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SUPPLEMENTAL FIGURE LEGENDS 

Figure S1.  Human bone marrow-derived mesenchymal stem cells (hBMSCs) derived from 

healthy bone marrow are pluripotent and retain the ability to differentiate into adipocytes and 

osteoblasts. Staining was done in 2D on in vitro samples differentiated for 4 weeks.  (A) 

Adipogenic differentiation was done in differentiation medium and imaged with Oil Red O 

staining. (B) Osteogenic differentiation was done in osteogenic medium and assessed with 

Alizarin Red staining. Undifferentiated controls were grown to confluence, stained and 

imaged at the same time as differentiated samples.  

 

Figure S2.  Creation of the SUM1315-BP2 human bone- passaged BCC line. (A) SUM1315 

cells were directly injected into human bone cores implanted subcutaneously into the flanks 

of NOD/Scid female mice in 50 uL of growth media using a 22 gauge needle and Hamilton 

syringe.  The cells were allowed to grow for 12 weeks, isolated, cultured in vitro and 

expanded.  This “SUM1315-BP1” line was again directly injected into human bone, 

implanted into the flanks of NOD/Scid female mice and allowed to grow for 12 weeks.  The 

resulting cells were named SUM1315-BP2.  (B) i. Xenogen imaging of luciferase-expressing 

bone-residing tumor from direct-injection of SUM1315 human BCCs into human bone 

implant; ii. 40x, iii. 100x H&E stains of SUM1315-BP2 cells within the human bone cores.  

Tumors outgrowing bone implant area were used for microarray analysis. (C) Four genes 

were confirmed for overexpression from the RNA used for gene array analysis between 

mammary fat pad residing SUM1315 BCCs and bone residing SUM1315-BP2 cells.  Inset 

table references fold-induction found on microarray analysis comparing SUM1315-BP2 and 

SUM1315 cells. 
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Figure S3.  hBMSCs migrate towards conditioned medium from breast cancer cells (BCCs).  

SUM1315, MDA-MB-231, and MCF7 BCCs were grown in serum free medium for 48-

hours.  Medium was collected, spun to pellet to remove extraneous cells, and plated in the 

receiving side of a 96-well transwell plate.  30,000 hBMSCs were seeded above the 

conditioned medium and allowed to migrate for 3-hours.  After migration, calcein AM was 

used to quantify cell migration following the manufacturer’s instructions.  Values represent 

average number of cells, normalized to MCF7 migration.  N=10 for all groups. 

 

Figure S4.  hBMSCs can home to primary BCC tumors in vivo.  Confocal imaging of 

hBMSCs within primary tumors. DAPI (nuclear; blue) staining and DiD (hBMSC; red) 

visualization of frozen sectioned MDA-MB-231 primary tumor containing a DiD positive 

hBMSC. 

Figure S5. hBMSCs can survive in TEB and be used to monitor homing towards BCC 

primary tumors in vivo. (A) hBMSCs are seeded on silk scaffolds and differentiated towards 

the osteoblast lineage for 2 weeks and then implanted in mice for 10 days.  Bone 

characteristics were confirmed using H&E (left) and Mason’s Trichrome (right) staining on 

scaffolds at the end of the experiment.  20x (top) and 40x (bottom) views are shown.  Scale 

bar is equivalent to 500 µm for 20x images and 50 µm for 40x images.  H&E images 

demonstrate initial stages of bone development and presence of preliminary bone matrix.  

Mason’s Trichrome images show collagen deposition, mostly towards the edge of the 

scaffold.  (B) After 2 weeks in vivo, hBMSCs retain cell-tracker dye fluorescent label (red).  

Confocal image of OCT-embedded engineered bone constructs with DiD (red) positive 

hBMSCs (arrow heads), surrounded by DiD-negative mouse stromal cells (arrows).  DAPI 

(blue) counterstaining for cell nuclei and silk pores. 
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Figure S6. TGFβ1 secretion from BCCs may attract hBMSCs to the primary site.  (A) In vitro 

Conditioned medium samples from more aggressive BCCs, i.e. SUM1315 and MDA-MB-

231 contain increased levels of TGFβ1, when compared with weakly metastatic BCCs 

(MCF7).  Conditioned medium was collected in serum free medium for 48-hours from cells 

grown to 80% confluence (N=3 independent plates).  Medium was concentrated 10X and 

TGFβ1 expression was quantified using ELISA (eBioscience). TGFβ1 levels are shown 

relative to MCF7 levels.  (B) Exogenous TGFβ1 can attract hBMSCs in vitro and a 

neutralizing antibody to TGFβ1  (α-TGFβ1) can block migration of hBMSCs towards BCC 

conditioned medium.  Conditioned medium was collected in serum free medium from cells 

grown to 80% confluence.  Medium was used as a chemoattractant with or without α-TGFβ1 

(60µg/ml).  30,000 serum-starved HBMSCs were plated above conditioned medium and 

allowed to migrate for 6-hours.  Migration filters were fixed and stained and the number of 

cells migrated were counted from 3 fields of view/well and averaged.  Addition of exogenous 

TGFβ1 (32 ng/ml) to serum free medium increases migration of hBMSCs, and this increased 

migration can be blocked by addition of α- TGFβ1.  N=5 or 6 for each group. 

 

Figure S7. hBMSCs can affect BCC growth in vitro.  SUM1315, MDA-MB-231 and MCF7 

BCCs were cultured in conditioned medium from bone-derived cells (hBMSCs, bone derived 

endothelial cells, osteoblasts or osteoclasts).  Bone-derived cell conditioned medium 

increased the proliferation of SUM1315 BCCs and decreased the proliferation of MCF7 

BCCs.  No affect was observed for MDA-MB-231 BCCs. 

 

 



5 

Table S1.  Candidate genes related to BCC growth and bone metastasis found in gene array 

comparing primary SUM1315 BCCs from the mammary fat pad with SUM1315-BP2 BCCs 

from the bone environment. 

 

Figure S8.  Metastasis frequency from three BCC lines. 500,000 BCCs were injected into the 

right and left 4th mammary fat pads of NOD/Scid mice harboring human bone fragments.  

After 10 weeks of growth in vivo the mice were sacrificed, and the frequencies of metastasis 

to the implanted human bone fragments and mouse femurs were calculated.  Metastasis was 

analyzed using bioluminescent imaging of human bone fragments and mouse hind limbs.  

Metastatic samples were counted and frequency was calculated by dividing number of 

metastatic samples by total samples analyzed.  N=10 bone fragments for all cell lines. 

 

Figure S9.  Confirmation of il-17br overexpression in SUM1315 and MDA-MB-231 BCCs. 

(A) Western blot showing efficient overexpression and membrane localization of IL-17BR 

protein in SUM1315 and MDA-MB-231 BCCs.  il-17br was overexpressed in SUM1315 and 

MDA-MB-231 BCCs using a lentiviral vector containing the full-length cDNA.  Parental and 

mock infected cells express IL-17BR in whole cell extracts (WCE), but the protein is limited 

to the cytoplasmic fraction of protein extract, while overexpressing BCCs have increased 

membrane localized IL-17BR. (B) RT-PCR confirmation of il-17br overexpression of 

SUM1315 and MDA-MB-231 cells before orthotopic injection (in vitro) and after 10-weeks 

of growth in mice (in vivo). 

 

Figure S10. Schematic of proposed role of hBMSCs in primary breast tumor growth and 

metastasis.  Healthy mesenchymal stem cells from the bone marrow migrate through the 

circulation and are attracted to breast tumors due to increased TGF-β1 secretion.  Once at the 
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primary tumor, hBMSCs secrete IL-17B into the microenvironment.  BCCs with increased il-

17br expression are stimulated to migrate, resulting in increased visceral and skeletal 

metastases.   

 

SUPPLEMENTAL METHODS 

TGF-β1 expression 

For TGF-β1 stimulation, 32 ng/ml of recombinant human TGF-β1 (R&D Systems) was 

added to the bottom well to stimulate migration.  For TGF-β1 inhibition, 60 µg/ml of 

polyclonal α-TGF-β1(R&D Systems) was incubated at room temperature with samples for 30 

minutes before samples were added to bottom wells and migration was initiated.  Total TGF-

β1 levels in BCC conditioned medium were measured by ELISA (eBioscience) according to 

the manufacturer’s instructions. 

Confocal imaging 

Primary tumor and engineered bones used for confocal imaging were frozen and embedded in 

OCT (Tissue-Tek).  Confocal imaging and multiphoton imaging of DiI, DiD and DAPI was 

done using a Leica DMIRE2 confocal microscope and image merging was done using Leica 

Confocal Software Lite. 

Microarray analysis 

Total RNA was extracted in TRIzol reagent (Invitrogen) according to manufacturer’s 

instructions.  Complementary DNA (cDNA) was synthesized and hybridized at the Tufts 

Medical Center Microarray Core to an Operon 70-mer 2.1 with 2.1 upgrade human genome 

set array chip. Transcriptional profiles were analyzed using GeneSpring. ANOVA was run 

using a parametric test with the p- value cutoff 0.05 to select for genes that were significantly 

up-or down-regulated by greater than 1.4-fold.  mmp13, hunk, il-17b and il-17br gene 
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expression was confirmed using qRT-PCR analysis.  Primers were designed using 

PrimerBank (Harvard Medical School; http://pga.mgh.harvard.edu/primerbank/). 

Western blots 

Western blot for IL-17BR overexpression was performed using membrane, cytoplasmic or 

whole cell proteins extracts obtained from cell pellets (Pierce) according to the 

manufacturer’s directions.  Western blots were performed using anti-human IL-17BR (sc-

52925; Santa Cruz) according to the manufacturer’s instructions. 

 


