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Historical treatments for toxemia

—— MEDICAL MEDIUM —
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Current treatment for preeclampsia: expectant management

Table 2. Medications Used
to Treat Preeclampsia

Magnesium sulfate

* Loading dose 4-6 g diluted in 100 mL normal saline IV
over 15-20 min

* Continuous infusion 2 g/h

Labetalol
* 20 mg IV x 1 dose; if no response, increase to 40 mg and
then to 80 mg at 10-min intervals until target BP is

achieved (max dose 220 mg)

Hydralazine

* 5-10 mg IV every 15-30 min (max dose 30 mg)

Betamethasone

* 12 mg IM x 1 dose, then repeat in 24 h

Dexamethasone

* 6 mg IM = 1 dose, then repeat every 12 h for 3 additional
doses

BP: blood pressure; IM: intramusenlarly: max: smaxinon; min:
minimum. Source: References 1, 3, 7.

From USpharmacist.com



Preeclampsia
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Extracellular Vesicles carry key physiological mediators

* Biophysiological actions on target
cell

Nanovesicles Microvesicles
<100nm 100-1000nm

Protein

Prree SRR
RNA DNA

* |ncreased release of EVs across
gestation

Exosomes
50-120nm

endosome

Macrovesicles
>20um
(Apoptotic Bodies)






Is the cargo changed in preeclampsia and hypoxic placenta?

Hypoxic Extracellular Vesicles

Control Response to Stimulus

Immune Response

Negative Regulation of Signal Transduction and

Preeclamptic Cell Communication

39

Pyrimidine Nucleoside Triphosphate Biosynthetic
and Metabolic Process

Microvillous Assembly and Organisation

Negative Regulation of Epithelial Cell
Differentiation

1258

Preeclamptic Extracellular Vesicles

Signal Transduction
Phosphorylation

Protein Ubiquitination

Hypoxic Innate Ir'nmune Response
Apoptotic Process

Cell Division

Chromatin Remodelling

DNA Repair

mRNA Splicing
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Prevention of preeclampsia with aspirin

THE LANCET -

Volume 395, Issue 10220, 25-31 January 2020, Pages 285-293

e NEW ENGLAND
JOURNAL of MEDICINE

Articles
EEEEEEEEEEEEEEE AUGUST 17, 2017 VOL. 377 NO.7 . e .
Low-dose aspirin for the prevention of’
Aspirin versus Placebo in Pregnancies at High Risk preterm delivery in nulliparous women
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Very limited preclinical exploration/understanding

of mechanisms of action




New generation antiplatelet agents
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Clopidogrel, Prasugrel and Ticagrelor Vasoconstriction - @ —
(Category B/C drug) l — @S

Oral antiplatelet — block blood clot
formation

TXAZ2
Receptor

® protect against oxidative damage
and have anti-inflammatory
properties

P2RY12

Arachidonic
acid

< cox1 '_@

Platelet aggregation

® enhance vasorelaxation and prevent
endothelial dysfunction

Thromboxane
A2

Multifaceted approach to prevent
preeclampsia



Exploration old and new generation antiplatelet agents
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Cut small pieces of placenta Place tissue into plate wells Add drugs

with culture media

Oxidative stress

sFLT-1 and pro-inflammatory
secretion

Collect media and
tissue to assess
protein secretion

and expression

Created with
Biorender.com




New generation antiplatelet agents enhance placental cytoprotective
antioxidants and oxidative stress
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New generation antiplatelet agents decrease placental release

sFLT-1
anti-angiogenic

factor
associated with

preeclampsia

of anti-angiogenic sFlt-1

Treatment of
first trimester
cytotrophoblast
also reduced
sFLT-1 and
increased VEGF




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

blastocyst lentiviral transduction of sFit1 to embryo transfer
blastocyst trophectoderm to mother

éf@__,—‘

placental sFlt1
overexpression
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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

4 )

Omental
Arteries

Omental biopsy collected
during caesarian section

\- J Dr Natasha de Alwis




Measuring whole vessel functign and response to therapies

( Mount vessels +
[ stretch

Dr Natasha de Alwis



% Constriction

Can new generation antiplatelet agents reduce
vasoconstriction in arteries from preeclamptic pregnancies?
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New generation antiplatelet agents have distinct benefits over aspirin;
mitigating key pathogenic aspects

J
SFLT-1 and pro-inflammatory
secretion
. @ Endothelial dysfunction
Blood pressure in two mouse
models

Reduced vasoconstriction and

enhanced vasorelaxation human
vessels from pregnancy







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

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Use of Proton-Pump Inhibitors in Early
Pregnancy and the Risk of Birth Defects

Bjorn Pasternak, M.D., Ph.D., and Anders Hviid, Dr.Med.Sci.




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

Preeclampsia

Proton Pump Inhibitors Decrease Soluble fms-Like
Tyrosine Kinase-1 and Soluble Endoglin Secretion, Decrease
Hypertension, and Rescue Endothelial Dysfunction

Kenji Onda,* Stephen Tong,* Sally Beard, Natalie Binder, Masanaga Muto,
Sevvandi N. Senadheera, Laura Parry, Mark Dilworth, Lewis Renshall, Fiona Brownfoot,
Roxanne Hastie, Laura Tuohey, Kirsten Palmer, Toshihiko Hirano, Masahito Ikawa,
Tu’uhevaha Kaitu’u-Lino, Natalie J. Hannan

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 |l randomised placebo controlled trial

120 pgtipipants

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

Original Article

Low Soluble Fms-Like Tyrosine Kinase-1, Endoglin, and
Endothelin-1 Levels in Women With Confirmed or Suspected
Preeclampsia Using Proton Pump Inhibitors

Langeza Saleh, Raaho Samantar, Ingrid M. Garrelds, Anton H. van den Meiracker, Willy Visser,
A.H. Jan Danser

Hypertension 2017
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Prevention of preeclampsia with esomeprazole

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

Primary Outcome:

Reduction Mean arterial pressure at 36 weeks gestation

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

ESPRESSO

Jon Hyett (CIA)




The aftermath of preeclampsia: moving on from admiring the problem

>2 - 4-fold ‘B risk of CVD

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

Blood Sample Blood Sample Blood Sample

6 months 2 years 5 years

NHMRC Ideas Grant

Circulating transcriptome & cardiometabolic
protein profile following preeclampsia

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



BEYOND SMALL MOLECULE DRUGS TO TACKLE
PREECLAMPSIA




Mean PIGF Concentration (pg/ml)

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



Reduce circulating sFlt1 to treat preeclampsia

" American

Cil‘ culation Heart

Association.

Pilot Study of Extracorporeal Removal of Soluble Fms-Like
Tyrosine Kinase 1 in Preeclampsia

Ravi Thadhani, MD, MPH; Tuelay Kisner, MD*; Henning Hagmann, MD*; Verena Bossung, MD;
Stefanie Noack, RN; Wiebke Schaarschmidt, MD; Alexander Jank, MD; Angela Kribs, MD;
Oliver A. Cornely, MD; Claudia Kreyssig, MD: Linda Hemphill, MD; Alan C. Rigby, PhD;

Santosh Khedkar, PhD; Tom H. Lindner, MD; Peter Mallmann, MD; Holger Stepan, MD;
S. Ananth Karumanchi, MD; Thomas Benzin% MD

In vitro — 80-859%, reduction in sFlt-1

What about in pregnant women?




Apheresis to remove sFlt1 to treat preeclampsia

35, primip, 27+4 admitted for pre-term preeclampsia
Blood pressure: 177/95 Protein creatine: 2.3
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Prolongation of 23 days; delivered at 30+6 weeks

Thadhani et al, 2011, Circulation



Block production of sFlt-1 by the preeclamptic placenta?




Directly block the production of sFltl to reduce to aberrant levels

Molecular :l'hclapy. ﬁ\g_
Nucleic Acids @EF

Original Article

Chemical optimization of siRNA for safe
and efficient silencing of placental sFLT1

Sarah M. Davis,'” Vignesh N. Hariharan,'” Agnes Lo,>*" == =
Nicholas McHugh,' Annabelle Biscans,' Julia F. Altermar ? HHS pUD|IC ACCOSS

and Anastasia Khvorova'* Author manuscript
Nat Biotechnol. Author manuscript; available in PMC 2019 May 19.

RNAI Modulation of Placental sFLT1 for the Treatment of
Preeclampsia.

Anton A. Turanov®', Agnes Lo*?:3, Matthew R. Hassler?', Angela Makris**3.5, Ami Ashar-
Patel’, Julia F. Alterman’, Andrew H. Coles’, Reka A. Haraszti', Loic Roux', Bruno MDC
Godinho', Dimas Echeverria', Suzanne Pears’, Jim lliopoulos®, Renuka
Shanmugalingam?-56, Robert Ogle’, Zsuzsanna K. ZsengellerZ3, Annemarie Hennessy'5,
S. Ananth Karumanchi?3.2, Melissa J. Moore'9, and Anastasia Khvorova'1®



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

Thera loads for delive 3 =
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Lower therapeutic is required
compared to systemic administration

Therapeutic is protected from
breakdown

Syncytiotrophoblas:

Reduces patient side effects

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
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Nanoparticles to deliver silencing RNA to block sFltl release | i@/
from the preeclamptic placenta

Placental explant tissue
culture with EDVs
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In vivo delivery of siRNA via nanoparticles to the mouse placenta
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In vivo delivery to the mouse placenta
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Nanoparticles to deliver siRNA to block sFlt1 production and
release from mouse blastocyst
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Created with Biorender
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Dual placental perfusion model to evaluate where therapeutics go
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Surface plasma membrane —rich in placental specific markers
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Surface plasma membrane extraction —to enrich targeting

Placental tissue Trophoblast

Sodium potassium ATPase
Plasma membrane marker
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Nanoparticles to target RNAi to the preeclamptic placenta

Developed RNAI to block
sFltl

NA| taken up by placenta
Placental gene expression
of sFlItl
@ Secretion of sFltl
Delivery of RNAI to the
mouse placenta
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