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Historical treatments for toxemia

Phlebotomies
1600s

Bleeding/purging
1800s

Colonic irrigation
1930s

Cleansing diets
1960s



Current treatment for preeclampsia: expectant management

From USpharmacist.com

Blood pressure

Fetal maturation

Neuroprotective



anti-angiogenic / 
inflammatory 

factors

Preeclampsia

Maternal 
endothelial 
dysfunction

Dysfunctional 
Placenta 
Oxidative 

stress/ischemia



Maternal 
endothelial 
dysfunction

anti-angiogenic / 
inflammatory 

factors

Dysfunctional 
Placenta 
Oxidative 

stress/ischemia

NO CURE

Preeclampsia



• Biophysiological actions on target 
cell 

• Increased release of EVs across 
gestation

Extracellular Vesicles carry key physiological mediators 





Is the cargo changed in preeclampsia and hypoxic placenta?

Bianca Fato
PhD Student



Prevention of preeclampsia with aspirin

Decreased incidence of pre-term preeclampsia

No decrease in term preeclampsia

Very limited preclinical exploration/understanding 
of mechanisms of action 



New generation antiplatelet agents

Clopidogrel, Prasugrel and Ticagrelor
(Category B/C drug)

Oral antiplatelet – block blood clot 
formation 

� protect against oxidative damage
and have anti-inflammatory
properties 

� enhance vasorelaxation and prevent 
endothelial dysfunction

Multifaceted approach to prevent 
preeclampsia



Created with 
Biorender.com

sFLT-1 and pro-inflammatory 
secretion

Oxidative stress

Exploration old and new generation antiplatelet agents



Contro
l

10
0u

M A
sp

10
0u

M C
lop

50
uM Tic

10
0u

M Pras
0

500

1000

1500

2000

H
O

-1
 m

R
N

A
 e

xp
re

ss
io

n
G

C
LC

 m
R

N
A

 e
xp

re
ss

io
n

Contro
l

10
0U

M A
sp

10
0u

M C
lop

50
uM Tic

10
0u

M P
ra

s
0

100

200

300

400

****

****
**

N
Q

O
-1

 m
R

N
A

 e
xp

re
ss

io
n

Contro
l

10
0u

M A
sp

10
0u

M C
lop

50
uM Tic

10
0u

M Pras
0

100

200

300

400 *** **

Contro
l

10
0 u

M Asp
irin

10
0u

M C
lop

10
0u

M Tic

10
0u

M Pras
0.0
0.4

0.8

1.0

1.2

1.4
Re

ac
tiv

e 
Ox

ge
n 

Sp
ec

ie
s 

(F
lu

or
es

ce
ns

e)

* * *

New generation antiplatelet agents enhance placental cytoprotective 
antioxidants and oxidative stress

Treatment with 
new generation 
antiplatelets in 
first trimester 

placenta
–

also enhanced 
antioxidant 

cytoprotection



New generation antiplatelet agents decrease placental release 
of anti-angiogenic sFlt-1
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sFLT-1
anti-angiogenic 

factor 
associated with 
preeclampsia

Treatment of 
first trimester 

cytotrophoblast 
also reduced 

sFLT-1 and 
increased VEGF



blastocyst lentiviral transduction of sFlt1 to 
blastocyst trophectoderm

embryo transfer 
to mother placental sFlt1 

overexpression
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New generation antiplatelet effects in a sFlt-1 overexpression mouse 
model of preeclampsia

Dr. Natalie Binder



New generation antiplatelet effects in a sFlt-1 overexpression mouse 
model of preeclampsia
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Measuring whole vessel function and response to therapies

Dr Natasha de Alwis

Dissect vessels



Measuring whole vessel function and response to therapies

Dissect vessels Mount vessels + 
stretch

\

Dr Natasha de Alwis
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Can new generation antiplatelet agents reduce 
vasoconstriction in arteries from preeclamptic pregnancies?



New generation antiplatelet agents have distinct benefits over aspirin; 
mitigating key pathogenic aspects 

sFLT-1 and pro-inflammatory 
secretion

Endothelial dysfunction

Blood pressure in two mouse 
models

Oxidative stress

Reduced vasoconstriction and 
enhanced vasorelaxation human 

vessels from pregnancy





Hunt for drugs safe in pregnancy that can halt pathogenesis of 
preeclampsia 



Hypertension. 2017 Mar;69(3):457- 468

Reduced sFlt-1 and inflammatory pathways in preeclampsia models

Attenuated hypertension 
(mouse model sFlt-1-e15a placental overexpression) 

Reduced endothelial and vascular dysfunction



PIE study
(Preeclampsia Intervention with Esomeprazole)

Phase II randomised placebo controlled trial

120 participants

26+0 – 31+6 weeks gestation diagnosed preterm 
preeclampsia

Randomised 40mg/day esomeprazole v placebo control

South Africa
Prof Cathy Cluver
Prof Gerhard Theron
Prof David Hall

Australia
Prof Stephen Tong
Prof Susan Walker      
Prof Ben Mol
Dr Natalie Hannan



Primary outcome

Prolongation of pregnancy

Secondary outcomes

1) Maternal morbidity and mortality

2) Fetal morbidity and mortality

3) Circulating sFlt1, PlGF, sENG, ET-1, sVCAM

Cluver et al. AmJOG, 2018

PIE study
(Preeclampsia Intervention with Esomeprazole)

Phase II randomised placebo controlled trial



Hypertension 2017

Can you stop the run away train? Is prevention better than cure?



Prevention of preeclampsia with esomeprazole

ESPRESSO
Jon Hyett (CIA) 

Primary Outcome:
Reduction Mean arterial pressure at 36 weeks gestation

Phase II randomised trial:
Women at high risk for preeclampsia 
Aspirin vs. Aspirin + Esomeprazole

Secondary Outcomes:
1) Reduction in sFlt-1 concentrations at 36 weeks gestation 
2) Reduction in severity of proteinuria at 36 weeks gestation 
3) Prolong pregnancy
4) Increase in fetal birth weight 



The aftermath of preeclampsia: moving on from admiring the problem

>2 - 4-fold       risk of CVD



A mother’s risk of future cardiovascular disease following preeclampsia: 
is early detection and prevention possible?

NHMRC Ideas Grant

Circulating transcriptome & cardiometabolic 
protein profile following preeclampsia

combine these findings with non-invasive 
cardiovascular tests to determine diagnostic utility 

6 months   2 years      5 years

Blood Sample Blood SampleBlood Sample



BEYOND SMALL MOLECULE DRUGS TO TACKLE
PREECLAMPSIA



Circulating markers of preeclampsia

Levine et al, N Engl J Med. 2004 Feb 12;350(7):672-83

⬇ PlGF: ⬆ sFlt-1



In vitro – 80-85% reduction in sFlt-1

What about in pregnant women? 

Reduce circulating sFlt1 to treat preeclampsia



Apheresis to remove sFlt1 to treat preeclampsia  

Circulating sFlt1 Proteinuria Blood pressure

35, primip, 27+4 admitted for pre-term preeclampsia
Blood pressure: 177/95    Protein creatine: 2.3

Thadhani et al, 2011, Circula>on

Prolongation of 23 days; delivered at 30+6 weeks



Block production of sFlt-1 by the preeclamptic placenta? 

VOLUME 36 • NUMBER 10 • OCTOBER 2016 ISSN 0197-3851

The use of simulators to teach invasive procedures
Fetal membrane defects after fetoscopic surgery

Placental histopathological lesions and recurrence of preeclampsia
Outcomes of fetal gastrointestinal cysts

VOLUME 36 • NUMBER 10 • OCTOBER 2016 ISSN 0197-3851

The use of simulators to teach invasive procedures
Fetal membrane defects after fetoscopic surgery

Placental histopathological lesions and recurrence of preeclampsia
Outcomes of fetal gastrointestinal cysts

VOLUME 36 • NUMBER 11 • NOVEMBER 2016 ISSN 0197-3851

Noninvasive assessment of the placental transcriptome using maternal plasma RNA
Congenital heart disease and reduced fetal brain ! ssure depth

Intracranial translucency and spina bi! da
Noninvasive prenatal testing using trophoblasts

sFlt-1



Directly block the production of sFlt1 to reduce to aberrant levels



Silencing RNA reduces sFlt1 expression and release from human primary 
trophoblast
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Nanomedicine in Pregnancy: the next frontier in the treatment of preeclampsia

Pritchard et al., Hum Repro Update. 2021 2021 Feb 19;27(2):280-304;
de Alwis N et al., Trends Mol Med. 2021 Aug;27(8):824-825

Lower therapeutic is required 
compared to systemic administration

Therapeutic is protected from 
breakdown

Reduces patient side effects
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Placental explant tissue 
culture with EDVs

Nanoparticles to deliver silencing RNA to block sFlt1 release 
from the preeclamptic placenta



In vivo delivery of siRNA via nanoparticles to the mouse placenta
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In vivo delivery to the mouse placenta





Nanoparticles to deliver siRNA to block sFlt1 production and 
release from mouse blastocyst 
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Dual placental perfusion model to evaluate where therapeutics go



Surface plasma membrane – rich in placental specific markers

Protein markers

Placental surface – plasma membrane



100kDa

37kDa

17kDa

TrophoblastPlacental tissue

Sodium potassium ATPase
Plasma membrane marker

GAPDH
Cytosol marker

Histone H3
Nuclear marker

Surface plasma membrane extraction – to enrich targeting

Proteomics – identify most abundant plasma membrane proteins



Developed RNAi to block 
sFlt1

Placental gene expression 
of sFlt1

Secretion of sFlt1

Delivery of RNAi to the 
mouse placenta

RNAi taken up by placenta

Nanopar;cles to target RNAi to the preeclamp;c placenta

Human: 
In vitro 
Placenta

Human: 
Ex vivo

Placenta

Mouse: 
Ex vivo 

Blastocysts

Mouse: 
Ex vivo 

and 
In vivo

delivery

Validation 
Study: 

Pregnant 
Primates

2025

Encapsulation 
of siRNA

Phase 1 randomised 
placebo-controlled trial


