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Abstract

The protocols for isolation of peripheral blood mononuclear cells (PBMCs), negative selection of peripheral blood
NK (PB-NK) cells, expansion , and evaluation of PB-NK cells using flow cytometry are performed following our
published work (1). Here, we describe the assessment of NK cell cytotoxic activities against 3D tumor spheroids,
live-cell imaging utilizing EVOS M7000 imaging system, and the subsequent analysis of spheroid killing via
Celleste, GraphPad Prism, and ImagedJ software.
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Materials

1.Culture of solid cancer cell lines

= Complete DMEM/F12 medium for cholangiocarcinoma cell line; DMEM/F12 (Gibco), 10% fetal bovine serum
(Thermo Fisher), 2 mM GlutaMAX (Gibco), 1% penicillin/Streptomycin (Gibco)

= Complete DMEM medium for breast cancer cell line; DMEM (Gibco), 10% fetal bovine serum (Thermo Fisher), 2
mM GlutaMAX (Gibco), 1% penicillin/Streptomycin (Gibco)

= 0.1% Trypsin/EDTA (Gibco)

= Phosphate buffered saline (PBS)

= 0.4% Trypan Blue Solution (Gibco)

= Hemocytometer

= Transfer pipette

= 25-cm? cell culture flask

= Sterile pipette tips (200 and 1000 pL)

= |nverted microscope

= Tabletop centrifuge

2. Spheroid formation

m CFSE labeled-cholangiocarcinoma and breast cancer cell line

= Complete DMEM/F12 medium for cholangiocarcinoma cell line; DMEM/F12 (Gibco), 10% fetal bovine serum
(Thermo Fisher), 2 mM GlutaMAX (Gibco), 1% penicillin/Streptomycin (Gibco)

= Complete DMEM medium for breast cancer cell line; DMEM (Gibco), 10% fetal bovine serum (Thermo Fisher), 2
mM GlutaMAX (Gibco), 1% penicillin/Streptomycin (Gibco)

= Matrigel matrix (Corning)

= Trypan Blue Solution, 0.4% (Gibco)

= Hemocytometer

= Ultra-low attachment round-bottom 96-well plate (Corning)

= 15-mL conical tube

= Transfer pipette

= Pipette tips (200 and 1000 pL)

= |nverted fluorescence microscope

= Tabletop centrifuge

3. Determination of 3D killing activity using a live-cell imaging system

= PB-NK cells

= PB-NK culture medium; RPMI-1640 (Gibco), 10% fetal bovine serum (Thermo Fisher), 2 mM GlutaMAX
(Gibco), 1% non-essential amino acid (Gibco), 1% penicillin/Streptomycin (Gibco)

= CFSE-labelled cholangiocarcinoma and breast cancer cell lines

= Propidium iodide (PI, Thermo Fisher)

= 0.1% Triton X-100

= 15-mL conical tube

= Transfer pipette

= Pipette tips (200 and 1000 pL)

= EVOS M7000 imaging system

= |nverted fluorescence microscope
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Tabletop microscope

. Analysis of live cell killing activity
Celleste software (Thermo Fisher)
GraphPad Prism software
ImagedJ software

B
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Culture of solid cancer cell lines

1 Passaging_solid cancer cell lines
Note
For the 3D tumor spheroid killing assay, we use KKU-213A and MDA-MB-231, representing
aggressive cancer cell lines, as targets. KKU-213A cells are cultured in the complete
DMEM/F12 medium, while MDA-MB-231 cells are cultured in the complete DMEM
medium. Cells are passaged when they attain 70-80% confluence, typically occurring
within 3-4 days, and are cultured in a 25-cm? culture flask.
1.1  Remove the culture medium and rinse the vessels with 1X PBS.
1.2 Add1mL of 0.1% trypsin/EDTA into the flask and incubate the cells at 37 °C, 5% CO,, for
5 min.
1.3  After the incubation, add 4 mL of complete medium and thoroughly resuspend the cells
using a serological pipette.
1.4  Transfer the cell suspension to a 15-mL conical tube.
1.5 Centrifuge the cells at 500 x g at room temperature for 5 min.
1.6  Discard supernatant and resuspend the cells with 1 mL of complete medium.
1.7  Perform cell counting using the trypan blue exclusion assay.
1.8 Transfer 2 x 10° viable cells into a new 25-cm? culture flask containing 5 mL of complete
medium and incubate the cells at 37 °C, 5% CO,.
Spheroid formation
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2

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

3.1

3.2

3.3

3.4

CESE labeling

Perform cell dissociation as described in steps 1.1to 1.7.

Transfer 2 x 10° viable cells to a 15-mL conical tube, wash with 1X PBS.

Centrifuge the cells at 500 x g at room temperature for 5 min.

Discard the supernatant and resuspend the cells with 1 mL of 1X PBS.

Add CFSE solution to the final concentration of 2.5 uM, vortex briefly and incubate at 37

°C, 5% CO5 for 20 min in the dark.

After incubation, add 5 mL of complete cancer media to the cell suspension.

Centrifuge the cells at 500 x g at room temperature for 5 min.

Discard the supernatant and resuspend the cells with 1 mL of culture media.

Formation of tumour spheroids

Prepare cancer culture media containing 2.5% Matrigel matrix and chill the media on ice.

Aliquot appropriate cell number of the CFSE-labelled cholangiocarcinoma or breast
cancer cells to a 15-mL conical tube.

Centrifuge the cells at 500 x g at room temperature for 5 min.

Discard the supernatant.
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3.5

3.6

3.7

3.8

Resuspend the CFSE-labelled cholangiocarcinoma or breast cancer cells with pre-chilled
culture media containing 2.5% Matrigel matrix.

Transfer the CFSE-labelled cholangiocarcinoma or breast cancer cells onto an ultra-low
attachment round-bottom 96-well plate at a seeding density of 2 x 103 cells/100 pL/well.

Centrifuge the plate at 1,000 x g for 10 min at 4 °C.

Incubate the spheroids at 37 °C, 5% CO, for 2 days.

Determination of 3D killing activity using a live-cell imaging system

4

4.1

4.2

4.3

4.4

4.5

4.6

Co-culture of PB-NK cells with tumour spheroids

After 2 days of spheroid formation, thaw PB-NK cells in the PB-NK cell medium.

Transfer the thawed PB-NK cells to a 15-mL tube and centrifuge at 500 x g at room
temperature for 5 min.

After centrifugation, remove the supernatant, resuspend the cell pellet in 1 mL of PB-NK
culture medium, and portion the necessary number of PB-NK cells for all co-culture
condition into a 15-mL conical tube.

Centrifuge the cells at 500 x g at room temperature for 5 min.

Discard the supernatant and resuspend the cell pellet with an appropriate volume of PB-
NK culture medium without IL-2 supplementation.

Add propidium iodide (PI) to the concentration of 2 ug/mL and mix thoroughly using an
autopipette
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Note

We recommend performing at least 3 replicates for each E:T ratio, therefore, prepare
approximately 5 mL of PB-NK medium containing 2 pg/mL PI.

4.7  Add 100 pL of the suspended PB-NK cells to a well of the ultra-low attachment round-
bottom 96-well plate containing tumour spheroids (from step 3.8) with cell numbers
adjusted according to various effector-to-target (E:T) ratios; for this protocol, E:T ratios

of 0:1, 111, 2.5:1, and 5:1, are utilised, therefore, the NK cell number should be 2 x ’IO3, 5 x
103, and 1 x 104 cells/well for 111, 2.5:1, and 5:1 ratio, respectively.

Note

Carefully add the PB-NK cells to prevent disruption of the spheroids. The total volume of
culture medium per well is 200 pL, with the final concentration of Pl being 1 pg/mL.

4.8 Centrifuge the 96-well plate at 1,000 x g for 10 min at 4 °C.

4.9  Add 0.1% Triton X-100 to the positive control wells to assess the maximum level of death.

Note
The maximum Pl intensity of the positive control could be observed within the first 6 hours

of co-culture.

4.10 Incubate the cells at 37 °C, 5% CO, in the EVOS M7000 imaging system and record the
data for three days.

Note

Prepare control wells containing only the tumour spheroids (0:1 ratio) to determine the
baseline level of spontaneous tumour cell death.

Analysis of live cell killing activity

5 Mean fluorescence intensity data acquisition using Celleste software
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5.1 Collect data from 51 hours of co-culture from the EVOS M7000 imaging system.

5.2 Open the files in the Celleste program v5 by clicking ‘Open Images as Sequences'.

5.3  Select all files that include “..._z0..." and select ‘Group Related Files’ and ‘Open As

Sequences’, then click '‘Open’

Note

This process might take some time, depending on the power of the hardware.

Welcome *

@ Open Images a5 Sat

B 331137 _Plate_R_pos_z05.

B 251127 Plste R_po2_105

}‘ﬂ 231127_Flate R_p0a_z05.
i dl

- Check for Updates

Contact Technical Support

. [EESEE 7_Plate_R_p05_z08..
B 231137 plate_R_po3_z0d..

B 231127 _Plate_R_p07_z04._.

File name: |

B Open As Sequence

-] AN Readable Files .53, "png,

Open
< v 4 ) » Search Results ... 0 z
Organize = = - W]
Mame
& Creative Cloud Files ] 231127_Plate_R_p01_z01_0_AD3f0544
3 o OneDrive ("1 231127_Plate_R_p01_z00_0_AD3f(5d4
o] Synclogy Drive - MW [m] 231127_Plate_R_p01_z01_0_AD30S42
o Wl ThisBC (7] 231127_Plate_R_p01_z00_0_AD3M0S42
5w My Passport [2] (D) [®] 231127_Plate_R_p01_z01_0_A0D3f05d1
3 Network [®] 231127_Plate_R_p01_z00_0_AD3f05d1
y Celleste Image Analys (7] 231127_Plate_R_p01_z01_0_AO3f04d4
Images M1 231127 Plate R nlll #00 0 ADI0A44
[0 Open Best Fit 8 Group Reloted Files

Open Cancel

Figure 1 File selection for analysis

5.4  Click ‘Add Volume Measurement’ and select the channel for analysis, in this case,
"RFP_Tiled"” is used for analyzing Pl intensity. The green area will appear in the interested

area.

Note

This program allows analysis of several channels, including brightfield. In this protocol, we

use Pl and CFSE, thus we analysed only RFP and GFP channels.
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......... - e—Y - LT 1

Figure 2 ‘Add Volume Measurements’ button for creating 3D volume measurements.

Add Velurme Measurements. 7 x

Image aize 6050x 3024x 10
Chasesl IREP_Tiled
Mame: “Vohare Measrements RFP_Tie

Parent Hene
Samiarping
olAde  2Wvoue (Medum| -
x[ 1 LK A

Fie LoPass Il
Thresholdtype  Ato Brght

#| Chose Edges #| Execute Count
2 [ otn Spi 5 |
i [ IFillcles E

Clesr Borders

| @aanee | [ o Camen

Figure 3 Pop-up window after creating volume measurement.

5.5  Adjust the RFP from the last time point to maximise the area of Pl intensity.

"GFP_Tiled"” (same menu as in step 5.4).

Note

The volume of RFP and GFP should not be much different.

| 5.6  Adjust GFP from the first time point to maximise the area of CFSE intensity by selecting
| 5.7  Click on '3D Measurement’, then click ‘Edit Measurement Range’
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5.8  Adjust “Volumes: Volume” and “Volumes: Density (mean)” to correct the size of only

spheroids, not other trace objects in the wells.

Edit Measurement Range 1 X Edit Measurement Range ? x
B Volumes:Volume - Bins| 16/3 [ - & = & Volumes:Density (m  ~ Bins 163 [ - L |=
Min Max Min Max
® . *
5 H
05
1000000 3000000 5000000 7000000 04— - ————
2000000 4000000 6000000 8000000 9824 9826 9828 083 9832 0834 9836 0838 984 9842
| Active Min 6748616154 -5 /| Active Min 193.0134 5
D QReset | Max 1.0000E+308 & 1 GReset  Max 1.0000E-308 -+ [
E-Dlxee'.s in range 19 (11.11%) | [+ Apply on Close Ok ::Ghjecis in range 11 (100.00%) |[#] Apply on Close Ok Cancel :

Figure 4 'Edit Measurement Range' window for adjusting the volume of spheroids to be

analyzed.

5.9  Adjust the range of both GFP and RFP to be the same within the same well.
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o Q- BF & XEHE
I'_"IG Trans_Til.. gigemesasass A .

L'_} < 8 B volume Measurements RFP_Tiled

@ Count| & ~|[l| <@

200 400 600 800 1000
From  620.00 -3 to 1164.00 2

E}a &, @ volume Measurements GFP_Tiled

@ Count| & ~|[ll| ¢

1000 2000 3000  400C
From  800.00 -3 to  4095.00 3

4 4

Figure 5 Adjustment of red and green are for analysis.

5.10 Click ‘Show Data Table’, then export the data to Microsoft Excel.
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6 Strategy 1: Visualisation of dying_position within the tumor spheroids upon co-culturing_
with NK cells using_ImagedJ software

Note

The dying position within the spheroids can be visualized to present different dying
patterns of cancer cells. We use ImagedJ software to analyze the fluorescent images taken
from EVOS M7000. The brightfield images from 3 timepoints (first, middle, and final
timepoints) are used to gate regions of interest (ROI) for analyzing the intensity profiles of
Pl intensity in each spheroid.

6.1  Open the brightfield image of spheroid at the final timepoint (51 hours) in the ImageJ
software.

6.2  Use the ‘straight line' tool to choose only the area of interest within a spheroid.

[ N N0 ImageJ
Sloja|cfl<lialolald] 40 <] | |»]
*Straight*, segmented or freehand lines, or arrows (alt or long click to switch) |

e0e® 231127_Plate_D_p09_0_A0701d4.TIF (33.3%)
0.05x0.04 inches (2048x1536); RGB; 12MB

Figure 6 Selecting 'straight line' tool in ImagedJ software and gating of spheroid area using
brightfield image.
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6.3  Select ‘Analyse’, then choose the ROl manager to record the ROI.

6.4  Rename the ROI to be the name of the selected well and timepoint.

Note

Saving the ROl is recommended by clicking ‘More”, then ‘Save'.

Analyze

Measure
Analyze Particles...

Summarize s} o

ROI Manager
Distribution... m Add [1]
Label
Clear Results Update
Set Measurements... Delete
Set Scale... Rename...
Calibrate...
. Measure
Histogram
Plot Profile Deselect
Surface Plot...
o Properties...
Gels
Tools Save XY Coordinates... Flatten [F]
Fractal Box Count...
Analyze Line Graph
Curve Fitting... Shanall
ROI Manager... Labels

Scale Bar...
Calibration Bar...
Synchronize Windows
Grid...

Figure 7 ROl manager menu for selecting and recording range of interest.

6.5 Open the spheroid image of the final timepoint (51 hours) with only red fluorescence
protein (RFP) channel.

6.6  Click on the selected ROI from the same timepoint and click ‘Add’ to apply ROI to the
spheroid image.
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231127_Plate_D_p09_0_A07f01d1.TIF (33.3%)
0.05x0.04 inches (2048x1536); RGB; 12MB

Figure 8 Applying the gate for ROl manager into the image with red fluorescence of PI.

6.7  Select ‘Analyse’, then choose 'Plot Profile’ to generate the plot between signal intensity
and distance of the ROI.

Note

The axis title may differ from the figure, the axis can be adjusted by clicking ‘More’, then
‘Axis Options’'.
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6.8

6.9

6.10

7.1
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Save Data..,
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) Copy All Data
List {Simple Headings)

Add from Plot...
Add Fit...

Figure 9 Analysis of the fluorescent profile using 'Plot Profile' menu.

To export the data of intensity profile, select '‘Data’, then ‘Copy All Data".

Paste the data in GraphPad Prism to generate the plot from different timepoints.

Note

Different timepoints require at least three independent spheroids.

Perform the analysis in all timepoints from three different spheroids and plot them
together in GraphPad Prism.

Strategy_2: Determination of cytotoxic activity using_ MFI of Pl

From the MFI data ontained from step 4.1, percentage of specific killing of the PB-NK
cells can be quantified using the following formula:
(Experimental MFIl - Spantaneous MFI)

% specific killing = x 100
°P g (Maximum MFI — Spontaneous MFI)
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Note

The experimental MFI represents the mean fluorescence intensity of Pl in the presence of
effectors at a given E:T ratio, whereas the spontaneous MFI denotes the MFI of Pl in wells
containing only tumor spheroids to determine baseline spontaneous tumor cell death.
Maximum MFI indicates the MFI of Pl in wells with tumor spheroids treated with 0.1%
Triton X-100 to ascertain the maximum level of cell death. This calculation provides a
quantitative measure of the cytotoxic potential of PB-NK cells against the tumor
spheroids.

7.2  Export the killing percentage data of every timepoints of three independent spheroids
from all E:T ratios to GraphPad Prism.

7.3  Generate the plot between time (hour) and killing percentage to see NK cytotoxicity over
time.

8 Strategy_3: Determination of overall cytotoxicity using_area under the curve

Note

In this strategy, we use GraphPad Prism software to analyze the Pl intensity data obtained
from the previous part . Using this analysis, we can determine the overall killing activity of
NK cells against different E:T ratios and different cancer types.

8.1 Import the data of Pl intensity from the previous part to GraphPad Prism software.

Note

We recommend using the XY table format.

8.2  Generate a line graph showing the change in Pl intensity over time.

8.3  Analyse the data by generating area under the curve (AUC).
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Analyze Data

Use: Built-in analysis o
Which analysis? Analyze which data sets?
Q Table: Pl intensity of KKU-213A &
> Recently used ANo NK
~ Transform, Normalize... Bi1:1
Transform C:2.51
Transform concentrations (X) D:5:1
Normalize
Prune rows

Remowve baseline and column math
Transpose X and Y
Fraction of Total
~ XY analyses
Monlinear regression (curve fit)
Simple linear regression
Simple logistic regression
Fit spline/LOWESS
mpath differentiate agrintegrate [ye

Area under curve

Row statistics

Correlation

Interpolate a standard curve
» Column analyses

» Grouped analyses
Deselect All

? concel | (KD

Figure 10 Analysis of area under the curve using Analysis menu in GraphPad Prism
software.

8.4  Copy the total area displayed in the analysis panel and paste them in a new data table.
The column graph should be seen in the graph area.

Protocol references
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