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We Design Microfluidic Chips to Optimize & Scale-up Nanoparticle Production

Abdelkarim et al., (2025) Journal of Controlled Release, in press
Abostait et al., (2024) Journal of Controlled Release, 376.
Abostait, Tyrrell, et al. (2022) Molecular Pharmaceutics, 16.

Ali, et. al. (2021) ACS Applied Bio Materials, 6.



Maternal and Fetal Health

“EVERY CHILD"
- MATTERS -

Phyllis Webstad Karlene Harvey
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Congenital
anomalies

Pharmaceuticals
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Preeclampsia

73% 10%
No safety Info High Risk Up to 7-8%

Birmingham Health Partners Centre, 2021
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How to Develop A Biomimetic Placental Model?

[0 Mmaternal Circulation
0 Fetal Circulation
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Microvilli formation

Static Dynamic

Jack Tyrrell

Maternal (BeWo) ®

PIacenta-on-a-Chip\\

Biomimetic

[ Static Control
E Static-Forskolin
3 Dynamic Control
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Shojaei et al. (2021) BBA - molecular basis of disease, 1867. Abostait, Tyrrell, et al. (2022) Molecular Pharmaceutics, 16.
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Flow upregulated pathways important for placental function

Yasmin Abdelkader
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Sodium ion export across plasma membrane

= Glucose import
== - — Microtubule cytoskeleton organization Healthy Pregnancy
= Positive regulation of cell adhesion

= Adherens junction organization

Invasion, migration

== Epithelial to mesenchymal transition

and syncytialization

== Vascular endothelial growth factor signaling pathway of trophoblast
Placenta blood vessel development

= — = Regulation of basement membrane organization
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Positive regulation of BMP signaling pathway
Positive regulation of Ras protein signal transduction
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B Signaling pathways
Il Vascular mechanisms
3 Structural Mechanisms
Il Nutrient Transport

Unpublished
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Placenta-on-a-chip recapitulates key markers in human placental tissues

Syncytiotrophoblast Markers Angiogenesis Transport Receptors
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Hypoxic Placenta-on-a-Chip Recapitulates Biomarkers of Preeclampsia |
uils Davalos
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Pregnancy-Associated Breast Cancer (PABC)-on-a-Chip
Yasmin Abdelkader
» Most common cancer in pregnancy.
» 5-year survival in PABC (stage Ill) is 10%
For non-pregnant patients (stage Ill) survival rate is 72%.
Breast Cancer Placental Trophoblasts
- Breast Cancer Placental Trophoblasts
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Unpublished



PABC is a metastatic Tumour

Enhanced Angiogenesis, EMT and Inflammation

regulation of epithelial cell migration
epithelial to mesenchymal transition
mesenchymal cell migration

extracellular matrix organization

positive regulation of cytokine production
positive regulation of inflammatory response
interferon-mediated signaling pathway
regulation of chemokine production
sprouting angiogenesis

endothelial cell proliferation

H EMT
Il ECM
H Inflammation
I Angiogenesis

1

0 10 20 30 40 50
Gene count

Clinical observations show higher
metastasis rates in PABC patients.

Gamble, npj breast cancer, 2023
Jo et al . Cancers 2022.

Unpublished
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Downregulation of Adherens junction Pathways

!

cadherin binding

cell junction assembly

Focal adhesion

cell-cell junction organization
regulation of cell junction assembly
cell-matrix adhesion

Tight junction

Cell-cell junction organization
ECM-receptor interaction

Adherens junctions interactions

N-Cadherin E-Cadherin

Epithelial marker

e Static control
= Dynamic integrated model
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Log2 normalized TPM
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PABC-on-a-chip recapitulates key markers in human PABC tissues
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Unpublished Clinical comparisons with PABC (GSE31192)
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How placenta in PABC differs from healthy pregnancy?

Vs

Breast Cancer Placental Trophoblasts Placental Trophoblasts
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STC1 affected pathways
Actin cytoskeleton P y
response to vitamin

fructose 6-phosphate metabolic process

Cell Tra nSporterS fructose metabolic process

insulin metabolic process

response to vitamin D
AnglogenSIS regulation of calcium ion import

cellular response to cAMP

Hormonal secretion

Gene count

Unpublished



Prenatal Delivery Systems




Jack Tyrrell Pauline Chavrier

Shear Stress-dependant Novel Targeting Peptides
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Tse et al., (2022) Biomaterials Science,18.
Abostait, Tyrrell, et al. (2022) Molec. Pharm, 16. Unpublished Abostait et al., (2024) Journal of Controlled Release, 376.
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NANOMEDICINE (s E‘ZEL“&EJEPHCIS

https://doi.org/10.1080/17435889.2025.2492540

EDITORIAL W) Check for updates

Defining the landscape of prenatal nanomedicine and a roadmap for future
research

Hagar |. Labouta (<

PRENATAL NANOMEDICINE

x Address Physiological Changes in Pregnancy: e.g. } /
\

* Pregnancy-Associated Plasma Proteins i/
) ¢ Immune Modulation
“/ ¢ Placental Secretions

Maximize Fetal and Maternal Safety: e.g. <

e 0 %
¢ Fetal and Maternal Un-intended Exposure s \ -
¢ Un-intended Modulation of Placental Barrier ey
and Secretory Functions
; * Long-term Developmental Effects .
| os
. Generate Pregnancy-Associated Models: e.g. \y

* Integrate Complementary In vitro, Ex vivo & In vivo

2

* Models to address Model-Specific limitations Targeted NPs to
« Validate Pregnancy-associated Organ-on-a-Chip mother, fetus or
o Models placenta

Collaborate with Clinicians and Regulators: e.g.

« Capitalize on translation of lipid NP-based
COVID-19 vaccines for use during pregnancy
« Develop Regulatory Guidelines
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Intra-amniotic injection

UNITY HEALTH

TORONTO

Ex vivo fetal lung



Lab website: [aboutalab.com

X: @Labouta Lab

linkedin: /hagaribrahimlabouta
Email: hagar.labouta@unityhealth.to

LR

Fonds Nouvelles frontiéres en recherche
New Frontiers in Research Fund

NSERC /.
CRSNG [0«

CIHR IRSC

Canadian Institutes of  Instituts de recherche
Health Research  en santé du Canada

SSHRC=CRSH

SickKids g

Canada Found:
for Innovation pour Finnovation

Japan Agency for Medical Research The New York
«' ’ and Development Academy of Sciences

@ MANITOBA MEDICAL SERVICE GQHFT
SS FOUNDATION
¥ TORONTO Iy UNITY HEALTH

TORONTO

Collaborators:

Christine Allen (University of Toronto)
Teodor Veres, Lidja Malic & Ben Moon (NRC)
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Tina Buerki-Thurnherr (EMPA) aManitoba Manitoba Foundation

J.P.

Max Anikovskiy (University of Calgary) :
Richard Keijzer (University of Manitoba)
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DRUG DELIVERY

Reviews
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Available Postdoctoral/PhD Positions Microfluidics Drives Innovation in
Delivery Technologies and Preclinical Testing

Email CV, Transcripts, contacts of 3 referees to

hagar.labouta@utoronto.ca Co-editors: Hagar Labouta & Milica Radisic
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