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Content of supplemental materials: 

Supplemental Figures: 
 
- Figure S1: Effect of pazopanib on human brain microvascular endothelial cells 

(HBMEC)   

 
- Figure S2: Representative photographs of H&E stained brain metastases. 
 
- Figure S3: Effect of pazopanib in combination with radiation on 231-BR-vector tumor 
cells. 
 
- Figure S4: Direct effect of pazopanib on MCF7-HER2-BR3 breast tumor cells 
 
- Figure S5: Representative MRI of MCF7-HER2-BR3 metastases in the brains of nude 
mice. 
 
 
Supplemental Materials and Methods: 
 
- Signaling pathway analysis. 
 
- Cell viability assay. 
 
- Cell cycle analyses. 
 
- B-Raf kinase assay. 
 
- B-Raf siRNA transfection. 
 
- Tube formation assay. 
 
- Clonogenic assay with irradiation. 
 
- Animal Experiments- Histologic analysis. 
 
- Micro-vascular density determination. 
 
- Immunohistochemistry (IHC). 
 
- Establishment of MCF7-HER2 brain model system. 
 
- Magnetic Resonance Imaging (MRI) and tumor volume analysis. 
 
- Statistical analysis. 



 3

 
 
Figure S1: Effect of pazopanib on human brain microvascular endothelial cells 

(HBMEC). A- Viability. 2x103 cells were seeded in 96 well plates. The next day, cells 

were treated with increasing concentrations of pazopanib or diluent (DMSO) for 48 and 

72 hours. The remaining cells were assayed for viability using MTT. The y axis 

represents percentage of cell viability compared to the control (DMSO) treated cells. 

Data are represented as mean ± SEM of three independent experiments, each 

concentration performed in triplicate or quintuplicate. Pazopanib dose was log10 

transformed and untreated control was not graphed.  B – C - Tube formation assay. 

HBMEC were incubated with increasing concentrations of pazopanib or diluent (DMSO) 

and immediately seeded on top of a matrix. The cultures were incubated for 3 hours to 

allow tube formation. Each concentration was tested in duplicate or triplicate in three 
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independent experiments and the number of loops counted. The graph represents mean ± 

SEM of the three pooled independent experiments. P values are shown when it achieved 

significant difference at a given dose of pazopanib (p<0.01). Raw data are presented but 

statistical analysis was performed on square root transformed data (B). Representative 

photographs of the tube network (C). D- Signaling. HBMEC were growth factor-starved 

for 1 hour and subsequently treated with pazopanib for another hour. After treatment, 

cells were stimulated with 10 ng/mL VEGF for 10 minutes, and effects on selected 

signaling proteins were analyzed by immunoblot. 
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Figure S2: Representative photographs of H&E stained brain metastases. Mice were 

inoculated with 1.75×105 231-BR-HER2 cells and randomized to receive vehicle, 30 or 

100mg/kg pazopanib. After 21 days of treatment, brains were excised, bisected along the 

sagittal plane, and the left hemisphere was immediately frozen in OCT compound. A 10 

�m step section every 300 microns through the brain were analyzed after H&E staining. 

Three representative pictures for each treatment group are shown (50x magnification). 

Arrows indicate the groups of metastases. Scale bars, 250 �m. 
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Figure S3: Effect of pazopanib in combination with radiation on 231-BR-vector 

tumor cells. Clonogenic assays were performed using 231-BR-vector cells treated with 

DMSO or pazopanib and irradiated at the indicated doses. No effects were observed at 

24-72 hr treatment.  
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Figure S4: Direct effect of pazopanib on MCF7-HER2-BR3 breast tumor cells. A- 

Effect on cell viability. MCF7-HER2-BR3 cells were incubated with increasing 

concentrations of pazopanib, Raf inhibitor or MEK inhibitor (U0126) for 96 h. Cells were 

assayed for viability using MTT. Data are represented as mean ± standard error of the 

mean (SEM) and are representative of two independent experiments. B- Effect on 

signaling pathways. MCF7-HER2-BR3 cells were serum starved overnight and 

subsequently treated with pazopanib or DMSO for 24 hours. After treatment, cells were 

stimulated with 10 ng/mL EGF factor for 10 minutes, and effects on signaling proteins 

assayed. “p-” refers to phosphorylation of the residue(s) in parentheses.  The data shown 

are representative of three separate experiments. C- Cell Cycle analysis. Cells were 

treated with DMSO (0) or 5 �M pazopanib (5) for 72h then were analyzed by flow 

cytometry. 
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Figure S5: Representative MRI of MCF7-HER2-BR3 metastases in the brains of 

nude mice. The mice were anesthetized with isoflurane and placed in the MRI coil in a 

supine position. Multislice T2-weighted turbo spin echo (T2W-TSE) images followed by 

a 3D T1-weighted Fast Field Echo images were acquired. T2W-TSE images were used to 

visualize the metastatic tumors. Tumor volume was calculated using Medical Image 

Processing, Analysis and Visualization software. From top to bottom, representative 

series of images used to quantify the volume of the metastatic tumor is presented. A- 

Representative mouse for the vehicle treated group. B- Representative mouse for the 

pazopanib treated group. 
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Supplemental Materials and Methods: 

Signaling pathway analysis. HBMEC cells were seeded in 10-cm plates at 3x106 

cells per plate and incubated overnight. The cells were washed and incubated with 

medium without growth factors for 1 hour, treated with pazopanib or an equal volume of 

diluent (DMSO) for an additional hour, followed by stimulation with 10 ng/mL 

recombinant human vascular endothelial growth factor (VEGF; Peprotech, Inc.) for 10 

min before lysing. For 231-BR-vector and 231-BR-HER2: Cells (3×106) were seeded in 

10-cm plates and serum starved overnight. Cells were treated with 0.5, 2 or 5 �M 

pazopanib or DMSO for 24 hours, followed by stimulation with 10 ng/mL VEGF for 10 

min before lysing. The HBMEC, 231-BR-vector and 231-BR-HER2 cells were lysed in 

RIPA buffer containing protease and phosphatase inhibitors. Total lysates (50 �g per 

lane) were resolved by SDS-PAGE and transferred to nitrocellulose. All primary 

antibodies were obtained from Cell Signaling Technology and used at a 1:1000 dilution, 

except for ��tubulin (Calbiochem, 1:2000). Horseradish peroxidase-conjugated 

secondary antibodies (Santa Cruz Biotechnology) were used at a 1:5000 dilution and 

detected using chemiluminescence and autoradiography.  

 

Cell viability assay. Tumor and endothelial cell lines were plated at a density of 

2,000 cells/well in 96-well plates and incubated overnight to allow cells to adhere. Tumor 

cell lines were maintained in 10% FBS and treated with increasing concentrations of 

pazopanib (0.5, 1, 2, 4, 6, 8 and 10 �M), MEK inhibitor or Raf inhibitor (2, 4, 6, 8 and 10 

�M ) or with DMSO as a control, for 96 hours; HBMEC were maintained in the 

appropriate Cell Systems medium with growth factors and treated with increasing 
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concentration of pazopanib (0.005, 0.05, 0.1, 0.5, 1 and 5 �M) for 48 and 72 hours. The 

number of viable cells was determined by adding 3-(4,5-dimethyl-2-thiazolyl)-2,5-

diphenyl-2H-tetrazolium bromide (MTT; Sigma) at a final concentration of 0.5 mg/mL to 

each well for 4 hours.  Following incubation, MTT was dissolved in DMSO and 

absorbance was measured at 570 nm.  Results are representative of three independent 

experiments, each performed in triplicate to sextuplicate.   

 

Cell cycle analyses. Tumor cell lines were plated at a density of 106 cells per 10 

cm dish and incubated overnight to allow cells to adhere. Cell lines were maintained in 

10% FBS and treated with either pazopanib (5 �M) with DMSO as a control, for 72. 

Cells were harvested and resuspended at a concentration of 1x06 cells/100 μl in PBS.  

Cells were then incubated in an ice bath for 15 mintues and subsequently fixed overnight 

in 1 ml of 70% ethanol at 4�C. Following fixation, cells were pelleted to remove the 

ethanol and RNase treated (100 units) for 20 minutes at 37�C. Cells were stained with 

propidium iodide (50 ug/mL) for 30 minutes at 4�C in the dark.  Samples were run on a 

Becton Dickinson FACSCalibur and analyzed using ModFit v3.0 software. 

 

B-Raf kinase assay. Raf kinase inhibitor was used as a positive control. Lapatinib, 

a kinase pocket inhibitor of HER2 and EGFR, was used as a negative control. Increasing 

concentrations of pazopanib, lapatinib or Raf inhibitor were incubated with 3�M B-Raf 

protein or 50�g of MCF7-HER2 or 231-BR-vector cell lysate. ATP-Mg cocktail (20 �L) 

and Assay Dilution Buffer I (22 �L) were added to the samples and incubated for 20 min 

at 30�C.  Subsequently, inactive MEK1 was added to each mixture and incubated for 30 
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min at 30�C. Twenty microliters of each reaction was used to perform pMEK1 and total 

MEK1 immunoblot analysis. Two independent experiments were performed. 

 

B-Raf siRNA transfection. siRNA constructs were purchase as Duplexed 

Stealth™ RNAi (Invitrogen). The following sequences were used: 

AAGUGGCAUGGUGAUGUGGCA (Wan PTC et al Cell 855-867 2004) and 

GGACAAAGAAUUGGAUCUGGAUCAU(Sharma et al cancer res 2006). A non 

targeting siRNA construct was used as a control. 1.5 106 cells were treated with 150 pmol 

siRNA and RNAiMax (Invitrogen). Cells were lysate at 48 and 96 hours after 

transfection to check protein expression by western blot assays. 

 

Tube formation assay. HBMEC cells were seeded at 1.5x104 cells/ well on top 

of a matrix (Millipore) in 96-well plate and incubated with increasing concentrations of 

Pazopanib (0.05, 1, 5, 10 and 20 �M) or diluent (DMSO). The cells were incubated for 3 

hours at 37�C to allow tube formation. Photographs of each condition were taken to 

quantify the numbers of loops that formed. Data shown are the mean of three experiments 

with each data point conducted in duplicate or triplicate. 

 

Clonogenic assay with irradiation.  Cultures were trypsinized to generate a 

single cell suspension and a specified number of cells were seeded into each well of a six-

well tissue culture plate. After allowing cells time to attach (4-6 h), cultures received 

pazopanib (1, 5, and 10 μM) or DMSO (vehicle control) for 24, 48, and 72 h before 

irradiation: medium was then removed and replaced with drug-free medium.  Cultures 
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were irradiated using a Pantak X-ray source at a dose rate of 2.54 Gy/min. Eight  to ten 

days after seeding, colonies were stained with crystal violet, the number of colonies 

containing at least 50 cells was determined, and surviving fractions were calculated. 

Survival curves were then generated after normalizing for the amount of pazopanib-

induced cell death. Data presented are the mean ± standard deviation (SD) from at least 

three independent experiments. 

 

Animal Experiments- Histologic analysis. Brains were excised, bisected along 

the saggittal plane, and the left hemisphere immediately frozen in Optimal Cutting 

Temperature (OCT) Compound. These samples were used for histology and CD31 

immunofluorescence (See Supplemental Materials and Methods).  The right hemisphere 

was fixed in 4% paraformaldehyde for 24 hours, transferred to 20% sucrose overnight 

and then frozen in OCT. These samples were used for immunohistochemistry (See 

Supplemental Materials and Methods). One10 micron step-section every 300 microns 

through the left hemisphere was analyzed using a Zeiss microscope, containing an ocular 

grid (0.8 mm2). Every micro- or large (> 300 microns in any single dimension) metastasis 

in each section was tabulated. 

 

Micro-vascular density determination. CD31 staining was performed on 

sections (10 �m thick) of fresh frozen tissue. Sections were fixed and permeabilized in 

ice-cold methanol. CD31 antibody (BD Pharmingen) was incubated overnight at 4�C. 

Alexa 546-conjugated secondary antibody (Invitorgen) was used, 200 �g/ml DAPI was 

added to the secondary antibody mixture and incubated for 1 hour.  Sections were 
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mounted in Fluorescent Mounting Medium (DAKO) and photographed using an 

Axioskop microscope with an Axiocam digital camera (Carl Zeiss Microimaging). 

AxioVision4 software was used for image acquisition and quantification. To measure the 

blood vessel density and the percentage of area occupied by blood vessels in the normal 

brain, three photographs at 100x magnification of brain sections without metastases were 

analyzed. In the metastases, six groups of metastases were analyzed per section. The 

groups of metastases being more heterogeneous than the area of normal brain, the number 

of images analyzed was doubled. 

 

Immunohistochemistry (IHC). Sections (5 �m thick) of fixed-frozen mouse 

brains were post-fixed and permeabilized in ice-cold acetone or methanol. Sections from 

five mice per group were incubated overnight at 4°C with a primary antibody specific for 

pERK1/2 (Cell Signaling Technology), pMEK1/2 (Abcam,) or pAKT (Abcam). 

Immunodetection was performed with the EnVision +� HRP system (DAKO) according 

to the manufacturer’s instructions followed by hematoxylin counterstain. Each large 

metastasis and 25 randomly chosen micrometastases per section were scored. Staining 

was scored on an intensity scale of 0 – 3+: 0 corresponded to background staining 

intensity; 1+ lesions contained tumor cells with visible staining above background but 

also some tumor cells that had background staining levels; 2+ staining appeared 

homogeneous and darker than 1+ staining; 3+ staining was uniformly dark. 

 

Establishment of MCF7-HER2 brain model system. The MCF7-HER2 cell line 

was injected in the left ventricle of the heart of athymic nude mice under isoflurane/O2 
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anesthesia. This cell line is estrogen receptor positive (ER+) therefore mice received a 

subcutaneous injection of 1.5 mg/kg Depo-estradiol (Henry Schein) one day before tumor 

cell injection and once a week throughout the duration of the study to facilitate tumor cell 

growth. Mice were euthanized when they showed signs of neurologic decline or loss of 

>20% body weight.  At necropsy, the brains were removed, minced and placed in tissue 

culture with standard growth media. MCF7-HER2 cells that grew out in culture were 

pooled from all positive mice to establish a brain (BR1) subline.  MCF7-HER2-BR1 cells 

were re-injected and the protocol repeated 2 additional times to establish the MCF7-

HER2-BR3 cell line.  

Magnetic Resonance Imaging (MRI) and tumor volume analysis. MRI was 

performed with a 3.0T clinical scanner (Philips Intera Achieva, Best, The Netherlands) 

using a custom built SENSE array coil for simultaneous imaging of four mice. Mouse 

beds, nose cones, waste gas recovery, and heating system are incorporated to facilitate 

animal handling in a single construction fabricated with polycarbonate. The animals were 

anesthetized with isoflurane and placed in the coil in a supine position. Multislice T2-

weighted turbo spin echo (T2W-TSE) followed by a 3D T1-weighted Fast Field Echo 

(3D T1W-FFE, TR/TE 21/4.2 msec, FA 25 degree) were acquired. T2W-TSE (TE 100 

ms, SENSE P4, FOV 120, 0.5mm 36 slices, Matrix 1024) images were used to identify 

the tumors. For each mouse, the tumor volume was calculated using Medical Image 

Processing, Analysis and Visualization software. 
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Statistical analysis. A variety of analyses of variances (ANOVA) were 

performed on the raw or transformed data.  Samples from experimental units were 

averaged and the square root of the sample size was used at a weight in subsequent 

analyses.  One-way or two-factor factorial ANOVAs were used to analyze relatively 

simple fixed effect models.  Mixed models were used as necessary to model random 

variation due to repeated experiments.  Repeated measures ANOVAs were used to model 

longitudinal data.  Analysis of covariance was used to account for important covariates.  

Binomial data was analyzed with a logit function.  If necessary, data were square root or 

cube root transformed to normalize residuals.  Finally, for all ANOVAs, residuals were 

examined for normality and homogeneity and residuals were partitioned if found to be 

heterogeneous.  For pair-wise comparisons between a control and other treatments, 

Dunnett’s method was used to adjust the p-values.  Otherwise, Holm’s method was used 

to adjust pair-wise p-values (Holm S. A Simple Sequentially Rejective Multiple Test 

Procedure. Scandanavian Journal of Statistics 1979;6: 65 -70.).  In view of the multiple 

tests performed, we consider p<0.01 as the upper limit of what may be interpreted as 

being statistically significant, 0.01<p< 0.05 as a strong trend, and p>0.05 as not 

statistically significant.   

 

 

 


