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The placenta

Amniotic fluid

Adapted from Coyne 2018

- Nutrient exchange
- 0,/CO, exchange

- Hormone production
- Pathogen protection

- Immune tolerance
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Placental syncytiotrophoblast development

Adapted from Zeldovich et al. 2011

Simplified Fusion mechanism

Syncytin-2 (FRD) fusion mechanism:
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- Cytoplasm

Syncytin-1/2 (ERV-W/FRD):
- Endogenous retroviral envelope
- Type | fusion protein
- Integrated 40M & 20M years ago
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Interferon-induced transmembrane proteins (IFITMs)

No IFITMs

Hairpin Hemi-fusion Pore formation Viral exit

~
Early endosomes

Wm
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RVFV

Late endosomes
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Interferon-induced transmembrane proteins (IFITMs)

+IFITMs

Hairpin Hemi-fusion Pore formation Viral exit

o
Early endosomes

- Hemi-fusion block

W
ﬁ - Increased membrane rigidity

RVFV

Late endosomes

Cy CEA (3 CHRU (3 CNRS (3 CPU  Cy INRA (3 INRIA €y INSERM  Cy INSTITUTPASTEUR (3 IRD (3

Qviesan




IFNs & pregnancy complication

SCIENCE IMMUNOLOGY | RESEARCH ARTICLE

Inflammation & pregnancy complications

ANTIVIRAL IMMUNITY

Type |l interferons instigate fetal demise after -
. . . . normal placenta
Zika virus infection development

Laura J. Yockey," Kellie A. Jurado,” Nitin Arora, Alon Millet,” Tasfia Rakib, " Kristin M. Milano,?
Andrew K. Hastings,” Erol Fikrig,** Yong Kong,® Tamas L. Horvath,” Scott Weatherbee,® Embryotoxicity
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Abnormal brain

‘ development

Trisomy 21 consistently activates the «@ oLIFE
interferon response A\ 4
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Review: Human trophoblast fusion and differentiation: Lessons from trisomy
21 placenta

G. Pidoux *®<, P. Gerbaud *®<, M. Cocquebert®"<, N. Segond *™¢, ]. Badet *™<, T. Fournier >,
]. Guibourdenche ®<4, D. Evain-Brion*%%* ILbe Term and Preterm

Placenta Defect’ '\ [

Interferon-a and Angiogenic Dysregulation in S
Pregnant Lupus Patients Who Develop Preeclampsia IL1
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ARTHRITIS & RHEUMATOLOGY Adapted from Yockey et al. Inmunity 2018
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Can IFITMs inhibit syncytiotrophoblast formation?

Are IFITMs responsible for IFN mediated placental
damage and fetal demise?

Syncytiotrophoblast
fusion defect ?

?

T\ Fetal demise / misscarages ?

MFSD2A & SLC1A5

L TR

IFITMs

}

Inflammation / Infections / Genetic diseases
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Complementation System — GFP Split
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Transfection

Syncytin-1

GFP = Syncytia
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IFITMs inhibit Syncytin mediated cell fusion
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IFITMs inhibit Syncytin mediated cell fusion

BeWo BeWo
GFP 1-10 GFP11
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IFN-B upregulates IFITMs in primary human villous cytotrophoblasts (VCTs)

Spontaneous fusion
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In collaboration with Séverine Degrelle & Thierry Fournier
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IFN-B inhibits VCTs cell-cell fusion

Control GW9662
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In collaboration with Séverine Degrelle & Thierry Fournier
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IFN-B inhibits VCTs cell-cell fusion
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In collaboration with Séverine Degrelle & Thierry Fournier
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Mouse model = IfitmDel mice
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- No overt differences in size or behaviour
- More susceptible to viral infections

- Some metabolic disorders (get fat with age)

—t Lange et al. Mol. Cell. Biol. 2008
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Placental syncytiotrophoblast development

Maternal

? |
p ST [ g |

Syncytin-A & -B:
- Endogenous retroviral envelope
- Type | fusion protein
- Different integration event than humans

CEA (3 CHRU (3 CNRS (3 CPU (3 INRA (3 INRIA (5 INSERM (5 INSTITUTPASTEUR 5 IRD (3

Qviesan
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ANTIVIRAL IMMUNITY

Type linterferons instigate fetal demise after
Zika virus infection

Laura J. Yockey," Kellie A. Jurado,” Nitin Arora,? Alon Millet,” Tasfia Rakib," Kristin M. Milano,?
Andrew K. Hastmgs Erol Fikrig,** Yong Kong,® Tamas L. Horvath,” Scott Weatherbee,®
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WT or Ifnar-/- mice
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PolyIC injection of pregnant dams leads to fetal resorption in an IFNAR dependent manner

I ! Yockey et al. Science Immunol. 2018
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Poly-IC induces IFN response in WT and IfitmDel mice

ffitm1 WT Poly-IC Ifitmel Pon-I

*kk
—_—

o
[os)
1

o
o)

2Ct(Ifitm1 vs Thp)
o o
[\§] N

(e
0.0-
Poly-IC 14h - *
. ) -
+ Poly-IC 14h WT _ TitmDel

+

Ifitm3

KKKk

)
<

15

IF

[&,]
L

g
~

2

@
-§.10
P
=

5]

<

™N

0_

Poly-IC 14h -t

WT IfitmDel
CD31 E-Cad
Ifitm3 Hoechst

_‘ In collaboration with Thérése Couderc, Olivier Disson & Marc Lecuit
Caroline Manet & Xaivier Montagutelli
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IFITMs are key mediators of IFN mediated fetal demise
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_‘ In collaboration with Thérése Couderc, Olivier Disson & Marc Lecuit
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IFITMs are key mediators of IFN mediated fetal demise
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IFITMs are key mediators of IFN mediated fetal demise

Ifnar-/- IfitmDel . _ns ns
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Syncytiotrophoblast structure after PolylIC injection
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Conclusion & Perspectives

IFN and IFITMs inhibit trophoblast fusion IFITMs are key factors of IFN mediated fetal demise

‘l Fusion IFN & IFITMs >
& &%
Placental

Trophoblasts IFN-B & Fetal resorption
IFITMs Syncytiotrophoblast
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Conclusion & Perspectives

IFN and IFITMs inhibit trophoblast fusion IFITMs are key factors of IFN mediated fetal demise

%" Fusion IFN & IFITMs

Placental
Trophoblasts IFN-B & Fetal resorption
IFITMs Syncytiotrophoblast

Role of IFITMs in human IFN mediated = Human IFITM polymorphisms
placental complications? of placental disorders

- Lupus?
- Trisomy 21?
- ZIKA?

- Listeria?

’ -eftc.
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Conclusion & Perspectives

IFN and IFITMs inhibit trophoblast fusion IFITMs are key factors of IFN mediated fetal demise

%" Fusion IFN & IFITMs

Placental
Trophoblasts IFN-B & Fetal resorption
IFITMs Syncytiotrophoblast

Role of IFITMs in human IFN mediated Human IFITM polymorphisms Role of IFITMs during congenital infections?
placental complications? of placental disorders Placental tropism

Fetal phenotype

Maternal phenotype
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Trisomy 217 i I( ) o L Placental damage =

- ZIKA? Viability/resorption
- Listeria? WT or IfitmDel mice Disease severity Viral/bacterial load
| Viral/bacterial load [ Tropism

- etc. Tropism s Immune response
Immune response
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Perspectives

N\

Inhibition of Congenital infections

cell fusion
ZIKV - WNV - Listeria

High-throughput
Biomechanics Screening

Placental damage
ﬁfg;% Mechanisms WT or [fitmDel

e — of fusion
Membrane rigidity

Cell biology Fetal tropism

GFPSplit fusion

IFITMs & Inflammation

Fluorescent IFITMs

Modulation of trophoblast
fusion by inflammation

High-throughput
Screening

Primary ‘_‘_

Cytotrophoblasts

GFPSplit fusion ‘
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nP

CRISPR-Cas9
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