
3D Bioprinted Breast Cancer Model Reveals Stroma-Mediated Modulation of 

Extracellular Matrix and Radiosensitivity 

 

 

Supplementary data 

 

Supplementary Figure 1: IKVAV functionalized ink is mechanically suitable for 

bioprinting and supports MCF-7 growth. 

a. Schematic representation of IKVAV peptide on laminin α chain, that is mixed with 

hyaluronic acid and collagen type I to compose the final hydrogel. b. Brightfield imaging of 

IKVAV functionalized HAMA-ColMA hydrogel at various concentrations of IKVAV peptide. 

Aggregates can be observed at 2mg/mL. Scale bars: 500μm. c. MCF-7 GFP+ fluorescence 

mean intensity (FMI) (N=3 n=6-11) for 72h post-seeding in the hydrogel at displayed 

concentrations. d. Metabolic activity at 7 days (right, N=3 n=5-12) after seeding in IKVAV 

functionalized hydrogel at the displayed concentrations. e. Viscometry of the HAMA-ColMA 

ink functionalized with 1mg/mL of IKVAV (N=3). f. Rheology of the HAM-ColMA + 

1mg/mL IKVAV photopolymerized hydrogel (N=3). Shown is mean ± s.d. P values were 

computed with Kurskal Wallis test followed by Dunn’s post hoc comparison test. 

**P<0.01;***P<0.001;****P<0.0001.  



Supplementary Figure 2: DNA integrity is not disrupted by photo-polymerization. 

Confocal images of MCF-7 cells stained for nucleus (DAPI, blue) and γH2Ax (red), irradiated 

to different doses. Scale bar: 20µm.  



 

Supplementary Figure 3: BpBCM is obtainable reproducibly in a medium throughput 

fashion without altering cell viability. 

a. Confocal images of the cell lines MCF-7, HUVEC, CAF and NMF bioprinted in the HAMA-

ColMA-IKVAV hydrogel. Cells are stained with Calcein-AM (Live, green) and EthD-1 (Dead, 

red) 24h post-printing. Scale bars; 200µm. b. Viability quantification of the different cell lines 

24h after microextrusion (N=3, n=5-13). The red dotted-line shows 70% viability limit from 

norm ISO-10993-5. c. Representative replicates of bioprinted models 4h post-printing. 

HUVEC mKate+ (red) were encapsulated in the stromal bioink and MCF-7 GFP+ (green) in 

the cancer bioink. Scale bar: 1000μm. d. Representative picture of a 24 well plate with models 

printed in the center of each well. Medium was removed from the wells for the picture. Shown 

are mean ± s.d. P values were computed by Kruskal-Wallis test followed by Dunn’s post-hoc 

correction. *p<0.05; ***p<0.001.  



Supplementary Figure 4: bicultures with stromal cells does not affect cancer cell 

maturation and triCAF microvascular network develops in 3D 

a. Representative ki67 immunostaining (gray), and stained nuclei using DAPI (blue), of 

BpBCM models printed with MCF-7 GFP+ (green) in co-culture conditions. Scale bar: 100µm. 

b,c. Spheroid volume (b) and ki67 spheroid positivity (c) on day 4 and 7 in the different culture 

conditions (N=3, n=4-12). d. Representative 3D image and microvascular network 

reconstruction from a triCAF condition HUVEC (red) confocal acquisition. Scale bars: 100µm. 

All data represent mean ± s.d. P-values were calculated with Kruskal-Wallis test corrected by 

Dunn’s multiple comparison test. ns: non significant;*P<0.05;**P<0.01;***P<0.001.  



 

Supplementary Figure 5: Proteomics analysis of matrix deposition by CAF and NMF 

a. Flow cytometry mean fluorescence intensity histogram of CAF cells stained for CD29, FAP 

and αSMA. Signal is compared to unstained cells as control. b. Topography images of atomic 

force microscopy experiment with similar surfaces. Scale bar: 5µm. c. Example force curve of 

CAF and NMF BpBCM. The steeper slope of CAF condition illustrates higher stiffness. d. 

Apparent Young’s modulus distribution from individual curves measurement. Shown as mean 

± s.d. P-values were calculated with Kruskal-Wallis test corrected by Dunn’s multiple 

comparison test. ****p<0.0001.  



Supplementary Figure 6: Treated models imaging. 

a. Representative acquisitions by epifluorescence of treated MCF-7 GFP+ (green) models used 

for quantifications in Fig.5b,c. Only control and maximum doses are displayed. Scale bar: 

500µm. b. Full-size and close-up of Fig.5d. Representative immunostaining for ki67 (gray), 

MCF-7 GFP+ (green), nuclei (blue) of triNMF and triCAF models after 0 or 10 Gy irradiations. 

Scale bar: 100µm.   



Supplementary Figure 7: Treatment and paracrine communication 

a. Heatmap of the 91 detected cytokines in BpBCM medium conditioned for 72h post-

treatment on day 4 (N=4). b. Representation of cytokines showing significant regulation 

between CAF and NMF, or after treatment. c. Relative mRNA expression of CXCL-1 in CAF 

or NMF cells (N=3).  d. Relative CXCL-1 concentrations in BpBCM models in mono- or 

tricultures medium conditioned for 72h from day 4 to day 7 (N=3, n=2-10). e. Representative 

membranes chemiluminescence reading from the dot blot assays and grid coordinates. Protein 



coordinates are available in appendix of Supplementary information. Shown as mean ± s.d. P-

values were calculated with a 2-Way ANOVA corrected with Benjamini-Hochberg method (b) 

and Kruskal-Wallis test corrected by Dunn’s multiple comparison test (d). *p<0.05; 

***p<0.001. 

  



Supplementary Video 1: Single model bioprinting 

Video of the bioprinting process. The cancer center is deposited (slow motion) by a first 

printhead and pre-polymerized for 5s. A second printhead surrounds the center with the stromal 

periphery (slow motion) and the whole model is photo-polymerized for 30s. 

 

Supplementary Video 2: Multimodel bioprinting 

Video (speed x5) of the bioprinting process in a 24 well plate support. An additional printhead 

was used to dispense medium after each print. 

 

Supplementary Video 3: MDA-MB-231 BpBCM invasion 

3D reconstruction of a BpBCM printed with MDA-MB-231 breast cancer cell line (green) in 

the center cancer area instead of MCF-7. MDA-MB-231 cells are invading the stroma 

composed of fibroblasts and HUVEC (red) after 7 days. Scale bar: dynamic, visible on the 

video. 

 

Supplementary Video 4: HRE-dUnaG model timelapse 

Timelapse imaging of a BpBCM containing a cancer center with MCF-7 transduced with the 

HRE-dUnaG reporter (Green). The model was followed in brightfield (grey) and images were 

taken every 2h for 7 days. Scale bar: 1000µm. 

 

 

Appendix 

Dot blot protein coordinates.pdf  

(from R&D Systems Proteome Profiler Human XL Cytokine Array  manual ; Kit Catalog #: 

ARY022B) 








	Revised blind supplementary
	Dot blot protein coordinates


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


