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Supplementary data (online).

Supplementary Materials and Methods 

Animal tumor models and drugs  

The use of animals and experimental protocols were approved by the Animal Care and 

Use Committee of the Technion. C57Bl/6 female mice (Harlan, Israel), 8-10 weeks of 

age, were treated with either 50mg/kg paclitaxel or 500mg/kg gemcitabine, the doses of 

which were previously determined as being the MTD (1). Control mice were treated with 

the appropriate vehicles. MMP2-MMP9 inhibitor III which is a hydrophobic cyclic 

peptide which is a potent inhibitor of both MMP2 and MMP9 (Calbiochem, USA), was 

administered subcutaneously (4mg/kg), 24 hours following chemotherapy. A metastatic 

tumor model was created by  intravenously injecting 2.5x104  Lewis lung carcinoma 

(LLC) cells, which had been tagged with green fluorescent protein (GFP),  24 hours after 

the administration of the chemotherapy (n=5 mice/group). A primary tumor model was 

created by subcutaneously injecting 5x105 LLC cells into the flanks of the mice, and 

tumor volume was calculated with Vernier calipers using the formula width2xlengthx0.5.  

A spontaneous metastatic model was obtained as previously described (2). Briefly, LM2-

4 cells, a metastatic variant of the MDA-MB -231 cell line were implanted into the 

mammary fad pad of 6 week old CB.17 SCID female mice. When the tumors reached a 

size of 250-350mm3, they were removed. At this stage, metastases appeared in the 

lymphnodes and lungs. Treatment with MTD paclitaxel or gemcitabine was administered 

every 21 days for 3 sequential cycles, starting 48 hours after primary tumor resection.  

Scratch wound assay 

Blood from treated mice was collected in EDTA tubes (BD Biosceinces, USA), 24 hours 

after therapy, and plasma was separated. The effect of plasma from the chemotherapy-

treated mice on tumor cell motility was evaluated by a scratch wound assay (3). Briefly, a 

‘scratch’ was made on a MDA-MB-231-cultured plate.  The cells were then incubated in 

medium supplemented with 10% plasma from chemotherapy-treated or vehicle-treated 

mice. Images of the cells that migrated into the ‘scratch’ were captured by a camera 

attached to inverted microscope (Leica CTR 6000) using Leica Application suite Version 
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3.4.0 software, per x100 objective-field. The average distance between the two rims of the 

scratch which was not covered by tumor cells was quantified and plotted. All experiments 

were performed in triplicates.

Modified Boyden chamber assay 

The invasion and migration properties of HUVECs and tumor cells were evaluated in 

either Matrigel- or fibronectin-coated Boyden chambers, using a previously described 

protocol (4). Briefly, serum-starved cells (2x105 cells in 0.2 ml medium) were added to 

the filter that was coated with either Matrigel (BD Biosceinces, USA) or fibronectin 

(10µg/ml). The lower compartment was filled with DMEM that contained 10% plasma 

obtained 24 or 72 hours after mice were treated with chemotherapy or vehicle control or

conditioned medium of BMDCs (see later for definition). After six hours, the cells that 

migrated to the bottom filter, were stained with Crystal violet and counted under an 

inverted microscope (Lieca DMIL LED) per x100 objective-field. All experiments were 

performed in triplicates. 

MMP detection by gelatin zymography 

Femurs were removed from C57Bl/6 mice, 24 hours following treatment with 

chemotherapy. Subsequently, the bones were flushed with phosphate buffered saline 

(PBS), and the BMDCs were collected. BMDCs from chemotherapy-treated mice or 

MDA-MB-231 tumor cells pre-incubated for 24 hours with the plasma from 

chemotherapy-treated mice, were incubated in serum-free medium (5x105cells/well of a 

96-well plate) for another 24 hours. Conditioned medium was then collected, and 

analyzed for MMP activity using gelatin zymography (5). 

Aortic Ring assay 

Aortic ring assay was performed as previously described (6). Briefly, 1mm long aortic 

rings from non-tumor bearing C57Bl/6 mice, were embedded in Matrigel (BD 

Bioscience), and then cultured in DMEM supplemented with 10% plasma from the 

treated mice for 10 days. The sprouting microvessels observed in the Matrigel-embedded 

aortic rings were then counted under light-microscopy per x40 objective-field. All 

experiments were performed in triplicates.  

Flow Cytometry 



3�

�

In order to identify the BMDC types that colonized the Matrigel plugs, single cell 

suspensions of the cells from the plugs were first prepared, and were then incubated with 

the following antibody mixture: VEGFR2+/CD31+/CD45- for identifying endothelial 

cells; CXCR4+/VEGFR1+/CD45+ for identifying hemangiocytes; and CD11b+/Gr-1+ 

for identifying myeloid-derived suppressor cells (MDSCs). All monoclonal antibodies 

were purchased from BD Biosciences or R&D systems and used according to the 

manufacturers’ instructions. The monoclonal antibodies were already purchased 

conjugated with the following fluorochromes: Gr-1-Fluorescein isothiocyanate (FITC), 

VEGFR2-Phycoerythrin (PE), CXCR4-PE, CD11b-Peridinin-chlorophyll proteins 

(PerCP), CD31-Allophycocyanin (APC), VEGFR1-APC, and CD45-APC-Cy7.  At least 

100,000 events were acquired using a Cyan ADP flow cytometer and analyzed with 

Summit v4.3 software (Beckman Coulter).  

Immunostaining 

The cell types in the matrigel plugs, the tumor tissues, and the cells from various cultures 

were identified by immunofluorescence staining (7, 8). An antibody against CD31 

(1:100, BD Biosciences), and Cy3-conjugated secondary antibody were used for 

identifying endothelial cells. A FITC-conjugated antibody against CD45 was used for 

identifying hematopoietic cells. An antibody against MMP9 (1:500, Calbiochem), and 

Rhodamine-RedTM-conjugated secondary antibody (Jackson ImmunoResearch) were used 

for identifying MMP9. An antibody against E-cadherin (1:100, Santa-Cruz 

Biotechnology), and a Cy3-conjugated secondary antibody (1:200, Jackson 

ImmunoResearch), or an antibody against vimentin (1:100, Santa-Cruz Biotechnology), 

and a DyLight-488-conjugated secondary antibody (1:200, Jackson ImmunoResearch) 

were used for identifying epithelial-to-mesenchymal transition (EMT). Nuclei were 

stained with 6-diamidino-2-phenylindole (DAPI). Cells positively stained for CD45 

and/or MMP9 were counted and presented as the number of cells per field (n>20 

fields/group). Metastatic lesions in the lungs were counted per  x100 objective-field, and 

presented as the number of lesions per field (n>15 fields/group). In some experiments, 

lung or tumor sections were stained with hematoxylin and eosin (H&E) in order to 

evaluate tissue structure. Images were captured on the Leica CTR 6000 system.
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A chimeric mouse model with inhibited MMP9 expression in their BMDCs 

Transfection of MMP9 into BMDCs was conducted in the same method previously used 

for Id-1 (9). Briefly, HEK293-T cells were co-transfected with the lentiviral plasmid 

containing the MMP9 specific small hairpin RNA (shRNA) or with a plasmid containing 

control unrelated shRNA, along with the packaging vector pCMVdR8.91, and a plasmid 

encoding the vesicular stomatitis virus coat envelope pMD2-VSVG using Fugene-6 

(Roshe, USA) according to the manufacturer's instructions and incubated for 24 hours at 

37°C. Conditioned medium containing infective lentiviral particles was collected 48 

hours and 72 hours post transfection, and used for the infection of Lin- bone marrow cells 

obtained from donor C57Bl/6 mice. The separation of Lin- BMDCs was performed using 

the Mouse Hematopoietic Cell Lineage Depletion Kit (R&D system, USA). Transfected 

bone marrow cells were then intravenously injected into lethally irradiated C57Bl/6 mice 

(1000 rad). Transfected BMDCs were tested for MMP9 expression using zympgraphy.  
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Supplemental Figures 

Supplementary Figure 1. Sprouting microvessels in an aortic ring assay. A 1mm of 

aortic ring obtained from C57Bl/6 mice was cultured in the presence of 10% plasma from 

chemotherapy-treated or vehicle-treated mice. Ten days later, sprouting microvessels 

(from Figure 1) were counted. Summary of quantification is provided. **, p<0.01, ***, 

p<0.001. 

Supplementary Figure 2. MMP9 and CD45 expression in primary tumors and lung 

metastases following chemotherapy. The MMP9 expression levels (red) and the 

CD45+BMDCs (green) that colonized the primary tumor and its lung metastases as 

shown in Figure 3 (D-E) were counted. Summary of quantification is presented as the 

number of cells which were positive to MMP9 and/or CD45 staining in both primary 

tumor (A) and its lung metastases (B). *, p<0.05, ***, p<0.001.  

Supplementary Figure 3. Plasma obtained from mice, 72 hours following treatment 

with chemotherapy can accelerate tumor cell invasion and migration. The migration 

and invasion effects of 10% of the plasma obtained from mice 72 following treatment 

with paclitaxel or gemcitabine chemotherapy, on MDA-MB-231 cells was evaluated (A), 

and a summary of quantification was presented (B). ***, p<0.001 

Supplementary Figure 4. Invasion and migration of MDA-MB-231 cells in the 

presence of plasma from LLC-bearing mice following chemotherapy. The effect of 

10% plasma from the chemotherapy-treated mice bearing 500mm3 LLC tumors on the 

migration (A) and invasion (B) of  MDA-MB-231. The number of cells that migrated to 

the bottom filter were counted in several fields (n>15/group). **, p<0.01, ***, p<0.001.
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Supplementary Figure 5. Inhibition of MMP9 expression in BMDCs. Blood obtained 

from chimeric mice in which MMP9 expression was inhibited by shRNA technique was 

obtained after bone marrow was fully reconstituted in the lethally irradiated mice. Levels 

of MMP9 in BMDCs were evaluated by zymography, and densitometry graph was 

provided as fold increase.  
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