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Figure 1. Macroscopic and microscopic characterization of EGI-1, KPC, MMTV-PyMT, mPDAC, and MET-1 tumor models. (A) Tumor volume and tumor

mean stiffness relationship. Tumor volume was measured using a caliper or ultrasound, whilst tumor mean stiffness was measured using SWE. (B) The

percentage of stiff regions in relation to tumor volume. The presence of very stiff regions with an elastic modulus > 40 kPa was quantified using data

from the stiffness map extracted from the SWE images. (C) Comparison of the histological diversity within the tumor models. Representative images of

each tumor model (scale bar = 100 mm). (D) SHG images of the collagen network in each of the models at the end point of the experiment. Scale

bar = 20 mm. EGI-1 (n = 30 mice from three independent experiments); KPC (n = 34 mice from three independent experiments); MMTV-PyMT (n = 5

mice, 10 tumors per mouse from two independent experiments); mPDAC (n = 7 mice from two independent experiments); and MET-1 (n = 12 mice

from two independent experiments).
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Figure 2. Effect of LOX inhibition on tumor stiffness and tumor stroma organization in EGI-1, KPC, MMTV-PyMT, and mPDAC tumor models. (A) Tumor

stiffness measured by SWE in control and BAPN-treated (LOX inhibitor) tumors in relation to tumor volume for EGI-1, MMTV-PyMT, and KPC tumor

models. For the mPDAC tumor model, stiffness was only measured at the endpoint of the experiment (*p-value<0.05, **p-value<0.01, ***p-value<0.001

Student’s t-test). (B) Percentage of tumor area with stiffness > 40 kPa at three different time points in the late stages of tumor development. (C)

Illustrative examples of SWE images of each on the tumors at the last time point of the experiment (EGI-1 – day 30, KPC – day 41, MMTV-PyMT – day

55, mPDAC – day 21). EGI-1 (n = 30 mice/group from three independent experiments); KPC (n = 34 mice/group from three independent experiments);

MMTV-PyMT (n = 5 mice/group, 10 tumors per mouse from two independent experiments); mPDAC (n = 7 mice/group from two independent

experiments), and MET-1 (n = 12 mice/group from two independent experiments).
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Figure 2—figure supplement 1. Two-photon imaging analysis of collagen crosslink density from control and BAPN-treated conditions. (A) Two-photon

images of fibrillar collagen (SHG) and collagen crosslinks (720 nm excitation, 400 nm emission) in a KPC tumor. Boxed areas are represented at higher

magnification at the right. SHG-positive regions are delineated with yellow lines. (B) Quantification of collagen crosslink density in control and BAPN-

treated conditions. Average fluorescence signals were measured in collagen-positive regions. Results are from two tumors of each condition. Student’s

t-test: ***p<0.001.
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Figure 2—figure supplement 2. Effect of LOX inhibition in EGI-1 tumor model. (A) Evolution of tumor growth in control and treated tumors (n = 30

mice/group from three independent experiments). (B) Correlation of tumor mean stiffness and tumor volume for control and treated tumors (***p-

value<0.01 ANCOVA, n = 30 mice/group from three independent experiments). (C) Representative SWE images of control and BAPN-treated tumors at

days 7, 21, and 30 of treatment. (D) Percentage of the tumor with stiffness > 40 kPa in tumors at days 18, 22, 26, and 30 of treatment. (E) Representative

histogram of stiffness distribution in a control and a BAPN-treated tumor at day 30.
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Figure 2—figure supplement 3. Effect of LOX inhibition in KPC tumor model. (A) Evolution of tumor growth in control and treated tumors (n = 34

mice/group from three independent experiments). (B) Correlation of mean tumor stiffness and tumor volume for control and treated tumors (***p-

value<0.01 ANCOVA, n = 34 mice/group from three independent experiments). (C) Representative SWE images of control and BAPN-treated tumors at

days 29, 34, and 41 of treatment. (D) Percentage of the tumor with stiffness > 40 kPa in tumors at days 34, 37, and 41 of treatment. n = 34 mice/group

from three independent experiments. (E) Representative histogram of stiffness distribution in a control and a BAPN-treated tumor at day 41. n = 34

mice/group from three independent experiments. (F) Representative SWE images of stiff regions (>40 kPa) in control and treated tumors.
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Figure 2—figure supplement 4. Effect of LOX inhibition in MMTV-PyMT tumor model. (A) Evolution of tumor growth in control and treated tumors

(n = 5 mice/group, 10 tumors per mouse from two independent experiments). (B) Correlation of mean tumor stiffness and tumor volume for control and

treated tumors. n = 5 mice/group, 10 tumors per mouse from two independent experiments. (C) Representative SWE images of control and BAPN-

treated tumors at day 42 of treatment. (D) Percentage of the tumor with stiffness > 40 kPa in tumors at days 39, 47, and 55 of treatment. n = 5 mice/

group, 10 tumors per mouse from two independent experiments. (E) Representative histogram of stiffness distribution in a control and a BAPN-treated

tumor at day 55.
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Figure 2—figure supplement 5. Effect of LOX inhibition in mPDAC tumor model. (A) Tumor volume measured by ultrasound imaging, at day 21 of

treatment (**p-value<0.01, Student’s t-test, n = 7 mice/group). (B) Representative SWE images of control and BAPN-treated tumors at day 21. (C)

Percentage of the tumor with stiffness > 40 kPa in tumors at day 21. (D) Representative histogram of stiffness distribution in a control and a BAPN-

treated tumor at day 21.
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Figure 2—figure supplement 6. Effect of LOX inhibition in MET-1 tumor model. (A) Evolution of tumor growth in control and treated tumors (n = 12

mice/group). (B) Correlation of tumor mean stiffness and tumor volume for control and treated tumors. (C) Representative SWE images of control and

BAPN-treated tumors at day 26 of treatment.
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Figure 3. Effect of LOX inhibition on ECM architecture in EGI-1, KPC, MMTV-PyMT, and mPDAC tumor models. (A) Collagen fiber width distribution

measured from SHG images (***p-value<0.001, Student’s t-test, 50–70 images/tumor, n = 3 mice/group from three independent experiments). (B) Fiber

Figure 3 continued on next page
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Figure 3 continued

orientation defined by the coefficient of variation (CV) (***p-value<0.001, Student’s t-test, 40–50 images/tumor, n = 3 mice/group from three

independent experiments). (C) Representative example of fiber orientation distribution. (D) Collagen fiber curvature defined by the curvature ratio

(***p-value<0.001, Student’s t-test, 40–50 images/tumor, n = 3 mice/group from three independent experiments). (E) Percentage of red-orange

birefringent fibers combining Red Sirius staining and polarized microscopy, orange-red fibers correspond to thick and packed regions (*p-value<0.05,

***p-value<0.001, Student’s t-test, 20–30 images/tumor, n = 3 mice/group from three independent experiments). (F) SHG images of collagen networks

in EGI-1, MMTV-PyMT, mPDAC, and KPC control and BAPN-treated tumors. Illustrative scheme indicating the changes in width, orientation and

curvature of collagen fibers induced by BAPN treatment. Scale bar = 50 mm. Images are representative of three experiments.
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Figure 3—figure supplement 1. Combination of Sirius Red staining and polarized microscopy. Surface covered by red-orange birefringent fibers that

correspond to thick and packed regions in EGI-1 MMTV-PyMT, mPDAC, and KPC tumor models. Scale bar = 100 mm.
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Figure 4. Mechanical properties of the mouse pancreatic ductal adenocarcinoma KPC tumor model and effects of LOX inhibition. (A) Rheological

properties of tumor samples measured using a plate shear rheometer. Mean storage modulus (G’) for all control and BAPN-treated samples ± SD are

presented (for 5% sample compression). (B) The Young’s modulus values distributions obtained for all control and treated tumor samples using the

AFM indentation technique. Inset in (B) shows tissues’ Young’s modulus mean values ± standard deviation to highlight the difference between control

and BAPN tissues. Statistical significance was determined using a two-tailed Student’s t-test for overall values (***p-value<0.001, Student’s t-test, n = 6

tumors/group from three AFM experiments; *p-value<0.05, Student’s t-test, n = 5 tumors/group from three rheometer experiments).
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Figure 4—figure supplement 1. The distributions of Young’s moduli obtained for the control mouse pancreatic ductal adenocarcinoma. KPC tumor

model (control) using AFM indentation technique with maximal indentation depth by AFM probe equal 2 mm. Distributions were fitted with the

probability density function of the log-normal distribution and corresponding mean ± SD values are presented on the right side of each distribution.
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Figure 4—figure supplement 2. The distributions of Young’s moduli obtained for the BAPN-treated mouse pancreatic ductal adenocarcinoma. KPC

tumor model (BAPN) using AFM indentation technique with maximal indentation depth by AFM probe equal 2 mm. Distributions were fitted with the

probability density function of the log-normal distribution and corresponding mean ± SD values are presented on the right side of each distribution.
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Figure 5. Impact of LOX inhibition on T cell migration in EGI-1, MMTV-PyMT, mPDAC, and KPC tumor models. Migration of activated PBT plated onto

fresh tumor slices was analyzed in EGI-1 and MMTV-PyMT tumor model, whilst resident tumor-infiltrating T lymphocytes were analyzed in mPDAC and

KPC tumor model. Illustrative images of T cell migration tracks in EGI-1, MMTV-PyMT, mPDAC, and KPC tumor models. Tumor stroma (fibronectin) in

red, tumor cells (EpCAM in EGI-1, MMTV-PyMT, and KPC tumor models, CD44 in mPDAC tumor models), in blue and T cells (CD8 in mPDAC and KPC,

Calcein in MMTV-PyMT, and EGI-1 tumor models) in green. Tracks are color-coded to illustrate track displacement. Scale bar = 100 mm. T cell migration

speed, T cell displacement, and trajectory straightness in all tumor models. ***p-value>0.001, p-value>0.05, Student’s t-test. Results are shown as

mean ± SD.
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Figure 5—figure supplement 1. BAPN treatment induces an increased infiltration of effector CD8+T cells in KPC tumors. (A) Representative images of

Control and BAPN-treated KPC tumors. Tumor cells (EpCAM) in blue, tumor stroma (fibronectin) in red, and T cells (CD8) in green. Scale bar = 100 mm.

(B) Quantification of CD8+ T cells per mm2 in tumor islets and stroma regions in control and BAPN (*p<0.01, Student’s t-test, n = 2–3 mice/group).
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Figure 6. Correlation between mean tumor stiffness and T cell migration parameters in EGI-1, KPC, MMTV-PyMT, and mPDAC tumor models. (A)

Correlation between mean tumor stiffness and mean T cell velocity. (B) Correlation between mean tumor stiffness and mean T cell displacement.

Averaged T cell velocity and displacement were calculated from at least 50 individual cells. Each point represents values from an individual mouse. EGI-

1 (n = 8 mice/group); KPC (n = 4 mice/group); MMTV-PyMT (n = 6–7 mice/group); and mPDAC (n = 4 mice/group) from two to three experiments.
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Figure 7. LOX inhibition increases the efficiency of anti-PD-1 therapy in KPC tumor model. (A) Tumor volume fold change after combination therapy of

BAPN with anti-PD-1. n = 8 mice/group from two independent experiments. (B) CD11b+, Ly6G+, Ly6C+PMN/mg of tissue. (C) CD64+F4/80+MHCII

+TAMs/mg of tissue. (D) CD8+ T cells/mg tissue. (E) CD8+ to FoxP3+Treg ratio. (F–H) Multiplex analysis of inflammatory chemokines (TNFa, RANTES,

and GrzmB) produced by fresh KPC tumor slices kept in culture for 18 hr (*** p-value<0.001, * p-value<0.05, one-way ANOVA, Krustal Walis, n = 8 slices

per condition from two independent experiments).
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Figure 7—figure supplement 1. Effect of LOX inhibition and anti-PD1 therapy on tumor stiffness, stroma organization and T cell motility in KPC

tumors. (A) Tumor stiffness measured by SWE in control, BAPN, anti-PD1, and combination of BAPN and anti-PD1 treated tumors (**p-value<0.01, *p-

value<0.05, one-way ANOVA, Kruskal–Walis, n = 8 mice/group from two independent experiments). (B) Illustrative examples of SWE of each of the

conditions at day 17 post-treatment (experiment endpoint). (C) Fiber orientation defined by the coefficient of variation (CV) (***p-value<0.001, one-way

ANOVA, Kruskal–Walis, 40–50 images/tumor, n = 3 mice/group). (D) Collagen fiber curvature defined by the curvature ratio (***p-value<0.001, one-way

ANOVA, Kruskal–Walis, 40–50 images/tumor, n = 3 mice/group). (E) SHG images of collagen networks of KPC tumor models for the different

conditions: control, BAPN, anti-PD1, combination BAPN, and anti-PD1. Scale bar = 50 mm. (F) Displacement of endogenous CD8 T cells in KPC tumor

slices (n = 3 mice/group from two independent experiments). ***p-value>0.001, p-value>0.05, Student’s t-test. Results are shown as mean ± SD.
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Figure 7—figure supplement 2. FACS sequential gating strategies. Tumor immune infiltrating cells in KPC tumors were identified after exclusion of

doublets and dead cells (live/deadneg;CD45+). Sequential gating allows for identification of CD4 and CD8 T cells (live/deadneg;CD45+;TCR+;CD4+; or

CD8+) including GrzmB+, FoXP3, and PD-1 subsets (A) and TAM (live/deadneg;CD45+;CD11b+;Ly6C+/Ly6G+; CD64+/F480+), including MHC II + TAM

subset (B).
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