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Supplementary Information  

 

Materials  

 

Therapeutic antibodies and compounds. A detailed description of the therapeutic 

monoclonal antibodies and small-molecule receptor tyrosine kinase inhibitors is supplied 

in Supplementary Table A. 

 

Animals. Five- to seven-week-old female nude or severe combined immune deficiency 

(SCID) mice (Balb/c, J Han Hsd-Pkrcd, Harlan Sprague Dawley) were obtained from 

Charles River Laboratories. Animals were housed in barrier rooms under pathogen-free 

conditions in Lab Product ventilated cages. Animals were fed Lab Diet 5061 (PMI 

Nutrition International) and water ad libitum via an Edstrom automatic system. Animal 

experiments were carried out in accordance with Pfizer Global Research and 

Development Institutional Animal Care and Use Committee guidelines and in accordance 

with the Guide for the Care and Use of Laboratory Animals (1996) (1). 

 

Generation of ALK1-overexpressing cell line. The human ALK1 gene was cloned into 

pcDNA5/FRT/To TOPO vector (Invitrogen) and transfected into 293 Flp-In T-Rex host 

cells (Invitrogen). Stable clone selections were carried out using hygromycin to obtain 

the final stable cell lines.   
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Human tumor and normal tissue specimens. Formalin-fixed (buffered neutral aqueous 

4% solution), paraffin-embedded tumor and normal material was utilized to generate 

tissue microarrays (TMAs). The TMAs were generated from 3,981 tumor samples 

representing more than 130 different human cancer types that are distributed across eight 

TMA blocks (300–500+ tumors per block/slide); approximately 2,950 of the 0.6 mm 

tumor plugs were gauged to be adequate for evaluation. The normal tissue TMA was 

constructed from 76 different normal tissues representing eight unrelated donors; 

approximately 850 normal tissue plugs were considered suitable for 

immunohistochemistry scoring. The use of tissues and clinical data was according to the 

Hamburger Krankenhaus Gesetz (§12 HmbKHG) and approved by our local ethical 

committee. 

 

 

Methods  

 

Cellular expression and binding assay using flow cytometry. Human ALK1-transfected 

293T cells or human primary endothelial cells (ECs) were incubated with different 

concentrations of Anti-huALK1 (PF-03446962) for 1 h at 4°C. Subsequently, the cells 

were washed and incubated with an Anti-human κ secondary antibody (R&D Systems) 

conjugated with the R-PE fluorophore. Alternatively, Anti-huALK1 was labeled with 

Alexa Fluor® 647 according to the manufacturer’s instructions (Invitrogen). Ten thousand 

events were collected for each sample. ALK1+ circulating ECs (CECs) were detected 

following the validated multiparametric flow cytometry procedure as previously 
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described (2, 3). Unless otherwise noted, fluorescence intensity was measured by 

FACSCaliburTM (BD Biosciences) using CellQuest Pro, v.5.2.1. 

 

RT-CES® assay. Cells were pre-incubated with vascular endothelial growth factor 

(VEGF; 20 ng/mL) or basic fibroblast growth factor (bFGF; 30 ng/mL) and transforming 

growth factor beta (TGFβ; 10 ng/mL) with or without Anti-huALK1 (200 nM). Cells 

(10,000 cells per well in triplicates) were transferred to a 96-well plate (E-plate) 

connected to a real-time cell electronic sensing device (RT-CES®, ACEA Biosciences) 

(4). Real-time cellular morphogenic and phenotypical changes over a 15-hour time frame 

(attachment, filiopodia, spreading, and proliferation) were monitored and recorded; the 

readout was displayed as an arbitrary unit called Cell Index.  

 

Western blotting assay. Human umbilical vein endothelial cells (HUVECs) were starved 

for 2–4 hours and incubated with inhibitors for additional 2–4 hours. The cells were 

stimulated with VEGF (20 ng/mL), bFGF (30 ng/mL), or TGFβ (1 ng/mL) (all from 

R&D Systems) in basal media containing either 0.1, 1 or 2.5% fetal bovine serum (FBS). 

Phosphorylated Smad1/5/8 (Cell Signaling) and expression of Id-1 (Santa Cruz) were 

assessed by Western blotting. IRDye 680 and IRDye 800CW-conjugated secondary 

antibodies (LI-COR Biosciences) were used to detect the signal and the intensity was 

quantified using the Odyssey® Infrared Imaging System.  

 

Quantitative Real-Time Polymerase Chain Reaction (RT-PCR). HUVECs were seeded 

on 24-well plates at 12,000 cells/well in 600 μL of growth medium (EGM-2 Bullet kit, 
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Biowhittaker/Lonza) and allowed to grow overnight. The cells were starved in basal 

medium/0.2% FBS for 2–4 hours and then incubated with Anti-huALK1 diluted in media 

containing 0.3–0.5X of EGM-2 Bullet kit (final concentration) for 30–45 minutes. The 

cells were washed and lysed in 400 μL of RTL Buffer (RNeasy 96 kit, Qiagen) and 

RNAs were prepared according to manufacturer’s instructions. The RNAs were eluted 

and quantitated with RiboGreen® RNA Quantitation Kit (Molecular Probes). RT-PCR for 

Id-1 expression was performed using the Taqman One Step PCR Master Mix Kit (ABI) 

on the ABI 7900 instrument (40 cycles of the following annealing and amplification 

conditions: 95°C, 15 sec; 60°C, 1 min). The Id-1 primer probe sequences were: CPG-

conjugated 5′-6-FAM, and 3′-TAMRA. 5′ CCAGCACGTCATCGACTACATCAGGGA 

3′ Taqman PCR Primers: Sequence: 5′ AAGGTGAGCAAGGTGGAGATTC 3′ Reverse 

PCR primer sequence: 5′ TTCCGAGTTCAGCTCCAACTG 3′. 

 

Nuclear translocation assay. Attached HUVECs were starved for 2–4 hours and 

incubated with endothelial basal medium (EBM)-2 and 1% FBS or Anti-huALK1 for 2 

hours. The cells were stimulated for 45 minutes with 20 ng/mL VEGF, 30 ng/mL bFGF, 

or 1 ng/mL TGFβ. The cells were fixed with Cytofix/Cytoperm solution (BD 

Biosciences) and permeabilized using saponin (Perm/Wash Buffer, BD Biosciences). The 

cells were incubated with rabbit pSmad1/5/8 antibody and then with Alexa Fluor® 488-

conjugated goat anti-rabbit secondary antibody (Invitrogen). The cells were 

counterstained with DAPI (4′,6-diamidino-2-phenylindole) and pSmad1/5/8 cytoplasm-

to-nucleus translocation was quantified using the Cellomics ArrayScanVTI Reader 
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(Thermo Scientific). The images were captured at a 400× total magnification using a 

Nikon Eclipse TE2000-S inverted fluorescent microscope and processed equally. 

 

Immunocytochemistry. Adherent HUVECs were blocked with 2% bovine serum albumin 

(BSA) and 5% normal rabbit serum (Vector Laboratories) for 1 hour at room 

temperature. The cells were then incubated with either goat anti-human ALK1 (Santa 

Cruz) and mouse anti-human CD31 antibodies or blocking (neutralizing) peptide for the 

ALK1 antibody (Santa Cruz). The cells were incubated with a cocktail of two secondary 

antibodies of rabbit anti-goat Alexa Fluor® 488 and rabbit anti-mouse Alexa Fluor® 594 

(Invitrogen) for 1 hour at room temperature in the dark. Cells were washed in low 

lighting and covered in VECTASHIELD® HardSet™ Mounting Medium with DAPI 

(Vector Laboratories) and analyzed under a fluorescent microscope using a standard 

fluorescein filter set to view the green (Alexa Fluor® 488) or red (Alexa Fluor® 594) 

fluorescence of fluorescein. 

 

Angiogenesis assay using AngioReactors. AngioReactors were filled with growth factor-

reduced MatrigelTM (Trevigen Inc.) plus VEGF, bFGF, and heparin (all R&D Systems). 

The rest of the procedures were performed according to the instructions of the DIVAATM 

kit (Trevigen Inc.) (5). Test agents were administered subcutaneously (s.c.) one day after 

implantation; alternatively, they were mixed with MatrigelTM at 30 μg/mL, loaded into 

the devices before s.c. implantation.   
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MDA-MB-231 model. Two million luciferase-transfected human breast carcinoma 

MDA-MB-231/Luc cells were implanted in the mammary fatpad of nude mice. The mice 

were randomized based on tumor size and treated (s.c. injection) with either  

Anti-muALK1 or Amu-VEGF (mAb against human and murine VEGF-A) antibody. 

Tumor size was measured 1 or 2 times per week and tumor viability was monitored using 

the Xenogen IVIS® 200. Antitumor efficacy was calculated according to [1-

ΔTreat/ΔControl]×100, where ΔTreat and ΔControl are changes in group average tumor 

volume at the end of the treatment and baseline for a treated group and a control group, 

respectively.  

 

M24met/R model. Melanoma xenograft tumors resistant to PF-00337210 were obtained 

from chronical treatments of the parental M24met tumors (s.c.) with a VEGF receptor 

tyrosine kinase inhibitor, PF-00337210 (30–40 mg/kg, once-daily dosing). Tumors 

insensitive to the agent were passed in vivo and the entire procedure was repeated several 

times to select the most resistant subpopulation, which is referred to as M24met/R.   

 

Power Doppler Ultrasound (PD-US) measurements. Blood flow was measured using the 

VisualSonics VEVO 770TM imaging system. The baseline imaging was established and 

the animals were imaged at 24, 48, and 72 hours and on day 7 post dose. Contours around 

the area of interest were drawn every 5–10 slices to obtain tumor volume (TV). The 

volume of flow in the tumor was compared with the entire TV, resulting in percentage 

vascularity (PV). The vascular volume (VV) was calculated by converting PV back into a 

fraction and multiplying by TV: VV = (PV × 0.01) × TV. 
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Human tumor/normal tissue immunohistochemistry staining for ALK1. Human tumor 

and normal TMA paraffin blocks were sectioned at 4 μm and mounted on glass 

microscope slides. They were treated with pronase solution (Zymed) for antigen retrieval 

for 15 minutes at 37°C. The primary goat anti-ALK1 antibody (R&D Systems) was 

diluted 1:200 for immunohistochemistry. A standard indirect peroxidase method was 

used to visualize the bound antibody. The TMAs were also stained with anti-human 

CD31 to confirm tissue quality and the presence of tumor/normal tissue vasculature.  

  

Immunohistochemistry pathology evaluation and peer review. ALK1- and CD31-

stained tumor/normal TMAs were reviewed by a study pathologist to determine the 

presence/absence, location, and intensity of staining in microvessels. Positive labeling 

was graded from 0 (no staining) to 3 (intense staining) (Supplementary Table B). The 

initial evaluation was done in a blinded fashion (no knowledge of tumor type location on 

the slides) to minimize bias. A blinded peer review was conducted with similar 

immunohistochemistry scoring criteria utilized. Results generated by the original and 

peer reviewers were discussed and consensus reached with regard to relevant staining 

patterns. 
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Supplementary Figure Legends 

 

Supplementary Figure 1. 

 

A, Anti-huALK1 binding to human 293T cells transfected with human ALK1 was 

measured using fluorescence-activated cell sorting (FACS). Affinity (Kd) was determined 

from a nonlinear regression curve fit using GraphPad Prism®.   

 

B, immunocytochemistry shows the presence of ALK1 on HUVECs. Positive staining of 

ALK1 (green), CD31 (red), and membrane colocalization (orange) are shown; the nuclei 

were stained with DAPI (blue). 

 

C, ALK1 expression on activating ECs detected by FACS. (i) Nonspecific IgG control. 

Approximately 99% of HUVECs (ii), 90% of human microvascular endothelial cells 

(HMVECs; iii), and 99% of human dermal lymphatic endothelial cells (HDLECs; iv) are 

P1H12+/ALK1+. PE, phycoerythrin; APC, allophycocyanin.  

 

Supplementary Figure 2.  

 

A, time course of HUVEC attachment and adhesion in the presence and absence of 

growth factors and Anti-huALK1 measured by RT-CESTM. The 2-hour data are shown as 

value ± SD (n = 3).   
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B, Anti-huALK1 dose-dependently inhibited co-culture tubule formation from human 

pulmonary artery endothelial cell (HPAEC) and human fibroblast cells (MRC-5).  

 

Supplementary Figure 3. 

 

A, photoimages of AngioReactorTM devices after in vivo systemic treatment (10 days) 

with Anti-muALK1 or Amu-VEGF antibodies. Dosing started 4 days after implantation. 

Alternatively, Anti-muALK1 or Amu-VEGF mAb was pre-mixed with MatrigelTM and 

proangiogenic growth factors, loaded in AngioReactorTM devices before implant.   

 

B, bioluminescent images of MDA-MB-231 tumors (mammary fatpad implant) treated 

with Anti-muALK1 (once weekly [QW] or twice weekly [BIW]), Amu-VEGF (once 

every 5 days [Q5D]) or control (no dose). Treatment period = 5 weeks. 

 

C, immunoflourescent staining of human ALK1 (red; top) and human CD31 (green; 

middle) in vessels of chimera tumors. Co-expression of the two markers is shown in the 

merged image (bottom).   

 

Supplementary Figure 4. 

  

A, CD31+ vessels in the PF-00337210-resistant M24met/R tumors (no treatment, or 

treated with PF-00337210 or PF-00337210 + Anti-muALK1) were quantified. Shown is 
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group mean ± SEM (n = 10/group). *, P < 0.05 versus no treatment group; †, P < 0.05 

versus PF-00337210 group.  

 

B, in a separate study, murine and human VEGF-A levels in serum samples of chimera 

mice bearing M24met were measured by ELISA (enzyme-linked immunosorbent assay; 

R&D Systems). Levels in the control (no treatment) and bevacizumab-treated samples (5 

mg/kg, Q5D) are shown. Data are expressed as average ± SEM (n = 6–7).   

 

Supplementary Figure 5. 

 

PD-US showed reduction of chimera tumor vascularity by Anti-huALK1 24–72 h after 

dosing (10 mg/kg). PF-00337210 was used as a benchmarking positive control 

compound. *, P < 0.05 (t-test).  

 

Supplementary Figure 6. 

 

FACS studies captured CECs (CD45–/CD31+/Syto16+/CD146+/CD133–) from human 

blood (ii, v, vi, and vii). CEC progenitors were depicted by CD133+. ALK1+/CECs were 

detected as ALK1+/P1H12+ (viii). Necrotic, apoptotic, and viable cells were identified as 

Syto16low/7AAD+, Syto16low/7AAD– (x), and Syto16bright/7AAD– (xi), respectively, 

in both healthy donors and patients with cancer. (i) Gate on viable cells; (iii) 

discrimination between DNA+ and DNA– cellular events; (iv) negative controls; (ix) 

ALK1 expression in CD133+/CD45– and DNA+ cells.   
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Supplementary Table A. Detailed description of antibodies and compounds used in the 

studies 

 

Name Antigen/ 

Target 

Species Note 

Anti-huALK1 

(PF-03446962) 

ALK1 Human, dog, 

and monkey; 

does not 

cross-react 

with rodent 

ALK1 

A fully human IgG2 antibody 

recognizing the extracellular domain of 

ALK1 with high specificity 

Anti-muALK1 

(PF-05284332 or 

A201a) 

ALK1 Mouse only A mouse monoclonal antibody 

recognizing the extracellular domain of 

mouse ALK1. It does not cross-react with 

human ALK1 and is not known to cross-

react with other family receptors 

ALK1/ECD 

fusion protein 

(RAP-041) 

BMP9 

and 

BMP10 

mouse A Fc-fusion protein designed as a ligand 

sink specific to BMP9 and 10, known 

ligands for ALK1 

Bevacizumab 

(Avastin®) 

VEGF-A Human and 

monkey; no 

information 

on other 

It may partially inhibit mouse 

angiogenesis because human VEGF-A 

can recognize murine VEGFRs. 

However, it does not inhibit angiogenesis 
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species mediated by murine VEGF-A. It may be 

an appropriate comparator for evaluating 

anti-angiogenesis in a model where 

human VEGF-A secreted by human 

xenograft tumors is the dominant source 

of VEGF-A 

Amu-VEGF VEGF-A Human and 

mouse; other 

species are 

not tested 

Inhibits angiogenesis mediated by both 

human and murine VEGF-A. May be 

used in conventional xenograft models as 

a positive control for evaluating anti-

angiogenesis 

Sunitinib 

(SUTENT®) 

VEGFRs, 

PDGFRs, 

KIT, Flt3 

Human, 

mouse 

A small-molecule multi-receptor tyrosine 

kinase inhibitor 

PF-00337210 VEGFRs Human, 

mouse 

A potent and selective small-molecule 

VEGF receptor tyrosine kinase inhibitor 

 

Abbreviations: BMP: bone morphogenesis protein; PDGFR, platelet-derived growth 

factor receptor; KIT, stem cell factor receptor; Flt3, FMS-like tyrosine kinase 3 
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Supplementary Table B. Grading system for intensity of staining in microvessels 

 

Staining  

intensity grade 

Staining criteria 

0 No staining detected or background precluded identification of 

specific staining 

1 Faint staining, but consistent across tissue section 

2 Moderate, consistent staining, more intense than grade 1 

3 Intense, consistent staining; occasionally masks stained cell 

morphology and extends into surrounding cells/tissues 
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Supplementary Table C. Summary of percent of ALK1+/CECs among several human 

cancer indications 

  

Tumor type n No. 

total 

CECs 

SEM % total 

apoptotic 

CECs 

SEM No. 

ALK1+ 

CECs 

SEM % ALK1+ 

Live CECs

Healthy 

volunteers 

17 144 18.19 87 1.21 51 11.64 6.63 

CRC (stage 

IV) 

4 184 57.50 62 9.00 129 26.00 49.02 

Melanoma 

(stage (IV) 

8 153 50.91 56 7.78 90 18.74 39.60 

NSCLC 

(stage IV) 

11 134 47.04 41 5.73 84 15.08 49.56 

Metastatic 

breast cancer 

12 187 26.85 63 4.91 64 15.59 23.68 

Hematologic 

malignancies 

13 177 45.76 72 5.55 66 8.04 18.48 

 

Abbreviations: CEPs, circulating endothelial progenitors; CRC, colorectal carcinoma; 

NSCLC, non-small cell lung carcinoma. 

Cells are expressed as value/per mL. 
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Because the percent of viable CECs was lower in controls (13%) than in patients with 

cancer (28–59%), the number of viable ALK1+/CECs in patients with cancer may have 

been underestimated by measuring total CECs alone. 
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