation
in cortex vs placenta, 

specifically in the ctrl group, 
or in the EtOH group, 

or both groups
(both directions)

Excel analysis GENE ONTOLOGY STRING

Construction of an 
interaction map and 
search for functional

clustering

2 groups : 
NaCl, EtOH

4 independent mice / group

Agilent microarray

Down  2X in cortex 
vs placenta :

• Down Common (176)

Up  2X in cortex 
vs placenta :

• Up Common (183)

Total = 107 entities

Ethanol group (27262 probes)

Exposure of pregnant mice to 
daily injections of NaCl or 

ethanol from GD15 to GD20

mRNA extraction 
from GD20 brains

and matched placenta,
Amplification,

and Cy3 labelling

A C D E

F

G H

Filtering on signal intensity
(Minimum intensity

value > 50)

Extraction of variations on 

probes exhibiting  FC2 
variation between organs

using one-color analysis of 
Cy3 signals according to 2way 

ANOVA with Benjamini-
Hochberg correction 

(p < 0,05)

Control group (26977 probes)

B

Extraction of alcohol-induced
inter-organ variations (+/-

40%) on probes exhibiting 
2X variation in Ctrl AND EtOH
groups (both directions) in at 

least 3 on 4 replicates ; 
Removal of Riken sequences

and unkown genes

Identification of 25 
l igand/receptor couples 

potentially dysregulated by 
alcohol exposure

Molecular validation

PANTHER Functionnal
classification by : 
- Protein class

- Biological process  

I

84 genes distributed
into 3 clusters

J

- Western blot
- Placenta/Brain correlation

PANTHER

4 hybridization one-color 
µ-arrays of cortical and 

placental cRNA :
44306 probes/array

4 samples / chip:
• Cortex Ctrl
• Placenta Ctrl
• Cortex EtOH
• Placenta EtOH

Down  2X 
in cortex 

vs placenta (6326)

Up  2X 
in cortex 

vs placenta (6584)

Up   2X in cortex 
vs placenta :

• Up Ctrl (402)
• Up EtOH (748)

• Up Common (5836)

Down  2X in cortex 
vs placenta :

• Down Ctrl(493) 
• Down EtOH (753)

• Down Common (5573)

Down  2X in cortex 
vs placenta :

• Down Ctrl (113)
• Down EtOH (213) 

Up  2X in cortex 
vs placenta :

• Up Ctrl (312)
• Up EtOH (610)

Extraction of inter-organ
variations on probes 

exhibiting  2X variation in 
Ctrl OR EtOH groups (both

directions) in at least 3 on 4 
replicates ; 

Removal of Riken sequences
and unkown genes

Down  2X in cortex 
vs placenta AND

 vascular development:
• Down Ctrl (6)

• Down EtOH (14)

Filtering on GO terms
"vascular development" 

(3707)

Up  2X 
in cortex 

vs placenta AND

 vascular development:
• Up Ctrl (16)
• Up EtOH (43)

Down  2X 
in cortex 

vs placenta AND

 vascular development:
• Down common (15)

Up  2X 
in cortex 

vs placenta AND

 vascular development:
• Up Common (13)

Down  2X 
in cortex 

vs placenta (6066) 

Up  2X 
in cortex 

vs placenta (6238)

GeneSpring analysis

Volcano plot of probes 

exhibiting  2X variation
in cortex vs placenta

(both directions)

Venn analysis of probes

exhibiting  2X variation
in cortex vs placenta, 

specifically in the ctrl group, 
or in the EtOH group, 

or both groups
(both directions)

Excel analysis GENE ONTOLOGY STRING

Construction of an 
interaction map and 
search for functional

clustering

2 groups : 
NaCl, EtOH

4 independent mice / group

Agilent microarray

Down  2X in cortex 
vs placenta :

• Down Common (176)

Up  2X in cortex 
vs placenta :

• Up Common (183)

Total = 107 entities

Ethanol group (27262 probes)

Exposure of pregnant mice to 
daily injections of NaCl or 

ethanol from GD15 to GD20

mRNA extraction 
from GD20 brains

and matched placenta,
Amplification,

and Cy3 labelling

A C D E

F

G H

Filtering on signal intensity
(Minimum intensity

value > 50)

Extraction of variations on 

probes exhibiting  FC2 
variation between organs

using one-color analysis of 
Cy3 signals according to 2way 

ANOVA with Benjamini-
Hochberg correction 

(p < 0,05)

Control group (26977 probes)

B

Extraction of alcohol-induced
inter-organ variations (+/-

40%) on probes exhibiting 
2X variation in Ctrl AND EtOH
groups (both directions) in at 

least 3 on 4 replicates ; 
Removal of Riken sequences

and unkown genes

Identification of 25 
l igand/receptor couples 

potentially dysregulated by 
alcohol exposure

Molecular validation

PANTHER Functionnal
classification by : 
- Protein class

- Biological process  

I

84 genes distributed
into 3 clusters

J

- Western blot
- Placenta/Brain correlation

PANTHER

Ctrl

Expressome placenta 
versus its paired fetal 

cortex under PAE

Treated (alcohol)

St
e

p
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Crossed analysis of the two signatures

4 hybridization one-color 
µ-arrays of cortical and 

placental cRNA :
44306 probes/array

4 samples / chip:
• Cortex Ctrl
• Placenta Ctrl
• Cortex EtOH
• Placenta EtOH

Down  2X 
in cortex 

vs placenta (6326)

Up  2X 
in cortex 

vs placenta (6584)

Up   2X in cortex 
vs placenta :

• Up Ctrl (402)
• Up EtOH (748)

• Up Common (5836)

Down  2X in cortex 
vs placenta :

• Down Ctrl(493) 
• Down EtOH (753)

• Down Common (5573)

Down  2X in cortex 
vs placenta :

• Down Ctrl (113)
• Down EtOH (213) 

Up  2X in cortex 
vs placenta :

• Up Ctrl (312)
• Up EtOH (610)

Extraction of inter-organ
variations on probes 

exhibiting  2X variation in 
Ctrl OR EtOH groups (both

directions) in at least 3 on 4 
replicates ; 

Removal of Riken sequences
and unkown genes

Down  2X in cortex 
vs placenta AND

 vascular development:
• Down Ctrl (6)

• Down EtOH (14)

Filtering on GO terms
"vascular development" 

(3707)

Up  2X 
in cortex 

vs placenta AND

 vascular development:
• Up Ctrl (16)
• Up EtOH (43)

Down  2X 
in cortex 

vs placenta AND

 vascular development:
• Down common (15)

Up  2X 
in cortex 

vs placenta AND

 vascular development:
• Up Common (13)

Down  2X 
in cortex 

vs placenta (6066) 

Up  2X 
in cortex 

vs placenta (6238)

GeneSpring analysis

Volcano plot of probes 

exhibiting  2X variation
in cortex vs placenta

(both directions)

Venn analysis of probes

exhibiting  2X variation
in cortex vs placenta, 

specifically in the ctrl group, 
or in the EtOH group, 

or both groups
(both directions)

Excel analysis GENE ONTOLOGY STRING

Construction of an 
interaction map and 
search for functional

clustering

2 groups : 
NaCl, EtOH

4 independent mice / group

Agilent microarray

Down  2X in cortex 
vs placenta :

• Down Common (176)

Up  2X in cortex 
vs placenta :

• Up Common (183)

Total = 107 entities

Ethanol group (27262 probes)

Exposure of pregnant mice to 
daily injections of NaCl or 

ethanol from GD15 to GD20

mRNA extraction 
from GD20 brains

and matched placenta,
Amplification,

and Cy3 labelling

A C D E

F

G H

Filtering on signal intensity
(Minimum intensity

value > 50)

Extraction of variations on 

probes exhibiting  FC2 
variation between organs

using one-color analysis of 
Cy3 signals according to 2way 

ANOVA with Benjamini-
Hochberg correction 

(p < 0,05)

Control group (26977 probes)

B

Extraction of alcohol-induced
inter-organ variations (+/-

40%) on probes exhibiting 
2X variation in Ctrl AND EtOH
groups (both directions) in at 

least 3 on 4 replicates ; 
Removal of Riken sequences

and unkown genes

Identification of 25 
l igand/receptor couples 

potentially dysregulated by 
alcohol exposure

Molecular validation

PANTHER Functionnal
classification by : 
- Protein class

- Biological process  

I

84 genes distributed
into 3 clusters

J

- Western blot
- Placenta/Brain correlation

PANTHER

4 hybridization one-color 
µ-arrays of cortical and 

placental cRNA :
44306 probes/array

4 samples / chip:
• Cortex Ctrl
• Placenta Ctrl
• Cortex EtOH
• Placenta EtOH

Down  2X 
in cortex 

vs placenta (6326)

Up  2X 
in cortex 

vs placenta (6584)

Up   2X in cortex 
vs placenta :

• Up Ctrl (402)
• Up EtOH (748)

• Up Common (5836)

Down  2X in cortex 
vs placenta :

• Down Ctrl(493) 
• Down EtOH (753)

• Down Common (5573)

Down  2X in cortex 
vs placenta :

• Down Ctrl (113)
• Down EtOH (213) 

Up  2X in cortex 
vs placenta :

• Up Ctrl (312)
• Up EtOH (610)

Extraction of inter-organ
variations on probes 

exhibiting  2X variation in 
Ctrl OR EtOH groups (both

directions) in at least 3 on 4 
replicates ; 

Removal of Riken sequences
and unkown genes

Down  2X in cortex 
vs placenta AND

 vascular development:
• Down Ctrl (6)

• Down EtOH (14)

Filtering on GO terms
"vascular development" 

(3707)

Up  2X 
in cortex 

vs placenta AND

 vascular development:
• Up Ctrl (16)
• Up EtOH (43)

Down  2X 
in cortex 

vs placenta AND

 vascular development:
• Down common (15)

Up  2X 
in cortex 

vs placenta AND

 vascular development:
• Up Common (13)

Down  2X 
in cortex 

vs placenta (6066) 

Up  2X 
in cortex 

vs placenta (6238)

GeneSpring analysis

Volcano plot of probes 

exhibiting  2X variation
in cortex vs placenta

(both directions)

Venn analysis of probes

exhibiting  2X variation
in cortex vs placenta, 

specifically in the ctrl group, 
or in the EtOH group, 

or both groups
(both directions)

Excel analysis GENE ONTOLOGY STRING

Construction of an 
interaction map and 
search for functional

clustering

2 groups : 
NaCl, EtOH

4 independent mice / group

Agilent microarray

Down  2X in cortex 
vs placenta :

• Down Common (176)

Up  2X in cortex 
vs placenta :

• Up Common (183)

Total = 107 entities

Ethanol group (27262 probes)

Exposure of pregnant mice to 
daily injections of NaCl or 

ethanol from GD15 to GD20

mRNA extraction 
from GD20 brains

and matched placenta,
Amplification,

and Cy3 labelling

A C D E

F

G H

Filtering on signal intensity
(Minimum intensity

value > 50)

Extraction of variations on 

probes exhibiting  FC2 
variation between organs

using one-color analysis of 
Cy3 signals according to 2way 

ANOVA with Benjamini-
Hochberg correction 

(p < 0,05)

Control group (26977 probes)

B

Extraction of alcohol-induced
inter-organ variations (+/-

40%) on probes exhibiting 
2X variation in Ctrl AND EtOH
groups (both directions) in at 

least 3 on 4 replicates ; 
Removal of Riken sequences

and unkown genes

Identification of 25 
l igand/receptor couples 

potentially dysregulated by 
alcohol exposure

Molecular validation

PANTHER Functionnal
classification by : 
- Protein class

- Biological process  

I

84 genes distributed
into 3 clusters

J

- Western blot
- Placenta/Brain correlation

PANTHER

Access to genes imbalanced by PAE between 
the two inter-organ signatures

Implementation : the first inter-organ transcriptomic analysis focusing on angiogenesis

Does not allow to identify 
imbalanced communication

between two organs

X X

Hashimoto-Torii et al., PNAS, 2011

Rosenberg et al., Alcohol, 2010



GD0 GD20GD13

1 ip injection/day (3g/kg)
(BAL 1.5 g/l at 30 min)

Cortical neurovascular
abnormalities

Alcohol treatment and notion of windows of vulnerability

Behavioural troubles

Brosolo  et al., Neurobiol Dis, 2022

P
4
5

Control PAE

No facial dysmorphologies

GD7 GD8.5

2 ip injections/day (3g/kg)

FAS-like phenotype
Facial dysmorphologies

Lipinski et al., Plos One, 2012

Brain abnormalities

FASD-like phenotype (excluding FAS)

Ctrl

P2

PAE



Results (I): Step 1, Completion of the two inter-organ signatures

Placenta Cortex log2 (Fold change)

P
l-C

T
3

P
l-C

T
2

P
l-C

T
4

P
l-C

T
1

C
x-C

T
3

C
x-C

T
2

C
x-C

T
4

C
x-C

T
1

Condition
Tissue

Tissue

Transcriptomic Placenta/Cortex 
signature in control conditions

- 12,304 genes are differently expressed 
between placenta and the fetal brain

- 6066 are (at least) 2-fold less expressed 
in cortex vs placenta

- 6238 are (at least) 2-fold more 
expressed in cortex vs placenta  

Transcriptomic Placenta/Cortex 
signature in PAE condition

log2 (Fold change)

P
l-E

tO
H

4

P
l-E

tO
H

2

P
l-E

tO
H

3

P
l-E

tO
H

1

C
x-E

tO
H

3

C
x-E

tO
H

2

C
x-E

tO
H

4

C
x-E

tO
H

1

Condition
Tissue

Placenta Cortex
Tissue

- 12,910 genes are differently expressed 
between placenta and the fetal brain

- 6326 are 2-fold less expressed in cortex 
vs placenta

- 6584 are 2-fold more expressed in 
cortex vs placenta  

PAE did not modify the whole inter-organ signature (placenta remains a placenta and a brain, a brain) 



Results (II): Crossed bionformatic analysis of the two signatures

Down ≥ 2X 
in cortex vs placenta, 
control group (6066) 

5573493 753

Down ≥ 2X 
in cortex vs placenta, 
ethanol group (6326)

Comparison of genes (at least) 2-fold less 
expressed in cortex versus placenta

between the two signatures

Majority of genes are common between 
the two signatures

but
493 genes are 2-fold less expressed in 

cortex versus placenta only in the 
Control signature

753 genes are 2-fold less expressed in 
cortex versus placenta only in the 

Alcohol signature

Up ≥ 2X 
in cortex vs placenta, 
control group (6238) 

5836402 748

Up ≥ 2X 
in cortex vs placenta, 
ethanol group (6584)

Comparison of genes 2-fold more 
expressed in cortex versus placenta

between the two signatures

Majority of genes are common between 
the two signatures

but
402 genes are 2-fold more expressed in 

cortex versus placenta only in the 
Control signature

748 genes are 2-fold more expressed in 
cortex versus placenta only in the 

Alcohol signature

Among them,
107 genes are 
related to the

Vascular 
Development 
Circulatory system development 
(GO:0072359), P value 1.447e-5

Circulatory system process 
(GO:0003013), P value 8.206e-4 

Sautreuil et al., IJMS, 2023



Results (III): Protein-Protein interaction analysis

Cytoskeletal protein 
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regulator (Tbx20, Zic3, Tbx1, 
Msx1, Tcf7l2, Grhl2, Gata3, 
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Chromatin/chromatin-
binding, or -regulatory 
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Transmembrane 
signal receptor (Acvr1)

Transporter (Kcnk2)

Cytoskeletal protein 
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Membrane traffic protein 
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Transcriptional regulation

Structural proteins

Intercellular signal 
molecule (Prok2, Tnf, 
Tgfa, Mdk, Efna3, Igf1, 
Fgf15, Vegfc, Angpt1, 

Fgf18, Angptl1, Angptl2)

Protein-binding activity 
modulator (Reck, 

Serpinf1, Rasa1, Agt)

Scaffold/adaptor 
protein (Axin2)

Transmembrane signal 
receptor (Agtr2, Lepr, 

Plxnd1, Tgfbr1, Egf, 
Lepr, Ephb1, Aplnr)

RNA metabolism protein 
(Nos3, Ddx39b)

Gene-specific 
transcriptional regulator 

(Rarb, Fosl1, Zfp418, 
Osr1, Pou4f1, Egr1)

Metabolite 
interconversion enzyme 

(G6pd2, Nos3, Ptgs2, 
Sulf1, Agt, Cyp1b1, Hpse)

Protein modifying 
enzyme (Prcp, Prkcb, 
Dusp9, Prkdc, Cdk1)

Transporter (Atp2b4)
Transfer/carrier protein (Apob)

Cell adhesion molecule (Itgb8) Extracellular matrix 
protein (Ltbp1)

Intercellular communication

Intercellular signal 
molecule (Prok2, Tnf, 
Tgfa, Mdk, Efna3, Igf1, 
Fgf15, Vegfc, Angpt1, 

Fgf18, Angptl1, Angptl2)

Protein-binding activity 
modulator (Reck, 

Serpinf1, Rasa1, Agt)

Scaffold/adaptor 
protein (Axin2)

Transmembrane signal 
receptor (Agtr2, Lepr, 

Plxnd1, Tgfbr1, Egf, 
Lepr, Ephb1, Aplnr)

RNA metabolism protein 
(Nos3, Ddx39b)

Gene-specific 
transcriptional regulator 

(Rarb, Fosl1, Zfp418, 
Osr1, Pou4f1, Egr1)

Metabolite 
interconversion enzyme 

(G6pd2, Nos3, Ptgs2, 
Sulf1, Agt, Cyp1b1, Hpse)

Protein modifying 
enzyme (Prcp, Prkcb, 
Dusp9, Prkdc, Cdk1)

Transporter (Atp2b4)
Transfer/carrier protein (Apob)

Cell adhesion molecule (Itgb8) Extracellular matrix 
protein (Ltbp1)

Intercellular communication

26 ligands or receptors are dysregulated by PAE in the
inter-organ placenta-cortex signature

4 hybridization one-color 
µ-arrays of cortical and 

placental cRNA :
44306 probes/array

4 samples / chip:
• Cortex Ctrl
• Placenta Ctrl
• Cortex EtOH
• Placenta EtOH

Down  2X 
in cortex 

vs placenta (6326)

Up  2X 
in cortex 

vs placenta (6584)

Up   2X in cortex 
vs placenta :

• Up Ctrl (402)
• Up EtOH (748)

• Up Common (5836)

Down  2X in cortex 
vs placenta :

• Down Ctrl(493) 
• Down EtOH (753)

• Down Common (5573)

Down  2X in cortex 
vs placenta :

• Down Ctrl (113)
• Down EtOH (213) 

Up  2X in cortex 
vs placenta :

• Up Ctrl (312)
• Up EtOH (610)

Extraction of inter-organ
variations on probes 

exhibiting  2X variation in 
Ctrl OR EtOH groups (both

directions) in at least 3 on 4 
replicates ; 

Removal of Riken sequences
and unkown genes

Down  2X in cortex 
vs placenta AND

 vascular development:
• Down Ctrl (6)

• Down EtOH (14)

Filtering on GO terms
"vascular development" 

(3707)

Up  2X 
in cortex 

vs placenta AND

 vascular development:
• Up Ctrl (16)
• Up EtOH (43)

Down  2X 
in cortex 

vs placenta AND

 vascular development:
• Down common (15)

Up  2X 
in cortex 

vs placenta AND

 vascular development:
• Up Common (13)

Down  2X 
in cortex 

vs placenta (6066) 

Up  2X 
in cortex 

vs placenta (6238)

GeneSpring analysis

Volcano plot of probes 

exhibiting  2X variation
in cortex vs placenta

(both directions)

Venn analysis of probes

exhibiting  2X variation
in cortex vs placenta, 

specifically in the ctrl group, 
or in the EtOH group, 

or both groups
(both directions)

Excel analysis GENE ONTOLOGY STRING

Construction of an 
interaction map and 
search for functional

clustering

2 groups : 
NaCl, EtOH

4 independent mice / group

Agilent microarray

Down  2X in cortex 
vs placenta :

• Down Common (176)

Up  2X in cortex 
vs placenta :

• Up Common (183)

Total = 107 entities

Ethanol group (27262 probes)

Exposure of pregnant mice to 
daily injections of NaCl or 

ethanol from GD15 to GD20

mRNA extraction 
from GD20 brains

and matched placenta,
Amplification,

and Cy3 labelling

A C D E

F

G H

Filtering on signal intensity
(Minimum intensity

value > 50)

Extraction of variations on 

probes exhibiting  FC2 
variation between organs

using one-color analysis of 
Cy3 signals according to 2way 

ANOVA with Benjamini-
Hochberg correction 

(p < 0,05)

Control group (26977 probes)

B

Extraction of alcohol-induced
inter-organ variations (+/-

40%) on probes exhibiting 
2X variation in Ctrl AND EtOH
groups (both directions) in at 

least 3 on 4 replicates ; 
Removal of Riken sequences

and unkown genes

Identification of 25 
l igand/receptor couples 

potentially dysregulated by 
alcohol exposure

Molecular validation

PANTHER Functionnal
classification by : 
- Protein class

- Biological process  

I

84 genes distributed
into 3 clusters

J

- Western blot
- Placenta/Brain correlation

PANTHER



Results (IV): Western blot validation – Example of the Agt/Agt receptors
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- Cortical expression of AGTR1 is correlated with placental expression of AGT
- PAE impacts the AGT/AGTR1 correlation



Conclusions & Perspectives

The inter-organ approach allowed to identify
26 ligands/receptors unbalanced by PAE between the two organs

Ligand (Agt) / fetal brain receptors (AGTR1) correlation 
reinforces the notion of a functional placenta/brain axis 

PAE alters the angiogenic Placenta-Cortex transcriptomic signature

Functional validation to explore neurovascular defects and 
neurodevelopmental disorders
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