
Supplementary Methods 

Human Tissue Specimens 

Expression of αvβ6 by myoepithelial cells was assessed in 28 normal (reduction mammoplasty) 

cases and 23 benign breast cases with epithelial hyperplasia of usual type. Tissue Microarrays 

(TMA) of 238 cases of “pure” DCIS (without evidence of an invasive component) and 294 cases 

of DCIS with an associated invasive component also were analyzed.  DCIS was classified as 

high, intermediate and low grade, based on nuclear characteristics, and grouped as high grade 

and non-high grade for analysis. 

  

To assess the relationship between αvβ6 and MMP9 expression, consecutive sections were taken 

from a subset of 75 pure DCIS and 33 DCIS cases with associated invasion.  Where there was 

heterogeneity of DCIS grade or αvβ6 staining within a section, these ducts were scored as 

separate data-points. Heterogeneity was more evident in the pure DCIS and this resulted in 117 

data-points for pure DCIS and 39 data-points for DCIS with invasion. Grading and scoring of 

staining was performed by two independent observers (JLJ & SP). 

 

To evaluate the predictive power of αvβ6, DCIS samples from the UKCCCR DCIS trial (22, 23) 

were stained for αvβ6 and scored as 1) positive or negative; or 2) according to the extent and 

intensity of staining using the H-score method (62). In total, 52 case-control pairs were available 

for study, of which 40 cases showed recurrent DCIS, 11 cases progressed to invasive disease and 

1 case developed further malignant breast disease of unknown status. Median follow-up was 9.4 

years [IQR 2.3, 11.4] (Supplementary Table 1). 

 



β6 RNAi transfection 

7x104 cells were plated in a 6 well plate and incubated overnight; standard oligofectamine 

(Invitrogen) protocol was then followed.  Briefly, β6 (M-008012-01, Thermo Scientific, 

Waltham, MA, USA) or non-targeting (D-001206-14, Thermo Scientific) RNAi was diluted to a 

concentration of 100nM in Optimem (Invitrogen) with oligofectamine and incubated with the 

cells for 4h.  Next, 1089-media + 30% FCS was added and the cells incubated for 48h.  

Knockdown of β6 mRNA and protein was validated by RT-PCR and Western blotting. 

 

Organotypic Invasion Assays 

The skin organotypic method developed by Fusenig et al (31) was adapted by Nystrom et al (32) 

and further modified.  Matrigel:collagen gels were prepared as follows: 3.5 volumes of collagen 

type 1 (BD Bioscience) and 3.5 volumes of Matrigel® were mixed on ice with 1 volume 10x 

DMEM, 1 volume FCS and 1 volume DMEM+10% FCS in which 5x105 cells per ml HFFF2 

fibroblasts had been suspended.  Then 1 ml of this solution was placed into wells of a 24-well 

plate and allowed to polymerize for 30 min at 37 °C.  1ml of DMEM + 10% FCS and glutamine 

was added to each well and incubated overnight. 

 

The next day 2.5x104/500μl (DMEM+10% FCS) N-1089 or β6-1089 cells were plated on top of 

the gel and allowed to settle for 6hrs at 37oC, then 2.5x104/500μl MDA-MB-231 cells were 

plated on each gel. Concurrently a cell-free collagen gel mix was used to coat sterile nylon discs 

(100 μm pore size; Tetko Inc) which, after polymerization at 37 °C for 10 min, were fixed in 1% 

glutaraldehyde for 1 h, washed (four times in PBS and once in DMEM + 10% FCS) and stored at 

4 °C. The following day, gels were removed from the 24-well plate and placed on to individual 



collagen-coated nylon discs resting on steel grids made from 2.5 cm2 squares of stainless steel 

mesh with the edges bent down to form 4-5 mm high legs.  This initial time-point was defined as 

day 1 of organotypic culture. The steel grids were placed in 6-well plates and sufficient DMEM 

+ 10% FCS added to reach the underside allowing the tumor cell layer to grow at an air-liquid 

interface. Medium was changed every 2 days.  Gels were fixed in formal saline and placed into 

paraffin blocks, 5μm sections were cut and analyzed by immunohistochemical staining.  

Invasion was determined by taking images of 3 random fields of view from triplicate gels and 

analyzing the number of invasive particles, the % area of the field the particles occupied and the 

depth the particles penetrated the gel (determined by three measurements per field of view) using 

ImageJ (NIH).   The product of the three values gave an overall “invasive index” (32). 

 

Mice 

To examine the effect of expression of integrin αvβ6 in myoepithelial cells on the tumor cell 

population mice were separated into 2 groups of 10.  A 50μl suspension of cells was injected into 

the mammary fat pad of each mouse; Group 1: 1.5x106 β6-1089 cells + 1.5x106 MDA-MB-231 

cells/mouse.  Group 2: Group 1: 1.5x106 N-1089 cells + 1.5x106 MDA-MB-231 cells/mouse. 

The greatest longitudinal diameter (length) and the greatest transverse diameter (width) of the 

tumors were measured with calipers 3 times a week starting at the point that tumor growth was 

observable.   

 

Zymography 

Cells (1x105) were pre-incubated with IgG antibody, β6 blocking antibody (10μg/ml, 10D5) or 

TGFβRII blocking antibody (10μg/ml, AF-241-NA, R&D systems, Abingdon, UK) in SFM 



before they were plated on coverslips coated with fibronectin (1μg/ml) or LAP (0.5μg/ml).  

Media were collected after 24h and MMP9 activity was analyzed using SDS-PAGE substrate 

gels. Gelatin (Bloom 300, Sigma) was added to a 10% acrylamide separating gel at a final 

concentration of 1 mg/ml. Equal protein samples (as determined by BCA protein assay), were 

mixed with non-reducing sample buffer [62.5mM Tris-HCl (pH 6.8), 10% glycerol, 2% SDS, 

0.1% bromophenol blue] and added to the gel without boiling.  MMP9 recombinant pro-enzyme 

(Millipore) and molecular weight markers were run on each gel.  Following electrophoresis, gels 

were washed twice in 2.5% Triton X-100 for 30 min at 37°C to remove the SDS.  Gels were 

incubated at 37°C overnight in developing buffer containing 50 mM Tris-HCl, 0.2 M NaCl, 5 

mM CaCl2 and 0.02% Triton X-100. Gels were stained with 0.5% Coomassie blue G250 in 30% 

methanol, 10% glacial acetic acid for 30 min and de-stained in the same solution without 

Coomassie blue.  Gelatin-degrading enzymes were identified as clear bands against the blue 

background of the stained gel. Images of stained gels were captured under illumination using the 

UVP Imagestore 5000 (Ultra-Violet Products, Cambridge, UK).  The intensity of the bands was 

measured by densitometric analysis.  Direct comparisons between separate gels were not made, 

as the intensity of background staining was variable.  Experiments were repeated a minimum of 

3 times in triplicate. 

 

RT-PCR 

RNA was isolated from N-1089 and β6-1089 cells and reverse transcription (RT)-PCR was 

carried out for β6 integrin, MMP9, and the housekeeping gene GAPDH. Total RNA was 

extracted using an RNA extraction kit (74104, Qiagen, Hilden, Germany). After quantitation, 0.1 

μg of total RNA was taken from each sample and cDNA was generated using the Promega 



Reverse Transcription kit (A3500) according to the manufacturer's instructions. PCR was carried 

out using megamix reaction buffer (Microzone Limited, West Sussex, UK), 1 μl of cDNA in 

each reaction, and 200 nM of primer. Primer sequences were as follows: GAPDH forward: CAT 

CAT CCC TGC CTC TAC TG, GAPDH reverse: TTG GCA GGT TTT TCT AGA CG; β6 

forward: GAT TGA ACT GCT TTG CC, β6 reverse: ACC CCG ATG AGA AGA AT.  PCR 

products were analyzed on a 2% agarose gel.  

 


