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Microfluidics in Cancer Research
Sam Au, Lecturer, Bioengineering
Imperial College London
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Metastasis
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Macrocirculation:

- Residence time: seconds

« Flow velocity: 100-500mm/s

« Shear stress: 4-30Dyn/cm**

“Shear stresses can reach up to 1000yn/cm’
in the heart

Vrynas, Paizal, Bakal & Au Clin. & Exp. Met. 2021

Drug Screening & Immunotherapy
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Microfluidic T Cell Selection by Cellular Avidity

TCR selection is challenging

Nearly 1 trillion distinct TCRs in humans /3
Julian Ashby
(Imperial)
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Current methods are inefficient & not cell-cell

1) Bind T cells to fluorescently 4) Sequence TCR
tagged pMHC tetramers [
/) { A\
A Vi A A ¥
\\\/,-——-.‘ -
o
5 y e
¢ - . . .
2) Sort and collect bound T cells by FACS 3) Expand T cells 6) Measure avidity by surface J u I |e n Sch mi dt/AIeXa n d re
. plasmon resonance
— — B oo 58 .
* . Harari (CHUV — Lausanne)
--' . pa— foe] v e
o= NG P



Can Microfluidics Accelerate T Cell Selection in Solid Tumours?

Fluid Shear Stress Based Selection
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Collects high avidity T cells w/ up to 100% Purity
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High avidity fractions provoke greater T cell activation & cytotoxicity
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Holistic “Cellular Avidity” selection

Unlike multimer methods, probe all cell-cell interactions not just TCR-pMHC

Pmel-1/B16F10 WT/B16F 10
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Sos] o expression

0Pa 0Pa  2Pa  14Pa

Pseudocolor
WT/B16F10 Pmel-1/B16F10

» Selects high functional T cells by physiological cell-cell interactions
 Can probe up to 10,000 interacting cell pairs per device in <1 hour
* Recovers live-cell fractions based on avidity w/ up to 100% purity

 Compatible with supplemental fluorescent, luminescent &
functional on-chip assays



Microfluidic opportunities
in Pancreatic Cancer:

* Immunotherapy

* Drug screening & delivery
* Cancer cell migration

e Stromal interactions

e Tumour evolution &
heterogeneity

 Dormancy & metastasis

 Tumour-on-chip & organ-
on-chip models

s.au@imperial.ac.uk
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