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Leveraging Additive Manufacturing to Assay Ultrasound Enhanced Permeability

Goal: To develop a 3D printed in vitro vascular model that can be used to assess transport through vasculature
for therapeutic applications

Specific Aim'1: To develop a perfused endothelialized Specific Aim 2: To demonstrate this vascular model as an in vitro
vascular model within 3D-printed tissues screening tool for assaying ultrasound-induced permeability
3D printed endothelialized Platform to study Ultrasound
vascular model ultrasound-induced transducer on
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Demonstrated a method of consistent endothelialization within 3D printed hydrogels

Patterned vascular channel - 700 pm Top View

Remaining volume filled Lid lowered onto chamber

Gel lowered into with medium, PBS or gel and screws tightened
chamber

Gasket press-fit into Flexible polypropylene Gasket forms tight

: Final assembled gel
chamber trough Luer tip seal against glass 9

in perfusion chamber
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Removal of VEGF resulted in better coverage and more cobblestone morphology

Standard:
Complete Vasculife

Improved:
Vasculife with VEGF

removed

1000 pm
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Cell-cell junction morphological changes observed within 24 hours of VEGF removal

Before VEGF removal

24 hr after VEGF removal

48 hr after VEGF removal

72 hr after VEGF removal
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Confirmation of vascular maturity demonstrated by endothelial production of collagen IV

Standard: Complete Vasculife media

25 ym

_ _ GFP HUVEC Collagen IV Hoechst
Improved: Vasculife with VEGF removed
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Specific Aim 2: To demonstrate this vascular model as an in vitro screening tool
for assaying ultrasound-induced permeability

Active clinical trials using focused ultrasound
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[ Clinical indications \

Clinical indications \

® Parkinson disease

® Brain tumour

® Alzheimer disease

® Essential tremor \
Epilepsy \

® Obsessive-compulsive '\
disorder

® Traumatic brain injury N
Major depressive disorder

® Chronic neuropathic pain

® Amyotrophic lateral
sclerosis

Focused ultrasound method
® Thermoablation

o Blood-brain barrier opening
% Neuromodulation

Ying, M. et. al. Nature Reviews Neurology. 2021.

Diagnostic (unfocused) ultrasound

Uses a flat transducer to supply sound wavs to a distributed area;
Relies on low-intensity ultrasound/stable microbubble cavitation
to trigger mechanical effects (sonoporation);

Benefit: allows use of lower intensity ultrasound which helps
minimize ultrasound bioeffects such as tissue heating;

Increasing interest in the use of diagnostic ultrasound for
therapeutic applications

SonoCloud - an implantable,
unfocused ultrasound device that
provides low intensity ultrasound
for blood-brain barrier disruption




Sonoporation is utilized to enhance drug delivery through vasculature
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Paracellular transport

Transcellular transport via endocytosis through cell junctions into

through cell membrane pores%g " %g and exocytosis lumen extravascular tissue

Ill\ﬂg

endothelial cell

basement membrane

Kooiman, K. et. al. Advanced Drug Delivery Reviews. 2014. extravascular tissue
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Epifluorescence imaging enabled study of ultrasound-enhanced transport

Ultrasound probe

Experimental set-up positioned on hydrogel
; .

Ultrasound
transducer

| \al Ultrasound
A\ transducer

l Fluorescent "y
B perfusate g /4

Ultrasound
conductive gel

Epn‘luorescent iia \

mICFOSCODG

3D printed chamber to
hold hydrogel

Syringe Pump




Development of a high-throughput method to quantify vascular permeability changes

due to ultrasound

fixed region analyzed for fluorescent
dye intensity, dl/dt
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automated edge detection

Apparent Permeability
Coefficient Calculation

GUI output:
permeability coefficient

Before US | During US | After US
Whole gel 1.0967 4.5654 5.1727
User ROI 0.8592 2.6132 5.4743
Sliding ROI 1.0930 3.2585 5.7458

- Select HUVEC images |

Permeability Select dye images

Demo

Select output directory

Export plots and data

Experimental Parameters
Time between frames (s) 30 \

Image scale (um/px) 0.64 \
Ultrasound on frame 21

Ultrasound off frame 31

MillerLab / lan Kinstlinger; rev. 04/20
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Physiologic Systems Fngineering
and Advanced Materials | aboratory

1. Navigate to file containing HUVEC images




Ultrasound treatment increased apparent permeability coefficient in this hydrogel model
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VE-Cadherin-GFP HUVECs provided first real-time acquisitions of endothelial cell-cell
junction dynamics under ultrasound

NoO mlcrobubbles Microbubbles ]

Ultrasound OFF
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Cell area tracking demonstrated dynamic nature of endothelial cells in response to

ultrasound and microbubbles

No microbubbles Microbubbles

Before Ultrasound Before Ultrasound

After Ultrasound
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Conclusion: Developed a new screening platform to help predict therapeutic
outcomes in vitro before preclinical translation

2D in vitro cell culture In vivo animal studies

Vascular cross section Vascular cross section

Brain
endothelial cell

GFP HUVECs
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3D biobrinted vascular 3D bioprinted BBB model with
model with HUVECs HBMECs, pericytes, and astrocytes

o
)
1

o
o




