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Expanded View Figures

Figure EV1. Summary of the FlowVision framework used in this study to investigate the interaction between circulating cells and endothelial cells under flow.

Illustration of the microfluidic setup (A) and the main imaging and analysis pipelines (B) used in the study to investigate the interaction between circulating cells and
endothelial cell monolayers under flow. The main deep learning models used in this study, along with the primary tracking datasets, are also highlighted. Full details are
available in the Methods section and on the GitHub page accompanying this paper (https://github.com/CellMigrationLab/PDAC_DL/), as well as archived on Zenodo,
along with the training dataset used (https://zenodo.org/communities/pdac_dl).
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Figure EV2. Additional characterizations of PDAC and immune cells tracking results.

(A, B) Adhesion of labeled PDAC cell lines to an endothelial monolayer without flow. Cells were fixed, stained with phalloidin and DAPI, and imaged using a spinning disk
confocal microscope. (A) A representative image of the endothelial monolayer with attached PDAC cells. Scale bar: 100 um. (B) The number of attached cells was
quantified for each cell line. Results are presented as boxplots, where the whiskers extend from the 10th to the 90th percentiles. The boxes capture the interquartile range,
with the median marked by a line within each box. Data points falling outside the whiskers are depicted as individual dots (n = 10-27 fields of view, 2-9 biological repeats).
The P values were determined using a randomization test. MIA PaCa-2 vs AsPC-1, P value = 0.0001. MIA PaCa-2/SW1990/AsPC-1 (grouped on graph) vs Panc 10.05, P
value = 0.0001. (C) Size distribution of PDAC cell lines. Cells in suspension were imaged using a brightfield microscope, and their diameters were manually measured
using Fiji. Results are presented as boxplots, where the whiskers extend from the 10th to the 90th percentiles. The boxes capture the interquartile range, with the median
marked by a line within each box. Data points falling outside the whiskers are depicted as individual dots (n =39-40 cells). The P values were determined using a
randomization test. Non-significant comparisons not shown. AsPC-1 vs MIA PaCa-2, P value = 0.0001. MIA PaCa-2 vs Panc 10.05, P value = 0.0001. BxPC-3 vs Panc
10.05, P value = 0.0001. (D, E) Endothelial monolayers, either untreated or treated with IL-13 (10 ng/ml for 2 h and 5 ng/ml for 16 h), were fixed and stained to visualize E-
selectin, VCAMT, ICAM-1, and CD44. Stainings were performed without permeabilization to specifically label surface-accessible adhesion molecules. Images were
captured using a spinning disk confocal microscope. (D) Representative fields of view are shown. Scale bar: 100 um. (E) Quantification of the marker per field of view is
presented. Intensities were normalized to the number of nuclei per field of view, as well as the average intensity measured in the control in each repeat. Results are
presented as boxplots, where the whiskers extend from the 10th to the 90th percentiles. The boxes capture the interquartile range, with the median marked by a line within
each box. Data points falling outside the whiskers are depicted as individual dots (n = 45 field of view, 3 biological repeats). The P values were determined using a
randomization test. E-selectin, Ctrl vs IL-1B 2 h, P value = 0.0001 Ctrl vs IL-1B 16 h, P value = 0.0001. VCAM-1, Ctrl vs IL-13 2 h, P value = 0.0001 Ctrl vs IL-1B3 16 h, P
value = 0.0001. ICAM-1, Ctrl vs IL-1B 2 h, P value = 0.0001 Ctrl vs IL-1B 16 h, P value = 0.0001. CD44, Ctrl vs IL-1B 16 h, P value = 0.0001. (F, G) The number of arrested
neutrophils (F) or PBMCs (G) over time, in the presence or absence of IL-1B stimulation (10 ng/ml for 2 h and 5 ng/ml for 16 h). Bold lines indicate the average, and shaded
areas represent the SD (4-7 biological repeats, see “Methods"). (H) The number of arrested PDAC cells over time for each cell line tested, with (2 h) and without IL-1B
stimulation (PDAC Ctrl results were already displayed in Fig. 1). Bold lines indicate the average, and shaded areas represent the SD (2-7 biological repeats, see
“Methods"). (1) The number of arrested PDAC and immune cells over time without IL-1B stimulation (PDAC Ctrl results were already displayed in Fig. 1). Bold lines indicate
the average, and shaded areas represent the SD (3-8 biological repeats, see “Methods"). The numerical data and images used for this figure, as well as statistical
summaries including pairwise Cohen's d values and results from statistical tests, have been archived on Zenodo (https://doi.org/10.5281/zenodo.17232437).
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Figure EV3. Spatial clustering analysis of arrested PDAC and immune cells on endothelial monolayers.

(A, B) Analysis of spatial clustering for arrested PDAC and immune cells on endothelial cell monolayers using Ripley's L function and Monte Carlo simulations. (A) These
graphs depict the spatial distribution of arrested cell tracks, with a blue curve above the zero line indicating significant clustering at specific radii within the field of view.
The Monte Carlo simulations provide a statistical framework to assess the significance of the observed clustering patterns. (B) Ripley's L scores and associated Monte
Carlo simulations for each condition are presented as a heatmap (n = 32-48 fields of view, 8-12 biological repeats). The P values were determined using a randomization
test. (C-E) Simulations performed with our cell adhesion simulator to investigate factors driving PDAC cell clustering. (C) A representative field of view is used as the
CD44 background. Scale bar: 100 um. (D) Example showing changes in the flow field (blue lines) recalculated after each cell attachment at frames 73, 246, and 475. (E)
Representative results showing the arrest locations of cells under medium flow speed with an adhesion strength of 0.2 (see also Movie EV6). Examples include simulations
with a uniform background, a CD44 background, a static flow field, and a dynamic flow field. The numerical data and images used for this figure, as well as statistical
summaries including pairwise Cohen's d values and results from statistical tests, have been archived on Zenodo (https://doi.org/10.5281/zenodo.17232437).

© The Author(s) The EMBO Journal 37


https://doi.org/10.5281/zenodo.17232437

The EMBO Journal

<0,001

A

Endothelial cells
CD44

~200 kDa

88kDa
~75kDa

e
Tubulin

Norm. protein expression

D MIA PaCa-2 - siCD44 treatment on EC

N
o
o

o
3
3

I
I3
S

o

Norm. RNA expression
N
(&}

o
o
S

Gautier Follain et al

Endothelial monolayer =) <0.001
Y10 7]
£ 12
E
o 1.0
£
208
[7]
c
8 06
+ £
Jos4-
N [=]
ISR o 9
o P

AsPC-1 - siCD44 treatment on EC

H M L w H M L W MIA PaCa-2 AsPC-1
400 — 400 1.5 .
— siCtrl — siCtrl
SiCD44 #1 SiCD44 #1 o
= SiCD44 #2 =, SiCD44 #2 =
§3007 _ gicpad#3 " § 3007 sicp4s#3 .21-0' 7
3 3 s
X X _E
S 200 S 200 N G 0.5 -
s 5 p ! £
3 3 A W <
8 100 8 100 ! o4 S e 0.0 -
1 S I\V"/" W) "‘)W,
< < AW M{% T T T T T T T T
o D R R R
‘ 0 ESU DO DI AE SN SR
0 — T T T T T T " T T T T 1 L L O N PSS
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 & &S P
Time (sec) Time (sec) Conditions
G MIA PaCa-2 AsPC-1 H MIA PaCa-2 AsPC-1 I MIA PaCa-2 AsPC-1
0,02 <0,001 0,01
0,06 - 0,02
800 % . E 18007 Goo1 T 2o
m £ <0,001
§ 600 g < 1200 ] @ 200+ g
@ 400 | 5 Lt 3
] L 4 o L i L i o
¥ 300 + T £ 600 T 4 T 5 150 7
Y ? i ®
- [ i o
o £ ' ]
& 200 e & 400 % 100
o ® T S
£ .o = ]
P [] L3
% 100 . é . S 200+ 6 50+
3 ; i == K g
o : 3]
Il ee Aies 07 >
DT DI M S b % >
& Ny St ES M F é\oo &
EEEY L FQ .
Conditions Conditions Conditions

38  The EMBO Journal

© The Author(s)



Gautier Follain et al The EMBO Journal

Figure EV4. Effect of targeting CD44 in endothelial cells on PDAC cell attachment to endothelial monolayers.

(A-C) Validation of CD44 silencing in endothelial cells (ECs). ECs were treated with either CD44-targeting siRNAs (siCD44 #1, siCD44 #2 or siCD44 #3) or control
siRNA (siCTRL), and CD44 levels were assessed using western blotting (A) (n = 2-8 biological repeats), gPCR (B) (n = 3 biological replicates), and immunofluorescence
(C) (n=53-60 field of views, 3 biological repeats). Scale bar: 100 um. (D-F) Effect of CD44 silencing in endothelial cells on PDAC cell attachment to the endothelial
monolayer. ECs were treated with either CD44-targeting siRNA or control siRNA (siCTRL) before perfusion of MIA PaCa-2 or AsPC-1 cells. Cell attachment was recorded
as described in Fig. 1. The number of arrested MIA PaCa-2 (D) and AsPC-1 (E) cells over time is presented, with bold lines indicating the average and shaded areas
representing the standard deviation (2-4 biological repeats, see “Methods"). The data is shown for different flow speeds. (F) The attachment rate for each cell line and
condition at the medium (M) flow speed is displayed as a bar chart (mean £ SEM) with individual data points (2-4 biological repeats, see “Methods"). (G-I) Impact of
CD44 silencing in ECs on the spatial clustering of PDAC cells. (G) Using the tracking data from (D, E) and as in Fig. 6B, all arrest events within each field of view were
recorded. Modified Ripley's L functions were applied to quantify the spatial density of arrested cells. Ripley's L scores for each condition are presented as boxplots

(n = 8-16 fields of view, 2-4 biological repeats, see “Methods”). (H, I) As in Fig. 3, the analysis was refined to include only cell trajectories showing a definitive arrest
pattern. (H) The total distance traveled from the point of arrest to the end of the track is displayed for each condition. (I) The number of detachment peaks per condition is
shown (n = 331-1248 tracks). The results are presented as boxplots, with whiskers representing the 10th to 90th percentiles and boxes indicating the interquartile range,
with the median value marked. Outliers are displayed as individual data points. (A, B) The P values were determined using an unequal variance t test. siCtrl vs siCD44#1, P
value = 0.0001. siCtrl vs siCD44#2, P value = 0.0002. siCtrl vs siCD44#3, P value = 0.0004. (C, G-I) The P values were determined using a randomization test. (C) siCtrl
vs siCD44#3, P value = 0.0001. (H) siCtrl vs siCD44#1, P value = 0.0001. siCtrl vs siCD44#3, P value = 0.0001. The numerical data and images used for this figure, as
well as statistical summaries including pairwise Cohen's d values and results from statistical tests, have been archived on Zenodo (https://doi.org/10.5281/zenodo.
17232437).
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Figure EV5. Effect of targeting CD44 in PDAC cells on PDAC cell attachment to endothelial monolayers.

(A-C) Validation of CD44 silencing in PDAC cells. MIA PaCa-2 and AsPC-1 cells were transfected with control siRNA (siCTRL) or two independent CD44-targeting
siRNAs (siCD44 #1 or siCD44 #2), and CD44 levels were assessed using western blotting (A) (n =3 biological repeats), gPCR (B) (n = 4 biological repeats), and
immunofluorescence (C) (n =199-2451 cells, 3 biological repeats). Scale bar: 30 um. (D, E) Impact of CD44 silencing on PDAC cell attachment to the endothelial
monolayer, related to Fig. 7A-C (n = 2166-15,056 tracks, 3 biological repeats). (D) The total distance traveled by siCTRL and siCD44-treated MIA PaCa-2 and AsPC-1 cells
during perfusion at different flow speeds is displayed. (E) The Forward Migration Index (FMI) along the flow direction for each condition is shown. (F) The effect of anti-
CD44 blocking antibody treatment on endothelial monolayer integrity. Endothelial cell (EC) monolayers were treated with two concentrations of anti-CD44 blocking
antibody, followed by fixation and staining with phalloidin-Alexa488. Gaps in the monolayer were identified based on the absence of phalloidin signal, and they are shown
as segmented masks to delineate these areas. Scale bar: 100 um. (G, H) The effect of anti-CD44 blocking antibody on PDAC cell attachment to the endothelial monolayer,
related to Fig. 7D-F. (F) The total distance traveled by MIA PaCa-2 and AsPC-1 cells during perfusion at different flow speeds is displayed for each condition. (G) The FMI
along the flow direction for each condition is shown (n = 2133-15,014 tracks, 2-5 biological repeats, see “Methods"). (D, E, G, H) Results are presented as boxplots, with
whiskers extending from the 10th to the 90th percentiles. The boxes capture the interquartile range, with the median indicated by a line within each box. Data points
outside the whiskers are depicted as individual dots. The numerical data and images used for this figure, as well as statistical summaries including pairwise Cohen's d
values and results from statistical tests, have been archived on Zenodo (https://doi.org/10.5281/zenodo.17232437).
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