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Maternal SARS-CoV-2

infection activation

. . Maternal

immune cells

1 Proinflammatory
cytokines

1 TNFa
tIL-1g
tIL-6

T IL-6, IL1B,
TNFa, T ISG

- T Inflammatory reponse
- TImmune cell activation
- T Oxidative stress

- Altered placental serotonin

Placental immune

Fetal brain immune
activation

Maternal/placental immune activation

- T Oxidative stress

- Microglial priming ¢

- Impaired synaptogenesis

- Altered neuronal migration
- Impacted axonal‘targetina

Altered neurodevelopment

Offspring
neurodevelopmental
outcomes

- Attention-deficit/hyperactivity
disorder

- Autism spectrum disorder

- Anxiety and depressive disorders

- Intellectual disability

- Schizophrenia

Created with Biorender.com I

Shook et al Trends Mol Med (2022)
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Li et al Environ Sci Technol (2021)
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Birth

Bifidobacterium
Enterococcus
Escherichia/Shigella
Streptococcus
Bacteroides \
Rothi

e 4 Neurogenesis

\%a{% Blood brain barrier

development
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“ Microglia populate the brain
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One year old

Clostredeum
Ruminococcus,
Veilonella
Roseburia,
Akkermansia
Alistipes,
Eubacterium
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Prevotella
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Three year old
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Li et al Environ Sci Technol (2021)



—0OvE&TY PHERE

—

Astrocytes

Neuron

Microglia

ad

Oligodendrocytes

Soares et al Neurochem Res (2022)
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Perinatal insults and genetic risks
during early life stages

Impairment of microglial functions

- microRNA expression
- DNA methylation
- Histone modification

Abnormal neuroinflammation

- Microglial activation
- Expression of pro-/anti-inflammatory molecules

- Immune surveillance

- Cellular debris cleaning

- Response to injury

- Integration with neural circuits

Neurodevelopmental disorders

Fetal alcohol syndrome
Autism spectrum disorder
Learning disorders
Cerebral palsy

Animal models for research

Mice Zebrafish

Komada and Nishimura Front Cell Dev Biol (2022)
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REGULATION OF NPSC LIFE/DEATH BALANCE

SYNAPTIC PRUNING AND \ T / NEURONAL PROCESS FORMATION
MODULATION y AND SYNAPTOGENESIS

PRESERVATION OF BBB INTEGRITY

i

TROPHIC SUPPORT OF NEURONS O REGULATION OF NEURONAL
AND GLIAL CELLS CONNECTIVITY

Soares et al Neurochem Res (2022)
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Homeostasis

Protein Markers:

P2Y12, CD115,
CD11b, CX3CR1,
CD68, IBA-1

Typical Functions:
Regulating neuronal activity,
synaptic plasticity, maintaining

brain homeostasis

Disease, Injury,
and lliness

Protein Markers:

P2Y12|, CD1151, CD11bt,
CX3CR1, CD681, IBA-11

Typical Functions:

Large-scale cytokine
production, recruitment of
peripheral immune cells,

pathogen destruction, debris
clearance, tissue repair

Activation Markers:

MHC II, CD16, CD32,
CD40, CD86, CD163,
CD206

Woodburn et al J Neuroinflammation (2021)



I5/—IBRBICEBIFHERSY COZH0OTY PREELL

Partially ramified Micoglia in ARC Partially ameoboid Micoglia in ARC Fully ameoboid Micoglia in ARC
v ""\__ e ;
15- a hy poom %0 F =
ns i - *hk 5 I —
& 15- ey .
= — 3 3 o ==
o e 3 —— o
S e 5
2 5- k 2 zo 4-
B 2
0 T T 0 T T 0 T R E

AD: left in the litter with the mother

PF: fed with isocaloric control

AF: ethanol dose of 2.5 g/kg/day between postnatal days 2—6
Immunohistochemical analysis at PND6

Shrivastava et al J Neuroinflammation (2017)
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vehicle

Intraperitoneal injection of VPA at PND7

Immunohistochemical analysis at PND8 _
Wang et al Mol Neurobiol (2016)
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DIBPBC = Solvent Red 197

\ Watanabe, Nishimura et al BMC Neurosci (2010) /

/ eno2: Cerulean 1 kb \

Xhol Clal
Kozak |SV40-polyA

Tol2 eno2 promoter exon 1 intron 1 Cerulean Tol2

CFP filter

K Koiwa,... Nishimura Pharmaceuticals (2019) /
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Solvent Red 197 Tg(eno2: Cerulean) Merge




VOREELTS74va0=Io0a0) POHE

Brain-resident

microglia A ‘
Primitive N

hematopoiesis

CCR2 +ve
progenitor

Yolk sac

Hoxb8 +ve
progenitor

Transient
definitive
hematopoiesis Monocytes
P —

Definitive Hematopoiesis
in fetal liver

U3

Mouse brain

Ventral wall of dorsal aorta
(Definitive hematopoiesis)
/ﬂ'!‘.".\
( Rostral blood island
ko e —_
4 % (Primitive hematopoiesis)
A A INA 6 4 (\— 4
%1 o s e a0
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1 )
l i
4 dpf 15 dpf 45 dpf 3 months Adult
Embryonic microglia Adult microglia
Zebrafish brain

Sharma et al Front Cell Dev Biol (2021)
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Control EtOH 2.0% VPA 1.5mM

eno2: Cerulean mpeg: mVenus
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(LM ERE - THEER588H 5246/R)

Control EtOH 2.0% VPA 1.5mM

eno2: Cerulean mpeg: mVenus
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EME 0.11 0.326 0.268 0.226 0.209 0.52 0.23 0.192 0.848
PR 143 1.441 4.487 1.604 2.255 2.031 2.005 2.799 1.151
MARE 0.699 0.694 0.223 0.624 0.444 0.492 0.499 0.357 0.869
YE; 0.369 0.572 0.638 0.625 0.455 0.829 0.537 0.538 0.918
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EtOH
24 h 48 h 96 h

cc3

Intraperitoneal injection of ethanol at PND7

Ahlers et al Glia (2015)
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Control EtOH 2.0% VPA 1.5mM




Adverse Outcome Pathways

Macro-Molecular  Cellular Organ Individual Population
Chemical Interactions Responses Responses Responses Response

S o] B8 B k=

Increasing level of biological organization

https://www.epa.gov/
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