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Materials

Cell Lines:
Rat glioblastoma cells – 9L/3cmv-GFP cell line 
Rat glioma cells – 9L/lacZ cell line
Rat astrocytes – CTX TNA2 cell line – UK Health Security Agency

Cell culture: 
Dulbecco's Modified Eagle Medium (DMEM) – ThermoFisher Scientific
Dulbecco’s Phosphate buffered saline (D-PBS) - ThermoFisher scientific 
Corning 96-well spheroid microplate – Sigma-Aldrich
Fetal Bovine Serum – ThermoFisher Scientific
Poly-D-Lysine - ThermoFisher Scientific
Laminin - ThermoFisher Scientific

Staining: 
Paraformaldehyde (PFA) 4% - Sigma-Aldrich
Triton™ X-100 – Sigma-Aldrich
Bovine Serum Albumin (BSA) – ThermoFisher Scientific
DAPI 10mg – ThermoFisher Scientific
Texas-Red Phalloidin – ThermoFisher Scientific
Normal Goat Serum – ThermoFisher Scientific

Antibodies:
CD44 Recombinant Rabbit Monoclonal Antibody - Invitrogen
GFAP Mouse Monoclonal Antibody (GA5) – Invitrogen
Cy™5 AffiniPure Goat-Anti-Rabbit IgG – Jackson ImmunoResearch
Cy™3 AffiniPure Goat-Anti-Mouse IgG - Jackson ImmunoResearch

Additional Equipment: 
Nikon CSU-W1 SoRa Spinning Disc Confocal microscope
Nikon Elements Viewer software
Profilometer: Profilm3D®
ImageJ (Fiji) Computer Program
SYLGARD 184 Silicone Elastomer Kit 
KORASILON-paste – Sigma-Aldrich












Experimental Optimisations

Optimisation 1: Due to the porosity of the PDMS material, this initially led to excessive media evaporation and air bubble formation, leading to loss of cell viability. To remedy this, microfluidic chips were pre-incubated with DMEM media for 24 hours before cell seeding.

Optimisation 2: Media changes were carried out once every 48 hours for the first two changes, then increased to once every 24 hours. This was to allow adequate time for cells to adhere and grow so that they did not detach during future media changes.  



Supplementary Figures

[image: A screenshot of a computer screen

AI-generated content may be incorrect.]
Fig S0 Experimental timeline for co-culture and control experiments inside of the microfluidic platform, including the frequency of culture media replenishment. 
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AI-generated content may be incorrect.]Fig S1 Images showing how the spheroid outgrowth experimental data was calculated from fluorescent imaging data which was analysed inside of ImageJ software. 

Spheroid outgrowth measurements were taken using ImageJ to analyse fluorescent images. As the outgrowth was purely obtained from spheroids, only GFP channels were used to identify the glioma cells, which had grown out into the microfluidic channel. Firstly, the entrance to the microfluidic channel was identified, and measurements were taken from the channel entrance to any visible cells which have grown to the furthest observable regions of outgrowth on the image, as shown in the top image. For each sample, measurements were taken of the 20 furthest visible points of outgrowth on each side of the channel (n = 40), which were averaged to produce a mean outgrowth value.
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Fig S2 Images showing how the cell density experimental data was quantified using fluorescent imaging inside of ImageJ software. 

Cell density data was calculated from fluorescent images showing the nuclear DNA, stained with DAPI nuclear stain, for all culture types. Within ImageJ, a set size region of the image was selected (0.2mm2), and the cell population was counted in the designated area of the image using ImageJ functions. This was repeated across several different regions of a given image to provide an average cell count for the culture type. Once the average cell counts per 0.2mm2 area were calculated, the image area was scaled up by a factor of 5 to produce cell density values for the number of cells/mm².
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Fig S3 Images showing how the antibody staining experimental data was quantified using fluorescent imaging inside of ImageJ software. 

Relative intensities of antibody levels for CD44 and GFAP were quantified using the “ROI” and “measure” functions in ImageJ. For control samples, a region of interest (ROI) was applied to a single cell (top right image), and the same ROI was applied to the colour channel, which corresponded with staining with the antibody of interest (top left image). The “measure” tool in ImageJ was applied to the ROI to obtain a relative value of colour intensity. The ROI measurements were repeated 10 times for each image and averaged to provide a mean intensity value. In co-culture samples, the same method was applied, except the ROIs were applied to visible points of contact between one glioma cell and an astrocyte cell (bottom right image), to assess whether their direct contact in co-culture resulted in increased relative colour intensity, indicating increased antibody expression. 
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Fig S4: GFP signal (glioma cells – 9L/3cmv-GFP) from supplementary co-culture experiments which were carried out in a 96-well plate. The images illustrate how spheroid outgrowth is measured but due to the multi-directional growth, outgrowth cannot be easily measured from a set starting point. 
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Antibody Staining Protocol

Triton X-100 Solution Preparation:

Prepare two Triton X-100 solutions to a concentration of: 0.05% and 0.2%.

1. To make up 45 mL of 0.2% Triton X-100, add 90 pL of Triton X-100 to 45 mL D-PBS.
2. Tomake up 45 mL of 0.05% Triton X-100, add 22.5 pL of Triton X-100 to 45 mL of D-PBS.
3. Vortex Triton X-100 solutions thoroughly and store at 4 °C.

Primary Antibody | Supplier Dilution Secondary Antibody
CD44 Recombinant | ThermoFisher | 1:1000 Cy5 Goat-anti-rabbit
Rabbit Monoclonal | Scientific (1:200)
Antibody (MA5-53339)
GFAP Monoclonal | ThermoFisher | For staining: 5ug/mL Cy3 Goat-anti-Mouse
Antibody (GAS) Scientific Stock concentration:500ug /mL (1:200)

(14-9892-80) | Website - 1:100, Literature - 1:200

Primary/Secondary Antibody Staining Protocol

A) Permeabilization and Blocking

1. Prepare a solution for permeabilization and blocking by combining 5% normal goat serum in your
already-made 0.2% Triton X-100 solution.

2. Incubate samples on a rocker, protected from light and at room temperature (20 degrees Celsius) for
60 minutes.

As an example:

Number of samples 3
Volume per sample 800 pL
5% Normal goat serum 1204
0.2% Triton-X-100 2280 uL

B) Primary Antibody Protocol

1. Prepare a primary antibody solution with 1% normal goat serum in 0.05% Triton X-100. Primary
antibody dilution should be obtained from the manufacturer protocol or from previous works.

2. Incubate samples overnight and ensure they are protected from light and kept refrigerated at 4 °C.

As an example:

Number of samples 3
Volume per sample 800uL
1% normal goat serum 24 L
CD44 1:1000 2.4 L
GFAP 1:200 1240
0.05% Triton X-100 236164
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€) Secondary Antibody Protocol

1

After primary antibody incubation is finished, wash all samples thoroughly with 800 uL D-PBS over 4
washes (200 L per wash) to remove any excess antibody. Ensure washes are carried out on a rocker
for 5 minutes each time.

Prepare secondary antibody solution with 1% normal goat serum in 0.05% Triton X-100 including 1
g/mL DAPI for nuclear DNA staining. Use a secondary antibody dilution obtained from the
manufacturer’s protocol or identified in previous literature.

When mixing up secondary antibody solution, ensure to mix it at 12,000 rpm for 5 minutes to prevent
any aggregates from forming.

As an example:

Number of samples 3
Volume per sample 800 L
[Totalvolume " 24004t
1% normal goat serum 24 L
Cy5 Goat-anti-rabbit (1:200) 124
Cy3 Goat-anti-Mouse (1:200) 124
DAPI 1:500 gm
0.05% Triton-X-100 234700

Incubate samples with secondary antibody solution for 3 hours at room temperature, protected from
light and on a rocker.

After secondary antibody incubation has finished, wash all samples thoroughly with 800 uL D-PBS
over 4 washes (200 L per wash) to remove any excess antibody. Ensure washes are carried out on a
rocker for 5 minutes each time.
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Protocol for Spheroid Preparation

1. Pre-warm media and 1X Trypsin-EDTA to 372C.

2. Remove media from cells cultured in T75 flask and discard into the waste bottle.

3. Wash cells with 10ml of 1X D-PBS.

4. Detach cells by adding 5ml for T75 of 1X Trypsin-EDTA to the flask.

5. Place flask in the incubator for 5 minutes or until cells detached.

6. After 5 minutes, remove flask from incubator and check to see if the cells have detached.

7. Add 5 ml (for T75) of growth medium to inactivate the enzyme washing the walls of the flask.
8. Pipette the cell suspension into a centrifuge tube.

9. Centrifuge at about 1100 rpm for 5 minutes to pellet the cells.

10. Discard supernatant and resuspend in 10ml growth media (DMEM).

11. Perform cell counting.

12. To seed cells for spheroid formation, use Ultra-low Attachment (ULA) 96-well round bottom
plates, ensuring that the final volume of cell suspension in each well is 200 pL.

To achieve 550um spheroid diameter - 150,000 cells per mL of cell suspension.

13. place spheroid plate in incubator

14. If spheroids are cultured for more than 3 days, feeding is required. On Day 3, add 50 pL of fresh

media (DMEM).
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Co-culture Seeding Protocol

Notes: Ensure microfluidic chip is pre-loaded with DMEM and incubated at 37 degrees C for at
least 12 hours before seeding. This ensures any pores inside of the PDMS are filled.

Experimental Preparation:
1. Ensure spheroids have been grown for 5 days prior to seeding.
2. Autoclave all microfluidic chips, PDMS wells and glass petri dishes prior to use.
3. When preparing a petri dish, add 2 x 15ml centrifuge tube lids (orange caps) to petri dish
and fill each with 1ml of PBS.

Pre-seeding stages:
1. Before seeding, flush air bubbles inside channel using 1ml syringe to push PBS through.
2. Complete protocol to coat microfluidic chips with a Poly-d-lysine/laminin coating.
3. Once coating is complete and completely washed, they are ready to use.

Astrocyte preparation:
1. Prepare astrocytes for seeding by first removing media from T75 culture flask.
2. Add 10ml of PBS to flask, then remove D-PBS and add 5ml of Accutase and incubate at
37 degrees C for 5 minutes to detach cells.
Add 5ml of DMEM to cells once detached.
Move solution into 15ml centrifuge tube.
Spin down cells at 1100rpm for 5 minutes.
Remove supernatant, then resuspend astrocytes in 10ml of DMEM.
Run astrocyte suspension through a 70um cell strainer into a 50ml centrifuge tube.
Perform cell counting.
Dilute cells to a final concentration of 50,000 cells per ml.

Lo NOWULAEW

Astrocyte seeding stages:
1. Using 2 x P1000 pipettes, add 200ul of astrocyte suspension into outer wells on each
side of the microfluidic chip.
2. Once astrocyte cell suspension is added, use a P1000 to draw solution into the
middle well. Repeat this step twice.
3.
Spheroid seeding stages:
1. Adjust P1000 pipette to 300ul and use the pipette to draw up a spheroid from 96-well plate.
2. Ensure spheroid has dropped to the very tip of the pipette prior to seeding.
3. Align pipette tip with spheroid against media inside the middle well of the microfluidic chip.
4. Ensure that when spheroid is released from pipette, it drops to bottom of the microfluidic
channel.
5. If the spheroid does not fall to the bottom of microfluidic channel initially, hold a 10/20ul
pipette tip between your fingers and gently guide spheroid so it falls inside of the channel.
. Visualise the spheroid in the channel to ensure it has fallen to the bottom.
7. Maintain microfluidic chip inside of a 37 degrees C incubator with 5% CO2.

Co-culture Maintenance stages:
1. Do not add media until the first 2 days have passed, then wait again until 4 days have passed
before adding any more media to the chip.
2. When adding media, add 200ul of warm DMEM to middle well of microfluidic chip.
3. After 4 days have passed, complete daily media changes with warm DMEM to ensure
longevity of microfluidic experiments.
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Protocol for Microfluidic Chip Coating — PDL/Laminin

Stock concentration of Poly-d-lysine: 100ug/ml
Target concentration of Poly-d-lysine: 25ug/ml
Stock concentration of Laminin: 1mg/ml

Target concentration of Laminin: 10ug/ml

1. Tomake up 1ml of coating solution combine these solutions in order:

10ul of laminin, 740ul of D-PBS, 250ul of Poly-d-lysine.

2. For one microfluidic chip, 1ml of coating solution is needed.

3. 200ul of coating solution will be added to the chip to give a total of 4 repetitions (200ul x 4 =
800ul).

4. To add the coating solution, use a 200ul pipette to add solution into one side of the
microfluidic channel.

5. Using a 1000ul pipette, remove any overflowing coating solution from the opposite side of
the microfluidic channel.

6. Once all 4 additions of coating solution have been performed, incubate coating solution at
room temperature for 3 hours.

7. After coating solution has been incubated inside the chip, add PDMS wells onto the surface
of the chip using silicone grease to seal in place.

8. After PDMS wells have been applied, wash the excess coating solution using D-PBS.

9. 4washes are needed - each wash uses 200ul of D-PBS.

Note: between each wash with D-PBS, allow the D-PBS to sit inside of the microfluidic channel for

5 minutes before completing the next wash.
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Microfluidic Chip Cell Staining Procedure

Fixation:
1. Wash the cell sample(s) for 5 minutes three times with 1X PBS buffer.
2. Fix samples for 10 minutes using 4% paraformaldehyde (PFA) solution.
3. Wash sample for 5 minutes in PBS (Repeat three times)

Permeabilisation:
1. Wash sample for 5 minutes in D-PBS (Repeat three times)
2. Permeabilize the sample using 0.1% Triton X-100 in D-PBS for 10 minutes at room
temperature.
3. Wash sample for 5 minutes in D-PBS (Repeat three times)

Staining solution preparation:
Total staining solution volume: 800pL per chip
(example is given for 3 Microfluidic chips: total volume needed = 2400 pL)

Measure out 2389.2uL of D-PBS into a 15ml centrifuge tube then add:

o Invitrogen Texas Red™-X Phalloidin — 6 uL
* DAPI (4,6-diamidino-2-phenylindole): 4.8 pL (final concentration = 1:500)|

Staining Procedure:

1. Add 2 x 200 pL of staining solution to the top well of the microfluidic chip, whilst
removing excess solution from the bottom well. Repeat this to add 2 x 200 pL to the
bottom well of the microfluidic chip, whilst removing excess solution from the top well.
(Total volume added to each sample =800 pL)

2. Incubate Phalloidin and DAPI stain solution inside of microfluidic samples which
have been covered with foil to protect from light for 4 hours on a rocker (use
rocker at low tilt angle and frequency to ensure cells are not disrupted).

3. After incubation, thoroughly wash sample with D-PBS three times for 5 minutes
to remove any non-bound Phalloidin and DAPI.

Wavelengths to use for fluorescence microscopy

Invitrogen Texas Red™-X Phalloidin: Excitation/Emission at 595/613nm
DAPI (4’,6-diamidino-2-phenylindole): Excitation/Emission at 360/460nm
Green Fluorescent Protein: Excitation/Emission at 395/509nm




