Modeles murins de la pré-eclampsie :
des visions différentes et complémentaires detlagb@gie humaine
Murine models of preeclampsia:
bringing a different and complementary vision to tlhenan disease
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Physiopathologypf Preeclam
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Reseaclguestions in preeclampsia
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Mouse versus humasacentation

e A discoid shape, hemochorial. Three cell layers separting maternal and

fetal circulations.
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Maltepe, E. et a/ J. Clin. Invest., 120. 1016-1025, 2010

The human placenta:
monochorial, existence of
placental villi in the
intervillous space

The murine placenta: Hemo-
Trichorial, but the maternal
blood accesses to the
syncytiotrophoblast bilayer.
Specific structure: junctional
zone, labyrinth



Emulatingpreeclampsian mice

Genetics / Angiogenesis and Hypertension \
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Foeto-placental expression 8FOX1 induces preeclampsia in mice

PREGNANCY HYPERTENSION PROTEINURIA AND KIDNEY HISTOLOGY
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Novel ongoingprojects usingreeclamptic

Determining the
molecular bases of
preeclampsia
pathophysiology

STOX1 mice

Improving
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Massive alterations of the placental tanscriptome
affects especially mitochondrial genes

Enrichment plot: MITOCHONDRIAL_PART
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(Doridot et al, Antioxidant and Redox Signaling, 2014)



Specific alterations of mitochondrial complexes in
STOX1 overexpressing cells

STOX1A and STOX1B direct/indirect effect on OXPHOS complexes

Corresponding Penceau

OXPHOS
(1B: Total OXPHOS AB cocktail)
BD2 control
+ CoCl, AAG STOX1A overexp

kD %Qrb ??@ %\Q %QO’ ?39%\9 B10 STOX1B overexp
a
130 ==

100 e :
70" |
i .Complex V ATP5A
55 - e« - Complex Il UQGCRC2
35 - 5
56 .----—__-Camplex Il SOHB
o — — — e - COMplex | NDUFBS
| T S s i e s~ G omiplex I GOXC
15 -
10

. -

Complex I: no effect of STOX1A/STOX1B

Complex Il: decrease due to STOX1A and STOX1B
Complex lll:decrease due to STOX1A and STOX1B
Complex IV: decrease due to STOX1A and STOX1B
Complex V: decrease only due to STOX1A

(Chatre, Ducat et al in preparation)
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At the placental level the oxidative/nitrosative stres
balance Is perturbed

b Mitochondrial mass TOM22 ('\rlituchu-ndria] mass)
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Oxidative / Nitrosative stress : a mirror image inisel

protein nitration
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(Erlandsson et al,
unpublished results)
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Pumpingout NO InSTOX1 overexpressinglacentas
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Improved phenotyping: IUGR Iin the STOX1 mouse mode
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BOLD(Blood-OxygenlLevel-Dependent) MRI analysis

Whatis the difference between deoxyHb and
oxyHb?

Remember T2* and field inhomogeneities?

DeoxyHb
i Fast dephasing

paramagnetic |
strong field {; {: Fast 12"

inhomogeneities 1

OxyHb diamagnetic

= Slower dephasing
weak field I:(> ‘::> slower T2*

inhomogeneities
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Specific values of the T2* arlT 2* parameter

ve Placenta Inner Layer Placenta Outer Layer
Orga e = = - : T2* ambient sir periog IN MSEC T2* amssient sir perioa iN MSEC
Maternal liver 27 119441 145452 <0.001 Median (Q1-Q3) Median (Q1-Q3)
WT x TgSTOX1 mice WT x TgSTOX1 mice 15.2 (11.7-19.7) 7.9(6.4-10.3) <0.001
Placental inner layer 83 149+49 23.05+82 <0.001 | [WT x WT mice 14.3 (11.9-16.9) 7.4 (6.1-9.8) <0.001
Placental outer layer 65 84+33 145+69 <0.001
Fetal brain 67 38.138.0 4343104 <0.001 WT x TgSTOX1 mice WT x WT mice
Fetal liver 93 89+18 113+42 <0.001 T2* bt sir perioa i MSEC T2* wmssient si perioaiN MSEC
WT x WT mice Placental zone Median (Q1-Q3) Median (Q1-Q3)
Placental inner layer 57 148+41 20763 <0.001 || Placental inner layer 15.2 (11.7-19.7) 14.3(11.9-16.9)
Placental outer layer 52 8.2+20 121436 <0.001 (n=140) (n=83) (n=57) 0.924
Fetal brain 39 414+6.1 506+99 <0.001 | [ Placental outer layer 7.9(6.4-10.3) 7.4 (6.1-9.8)
Fetal liver 53 95+18 1204+30 <0.001 (n=117) {n=65) (n=52) 0.316

WT x TgSTOX1 mice AT2*(ms) (mean +

WT x WT mice AT2*(ms) (mean +

sD SD)
Inner layer (n = 140) 8.2+59(n=83) 5.8%59 (n=57) 0.025
Outer layer (n=117) 6.1%+5.1 (n=65) 3.9+3.1 (n=52) 0.005

WT x TgSTOX1 mice AT2*(ms) (mean +

WT x WT mice AT2*(ms) (mean +

SD) SD)
Fetal brain (n=106) 5.3%6.1(n=67) 9.1+8.0 (n=39) 0.004
Fetal liver (n=140) 24 %37 (n=93) 25%26(n=53) 0.25




Diagnosis and Prognosis of preeclampsia using markers

Context
» Low-dose aspirin before the 16th week is efficient to protect from pregudia.

» Plasmatic presymptomatic markers of preeclampsia have been e(¢fLT1, SENG, PLGF,
PAPPA); at best the difference is detected after the 20th wealeghancy.

* Novel earlier marker are warranted.
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Using the STOX1 mouse model to identify novel marker:

4%

Plasma {55%) Plasma {55%)

White blood cells white blood cells

and platelets {<1%) and platelets {<1%)
Red blood cells (45%) Red blood cells (45%)

ITRAQ analysis 6.5 days post-coitus




ITRAQ results
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Five markers were analyzad 150 humarplasma
sample (Lund Universily
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ROC Curve Summary Statistics:

Total Cases:
Positiwve Cases:
Negative Cases:

True Positive Fraction
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Follow-up

1. Analysis of other additional human cohorts. 2178 bp

2. Generation of a Doxycyclin-inducible mouse
model of overexpression of sLIFR ()

3. Analysis of the phenotype (arterial
hypertension/embryonic resorption,
proteinuria) in function of the induction
moment of the transgene




Long-termeffects
of preeclampsia
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Increaseamouse heart weight 8 months
after a preeclamptic pregnancy

Realtive heart weigh 8 months after pregnancy (%)

G
p=0.017

55

5
45 —

4 _
a5

3

STOX [n=5) FVB (n=5)

Figure 1 : Mouse heart weight is durably increased following a preeclamptic pregnancy. The difference is about 11%
after correction for the mouse total weight. This difference was similar to the one observed at the end of pregnancy
(Ducat et al, 2016) suggesting that the alterations were not reversible,
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An alteredresponsao stress stimuli at the heart
level (Doppler US analysis)
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Massive alteratioof the endothelial cel

transcriptome

. . y RIKEN cDNA 1190007107 gene
Volcano Plot(-log pvalue vs log(induction ratio) P e
3 CD27 antigen
cDNA sequence AB124611
ribosomal protein S27-like
deltex 3, E3 ubiquitin ligase
RIKEN cDNA 2900060B14 gene
682 genes developmentally regulated GTP binding protein 2
CD59a antigen
xeroderma pigmentosum, complementation group A
oxysterol binding protein-like 1A
lymphocyte cytosolic protein 1
140genes RIKEN cDNA 1830077)02 gene
DEAH (Asp-Glu-Ala-His) box polypeptide 8
intraflagellar transport 22
killer cell lectin-like receptor, subfamily D, member 1
thymocyte expressed, positive selection associated 1
protein tyrosine phosphatase, receptor type, C
RIKEN cDNA 1110059G10 gene
sarcospan
coiled-coil domain containing 6
TSSK6 activating co-chaperone
$100 calcium binding protein A8 (calgranulin A)
histone cluster 1, H2bc
tectonic family member 3
DEAH (Asp-Glu-Ala-His) box polypeptide 32
G protein-coupled receptor kinase-interactor 1

30 genes

potassium voltage-gated channel, subfamily G, member 1
transmembrane protein 159
tryptophan hydroxylase 1

18997/genes

MKL/myocardin-like 2

muscle glycogen phosphorylase
actinin, alpha 1

glutathione S-transferase, mu 1
plexin domain containing 2

colony stimulating factor 2 receptor, beta 2, low-affinity
(granulocyte-macrophage)

dynamin 3

peripheral myelin protein 22

src homology 2 domain-containing transforming protein C1
apolipoprotein D

sprouty homolog 4 (Drosophila)

developmentally regulated GTP binding protein 1
activating transcription factor 1

A kinase (PRKA) anchor protein (gravin) 12
insulin receptor

mitogen-activated protein kinase kinase kinase 3
decorin

TCDD-inducible poly(ADP-ribose) polymerase
thrombospondin 1

GTP binding protein (gene overexpressed in skeletal muscle)
thrombospondin, type I, domain containing 7A
voltage-dependent anion channel 2

matrix-remodelling associated 8

a disintegrin-like and metallopeptidase (reprolysin type) with
thrombospondin type 1 motif, 4

protein phosphatase 3, regulatory subunit B, alpha isoform
(calcineurin B, type I)

retinol saturase (all trans retinol 13,14 reductase)
RAS p21 protein activator 4

interleukin 6

ribosomal protein L7-like 1

RAB8B, member RAS oncogene family
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Enrichment plot:
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PreliminaryResults on Cardialaistology

CTL pregnancy STOX pregnancy

Fibrosis marks
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Trichrome Masson staining (x40, bar = 50um)
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