
Supplementary Material 

Supplementary Figures 

Supplementary Figure 1 

 

Supplementary Figure 1. NRP1, ERK and p38 MAPK expression under NRP2 down-modulation. 
A) Analysis of NRP1 mRNA relative expression in human healthy mammary epithelial (MCF10A) and 

BrCa cell lines. The barplot shows RQ values referred to MCF10A cells (n=3). The graph represents 

RQ mean values ± S.E.M.; ****P < 0.0001 comparing LDS (MDA-MB-231, MDA-MB-468, HCC1954, 

BT-549) vs HDS (BT-474, T-47D, MDA-MB-453, ZR-75-1) cell lines by t-Student’s test. B) 
Representative western blot analysis of NRP1 protein levels normalized with GAPDH. Protein 



quantifications are referred to MCF10A (n=3). C) Analysis of NRP1 mRNA relative expression in 

HNSCC cell lines. The barplot shows RQ mean values ± S.E.M. referred to T-HEp3 cells (n=3); *P < 

0.05 comparing proliferative/LDS (T-HEp3, Lu-HEp3) vs dormant/HDS (BM-HEp3, D-HEp3) cell lines 

by t-Student’s test. D) Representative western blot analysis of NRP1 protein levels normalized with α-

tubulin. Protein quantifications are referred to T-HEp3 cells (n=3). E, F) Analysis of NRP2 mRNA levels 

in Cas9 or Cas9-NTC (NTC; non-targeted cells) controls and NRP2KO MDA-MB-231 (E) and T-HEp3 

(F) cells. Graphs represent RQ mean values ± S.E.M. (n=3); ***P < 0.001, ****P < 0.0001 comparing 

Cas9/NTC vs NRP2KO by t-Student’s test. G) Representative western blot analysis of NRP2 and NRP1 

protein levels normalized with GAPDH in Cas9/NTC and NRP2KO MDA-MB-231 and T-HEp3 cells (n=3). 

Protein quantifications are referred to the control (-) condition. H, I) Representative western blot analysis 

of NRP2, phosphorylated ERK1/2 (p-ERK1/2), total ERK1/2 (ERK1/2t), phosphorylated p38 (p-p38) and 

total p38α (p38t) protein levels normalized with GAPDH or α-tubulin in NRP2-blocked (αNRP2; 1µg/mL) 

(H) or NRP2-silenced (siNRP2; 50nM) (I) MDA-MB-231 and T-HEp3 cells (n=3). The p-ERK/p-p38 ratio 

is also shown for each condition. Protein quantifications are referred to the control (-) condition. 

 

  



Supplementary Figure 2 

 

Supplementary Figure 2. NRP2 role in T-HEp3 cells motility in vitro. Migration assay in T-HEp3 

cells. Left panel, representative images from phase-contrast microscopy. Right panel, quantification of 

the wound area ratio after 0 and 24h migration in control (NTC) and NRP2KO T-HEp3 cells. Scale bar: 

150µm. Graphs represent mean ± S.E.M. (n=3); ns, non-significant comparing Cas9 vs NRP2KO by two-

way ANOVA, Sidak’s test. 

  



Supplementary Figure 3 

 

Supplementary Figure 3. HDS BrCa lung DTCs derived cell lines up-regulate NRP2 expression. 
A) Diagram of the mice in vivo experiment using MDA-MB-453 cells. 1.5·106 MDA-MB-453 

mCherry+/luciferase+ cells were orthotopically inoculated into the mice mammary fat pad. After 12 

weeks, PTs and lungs containing DTCs were minced and enzymatically digested. Then, MDA-MB-453-

mCherry+ cells were selected and expanded in vitro for MDA-MB-453-PT and MDA-MB-453-Lu primary 

cell lines generation. B) Analysis of NRP2 mRNA levels comparing PT and lung DTCs (Lu) with wild-

type (WT) MDA-MB-453 cell lines. C) Left panels, representative IF images of NRP2 (green) and 

mCherry (red) in MDA-MB-453 PT and lung cell lines from the in vivo experiment in A. Scale bar: 50µm. 

Right panel, NRP2 mfi quantification. 2 and 3 refer to different mice. Graphs represent mean ± S.E.M. 

(n=3, triplicates); **P < 0.01 comparing PT vs Lu by t-Student’s test. 

  



Supplementary Figure 4 

 

Supplementary Figure 4. NRP2 blocking reduces Lu-HEp3 tumour proliferation and increases 
apoptosis in vivo. A) 3·105 Lu-HEp3 cells were inoculated in day 11 chicken embryo CAM. 24h before, 

cells were pre-treated with the NRP2 blocking antibody (αNRP2) (1µg/mL). Then, PTs were treated with 

50µL of PBS (Cntr) or with αNRP2 (10µg/mL) for 6 days. Left panel, representative tumour images. 

Middle and right panels, graphs representing tumour weight (g) (middle) and tumour volume (mm3) 

(right) at end point. B, C) Representative IF images (left panels; scale bar: 50µm) and Ki67 (B) or 

cleaved caspase 3 (cc3) (C) mfi quantification (right panels). Graphs represent mean ± S.E.M. (n=2, 

with 5 inoculated eggs per group); ns, non-significant, *P < 0.05, ***P < 0.001 comparing Cntr vs αNRP2 

by t-Student’s test. 

  



Supplementary Figure 5 

 

Supplementary Figure 5. TGFβ1 induces the expression of Ki67 favouring cell growth and up-
regulates NRP2 expression. A, B, C) Representative western blot analysis of NRP2 protein levels 

normalized with α-tubulin after 4h treatment with VEGF-C (10ng/mL) (A; n=1), SEMA3F (5ng/mL) (B; 

n=3) and TGFβ1 (5ng/mL) (C; n=3) in MDA-MB-231 and T-HEp3 cell lines. Protein quantifications are 

referred to the non-treated (-) condition. D, E) Quantification of the percentage (%) of MDA-MB-231 (D) 

and T-HEp3 (E) colonies after 7 days growing in 3D, with TGFβ1 (2ng/mL) treatment every two days. 

Singlets (orange), doublets (purple), colonies from 3 to 8 cells (blue) and colonies of more than 8 cells 

(green). F, G) Left panels, representative IF images of NRP2 (upper panel) and Ki67 (lower panels) in 

MDA-MB-231 (F) and T-HEp3 (G) cells grown in 3D for 7 days, treated with TGFb1 (2ng/mL) every two 

days. Scale bar: 50µm. Right panels, NRP2 and Ki67 mfi quantification. Graphs represent mean ± 

S.E.M. (n=3); ns, non-significant, **P < 0.01 comparing Cntr (C) vs TGFβ1 (β1) by t-Student’s test. 

  



Supplementary Methods 

CRISPR/Cas9 

Briefly, LentiCas9-Blast lentiviral particles were generated in HEK293T cells transforming 

them with DNA-Lipofectamine lipid complexes. Lipofectamine 3000 transfection reagent 

(#15292465, Invitrogen) was mixed with a mixture of the packaging (psPAX2; #12260, 

Addgene), enveloping (pMD2-VSVg; #12259, Addgene) and LentiCas9-Blast (#52962, 

Addgene) plasmids in Opti-MEM medium (#31985-070, Gibco) in a 1:1 ratio. Next day, media 

was changed and replaced with fresh complete media. After 72h, the media was collected, 

centrifugated at 500g for 5min and filtered with 0.45μm PES filter (#4654, Pall Life Science). 

T-HEp3 and MDA-MB-231 parental cells were transduced with the lentiviral-enriched 

supernatant, and cells were incubated at 37°C and 5% CO2. After 24h, media was changed 

and 48h later, blasticidin selection (10μg/mL) was performed. Individual clones were 

expanded and Cas9 presence was verified by western blot. 

Second, specific NRP2 guide RNAs (gRNA) were annealed and cloned in lentiGuide-puro 

plasmid (#52963, Addgene) using BsmBI cloning site (5’-

CACCGGACTGCAAGTACGATTGGC-3’ (forward) and 5’-

AAACGCCAATCGTACTTGCAGTCC-3’ (reverse)). Viral productions to deliver gRNA in cells 

were performed as previously described using packaging, enveloping and plentiGuide (LG)-

puro plasmids containing gRNAs against NRP2 (LG-NRP2) or non-targeting (NTC) sequence 

(5′-CACCGCGGCTGAGGCACCTGGTTTA-3′ (forward) and 5’-

AAACTAAACCAGGTGCCTCAGCCGC-3′ (reverse)). 

Finally, Cas9 positive T-HEp3 and MDA-MB-231 cells were transduced with LG-NRP2 or LG-

NTC lentivirus containing media, diluted 1:4 in fresh antibiotic free complete media. After 24h, 

media was changed and 48h later, blasticidin (10μg/mL) and puromycin (1μg/mL) selection 

was performed. Individual clones were expanded and NRP2 deletion was verified by qPCR 

and western blot. 

3D cultures 

To analyse the functional characteristics and the phenotypic features of the tumour cells on-

top 3D cultures in BD MatrigelTM Basement Membrane Matrix were performed in 8-well 

chamber slides (#354108, BD Falcon CultureSlide). Briefly, 1·103 MDA-MB-231 or T-HEp3 

cells per well were seeded in 400μL of 3D culture media (DMEM-F12 + 5% FBS + 1% 

Penicillin-Streptomycin + 2% matrigel) on a matrigel layer. Cells were cultured for 7 days and 



media was changed every 3-4 days, while treating every two days with TGFβ1 (2ng/mL) by 

adding it directly to the well. 

For 3D experiments fixation, media was carefully aspirated and cells fixed by RT incubation 

with 4% PFA for 20min. Finally, the slides were washed and stored at 4˚C with PBS until 

further analysis. 

siRNA knock-down 

Cells were seeded on 6-well plates and either transfected with 50nM of non-target small 

interfering (si)RNA or with 50nM of siRNA against human NRP2 (siNRP2) (Dharmacon, Town, 

UK). Cells were processed for further RNA analyses 24h after siRNA transfection or 48h after 

for protein analyses. 

Quantitative polymerase chain reaction (qPCR) 

Total RNA was extracted from cells using TRIzolTM (Invitrogen) according to the 

manufacturer's protocol. One microgram of total RNA was used for reverse transcription using 

a High cDNA Reverse Transcription Kit (Applied Biosystems). Quantitative real-time PCR was 

performed using the TaqMan gene expression assay on the 7900HT Fast Real-Time PCR 

System (Applied Biosystems). The probes used for the analysis were: β-actin 

(Hs99999903_m1), NRP1 (Hs00826128_m1) and NRP2 (Hs00187290_m1), all purchased 

from Applied Biosystems. The mRNA levels of the gene of interest were normalised with β-

actin mRNA levels as endogenous control obtaining the relative expression. Relative 

expression levels were analysed in triplicates and were calculated using the ΔCt method (2-

ΔCt). 

Western blot analysis  

Cells were seeded and grown until 70-80% confluence. Cells were treated with human 

blocking monoclonal antibody to NRP2 (αNRP2) (1µg/mL) (#AF2215; R&D Systems, 

Minneapolis, USA), and SB-431542 (5µM) (#616461; Merck Millipore, Germany). Proteins 

were extracted using ice-cold radioimmunoprecipitation assay (RIPA) buffer supplemented 

with a protease and phosphatase inhibitor cocktail (#P8340, Sigma-Aldrich) and 1mM sodium 

orthovanadate (Na3VO4), and were quantified using the Pierce BCA Protein Assay Kit 

(#23225, Thermo Scientific), following manufacturer’s instructions.  

Proteins were separated by polyacrylamide gel electrophoresis and were transferred to 

polyvinylidene difluoride membranes (Immobilon-P Membrane PVDF; #IPVH00010, Merck 

Millipore). The membranes were blocked in Tris-buffered saline, 0.1% Tween 20 (TBS/T) 



buffer containing 5% dry milk and were incubated ON with primary antibodies at 4ºC 

(summarized in table 1). Membranes were then incubated with their respective secondary 

antibodies labeled with peroxidase (summarized in table 2) for 1 h at RT and were visualized 

using ECL substrate and a Luminiscent Image Analyzer (LAS4000 Imaging System; Fujifilm, 

Japan). ImageGauge and Image Studio Lite software were used for densitometric 

quantification of the bands. 

Enzyme-linked immunoassay (ELISA) 

For the quantitative determination of activated human TGFβ1 concentrations in human cancer 

cell lines, fibroblasts, macrophages and lung CM, the Quantikine® ELISA kit was used 

(#DB100B, R&D System), following manufacturer’s instructions. Finally, optical density at 

450nm was determined using a microplate reader (Sinergy, Bio Tek, VE, USA). Wavelength 

correction measurement was also performed at 540nm. For the calculation of the results, a 

standard curve was created and the concentration of the TGFβ1 secreted to the media was 

determined by extrapolation of the absorbance value. 

Immunofluorescence staining 

For immunofluorescence (IF) staining of 3D cultures, cells were permeabilised for 10min with 

0.5% Triton X-100 diluted in PBS. After washing with 0.75% Glycine-PBS, cells were blocked 

with 200µL of primary blocking solution (5% normal goat serum –NGS-, 5% normal rabbit 

serum –NRS- or 5% BSA in IF washing solution) (IF washing solution: 0.02% Tween-20 in 

PBS) at RT for 1-1.5h. Then, cells were incubated ON at 4˚C with the primary antibody diluted 

in blocking solution (summarized in Supplementary table 1). An incubation of 1h at RT and 

dark conditions was performed with the secondary antibody (summarized in Supplementary 

table 2). Finally, nuclei were stained with 30µL Hoechst (50ng/mL) (#H3570, Life 

Technologies) for 15min at RT in dark conditions and the slides were mounted with the Prolong 

Gold Antifade Mountant reagent (#36930, Thermofisher). The slides were sealed with nail 

polish after they were completely dry. 

For IF staining of tissue samples, after tissue fixation and paraffin embedding the obtained 

blocks were used to construct slides with tissue cuts of 4µm thickness. Samples were 

deparaffinised incubating the slides at 65˚C for 30min and hydrated following a xylene and 

decreasing ethanol gradient (100-70%). After, slides were incubated in a steamer containing 

citrate buffer (10mM citric acid, 0.05% Tween-20, pH=6.0) for antigen retrieval for 45min. The 

samples were permeabilised with 0.1% or 0.5% Triton X-100 in PBS (when required) for 5min 

at RT and blocked with 3% BSA-1.5% NGS in PBS, 3%BSA-1.5% NRS in PBS or 5%BSA in 

PBS for 30min at RT. Then, the samples were incubated ON at 4˚C with the primary antibody 



in 3% BSA-PBS in a humidified chamber (summarized in Supplementary table 1). After 

washing, the secondary antibody diluted in 3% BSA-PBS was added for 1h at RT in dark 

conditions in a humidified chamber (summarized in Supplementary table 2). Finally, the 

samples were incubated with Hoechst for 15min at RT in dark conditions and after washing, 

they were mounted in Prolong Gold Antifade Mountant reagent and kept at -20˚C. 

All the samples were visualised using either an inverted epifluorescence microscope (Leica 

SP2) or a confocal microscope (Zeiss 880). Image assembly and processing was performed 

using the ImageJ and Leica-Zen3.2 (blue) software. 

In vivo chicken embryo model 

The chicken chorioallantoic membrane (CAM) model was previously described1,2. Briefly, we 

used premium specific pathogen-free (SPF), fertile, 11-day-incubated embryonated chicken 

eggs supplied by Gibert farmers (Tarragona, Spain). 3·105 Lu-HEp3 cells (diluted in PBS++) 

were inoculated per egg and tumours were grown for 6 days. When specified, the tumours 

were treated with αNRP2 (10ng/mL daily) for 5 days. On day 6 after inoculation, the tumours 

were excised, weighed, measured and immediately fixed in 4% PFA to perform IF analysis. 

Additionally, chicken embryos lungs were also isolated for cell dissemination analysis.  

  



SUPPLEMENTARY TABLES 

Primary antibody Brand Catalogue nº (#) 

α-Smooth Muscle Actin (SMA) Dako #M0851 

α-Tubulin  Cell Signaling #3873 

Cleaved Caspase-3 (Asp175)  Cell Signaling #9661 

GAPDH  Cell Signaling #2118 

HER2 Abcam #ab214275 

Ki67 Dako #M724 

Neuropilin-1  Cell Signaling #3725 

Neuropilin 2 R&D Systems #AF2215 

p27 Kip1  Cell Signaling #3686 

Phospho-p38 MAPK (Thr180/Tyr182) Cell Signaling #9211 

Phospho-ERK1/2 (Thr202/Tyr204) Cell Signaling #9101 

Phospho-Smad2 (Ser465/467)  Cell Signaling #3108 

TGFβ1 Santa Cruz #sc-52893 

Total p38α MAPK Cell Signaling #9212 

Total ERK1/2 Cell Signaling #9102 

Total Smad2  Cell Signaling #5339 

Vimentin Cell Signaling #5741 

   
Supplementary Table 1. Primary antibodies used for protein analysis. Commercial brand and 

catalogue of each antibody are specified in the table.  

  



 Secondary antibody Brand Catalogue nº (#) 

Western 
Blot 

Goat IgG, HRP Linked  Merck Millipore #AP180P 

Mouse IgG, HRP Linked  GE HealthCare #NXA931 

Rabbit IgG, HRP Linked  GE HealthCare #NA934V 
    

IF 

Alexa Fluor 488 Goat anti-mouse IgG Invitrogen A-11029 

Alexa Fluor 488 Goat anti-rabbit IgG  Invitrogen A-11034 
Alexa Fluor 488 Donkey anti-goat 
IgG  Invitrogen A-11055 

Alexa Fluor 555 Goat anti-mouse IgG  Invitrogen A-32727 

Alexa Fluor 555 Goat anti-rabbit IgG  Invitrogen A-21428 
Alexa Fluor 568 Donkey anti-goat 
IgG  Invitrogen A-21432 

APC conjugated Goat anti-mouse 
IgG1  Invitrogen A-10541 

    
Supplementary Table 2. Secondary antibodies used for protein analysis. Commercial brand and 

catalogue number of each antibody are specified in the table.  

 


