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We Design Microfluidic Chips to Optimize & Scale-up Nanoparticle Production
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Maternal and Fetal Health
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How to Develop A Biomimetic Placental Model?

Model



Placenta-on-chip model

Shojaei et al. (2021) BBA - molecular basis of disease, 1867.
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Healthy Pregnancy

Invasion, migration 
and syncytialization

of trophoblast

cAMP

0 10 20 30

Positive regulation of Ras protein signal transduction

Positive regulation of BMP signaling pathway

Placenta blood vessel development

Vascular endothelial growth factor signaling pathway

Regulation of basement membrane organization

Epithelial to mesenchymal transition

Adherens junction organization

Positive regulation of cell adhesion

Microtubule cytoskeleton organization

Glucose import

Sodium ion export across plasma membrane

Signaling pathways

Vascular mechanisms

Structural Mechanisms

Nutrient Transport

Yasmin Abdelkader

Flow upregulated pathways important for placental function

Unpublished



CSH1 ASCL2 SNAI1
0

20

40

200

400

600

800

Syncytiotrophoblast Markers

M
e

a
n

 T
ra

n
s

c
ri

p
t 

p
e

r 
m

il
li
o

n
 (

T
P

M
)

nsns

ns

GATA2 PIGF ENG
0

100

200

300

400

Angiogenesis

ns

ns

ns

GLUT8 SLC43A1 SLC46A1
0

5

10

15

Transport Receptors

Placenta-on-a-Chip
Placental Human Tissue

ns

ns

ns

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

Unpublished



9

Unpublished

Hypoxic Placenta-on-a-Chip Recapitulates Biomarkers of Preeclampsia
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Pregnancy-Associated Breast Cancer (PABC)-on-a-Chip

➢ Most common cancer in pregnancy.

➢ 5-year survival in PABC (stage III) is 10%
For non-pregnant patients (stage III) survival rate is 72%.

Placental TrophoblastsBreast Cancer 
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Gamble, npj breast cancer, 2023
Jo et al . Cancers 2022. 
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PABC is a metastatic Tumour
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Clinical comparisons with PABC (GSE31192)
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How placenta in PABC differs from healthy pregnancy?

Vs

Unpublished



Actin cytoskeleton

Angiogensis

Cell Transporters

0 1 2 3 4

cellular response to cAMP

regulation of calcium ion import

response to vitamin D

insulin metabolic process

fructose metabolic process

fructose 6-phosphate metabolic process

response to vitamin

STC1 affected pathways

Gene count

STC1 is 
attributed with 
Preeclampsia & 

stress in 
pregnancy

Hormonal secretion

Unpublished



15

Prenatal Delivery Systems



Tse et al., (2022) Biomaterials Science,18.
Abostait et al., (2024) Journal of Controlled Release, 376.
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Pauline Chavrier

Unpublished

placenta-targeted
liposomes

Abostait, Tyrrell, et al. (2022) Molec. Pharm, 16.

Shear Stress-dependant 

Placental Delivery

Jack Tyrrell Andrew Tse

F49 F50 F51

0

20

40

60

80

24 H Transport Percentage

T
ra

n
s

p
o

rt
 %

✱✱

✱✱✱

Amr Abostait



Ex vivo fetal lungIntra-amniotic injection
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Microfluidics Drives Innovation in 
Delivery Technologies and Preclinical Testing
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