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Production of ANGPT2 isoforms in mammalian cells or E.coli 

ANGPT2, ANGPT2443 and ANGPT2DAP were cloned into a pcDNA 3.1 V5/HIS mammalian 

expression vector with or without His-tags (Supplementary Table SI) and used to transiently transfect 

COS-1 cells in DMEM with 1% FBS by Fugene HD (Promega). Signal sequence of Angpt2 was 

added to all Angpt2 isoform constructs to facilitate their secretion. After cells had reached confluency, 

medium was changed to DMEM, 1% P/S. 72h later conditioned media (CM) was collected, briefly 

centrifuged to pellet cell debris and concentrated using Amicon Ultra 30K Centrifugal Filter (Merck 

Millipore) at 5000 g for 30-40 min at 4°C. Production was confirmed with Western blot using His 

antibody (34660, Qiagen) or ANGPT2 antibody (AF623, R&D Systems) and concentrations were 

determined with ELISA. Alternatively, CM from HUVECs or E0771 cells transduced with ANGPT2, 

ANGPT2443 or ANGPT2DAP retroviruses was collected after o/n incubation in serum free medium.  

For producing ANGPT2 fragments in E. coli, E. coli codon-optimized gene construct for 

ANGPT2 was obtained from Genscript as a template. ANGPT2 fragments (E72-A274 and K275-

F496) were cloned into a pET-derivative containing an N-terminal His-tag when cloned in using an 

in-frame 5′ NdeI restriction site and where the T7 promoter has been replaced with Ptac. His-tag was 

used for protein purification with standard methods.  

 

Enzyme-linked immunosorbent assays (ELISA) 

For angiopoietin-TIE2 affinity ELISA, 96-well plates (MaxiSorp Surface, Nunc International) were 

coated with 4, 250 or 500 ng/mL of ANGPT2, ANGPT2443 or ANGPT2DAP in concentrated COS-1 

CM and ELISA was performed as described before (1).  

For angiopoietin-integrin α51 affinity ELISA, MaxiSorb 96-well plates were coated with 50 

µl/well of 1 µg/mL integrin α51 (R&D Systems) in 10 mM HEPES/150 mM NaCl buffer (HBS) 

overnight at 4°C and then equilibrated to room temperature for 1 h. All of the following steps were 

performed at room temperature: wells were blocked with blocking solution (0.1% HI-BSA in HBS) 

for 2 h, ANGPT2 samples (recombinant fragments produced in E. coli or COS-1 CM containing 

ANGPT2 variants treated or un-treated with 1 mM DTT) were diluted in binding solution (blocking 
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solution containing 0.001% Tween-20), incubated for 1 h and washed five times with wash solution 

(HBS with 0.001% Tween-20). ANGPT2 binding amount was detected by His antibody (34660, 

Qiagen) or ANGPT2 antibody (AF623, R&D Systems) and subsequently by the respective secondary 

antibodies conjugated with HRP, and HRP activity was measured as described (1). 

For measuring ANGPT2 isoform levels from COS-1 or E0771 CM or mouse serum samples, 

human angiopoietin-2 Quantikine ELISA kit (R&D Systems) was used according to manufacturer’s 

protocol.  

 

TIE2 activation and competitive inhibition, ANGPT2 intracellular localization, cell adhesion, 

fibrin gel spheroid, ANGPT2443 cleavage and dominant-negative effect in vitro assays 

TIE2-WT HUVECs were stimulated for 1 h with COS-1 CM containing different ANGPT2 isoforms 

(500 ng/mL). For competitive inhibition assays, this was followed by incubation with purified human 

recombinant ANGPT1 or ANGPT4 (R&D Systems, 250 ng/mL) for 30 mins, after which cells were 

stained or lysed for immunofluorescent or Western blot analysis, respectively. Stimulated TIE2-WT 

HUVECs were stained against TIE2 (Clone Ab33, 05-584, Merck Millipore) and pTIE2 (4221S, Cell 

Signalling Technology) and ANGPT2-GFP HUVECs used in TIRF imaging against vWF (A0082, 

Dako) (Supplementary Table SII) as described before (2). Cells for ANGPT2 intracellular localization 

studies and cell adhesion assays were prepared as previously described (2) and fibrin gel spheroid 

assay was performed using normal, ANGPT2-, ANGPT2443- and ANGPT2DAP-HUVECs as before 

(1). Spheroids were stained using TRITC-Phalloidin (P1951, Sigma). Confocal images were collected 

on Olympus FluoView FV1000, Zeiss LSM780 or Zeiss Cell Observer spinning disc confocal 

microscopes. TIRF images were collected with Zeiss Axio Observer microscope and Laser TIRF 3 

module.  

Cleavage of ANGPT2443 was analyzed by incubating ANGPT2-HUVECs or ANGPT2443-

HUVECs with or without 10 µM furin inhibitor I (Calbiochem) in M200 medium without 

supplements for 20 h, after which media was collected, concentrated and analyzed by Western blot 

using ANGPT2 antibody (AF623, R&D Systems). For dominant-negative effect analysis, COS-1 

cells were retrovirally transfected to express ANGPT2-Flag, ANGPT2443-His or both and CM without 

serum was collected after 24 h, concentrated and analyzed by Western blot using His antibody (34660, 

Qiagen) or Flag antibody (F1804, Sigma) or both. All cell assay quantifications were performed with 

ImageJ software.  
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ANGPT2 silencing and rescue assay  

ANGPT2 shRNA constructs (TRCN0000059223-TRCN000005922327) were from RNAi 

consortium shRNA library (http://www.broadinstitute.org/rnai/trc).  HUVECs were transduced twice 

with shRNA and scrambled control viruses and selected with puromycin (2 mg/mL) for two days. 

Knockdown efficacy of lentiviruses (75-89%) was confirmed using RT-qPCR. For rescue analysis, 

cultures were supplemented with ANGPT2 isoforms (200 ng/mL) or CM collected from non-

transfected COS-1 cells (negative control) for 4 days, fixed, stained with DAPI and TRITC-phalloidin 

(P1951, Sigma), imaged with Olympus FluoView FV1000 and cell numbers quantified with ImageJ.  

 

Trans-endothelial migration assay 

Trans-endothelial migration assay was performed as described previously (3) using fibronectin-

coated Costar Transwells, HUVECs, ANGPT2-HUVECs or ANGPT2443-HUVECs as endothelial 

cells and H2B-mCherry CaSki cells as cancer cells. Co-cultures were incubated for 9 h, after which 

cells on inserts were fixed, imaged by Zeiss LSM780 confocal microscope and number of cancer cells 

below the membrane was calculated using H2B-mCherry as an indicator for nucleus with Image J. 

 

Immunoprecipitation 

For TIE2 immunoprecipitation from HUVECs, cell lysates were first incubated with TIE2 antibody 

(Clone Ab33, 05-584, Merck Millipore) for 1 h, rabbit anti-mouse IgG (Jackson Immunoresearch) 

was added for 1 h as a linker antibody followed by o/n incubation with Protein A/G PLUS agarose 

beads (Santa Cruz Biotechnology). Alternatively, Tie2 antibody -coated beads (sc-324 AC, Santa 

Cruz Biotechnology) were used without a linker antibody. All steps were performed at 4°C on a 

rotator. Beads were washed three times with lysis buffer, collected (3500 rpm, 5 min at 4°C) and 

samples were divided on two gels stained with phosphotyrosine antibody (Clone 4G10, 05-321, 

Merck Millipore) or TIE2 antibody.  

For Tie2 immunoprecipitation from mouse lungs, tissues were homogenized into ice-cold 

RIPA buffer (fresh proteinase and phosphatase inhibitors (Sigma-Aldrich) added) with Tissue Lyser 

LT and steel beads (Qiagen) for 20 min, supernatants were collected and anti-Tie2 agarose beads (sc-

324 AC, Santa Cruz Biotechnology) were added to approximately 4 mg of total protein for o/n at 4°C 

on a rotator. The beads were washed as above and Tie2 total amount and phosphorylation states were 

analyzed in Western blot using phosphotyrosine (Clone 4G10, 05-321, Merck Millipore) or Tie2 

(Clone Ab33, 05-584, Merck Millipore) antibodies.  
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For ANGPT2-His or ANGPT2443-His immunoprecipitation from COS-1 CM, His antibody 

(34660, Qiagen) and A/G agarose beads were used, and SDS-PAGE gel was stained with Coomassie 

for 30 min followed by destaining o/n for mass spectroscopy (MS) analysis and N-terminal peptide 

sequencing. 

 

Mass spectroscopy analysis and N-terminal peptide sequencing of cleaved ANGPT2443 form 

His-immunoprecipitated monomeric form of ANGPT2443 was excised from SDS-PAGE gel and 

analyzed with MS. Gel pieces were destained with 50 mM ammonium bicarbonate (ABC)/40% 

acetonitrile (CAN), reduced with 20 mM DTT in the same solvent for 30 min at RT after which 

iodoacetamide was added to 40 mM and allowed to react for 30 min at RT. After washing twice with 

40 mM ABC/9% ACN, 20 µl of trypsin solution (Sigma, 5 ng/µl in the same buffer) was added and 

incubated overnight at 37°C. 0.5 µl of the supernatant was subjected to MALDI ToF/ToF mass 

spectrometry on a Bruker UltrfleXtreme in automatic mode, where after the survey scan in the mass 

range between 700 and 4000 the 10 strongest peaks were subjected to MSMS (lift mode) to collect 

sequence information. Spectra were subjected to BioTools (Bruker) and crosschecked against the 

target sequence using the sequence editor option of this software. The protein digests were analyzed 

by LCMS on a Synapt G2 Q-Tof mass spectrometer (Waters), equipped with a nano Aquity UPLC 

system. The samples were acidified with trifluoroacetic acid (TFA) and 5 µl were injected onto a 

BSH C18 reversed phase column (0.075x150mm) after trapping on a Symmetry C18 (0.18x20 mm) 

trap column (Waters). The column was run with an ACN gradient from 3% to 40% in water/0.1% 

formic acid. Mass spectra were collected in MSE mode between m/z 50 and 2000 and the high energy 

function ramping the collision energy from 20 to 40 V. Data was analyzed with PLGS against the 

SwissProt human database, using label free quantification with trypsin as internal standard. N-

terminal peptide sequencing was done as previously described (4).  

 

Pre-embedding immunolabeling and transmission electron microscopy  

HUVEC-ANGPT2-GFP cells (2500 cells/cm2) were let to spread on Attachment Factor -coated (Cell 

Applications) wells for 1 h in 37°C incubator with 5% CO2. Cells were fixed, incubated with 100 mM 

Glycine/PBS for 30 minutes, washed and permeabilized with 0.025% saponin/PBS for 30 minutes 

followed by visualization with anti-GFP (A-11122, Thermo Fisher Scientific) and ultra-small gold-

conjugated goat anti-rabbit IgG (100.011, Aurion) antibodies. After antibody labelling, cells were 

post-fixed in 2% glutaraldehyde/PBS at RT for 15 minutes. Silver enhancement was utilized to 
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enlarge gold particles using AURION R-Gent SE-EM Kit (500.033, Aurion), samples were 

dehydrated and embedded in Epon. For transmission electron microscopy (TEM), 60 nm ultra-thin 

sections, starting from the very surface of blocks, were cut and post-stained with 1% uranyl acetate 

at RT for 30 minutes followed by 3% lead citrate for one minute. Samples were imaged as in (1).  

 

Additional animal information, histological methods and immunofluorescence staining 

Whenever possible, the experimenters were blind to genotypes. No randomization was used: in almost 

all of the experiments, transgenic animals were used, and in transfected E0771 cell line injections all 

C57BL/6N mice were controlled to be approximately same weight. In order to generate Angpt2-/- 

mice, CRISPR/Cas9 technology was used; a designed guide oligo targeted Angpt2 gene in the first 

exon. Angpt2-/- mice were kept in C57BL/6N background and retinas were collected from 5 months 

old mice. From Angpt2443/443 mice, retinas were collected at P4, P6, P8, P12 and from 5 months old 

mice. For retinal whole mount immunofluorescent staining, retinas were stained as described in (1) 

or without methanol fixation using 3% Triton X-100, 1% Tween-20, 1% BSA in PBS as blocking 

solution. For immunofluorescent staining of tissue cryosections, OCT-embedded (Sakura) snap-

frozen tissue was cut to 5 µm sections, blocked with 5% BSA-PBST and stained with primary and 

corresponding secondary antibodies listed in Supplementary Table SII. 

For histological analysis, 5 µm sections of formalin-fixed, paraffin embedded tissues were 

stained with standard HE or Masson Trichrome staining. Immunohistochemistry was performed with 

standard methods using Vectastain ABC Elite kit (PK-6100, Vector) and primary antibody against 

fibrinogen (A0080, Dako). In situ hybridization of paraffin tumor sections was performed with the 

aid of BioLaneTM HTI (Intavis) semi-automated system essentially following standard protocols (5). 

The signal was detected using anti-Digoxigenin AP antibody (Roche) and chromogenic NBT/BCIP 

color reaction. Digoxigenin-labeled Angpt2 antisense and sense probes have been described before 

(1). For whole mount carmine alum staining, mammary glands and MMTV-PyMT tumors were 

dissected, spread on a glass slide, allowed to dry at RT, fixed in Carnoy’s fixative at 4 ˚C o/n and 

stained with standard carmine alum staining. Tissues were prepared for TEM and imaged as described 

before (1). Apoptotic cells in tumor tissue cryosections (TUNEL) were detected with Fluorescein In 

situ Cell Death Detection kit (Roche) according to manufacturer’s protocol followed by blocking with 

5% BSA-PBST and staining with primary and corresponding secondary antibodies listed in 

Supplementary Table SII.  
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Tissue imaging and analysis 

Fluorescently labelled whole mount retinas or tissue cryosections were imaged with Zeiss LSM780, 

Zeiss Cell Observer spinning disc, Olympus FluoView FV1000 or Leica SP8 FALCON confocal 

microscopes. Blood vessel (CD31-positive) area and lumens were determined with Image J or Zen 

(Zeiss) software, respectively. PyMT tumor Angpt2 IF and stromal collagen second harmonic 

generation (SHG) signals were imaged with Nikon A1R MP+ multiphoton microscope and Angpt2 

signal levels were quantified with Image J software. SHG positive areas were first used to mask 

stroma in the tumor sections and then Angpt2 IF signals were measured under the masks and 

normalized by dividing the signal with average fluorescence signal surrounding the stroma. TUNEL 

signal was quantified with Image J software using thresholding. Retinal vein diameters, retinal bead 

distribution and pTie2/Tie2 and αSMA intensities were measured using Zen software (Zeiss). HE or 

Masson Trichrome-stained sections were imaged with Leica Aperio AT2 scanner. Lung metastases 

and necrotic tumor areas were determined manually with Aperio ImageScope (Leica) software from 

5-10 sections/lung and from 1-2 sections/tumor and averaged. 

 

Optical projection tomography 

B16F10-colonized lungs were fixed in 4% PFA for 9 days to prevent air bubble formation, embedded 

in filtered 1% low melting point agarose, dehydrated in methanol and incubated in clearance solution 

(1:2 benzyl alcohol-benzyl benzoate) for two days. The samples were imaged with Bioptonics OPT-

Scanner 3001M, scanned data were reconstructed using NRecon software and metastases were 

quantified with Imaris x64 7.6.5 software. 

 

 

In vivo vascular permeability assay  

Female 3 months old MMTV-PyMT mice were anesthetized with isoflurane and left femoral vein 

was cannulated with heparin filled polyethylene cannula. 220 µl of 2% (w/v) Evans blue (EB, Sigma) 

suspended in 0.9% NaCl was injected into the vein at a rate of 440 µl/mL with a syringe pump. After 

30 min, mice were euthanized, and the right femoral vein was cut for blood drainage. A blood sample 

was collected for EB normalization, and the vasculature was flushed with 5 mL of 0.9% NaCl at a 

rate of 0.5 mL/min. Efficient wash of non-extravasated EB was confirmed from the lungs. Tumor 

tissue was homogenized with formamide (1mL/100mg) by using magnetic beads, placed at 60˚C for 

24 h and centrifuged for 1 h at 9000 rpm. Dye concentration was measured from the supernatant 
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spectrophotometrically at 620 nm and normalized to tissue weight and blood EB content prior to 

wash. 
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