3D microfluidic ex vivo culture of organotypic tumor
spheroids to model immune checkpoint blockade.
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Microfluidic culture has the potential to revolutionize cancer diagnosis and therapy. Indeed, several microdevices
are being developed specifically for clinical use to test novel cancer therapeutics. To be effective, these platforms
need to replicate the continuous interactions that exist between tumor cells and non-tumor cell elements of the
tumor microenvironment through direct cell-cell or cell-matrix contact or by the secretion of signaling factors such
as cytokines, chemokines and growth factors. Given the challenges of personalized or precision cancer therapy,
especially with the advent of novel immunotherapies, a critical need exists for more sophisticated ex vivo diagnos-
tic systems that recapitulate patient-specific tumor biology with the potential to predict response to
immune-based therapies in real-time. Here, we present details of a method to screen for the response of patient
tumors to immune checkpoint blockade therapy, first reported in Jenkins et al. Cancer Discovery, 2018, 8, 196-215,
with updated evaluation of murine- and patient-derived organotypic tumor spheroids (MDOTS/PDOTS), including
evaluation of the requirement for 3D microfluidic culture in MDOTS, demonstration of immune-checkpoint sensi-
tivity of PDOTS, and expanded evaluation of tumor-immune interactions using RNA-sequencing to infer changes in
the tumor-immune microenvironment. We also examine some potential improvements to current systems and

discuss the challenges in translating such diagnostic assays to the clinic.
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Nomenclature:

» General Information

a: site(a DAX-1 chip contains 3 sites)
b: media channel

c: gel channel

d: media inlet
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AIM chip - Ready-to-use microfluidic chip

» Microfluidic devices for cell culture P
Using microfluidic technologies for 3D cell culture brings ; - \”‘— .
additional benefits: ' it
‘ ST ™
m Microfluidic devices require small volumes of culture G :"’
media and small quantities of cells, leading to . o, "
reduced running costs. Studies can be conducted in - N
cases where the cell source is limited (e.g. clinical The underside of a microfluidic chip showing
samples) the size of its channels (250 microns deep).

The chip is 25mm wide, measured

. . . . from the edges shown above.
m Microfluidic devices have Low space requirements rom the edges snown above

given their small footprints, making it possible to
scale up experimental throughput

m Compartmentalisation of cells into different chan-
nels/zones & live cell imaging analysis
enable experimental designs with spatiotemporal
elements

Multicellular culture made possible, with meaningful
organization into models of biological systmes

The multi-channel design of AIM 3D Cell Culture Chips : fm:i‘-" Collagen | :;ribwh'!m
enables the co-culture of different cell types in distinct |
compartments in the device, yet allowing paracrine signal-

ling between cell types to take place. the movement of cells

between different channels (or within an individual chan- Colbpmnl  Zpeasne
nel) can be easily observed & tracked. e
The growth and/or migration of cells within gel can often § A:;':z:te

cause gel shrinkage or degradation. This problem is mitigat-
ed by the use of posts in AIM chips. The posts help to
stabilize the gel and increase cell culture duration before
the matrix collapses.
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AlMchip with ImageXpress
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Hardware Options: Confocal Modes: Laser and Image-based Autofocus:
« Environmental Control (Temperature, Humidity, CO2) « 50um slit (most HTS applications) * Ultra-fast laser autofocus that adapts to any plate
« Transmitted Light with Phase Contrast (PhL, Ph1, Ph2)  « 60um pinhole (most reserach applications) type, slide, or dish . _
« Fluidics for online pipetting with disposable pipette tips + 42um pinhole (special research applications) * Image-based focus for adjustments of variant

distances from the well bottom to the sample.
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Objectives: Light Source and Filters: Camera:
Wide selection of ELWD and SWD objectives (air and Super-bright fibre-coupled solid state light 4.2 megapixel SCMOS camera with 82% peak
oil, phase contrast) from 1x to 100x magnification with engine (long life >20000h). High quality filters quantum efficiency covering more than 3 times the
high numerical apertures (user changeable). (user changeable) in 8-position emission area of a conventional camera. This increases

wheel and 5-position dichroic wheel. throughput and often eliminates the need for images
stitching. Images are saved in 16-bit Tiff format.

Fix and stain slides Automatically acquire Select region of interest Automatically acquire
atlow mag (2Xor4X)  (user-input or automated) at high mag
(20X-100X)
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