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Supplementary Materials and Methods 

Immunohistochemical staining and evaluation 

Tissues from 88 patients with primary IBC who were treated at The University of 

Texas MD Anderson Cancer Center between September 1994 and August 2004 were 

included in this study. This study was approved by the MD Anderson Cancer Center 

Institutional Review Board. Formalin-fixed paraffin-embedded tissues were used to 

construct tissue microarray (TMA) as described previously (1). IHC staining for TIG1 

and for Axl on TMA slides was performed as described previously (2). Staining for TIG1 

and for Axl was available for 77 and 72 tumors, respectively; the tissue cores in the 

remaining tumors were either missing during staining or contained too few tumor cells to 

be interpreted properly. The TMA slides were scanned and analyzed with the 

ChromaVision Automated Cellular Imaging System III (ACIS III) image analyzer (Dako) 

as described elsewhere (3). The immunostaining intensity of each sample was quantified 

as the average optical density readings of 6 randomly selected malignant tumor areas. 

The average intensity of normal breast tissues on TMA slides purchased from US 

Biomax Inc. served as a blank control. The final staining intensity of each sample was 

normalized by subtracting the intensity of the blank control. The samples were divided 

into weak and strong groups according to staining intensity. Meanwhile, TIG1 and Axl 

staining was interpreted and recorded independently by two pathologists (W.X. and Y.G.) 

in a blinded manner; similar results were obtained. 

Plasmid transfection and generation of stable clones 

To generate TIG1 stable knockdown clones in SUM149 or KPL-4 cells, two HuSH 

shRNA plasmids against TIG1 (Origene) were used: shTIG1-A 
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(GGTGCCGAGCCAACTTTCCTGCGTCCATG) and shTIG1-D 

(CCAGACCAACCATCAATGTAACTTGTACA). A noneffective 29-mer scrambled 

shRNA cassette in a pRS vector was used as a control. All transfections were performed 

with FuGENE HD transfection reagent (Roche) according to the manufacturer’s 

guidelines. Stable control (shControl) and TIG1 knockdown clones (shTIG1-A and 

shTIG1-D) were selected and maintained with puromycin. To restore TIG1 or Axl 

expression in shTIG1-A cells, a control plasmid (pCMV6-Vec) or a TIG1 or Axl 

expression vector (pCMV6-TIG1 or pCMV6-Axl) (Origene) containing the neomycin 

resistance gene was transfected into shTIG1-A cells using FuGENE HD. The stable 

control clone (pCMV6-Vec) and TIG1-restored clone (pCMV6-TIG1) were selected and 

maintained with both puromycin and neomycin. pCMV6-Axl was transiently transfected 

into shTIG1-A cells for the experiments. To generate Axl stable knockdown clones in 

SUM149, two Mission ShRNA Transduction Particles targeting human Axl (Sigma-

Aldrich) were used according to the manufacturer’s guidelines: shAxl-D 

(CCGGCGAAATCCTCTATGTCAACATCTCGAGATGTTGACATAGAGGATTTCG

TTTTT) and shAxl-E 

(CCGGGCTGTGAAGACGATGAAGATTCTCGAGAATCTTCATCGTCTTCACAGC

TTTTT). Mission Non-Target shRNA Control Transduction Particles (SHC002V) were 

used as a control. Stable control (shControl) and Axl knockdown clones (shAxl-D and 

shAxl-E) were selected and maintained with puromycin. 

Proliferation assay and BrdU incorporation assay 

A total of 1 × 105 cells were plated in complete medium in a 6-well plate and 

incubated for 24, 48, and 72 hours. Cells were then harvested, and cell proliferation rates 
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were measured by counting viable cells using the trypan blue dye exclusion method or 

using the CellTiter-Blue assay according to the manufacturer’s protocol (Promega).  

For the BrdU incorporation assay, cells were plated at a density of 1 × 104 cells in 

chamber slides and cultured for 48 hours. Cells were then incubated with BrdU for 6 

hours, stained with anti-BrdU-FITC for 30 min, and then sorted by a BD FACScan flow 

cytometer to determine the percentages of BrdU-positive cells.  

To measure the IC50 of SGI-7079, SUM149 or KPL-4 cells were seeded at a density of 

4000 cells/well (SUM149) or 1000 cells/well (KPL-4) in 96-well plates overnight and 

then treated with SGI-7079 at different concentrations for 72 hours. Viable cell numbers 

were determined by using the CellTiter-Blue assay according to the manufacturer’s 

protocol (Promega). 

Xenograft studies 

Four- to six-week-old female athymic BALB/c nu/nu mice were purchased from The 

Jackson Laboratory (Bar Harbor, ME). Animal care and use were in accordance with 

institutional and NIH guidelines. SUM149, shControl, shTIG1-A, and shTIG1-D cells (2 

× 106 cells with 50% Matrigel) were injected into the mammary fat pads of the mice. 

Each group consisted of 5 mice. Tumor volumes were assessed every week by measuring 

the externally apparent tumors in 2 dimensions using a caliper. Volume (V) was 

determined by the following equation, where L is the length and W is the width of the 

tumor: V = (L × W2) × 0.5. 

Migration and invasion assays 

Migration and invasion assays were carried out using Boyden chambers according to 

the supplier’s instructions. For the invasion assay, 2.5 × 105 cells suspended in medium 
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without FBS were plated on Matrigel-coated 8-μm polypropylene filter inserts in Boyden 

chambers (both Matrigel and Boyden chambers from BD Biosciences). The bottom 

chamber contained normal growth medium. After 18 hours, the cells remaining in the top 

chamber were removed with a cotton swab, and the cells on the bottom of the filter were 

fixed in 20% methanol and stained with 0.1% crystal violet. Invaded cells were 

quantitated by dissolving stained cells in a solution of 4% sodium deoxycholate and 

colorimetric reading of absorbance at 595 nm. The migration assay was carried out 

according to the procedure described for the invasion assay except that the cells were 

plated on uncoated 8-μm-pore polypropylene filter inserts in the Boyden chambers and 

incubated for 6 hours. To test the effects of SGI-7079 on migration and invasion, cells 

were treated with SGI-7079 at indicated concentrations for 48 hours and then subjected to 

migration and invasion assays as described above. 

Three-dimensional culture 

For 3D culture, 65 µL of Matrigel (BD Biosciences) per well was added into a 4-well 

chamber slide (Lab-Tek II, Nalge Nunc International) as the bottom layer and incubated 

at 37°C for 30 min. Then, 5 × 104 cells were resuspended in 500 µL of culture medium 

with 2% Matrigel on ice and added to the solidified bottom layer. 

DNA microarray analysis 

ON-TARGET Plus SMART Pools against TIG1 (NM_002888) and siGENOME Non-

Targeting siRNA Pool (control siRNA) were purchased from Dharmacon Research, Inc. 

SUM149 cells were transfected with siRNA at a final concentration of 200 nmol/L by 

using oligofectamine (Invitrogen) according to the manufacturer’s guidelines. SUM149 

cells transiently transfected with control siRNA or siRNA targeting TIG1 were used. 
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Total RNA was extracted and purified with use of an RNeasy mini kit (Qiagen, Inc.) 

according to the manufacturer’s instructions. The integrity of the obtained RNA was 

assessed with use of an Agilent 2100 BioAnalyzer (Agilent Technologies). The 

Affymetrix HGU133 Plus platform was used for hybridization, staining, and imaging of 

the arrays according to the manufacturer’s instructions. Gene expression analysis was 

performed in triplicate. Data obtained from the microarrays were normalized by the 

robust multiarray average method (4). Statistical analyses were performed by using R 

statistical software version 2.10.1 (http://www.r-project.org/), BioConductor software 

(http://www.bioconductor.org/), and BRB-ArrayTools v 4.1.0 

(http://linus.nci.nih.gov/BRB-ArrayTools.html). The microarray dataset has been 

deposited in the NCBI Gene Expression Omnibus database 

(http://www.ncbi.nlm.nih.gov/geo) with the accession number GSE30543. 

Quantitative RT-PCR 

The sequences of the primers for quantitative RT-PCR were as follows: TIG1: 5’-

TAATTCCCTGTCGCATTCAC-3’ (forward), 5’-GGAGGCTTCTTCTGGTGTCT-3’ 

(reverse); Axl: 5’-CTTGGCTCTCTTCCTTGTCC-3’ (forward), 5’- 

TCCGACGACTGTAGGACTTG-3’ (reverse); Actin: 5’-

GCGGGAAATCGTGCGTGACATT-3’ (forward) and 5’-

AGACAGTCTCCACTCACCCAGGAAG-3’ (reverse).  

Immunoblotting and immunoprecipitation 

Cells were lysed in RIPA buffer (50 mmol/L Tris-HCl [pH 7.5], 150 mmol/L NaCl, 

1% NP40, 0.5% sodium deoxycholate, 0.1% SDS) supplemented with 10 µL/mL 

phosphatase inhibitor cocktail and 10 µL/mL protease inhibitor cocktail. SDS-PAGE and 
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immunoblotting were carried out according to standard procedures. An Odyssey IR 

imaging system (LI-COR Biosciences) was used to examine the membranes. For 

immunoprecipitation, cells were lysed in 20 mmol/L Tris-HCl (pH 7.5), 10 mmol/L KCl, 

and 0.5% NP40 supplemented with phosphatase inhibitor and protease inhibitor cocktails. 

Extracts were precleared with 1 μg of nonspecific IgG antibody and 20 μl of protein G-

agarose (Roche) for 1 hour at 4°C. Precleared lysates were then incubated with 2 μg of 

primary anti-TIG1 antibody or anti-IgG antibody at 4°C overnight with gentle agitation. 

After the addition of protein G-agarose, incubation was continued for an additional 2 

hours at 4°C. Protein G-agarose pellets were collected and washed 4 times at 4°C and 

then subjected to 10% SDS-PAGE and Western blotting. 

Confocal microscopy 

Cells were plated on Labtek chamber slides (1 × 105 cells/mL) and cultured overnight. 

Cells were fixed with 4% paraformaldehyde in phosphate-buffered saline (PBS) 

overnight and permeabilized with 0.2% Triton X-100 for 15 min. Immunostaining was 

performed with primary antibody against TIG1 or Axl at room temperature for 1 hour, 

followed by secondary FITC and Texas Red-conjugated antibodies. Nuclei were stained 

with nuclear marker 4', 6-diamidino-2-phenylindole, dihydrochloride (DAPI). 

Immunofluorescence microscopy images were obtained with use of a Zeiss LSM710 

laser confocal microscope (Carl Zeiss MicroImaging, Inc.). 

Immunofluorescence assay 

Mammary tumor tissue was harvested, frozen-embedded, and sectioned. The tumor 

samples were stained with anti-TIG1, anti-Axl, and anti-PCNA antibodies. PCNA 

antibody is an indicator of cancer cell proliferation. Nuclei were stained with 4', 6-
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diamidino-2-phenylindole, dihydrochloride (DAPI), and fluorescence intensity was 

analyzed with use of AxioVision software version 4.4 (Carl Zeiss). 

To stain actin filaments, cells were cultured in chamber slides for 48 hours, fixed with 

4% paraformaldehyde, and permeabilized with 0.2% Triton-X 100 in PBS. Then cells 

were blocked with 3% BSA and incubated with rhodamine-phalloidin. Nuclei were 

labeled with DAPI. Images were collected with a Zeiss LSM710 laser confocal 

microscope (Carl Zeiss, Inc. Thornwood, NY).  

Cellular fractionation 

Cellular fractionation was performed as described previously (5). Briefly, cells were 

collected, washed with ice-cold PBS, swelled, and solubilized in lysis buffer (10 mM 

Tris-HCl [pH 8.0], 10 mM KCl, 0.5% NP-40 2 mM MgCl2, 0.5 mM dithiothreitol, 1 mM 

PMSF, and 0.15 u/mL aprotinin) for 20 min on ice. Cells were homogenized with a 

Dounce homogenizer (20 strokes) on ice. After that, the nuclei were pelleted by 

centrifugation at 600 × g for 5 min, and the supernatant (cytoplasmic fraction) was 

collected. After being washed with lysis buffer 3 times to remove any cytoplasmic 

contamination, the nuclei pellet was solubilized in RIPA buffer, sonicated to disrupt all 

nuclei, and then centrifuged at 16,000 × g for 20 min at 4°C. The supernatant (nuclear 

lysate) was collected. 

Anchorage-independent growth 

SUM149 (4,000 cells/well) or KPL-4 (500 cells/well) cells were mixed with 0.4% 

agarose in complete medium and then plated over a bottom layer of 0.8% agarose in a 6-

well plate containing various concentrations of SGI-7079. The plates were incubated at 

37°C for 3 weeks and then stained with MTT (4 mg/mL; Sigma Aldrich, St. Louis, MO) 
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at 37°C for 2 hours. The number of colonies of >80 µm was counted with GelCount 

(Oxford Optronix, Oxford, UK). 

Propidium iodide (PI) staining and analysis by fluorescence-activated cell sorting 

SUM149 or KPL-4 cells were treated with SGI-7079 at indicated concentration at 

37°C for 48 hours. Cells were then trypsinized, fixed in ethanol at 4°C overnight, stained 

with PI solution (25 µg/mL) with RNase A (100 µg/mL), incubated at 37°C for 30 min, 

and analyzed by FACSCalibur (BD Biosciences) and FlowJo. 
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