
 

 

Material and Methods 

Flow Cytometry Analyses: 

Immunostaining of breast cancer cells for HER2 was performed by incubating cells with anti-

HER2/neu APC (Biosciences, Cat# 340554), anti-HER2/neu PE (Biosciences, Cat#340552) 

antibodies for 15-30 minutes prior to FACS analyses. 

Sorted Aldefluor positive and negative populations were subjected to cytospin prior to fixation 

with 95% cold methanol and then rehydrated in PBS. Subsequently these slides were stained 

with anti-human HER2 antibody (Neomarkers c-erB-2 AB-17) at 1:200 dilution and then 

examined by fluorescence microscopy.  

Immunohistochemical (IHC) staining and intrinsic subtyping: 

Immunohistochemical (IHC) staining of mouse xenografts and primary human tumor sections 

with anti-HER2/neu (DAKO), or the anti-Aldehyde dehydrogenase 1A1 (BD biosciences) was 

performed as previously described (1). All IHC staining was performed using Histostatin kit 

(Invitrogen) and hematoxylin. Bones were decalcified in Decalcifier II (Leica Biosystems) for 

three hours at room temperature.  Decalcified bones and soft tissue tumors were paraffin 

embedded; histological sections were cut at 4µm thickness and controls were stained with 

hematoxylin and eosin (H & E).   

Serial sections of formalin-fixed, paraffin-embedded (FFPE) tissue blocks of primary and bone 

metastatic were cut and stained utilizing IHC analyses for ERα (DAKO, clone 1D5, M7047, 

1:50), PgR (DAKO, clone PgR636, M3569, 1:50), HER2 (DAKO, A0485, 1:100), Ki-67 

(DAKO, clone MIB-1, M7240, 1:100). Bone specimens were stained for the presence of CK8 

(NOVUS, NB600-1117, Chicken polyclonal antibody, 1:1000) to confirm the presence of tumor 

cells in the specimen.  Stained slides were digitized and scored using an APERIO digital system. 

Intrinsic subtype, as determined by visual scoring of the IHC results. HER2 IHC scoring was 

based on the ASCO-CAP guidelines (2). 

 

Tumorsphere assay: 



Single cells were plated on ultra-low attachment plates at 1x105 cells/ml density and grown for 7 

days in a Mammocult medium (Stem Cell Technologies) as prescribed previously (3). Following 

the treatment of primary spheres, they were dissociated into single cell suspension and plated at a 

density of 5x103-1x104 cells/ml for the subsequent passages. Secondary and tertiary spheres 

cultured in the absence of trastuzumab were counted after 5 to 7 days in culture as previously 

described (3).  

Cell Proliferation assay 

The effect of trastuzumab on cellular proliferation was determined by signal intensity of live 

cells using the MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay as 

performed according to suppliers guidelines (Sigma). 

Generation of osteoblasts 

Osteoblasts were generated from human mesenchymal stem cells by differentiating them in 

osteocyte differentiation media according to supplier’s guidelines (Gibco) (4). DsRed labeled 

MCF7 cells and osteocytes were mixed at 1:1 ratio and grown for 7 days in the presence or 

absence of denosumab. Subsequently HER2 expression in MCF7 cells was examined utilizing 

the FACS by gating out the non-DsRed expressing Osteoblasts.   

 

Generation of lentiviral vectors and stable cell lines 

Stable breast cancer cell lines expressing luciferase were generated by infecting them with 

luciferase expressing lentiviruses and used in xenograft assays. HER2 was down regulated in 

MCF7 cells by infecting them with validated set of 3 shHER2 constructs (SHGLY, Sigma) that 

express HER2 targeting shRNA sequences (SIGMA MISSIONTM).  HER2 down regulation in 

MCF7-shHER2 cells was confirmed by Western blotting (5) and IHC. Oligo #2 (target sequence: 

TGTCAGTATCCAGGCTTTGTA) was determined to have the most efficient knockdown in 

MCF-7 cells and thus has been used in subsequent studies.  

 

Mouse xenografts, tibia injections, treatment and live imaging by bioluminescence 

Luciferase expressing breast cancer cell lines were implanted in 5-week old NOD/SCID mice 

and tumor growth was monitored by utilizing the in vivo bioluminescence Caliper IVIS imaging 



systems and the changes in tumor size were also calculated by measuring two dimensions. 

Experiments involving live imaging of mice were conducted in accordance with standard 

operating guidelines approved by the Unit for Laboratory Animal Medicine (ULAM) at the 

University of Michigan.  

Early (adjuvant) drug treatments were started immediately after the implantation of cells in mice, 

trastuzumab was given by Intra-peritoneal (IP) injection at 5 mg/kg dose twice a week, docetaxel 

was given by IP at 10mg/kg dose once per week. Treatments for all early settings continued for 

5-6 weeks. 

Late (advanced) drug treatments were started after the establishment of primary tumors (palpable 

tumors=0.3-0.4 cm). Treatments and drug doses for late settings were the same as described for 

early setting.   

Dilutions of breast cell lines and different subpopulations of MCF7 cells were performed as 

indicated in figure legends. Tumor initiation frequency in each subgroup was compared using 

extreme limiting dilution analysis (ELDA) (6).  

Tibia injection in 5-7 weeks old NOD/SCID mice were performed by puncturing the right tibia 

with 27 gauge needle and subsequently implanting 1x106 MCF7cells in 50 µl of saline. Un-

injected left tibiae served as a control. Mice were followed for 8 weeks when tibiae were 

surgically removed and fixed in 10% buffered formalin followed by 70% EtOH.  After fixation, 

tibiae were de-calcified, paraffin embedded and subjected to IHC staining. Bone tumor size was 

analyzed by measuring tumor area within the bone using Olympus DP72 camera software. 

Trastuzumab treatment in these mice was identical to the mice with fat pad implantations as 

described above. Mice implanted with MCF7-HER2-knockdown cells in tibia were also followed 

for 8 weeks.  

 

Statistical analyses: 

Results of in vitro experiments are presented as mean ± standard deviation or mean ± standard 

error representation of 3 independent experiments. Student t-test was used to compare 

continuous variables. Median time to tumor formation was analyzed using Log rank test and 

Kaplan Meier method. SPSS version 13 was used for statistical analysis. P-value of less than 

0.05 was considered statistically significant. 

 



Mouse tumor xenografts experiments are presented with means and standard errors of the mean.  

Experiments with multiple tumors per mouse had standard errors of the mean calculated using 

clustering methods.  Tumor growth experiments were analyzed using linear mixed models to 

account for the repeated measures.  Correlation structures were dependent upon the experimental 

design.  Luciferase experiments were assumed to have a first order autoregressive correlation 

structure.  Pairwise comparisons were made within the models at cross-sections and the 

Bonferroni multiple comparisons adjustment was used for each experiment.  Analyses were 

completed using SAS 9.3 (SAS Institute, Cary, NC) with alpha of 0.05 determining statistical 

significance as determined by a statistician (SD). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary Figures 

 

 

 

 

 

 

 

Supplementary Figure 1. Representative FACS analysis demonstrating  an overlap between 

HER2 expression and ALDH activity. Aldefluor assay and HER2 staining were performed using 

MCF7 cells.  A, Aldefluor positive cell population displayed enrichment for HER2 expression as 

compared to the Aldefluor negative cell population. B, Conversely the HER2 positive cell 

population is also enriched for Aldefluor activity while the HER2 negative cell population lacked 

this activity (as shown in figure 1).  

 

 

 

 

 



 

Supplementary Figure 2. Trastuzumab inhibits tertiary tumorsphere formation in luminal cell 

lines. A, MCF7 and B, ZR75-1 Cell lines were cultured in suspension in the presence or absence 

of trastuzumab and tumorspheres were then passaged in the absence of trastuzumab. Shown are 

the number of primary, secondary and tertiary tumorspheres formed (MCF7 *p<0.05, ZR75-

1**p<0.01). 

 

 

 

 



 

Supplementary Figure 3. Effect of trastazumab on stem cell marker expression.  A, 

Representative flow cytometry data of three individual experiments  demonstrating reduction in 

Aldefluor-positive populations of MCF7 and ZR75-1 after cells  that were treated with 

trastazumab for five days (**p<0.01 for each). B, Representative flow cytometry data of three 

individual experiments utilizing MCF7 cells exposed to trastuzumab for five days, demonstrating 

a decrease in expression of the CSC markers CD44+CD24- (*p<0.02).  

 

 

 

 



 

Supplementary Figure 4. Trastuzumab treatment or HER2 gene knockdown reduces 

tumorsphere formation of  MCF7 cells.  A,  Western blot demonstrating efficient knockdown of 

HER2 protein expression in MCF7 cells infected with three different shRNA HER2 lentiviral 

constructs (5). B, Trastuzumab treatment significantly reduces the sphere forming capacity of 

MCF7 cells. Furthermore, trastuzumab had no further effect on sphere formation in HER2 

knockdown cells confirming the specificity of this effect. C, Graph demonstrating the 

distribution of HER2+ and HER2‐ cells within the ALDH+ and ALDH‐ subpopulations.  

 



 

Supplementary Figure 5. Rank mediated upreglation of HER2 expression in MCF7 cells. A, 

Enrichment of HER2 expression in MCF7 cells that were co‐cultured with human osteoblasts 

was abrogated by treatment with anti‐RANKL antibody, denosumab. B, Sphere formation assay 

demonstrating that recombinant RANKL increases primary and secondary sphere forming 

capacity of MCF7 cells in vitro. C, Representative flow cytometry showing higher RANK 

(receptor) expression in the top 10% of HER2+ expressing cells compared to the bottom 10% of 

HER2 expressing MCF7 cells. D, Activation of Wnt/β‐catenin signaling characterized by 

increased nuclear β‐catenin in MCF7 xenografts grown in mouse tibia. Trastuzumab treatment 

substantially reduced this effect. 

 



 

Supplementary Figure 6. Elevated HER2 expression in bone metastasis compared to matched 

primary luminal tumors is not due to HER2 gene amplification. A, Representative  luminal breast 

cancer cases 1, 3, 7, 11, 16 showing increased HER2 expression in bone metastases compared to 

matched primary tumors from same patients. B, As assessed by FISH, there was no HER2 gene 

amplification in luminal tumor bone metastases  (cases#17 and 25).  

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

Supplemental Figure 7. No significant differences in HER2 protein expression were found in 

matched primary tumors and bone metastasis in women with HER-positive breast cancer. Cases 

4, 13, and 14 are HER2-positive; (*T) indicates treatment with trastuzumab and (NT) indicates 

no treatment with trastuzumab. 
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