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Supplementary Results 
Characterization and validation of tumor spheroid phenotypes in the NTI-chip 
Due to the height limit of the microfluidic channels (~164 µm), we filtered the collected spheroids through a 150 µm cell strainer to exclude big spheroids (diameter > 150 µm) before loading them into the NTI-chip. The average diameter of spheroids was significantly reduced from 124.2 µm to 107.4 µm before and after filtering (p < 0.0001) (Fig. 1d). Due to the technical difficulty in loading the same number of spheroids into each chip, we characterized the frequency distribution of the number of spheroids loaded per chip in the “separated scenario” (Fig. 1e). Since the chip-to-chip variability of the spheroid number may lead to varying degrees of neutrophil migration in the “separated” scenario, we decided to only analyze neutrophil migration in chips with 10 to 17 spheroids (25% to 75% percentiles) for assessment of the drug effect on neutrophil migration (Fig. 1e). 

Using ELISA, we validated the ability of PANC-1 tumor spheroids both on the ULA plate and in the NTI-chip to secrete human interleukin-8 (IL-8), a chemokine and CXCR2 ligand known to induce neutrophil chemotaxis 1,2 and the main chemokine released by the tumor tissue to recruit neutrophils in vivo 3,4 (Fig. 1fi). We also found that the mean quantity of IL-8 secreted per spheroid was not statistically different between spheroids on the ULA plate and those in the NTI-chip over 5 days (0.145 vs. 0.149 pg, p= 0.4369), meaning that our NTI-chip did not impair the ability of tumor spheroids to secrete IL-8 (Fig. 1fii).

CD11b and CXCR2 expressions by dHL-60 cells and PANC-1 cells
Since HL-60 cells demonstrate a neutrophil-like phenotype only after differentiation 5–7, we validated the success of our differentiation protocol by examining expression levels of neutrophil surface marker CD11b 8,9 by HL-60 cells before and after differentiation using flow cytometry. We found that CD11b was lowly expressed by HL-60 cells before differentiation (% CD11b-positive cells = 12.2 ± 2.4) but highly expressed by dHL-60 cells after differentiation (% CD11b-positive cells = 95.9 ± 0.6) (p < 0.001) (Supplementary Fig. S2). 

We also confirmed dHL-60 cell expression of CXCR2, the main neutrophil chemokine receptor and the putative target of AZD-5069, using both flow cytometry (% CXCR2-positive cells = 93.2 ± 5.7) and immunofluorescence (Fig. 2ai,aiv,bi). CXCR2 expression was hardly detected on the surface of PANC-1 cells in either 2D monolayer culture (% CXCR2-positive cells = 1.4 ± 0.8) (Fig. 2aii,aiv,bii) or 3D spheroid culture (% CXCR2-positive cells = 1.6 ± 1.3) (Fig. 2aiii,aiv,biii), based on both flow cytometry and immunofluorescence. 
Supplementary Methods
Dextran Diffusion Assay in the NTI-chip
To demonstrate that soluble factors can diffuse between different channels in the NTI-chip, we used 10kDa fluorescein-dextran (Invitrogen, D1821) whose molecular weight is comparable to that of human IL-8 (8.4 kDa), a neutrophil chemoattractant secreted by cancer cells, and that of human transforming growth factor-β (TGF-β) (12.5 kDa in monomers), a tumor-promoting cytokine secreted by neutrophils 10–12. First, 6 µL of empty collagen gel solution was loaded into both gel channels on ice and underwent gel polymerization at 37°C for 40 min. To study dextran diffusion from the tumor gel channel to the central channel, the upper medium channel was filled with 100 µL of 1 µM dextran solution in complete IMDM and the lower medium channel and the central channel were filled with 100 µL and 8 µL of complete IMDM respectively. To study dextran diffusion from the central channel to the tumor gel channel, the lower medium channel was filled with 100 µL of 1 µM dextran solution and the upper medium channel was filled with 100 µL of complete IMDM. The central channel was then filled with 8 µL of 1 µM dextran solution. Time-lapse imaging was performed on the Nikon ECLIPSE Ti2-E microscope at 37°C using brightfield and FITC channels at 10-min intervals for 12 h. Fluorescence intensity of the FITC images was measured along three random cross-sections of the tumor gel channel and the central channel at select time points in ImageJ and normalized by the maximum intensity values in the corresponding cross-sections. 

Testing fluid flow in the NTI-chip
We used 10-µm green fluorescent particles (Thermo Scientific, 09-980-514) to test the presence of any unintentional fluid flow in the NTI-chip. First, 6 µL of empty collagen gel solution was loaded into both gel channels on ice and underwent gel polymerization at 37°C for 40 min. The two medium channels and the central channel were then filled with 100 µL and 8 µL of complete respectively. After 20-min stabilization, ~12,000 particles in 8 µL of complete IMDM were loaded into the central channel. Time-lapse imaging was performed on the Nikon ECLIPSE Ti2-E microscope using brightfield and FITC channels at 2.5-min intervals for 3 h. Automatic particle tracking was performed on FITC images using the TrackMate plugin in ImageJ to quantify the y-FMI and the mean velocity of particle movement as described in the section “Time-lapse Imaging and Analysis” in Methods. The baseline movement of the NTI-chip during time-lapse imaging was measured as the theoretical reference value by manual tracking using brightfield images in ImageJ.
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Figure S1. Soluble factors can diffuse between the tumor gel channel and the central channel of the NTI-chip as demonstrated by 10kDa dextran. (a) 10kDa fluorescein-dextran (1 µM) can diffuse from the central channel to the tumor gel channel within 1 h. (i) Representative fluorescent images showing distributions of dextran in the tumor gel channel and the central channel at t=0 h, 1 h, 2 h, and 4 h. scale bar, 200 µm. (ii) Normalized fluorescence intensity profiles along the cross-section of the tumor gel channel and the central channel at specified time points. (iii) Average normalized fluorescence intensity in the tumor gel channel at specified time points. The fluorescent intensity saturated after 1 h. Bars show mean ± SD. ****: p<0.0001, ns: p>0.05, one-way ANOVA with Tukey multiple comparisons test. (b) 10kDa fluorescein-dextran (1 µM) can diffuse from the tumor gel channel to the central channel and maintain a gradient in the central channel in the first 6 h. (i) Representative fluorescent images showing distributions of dextran in the tumor gel channel and the central channel at t=0 h, 1 h, 3 h, and 6 h. scale bar, 200 µm. (ii) Normalized fluorescence intensity profiles along the cross-section of the tumor gel channel and the central channel at specified time points. (iii) Absolute value of the slope of the normalized fluorescence intensity profile in the central channel (700-1200 µm) at specified time points. The slope remained constant from 1 h to 6 h. Bars show mean ± SD. **: p<0.01, ns: p>0.05, one-way ANOVA with Tukey multiple comparisons test. One experiment with three NTI-chips per condition was performed.
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Figure S2. HL-60 cells highly upregulate neutrophil surface marker CD11b after differentiation. HL-60 cells were differentiated into a neutrophil-like state using 1.5% DMSO for 5 days. CD11b expressions by HL-60 cells (before differentiation) and dHL-60 cells (after differentiation) were measured by flow cytometry. (a) ﻿Histograms showing CD11b expression by HL-60 cells and dHL-60 cells from one representative experiment. Red histogram = stained sample; blue histogram = unstained control. The horizontal bars show percentages of CD11b-positive cells. (b) Bar plot showing the percentage of CD11b-positive cells in HL-60 cells and dHL-60 cells from three independent experiments. Bars show mean ± SD with mean values written above. ***: p<0.001, unpaired t test with Welch’s correction. 
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Figure S3. Spontaneous fluid flow was not detected in the NTI-chip. (a) A representative image showing 10-µm green fluorescent particles (pseudocolor-coded) in the central channel flanked by empty gel in both the tumor gel channel and the empty gel channel of the NTI-chip (brightfield), overlaid with single-bead trajectories over 3 h extracted by TrackMate (ImageJ). Fluorescent beads were loaded into the central channel 10 min after the NTI-chip was filled with culture medium. Scale bar, 200 µm. (b) A representative trajectory plot of fluorsecent beads in the NTI-chip over 3 h. 778 beads were tracked. The trajectories are clustered at the origin due to the beads being overall stationary/immobile. (c) Frequency distributions of the y-FMI (i) and mean velocity (ii) of fluorescent beads. The theoretical mean was measured by manually tracking the baseline movement of the NTI-chip in the background (brightfield) during time-lapse imaging. The theoretical mean is shown at the black vertical line and the actual mean of the sample at the red vertical line. ns: p≥ 0.05, one-sample t-test. The actual mean was not statistically different from the theoretical mean, suggesting that the beads did not move relative to the chip itself and thus disproving the existence of any unintentional fluid flow. Two independent experiments were performed and results from one representative experiment are shown.
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Figure S4. dHL-60 cell migration in response to PANC-1 tumor spheroids switches from chemotaxis to chemokinesis after 3 h in the “separated” scenario. (a) Representative trajectory plots of migrating dHL-60 cells treated with DMSO vehicle control in response to PANC-1 tumor spheroids during 0-3 h (i) and 3-6 h (ii). Numbers in black and in red represent numbers of dHL-60 cells migrating toward and away from tumor spheroids, respectively. (b-e) Scatter plots depicting the y-FMI (b), mean velocity (c), directionality (d), and displacement (e) of migrating dHL-60 cells during 0-3 h and 3-6 h. Each data point represents a single cell and n= 299-653 cells tracked per condition. Bars show mean (red) ± SD (black) with mean values written above the points. At least three independent experiments were performed and results from one representative experiment are shown. ***: p<0.001, ****: p<0.0001, unpaired t test with Welch’s correction.
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Figure S5. Significant negative correlation between normalized circularity and normalized invasion area of PANC-1 tumor spheroids undergoing spontaneous invasion in the NTI-chip. Scatter plot showing the normalized circularity and the normalized invasion area of tumor spheroids that invaded in the collagen gel matrix in the absence of AZD-5069 and dHL-60 cells. n=88 spheroids. The red line shows the simple linear regression line. At least three independent experiments were performed. p<0.01 for Pearson correlation coefficient r = -0.3355, meaning that the correlation is statistically significant. 



































﻿Supplementary Video Legends

Supplementary Video 1. Representative video showing dHL-60 cells (yellow, CMRA dye) treated with DMSO vehicle control interacting with PANC-1 tumor spheroids (brightfield) during 12 h of time-lapse imaging in the “contact” scenario in the NTI-chip. The video is overlaid with dHL-60 cell tracks extracted by TrackMate (ImageJ). Any dHL-60 cells that entered the circular ROI (yellow) around the spheroid are considered to be in contact with the spheroid. For the particular tumor spheroid shown in this video, the frequency of contact with dHL-60 cells is 43 and the mean duration of contact is 41.8 min. Scale bar, 50 µm.

Supplementary Video 2. Representative video showing dHL-60 cells (yellow, CMRA dye) treated with AZD-5069 (1 µM) interacting with PANC-1 tumor spheroids (brightfield) during 12 h of time-lapse imaging in the “contact” scenario in the NTI-chip. The video is overlaid with dHL-60 cell tracks extracted by TrackMate (ImageJ). Any dHL-60 cells that entered the circular ROI (yellow) around the spheroid are considered to be in contact with the spheroid. For the particular tumor spheroid shown in this video, the frequency of contact with dHL-60 cells is 21 and the mean duration of contact is 13.5 min. Scale bar, 50 µm.
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