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SUPPLEMENTARY DATA

RESULTS

Overexpression of Ang2 in MCF-7 breast cancer cells

To determine whether Ang2 plays a critical role in breast cancer progression, we

utilized human MCF-7 breast cancer cells that are poorly metastatic and form estrogen-

dependent tumors in animals as our model system. MCF-7 cells were stably transfected

with a c-Myc and His-tagged Ang2 cDNA expression vector (pSecTagB, Invitrogen) or a

pSecTag vector encoding LacZ.  More than 50 MCF-7 cell clones that express exogenous

Ang2 and a cell population express LacZ were characterized (1, 2).  As shown in Figure

S1A, endogenous Ang2 was undetectable in LacZ-transfected MCF-7 cells while MCF-7

Ang2-expressing cell clones express exogenous Ang2 at various levels.  Next, we

examined the expression of the cognate receptor for Ang2 in human breast cancer cells

by RT-PCR analyses.  We found that Tie2 was readily detectable in human umbilical
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vascular endothelial cells (HUVEC) and human dermal microvascular endothelial cells

(HMVEC) but absent in MCF-7/LacZ control, Ang2-expressing cell clones and T47D

breast cancer cells (Figure S1B).  Similarly, a potential receptor for Ang2, Tie1 was not

expressed in various human breast cancer cells but found in human endothelial cells (data

not shown). To authenticate whether the amplified DNA fragment in human endothelial

cells was Tie2, the PCR product from HUVEC was further analyzed by DNA sequencing.

The resulting 480 nucleotide sequence (the amplified Tie2 DNA fragment has 538

nucleotides in length) matched perfectly with the DNA sequence of human Tie2 when it

was blasted into the NCBI website (data not shown).  Lastly, MCF-7/LacZ control cells,

MCF-7/Ang2#1, MCF-7/Ang2#5 cell clones with high Ang2 expression and MCF-

7/Ang2#4, MCF-7/Ang2#52 cell clones with low and moderate expression respectively

were further stably transfected with a nuclear-localized GFP (H2B-GFP) cDNA

expression construct and FACS sorted for cell populations that express GFP at the highest

levels.  Therefore, LacZ/GFP cells are a pooled cell population whereas MCF-

7/Ang2/GFP cells are GFP-expressing cell population derived from individual cell

clones.  Hereafter, these MCF-7/LacZ/GFP and MCF-7/Ang2/GFP cells are designated as

LacZ, Ang2#1, Ang2#4, Ang2#5 or Ang2#52 cells.

Materials and Methods

Cell lines and reagents

Human MCF-7 and T47D breast cancer cells were obtained from American Type Culture

Collection (Vanessa, VA) and cultured as previously described (1). Growth factor-
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reduced Matrigel basement membrane matrix was from BD Biosciences (Boston, MA).

Diff-Quick Stain Kit was from VWR Scientific (West Chester, PA).  Protein G-plus and

Protein G-plus/Protein A agarose bead slurry were from Oncogene Research (San Diego,

CA).  Ni+-NTA beads were from Qiagen (Valencia, CA). Secondary Alexa FluorTM 488-

conjugated antibodies were from Molecular Probe, Inc. Other chemicals and reagents

were from Fisher Scientific (Hanover Park, IL), Sigma Chemicals (St. Louis, MO), or

Invitrogen (Carlsbad, CA).

The following antibodies were used for this study for Western blot analyses

(WB): anti-β1 integrin (clone JB1A) and anti-β3 integrin (clone B3A) antibodies, a β1

integrin polyclonal investigator kit and an alpha integrin blocking kit, an IHC investigator

kit that included anti-β1, anti-α1, anti-α2, anti-α3, anti-α4, anti-α5, anti-α6, and anti-αv

antibodies; anti-αvβ5 (clone P1F6) (Chemicon International Inc., Temecula, CA).

Dilution of these anti-integrin antibodies was from 1:100 to 1:1000 according to the

instruction of the manufacture.  Additionally, the following antibodies were also used for

WB analyses: goat anti-Ang2 antibody (1:1000, cat. AF623) and human recombinant

Ang2 protein (R&D Systems), rabbit anti-ILK antibody (1:1000, cat. 06-596, Upstate

Biotechnologies, Lake Placid, NY); mouse anti-E-Cadherin antibody (1:5000, cat.

610181, BD Biosciences, San Diego, CA), rabbit anti-vimentin antibody (1:2000, cat.

Ab7783, Novus Biologicals, Inc., Littleton, CO); goat anti-Snail (E-18, 1:200), goat anti-

β−actin (I-19, 1:1000) and mouse anti-Myc-antibody (1:100, clone 9E10) antibodies

(Santa Cruz Biotechnology, Santa Cruz, CA); rabbit anti-GSK-3β (1:500, cat. 9332),



Supplementary Data
Imanishi, Y., et al.,

4

anti-phospho-GSK-3β (Ser9, 1:1000, cat. 9336), anti-Akt (1:500, cat. 9272) and anti-

phospho-Akt (Ser473, 1:1000, cat. 9271) antibodies (Cell Signaling, Danvers, MA).

The following antibodies were used for inhibition of various integrin in breast

cancer cell migration and invasion assays according to the instruction of the manufacture:

a β1 integrin polyclonal investigator kit and an alpha integrin blocking kit that included

anti-β1, anti-α1, anti-α2, anti-α3, anti-α4, anti-α5, anti-α6, and anti-αv antibodies and anti-

αvβ5 (clone P1F6) were from Chemicon International Inc., Temecula, CA.

Generation of MCF-7 cell lines that stably express Ang2, LacZ and GFP

MCF-7 cells were stably transfected with cDNA inserts of Ang2 or LacZ in a

pSecTagB/Myc-His(+) expression vector (3). Forty-eight hr after transfection, the cells

were cultured in medium containing Zeocin (600 µg/ml).  More than 50 cell clones that

express exogenous Ang2 at various levels were expanded and characterized using WB

assays (Figure S1A).  More than 20 cell clones that express exogenous LacZ were

characterized using β-galactosidase staining as previously described (2) and 8 cell clones

that show intense β-galactosidase stains were pooled together as a MCF-7/LacZ cell

population control (designated as LacZ hereafter) for the following experiments

throughout this study.   In order to examine the micrometastases of MCF-7 cells with a

green fluorescent marker, a pSecTag vector (Invitrogen)-LacZ transfected cell population

(MCF-7/LacZ, see above) and four of MCF-7/Ang2-overexpressing clones (Ang2#1,

Ang2#4, Ang2#5 and Ang2#52) were stably transfected with a H2B-EGFP/pcDNA3

construct. G418-resistant GFP-expressing cells were sorted by a fluorescence-activated

cell sorter (FACS) and expanded.  LacZ/GFP cells were a FACS-sorted cell population
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expressing GFP derived from MCF-7LacZ cells whereas Ang2#1/GFP, Ang#4/GFP,

Ang2#5/GFP and Ang2#52/GFP were the FACS-sorted GFP-expressing cell populations

derived from the corresponding Ang2-expressing cell clones. When compared with their

parental counterparts, these MCF-7 GFP-expressing cell populations displayed similar

growth rate, cell morphology and ER expression levels in vitro and estrogen-dependent

tumor growth (data not shown).

Expression and purification of Ang2

The His- and Myc-tagged recombinant Ang2 proteins were purified from a 48 hr serum-

free conditioned medium (CM) from MCF-7/Ang2 cells using Ni+-NTA affinity

chromatography according to the manufacturer’s protocol (Qiagen). The CM was first

dialyzed against PBS for 48 hr at 4oC and then mixed with Ni+-NTA beads overnight at

4oC. The incubated beads were packed onto a column and washed extensively with 25

mM sodium phosphate, pH 7.6, 300 mM NaCl and 30 mM imidazole. The His-tagged

Ang2 proteins were eluted with the washing buffer containing 300 mM imidazole and

dialyzed against PBS for 48 hr at 4oC. The pooled Ang2 proteins were analyzed by WB

analyses. The biological activity of the purified Ang2 was determined as previously

described (3).

RT-PCR and FACS analyses

cDNA templates for PCR analyses of human Tie2 and β-actin were synthesized from

human dermal microvascular endothelial cells (HMEVC), various MCF-7 cell lines and

T47D cells. PCR reactions were performed using the following primers: human Tie2: 5’-
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CATCACCATAGGAAGGGACTT-3’ (sense primer); 5’-

GGCAGACACCATTGTTCATAC-3’(antisense primer); human Tie1 5’-

GGGTCGAATTCTGGAGTATGGTCTGGCGGGT-3’ (sense primer); 5’-

GGCAAGCTTCCAGGTAAGTGG-3’(antisense primer) (4) and human β-actin: 5’-

CGGGAAATCGTGCGTGACAT-3’ (sense primer); and 5’-

GGAGTTGAAGGTAGTTTCGTG-3’(antisense primer) (5).  The amplified Tie2 cDNA

(538 base pairs, bp in length) and β-actin cDNA (227 bp in length) fragments were

analyzed by agarose gel electrophoresis as previously described (3).  For FACS analysis,

exponentially grown MCF-7 and T47D cells were harvested, washed with Hank’s

balanced solution without Ca2+ and Mg2+, resuspended in PBS. The cells were then

separately incubated with FITC-conjugated anti-β1 (clone 4B4, 1:100, Coulter Corp.,

Miami, FL) and anti-αvβ5 (clone P1F6, 1:200, Chemicon International Inc., Temecula,

CA) antibodies for 30 min on ice. The integrin expression was determined by FACS

analyses using MoFlo high-speed cell sorter (Dako).

Immunohistochemical (IHC) and quantitative analyses of MCF-7 cell-derived

tumors

IHC analyses of orthotopic tumor sections were performed a s previously described (3,

6).  The following primary antibodies and reagents were used: anti-Ang2 (C-19, 1:200

dilution), anti-Snail (E-18, 1:25, Santa Cruz Biotechnology), anti-E-Cadherin (clone

4A2C7, 1:200; Zymed Laboratories Inc., South San Francisco, CA), anti-phospho-GSK-

3β (Ser9, 1:50, cat. 9336, Cell Signaling) and anti-phospho-Akt (Ser473, 1:50, IHC

specific, cat. 9277, Cell Signaling), anti-mouse CD31 antibody (MEC13.3, 1:1000; BD
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Bioscience, San Diego, CA) and anti-BrdUrd (BU-1, ready-to-use, Amersham

Biosciences) antibodies.  The secondary and tertiary antibodies were from Vector

Laboratories (Burlingame, CA) or Jackson ImmunoResearch laboratories (West Grove,

PA). Horseradish peroxidase-conjugated streptavidin and 3,3 -diaminobenzidine (DAB)

elite kit was from Dako Co. (Carpinteria, CA), Aqua Block was from East Coast

Biologics, Inc. (North Berwick, ME), VECTOR M.O.M.TM Immunodetection Kit was

from Vector Laboratories. The proliferation index of BrdUrd incorporation, and the

microvascular density (MVD) in the orthotopic tumors was determined as previously

described (7).  The statistical difference of the proliferation index (BrdUrd incorporation)

and the microvascular density in the orthotopic tumors was examined using unpaired t-

test. All analyses were performed using StatView Version 5.0 software (SAS Institute

Inc., Cary, NC).  A P value less than 0.05 was considered statistically significant.

Co-immunoprecipitation (co-IP) assay and pull-down assay

Co-IP and pull-down assays for integrin and ligand interaction were performed as

previously described (8, 9).  Briefly, sub-confluent MCF-7 cells were separately

incubated with Ang2 or control at 37oC in 5% CO2 for 2 hr, and washed three times with

TBS containing 1 mM CaCl2 and 1 mM MnCl2.  In co-IP assays, the cells were lysed with

a lysis buffer containing 20 mM Tris-HCl (pH 7.4), 150 mM NaCl, 1 mM CaCl2, 2 mM

MnCl2, 1.5% Triton X-100, 2 mM PMSF and 10 µg/ml leupeptin, and pre-cleared with

various non-specific IgG and Protein G-plus/Protein A agarose beads. The pre-cleared

cell lysate containing 1 mg of total protein was separately incubated overnight at 4oC

with 5 µg of anti-β1 integrin (JB1A, Chemicon), anti-Myc (9E10, Santa Cruz
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Biotechnologies) or anti-Ang2 (SF623, R&D Systems) antibodies, and then collected

with 50 µl of a Protein G-plus/Protein A agarose bead slurry. In pull-down assays, the

cells were lysed with a buffer containing 20 mM Tris-HCl (pH 8.0), 300 mM NaCl, 1

mM CaCl2, 1 mM MnCl2, 30 mM imidazole, 1.5% Triton X-100 and 2 mM PMSF and

centrifuged. The supernatant was incubated overnight with Ni+-NTA beads at 4oC with

rotation. The incubated beads were washed with the lysis buffer, then a wash buffer

containing 25 mM NaHPO4, pH 7.8, 150 mM NaCl, 45 mM imidazole, 2 mM CaCl2;

eluted with the wash buffer containing 500 mM imidazole and precipitated with

trichloroacetic acid. The antibody-complexed proteins from co-IP or the eluted proteins

from Ni+-NTA beads were subjected to SDS-PAGE under reducing conditions and

detected with anti-β1 integrin (JB1A) or anti-Ang2 (SF623) antibodies.
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Figure S2.  Ang2 stimulation induces loss of E-cadherin expression in breast cancer cells.  
Western blot analyses of E-cadherin expression in exogenous Ang2-treated breast cancer cells.  
MCF-7 and T47D cells were treated with heat-inactivated BSA, Ang2 or poly-lysine for 48 hr.  
Half of the cells from each dish were lysed.  The other half of the cells were re-plated onto 
poly-lysine-coated dishes for another 48 hr, and then lysed.  β-actin was used as a loading 
control.  The results are representative of two independent experiments.  

A B

Figure S1.  Overexpression of Ang2 in Tie2-deficient MCF-7 cells.  (A)  WB analysis of overexpression 
of Ang2 in MCF-7 cells. Thirty µg of total protein from the cell lysates of LacZ-transfected MCF-7
control cells and Ang2-expressing cell clones were analyzed by WB separately using anti-Ang2 and 
anti-β-actin antibodies. Ang2 derived from the MCF-7/Ang2 cells ran at 72 KDa.  Expression of β-actin
was used as a loading control.  (B) Lack of expression of Tie2 in MCF-7/LacZ, MCF-7/Ang2 clones 
and T47D breast cancer cells. Synthesized first-strand cDNA from total RNA  from the indicated 
cells were used for PCR reaction. The length of the synthesized cDNA fragments of Tie2 and β-actin 
are 538 bp and 227 bp, respectively.  HMVEC, human dermal microvascular endothelial cells. HUVEC, 
human umbilical vascular endothelial cells.  Human β-actin was used as a RT-PCR control in these 
experiments.  In both (A) and (B): samples labeled with #1, #4, #5, #11, and #52 are individual MCF-7
Ang2-expressing cell clones. The experiments were performed two independent times and similar results 
were obtained.



Figure S3. Ang2-stimulated breast cancer cell migration is mediated through the α5β1 integrin/ILK 
pathway.   (A) Inhibition of β1 and α5 but not α2, integrins suppresses Ang2 stimulation of breast cancer cell 
migration.   In vitro cell migration assays were performed in the absence or presence of 25 µg/ml of 
neutralizing anti-β1, anti-α5, anti- β2 integrins, anti-Ang2 (a non-neutralizing antibody that shows partial 
inhibition of Ang2 stimulation, (2), and IgG control antibodies.  (B) Inhibition of ILK using siRNA specific for 
ILK suppresses Ang2 stimulation of breast cancer cell migration.   MCF-7 and T47D cells were transfected 
with 0.24 µM of siRNA for ILK or control oligonucleotides (9). After 48 hr, the transfected cells were subjected 
to cell migration assays.  The percent increase in the number of migrating cells compared to control was 
shown as mean ± SD.  The assays in were performed in triplicate for three independent times with similar 
results.
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