
SUPPLEMENTARY MATERIALS AND METHODS 

Axl cell-based assay: 10, 000 HeLa cells/100µl/well were seeded on 96-well clear 

bottom white plates (Corning Inc., Lowell, MA) coated with Poly-L-lysine (Sigma-

Alldrich Corp, St Louis, MO) in starvation medium. R428 was serially diluted in DMSO 

and then diluted 1:250 into starvation medium. After 24 hours starvation, 100µl diluted 

R428 was added to the cells for 1 hour. Cells were stimulated for 5 minutes at 37oC with 

50µl preclustered, prewarmed antibody mixture (37.5µg/ml mouse anti-Axl (R&D 

Systems) plus 100µg/ml goat anti-mouse IgG (Jackson Immunoresearch) in starvation 

medium, mixed at 4oC for 2 hours). Cells were fixed in 4% formaldehyde, quenched in 

3% H2O2 / 0.1% sodium azide in wash buffer (0.1% TritonX-100 in PBS), blocked in 

(5% BSA in TBST) and incubated overnight at 4oC with 50µl diluted anti-phospho-Akt 

Ser473 in blocking buffer with gentle shaking. After removal of the primary antibody, 

cells were incubated with 100µl diluted goat anti-rabbit-HRP (Jackson Immunoresearch, 

West Grove PA) before developing using SuperSignal ELISA Pico chemiluminescent 

substrate (Thermo Scientific) and reading on a Victor 2 plate reader (Wallac). To 

normalize for cell number, chemiluminescent substrate was removed, cells were stained 

Crystal violet in methanol and solublized in 5% SDS in PBS. Absorbance at 590nM was 

read on a Victor 2 plate reader (Wallac). Cells were washed on a plate washer between 

each reagent addition throughout. 

Other cell-based kinase assays: Cell based assays reflecting activity of Mer, Insulin 

receptor, Vascular endothelial growth factor receptor 2 (VEGFR2), platelet derived 

growth factor receptor (PDGFR) and epidermal growth factor receptor (EGFR) were 

performed as for the Axl SAR assay with the following modificatons. Mer: HUVECs 



were stimulated by Mer cross-linking with a pre-clustered anti-Mer antibody (R&D 

Systems, Inc., Minneapolis, MN) for 15 minutes. Insulin receptor: HeLa cells were 

stimulated with 200 ng/ml insulin (Millipore, Billerica, MA) for 5 minutes. PDGFR: 

Primary normal human dermal fibroblast (nHDF) cells were stimulated with 30 ng/ml 

PDGF-BB (Peprotech, Rocky Hill, NJ) for 10 minutes. VEGFR2: HUVECs were 

stimulated with 20 ng/mlVEGF165 for 5 minutes. Cells were incubated with anti-phospho-

VEGFR2 Y1175 primary antibody to measure VEGFR2 autophosphorylation. EGFR: 

HeLa cells were stimulated with 200 ng/ml recombinant human EGF (PeproTech) for 5 

minutes. Cells were incubated with anti-phospho-EGFR Y1173 (Cell Signaling 

Technology, Danvers, MA) primary antibody to measure EGFR autophosphorylation. 

Prior to stimulation, HUVECs and nHDF cells were starved in appropriate basal medium 

(EBM2 and FBM respectively; Cambrex, Walkersville, MD) containing 0.1 % FBS and 

1 % bovine serum albumin (Sigma-Alldrich Corp, St Louis, MO). HUVECs and nHDF 

cells were from (Cambrex, Walkersville, MD). Proliferation and survival assays were 

carried out for 72 hours in complete or serum-free medium as indicated. Cell viability 

was determined using Cell Titer Glo (Promega, Madison, WI). 

Immunohistochemistry: Epitopes were retrieved in Reveal (for anti-mammaglobin and 

anti-cytokeratin) or Diva (for anti-CD34) solution at 125oC for 90 seconds at 20psi in a 

decloaking chamber followed by a rinse in Hot Rinse solution. Residual endogenous 

peroxidase activity was eliminated by incubation in 3% H2O2 for 20 minutes. Tissue was 

blocked with Rodent Block solution for 60 minutes followed by Sniper (for anti-

mammaglobin and anti-cytokeratin) or Terminator (for anti-CD34) for 10 minutes. 

Primary antibodies were diluted (anti-mammaglobin (Lifespan Bioscience Inc., Seattle, 



WA) at 1:250, anti-cytokeratin 5 (AbCam Inc., Cambridge, MA) at 1:300 and rat anti-

mouse CD34 (Novus Biologicals, Littleton, CO) at 1:60) in daVinci Green with 20, 30 or 

10% Sniper respectively. Slides were then incubated in Rabbit on Rodent polymer for 20 

minutes (for anti-mammaglobin and anti-cytokeratin) or anti Rat Probe for 30 minutes 

followed by Rat on Mouse HRP Polymer for 30 minutes (for anti-CD34). The signal was 

developed using 3,3'-diaminobenzidine and enhanced by rinsing in Sparkle. Slides were 

counter-stained with hematoxylin or pyronin Y (for anti-CD34), mounted in aqueous 

media and cover slipped. Staining reagents and equipment were from Biocare Medical, 

Concord CA. 

Pharmacokinetic analysis: The in vitro metabolic stability of R428 was measured in 

liver microsomes from human, dog, rat and mouse. 1.0 µM of R428 was incubated with 

microsomes (0.5 mg protein / ml; Xenotech LLC (Lenexa, Kansas)) at 37°C for 

timepoints of up to 1 hour. The reaction was stopped with an equal volume of 

acetonitrile.  In vivo pharmacokinetic parameters were obtained after dosing an 

intravenous (i.v.) bolus of R428 at 1.0 mg/kg in male Sprague-Dawley rats (Harlan, 

Indianapolis, IN) or female SCID mice (Charles River, Wilmington, MA). Female Balb/c 

mice (Harlan, Indianapolis, IN) were given single or multiple doses of R428 by oral 

gavage. Blood was sampled at indicated times by retro-orbital bleeding (for mice) or via 

a cannulated jugular vein (for rats) and collected in heparinized tubes. Plasma was 

prepared and R428 levels analyzed using LC-MS-MS. Clearance and volume of 

distribution (Vss) were calculated by WinNonlin software (Pharsight, Mountain View, 

CA) using a non-compartment model.  



Whole blood assay: 2 x106 K562 cells overexpressing Axl were spiked into 300µL 

NOD-SCID (Jackson Labs, Bar Harbor, ME) blood containing 5 µg /ml muGas6 and 

incubated for 30 minutes at 37oC before lysing in radio immunoprecipitation assay 

(RIPA) buffer. Total phosphoproteins were immunoprecipitated with PY20 and Axl was 

detected by western blot with anti-Axl antibodies.  

Corneal micropocket assay: Hydron pellets containing VEGF165 (R&D Systems, Inc., 

Minneapolis, MN) were implanted into a corneal pocket in the eyes of female C57BL/6 

mice (n=6 per group). VEGF was omitted from Hydron pellets of one group as a baseline 

control. Dosing with R428 at 75 mg/kg b.i.d. was initiated the next day and continued for 

7 days. Vessel length (VL) and circumferential spread (clock hours: CH) were measured. 

Vessel development (neovascularization score) was calculated using πVLxCH x 0.2. The 

study was performed at Piedmont Research Center LLC., Morrisville, NC.



SUPPLEMENTARY FIGURE LEGENDS 

Supplementary Figure 1 

A. R428 inhibits Gas6-stimulated p-Akt Ser473 phosphorylation in MDA-MB-231 

cells. TCL: Total cell lysate. 

B. R428 inhibits Gas6-stimulated Axl phosphorylation in 4T1 cells. Anti-Axl blot of 

cell lysate immunoprecipitated by anti-pTyr antibodies 

C. and D. Axl shRNA knockdown blocks invasion of MDA-MD-231 (C) and 4T1 

(D) cells. C (i) and D (i): Cells were starved overnight in medium containing 

0.5% serum and 0.5 µg/ml Axl-Fc and subjected to invasion through a Matrigel-

coated membrane in a Boyden chamber containing 20% serum in the lower 

chamber for 16 - 24 hours. Unmigrated cells were removed and cells on the 

underside of the membrane were quantified using crystal violet staining. Axl 

knockdown populations were generated by infection with GFP-expressing 

retroviral shRNA vector and infected cells were sorted for GFP-positivity. C (ii) 

and D (ii) Axl surface staining in vector control (blue line) and Axl#2 (green line) 

and Axl#4 (orange line) shRNA-expressing populations. Red line: Cells infected 

with vector control stained with isotype control antibody. *** p < 0.001, t-test. 

E. - H. MDA-MD-231 (E and G) and 4T1 (F and H) cells were incubated in 

complete (E and F) or serum-free (G and H) medium containing R428 for 72 

hours. Viability was assayed using Cell Titer Glow. 

 

 

 



 

Supplementary Figure 2 

Pharmacokinetic properties of R428 

A. The in vitro metabolic stability of R428 was measured in liver microsomes from 

human, dog, rat and mouse. In vivo pharmacokinetic parameters were obtained 

after dosing an intravenous (i.v.) bolus of R428 at 1.0 mg/kg in female SCID mice 

or male Sprague-Dawley rats. Blood was sampled at timepoints up to 8 hours, 

plasma was prepared and the plasma R428 concentration was determined by 

LC/MS/MS.   As the volume of distribution (Vss) was much larger than the total 

blood volume of rat or mouse (~0.06 L/kg), extensive distribution of R428 to 

tissues was expected. 

B and C. Female Balb/c mice were dosed orally with R428. At indicated times 

post dosing, mice were bled, plasma was prepared and the plasma R428 

concentration was determined by LC/MS/MS. 

B. Plasma R428 concentration over time in mice given a single administration of 

R428 at 25 mg/kg ( ), 75 mg/kg ( ) or 150 mg/kg ( ). Peak plasma 

concentrations of 1320 ± 150 ng/ml and 3410 ± 1160 ng/ml (equivalent of 

approximately 2.6 µM and 6.8µM) were observed with doses of 25 and 75 mg/kg 

respectively. R428 exhibited a long plasma half-life of 4 hours at 25 mg/kg and 

13 hours at 75 mg/kg and was shown to effectively distribute to tissues (data not 

shown). Exposures were similar in Balb/c, nu/nu and C57/BL6 mice (data not 

shown). 



C. (i) Plasma R428 concentration over time in mice given twice daily R428 at 25 

mg/kg ( ), 75 mg/kg ( ) or 100 mg/kg ( ) for 14 days. Solid line: day 1; 

dashed line: day 14.  

C. (ii) Trough (pre-dose) and Cmax (2 hr post dose) plasma concentration of R428 

on day 1 and day 14. Pre-dose (trough) levels of 1194, 3420 and 4495 ng/ml 

(approximately 2.4, 6.8 and 9.0 µM) were observed after prolonged R428 dosing 

at 25, 50 and 100 mg/kg b.i.d. respectively, indicating that a high steady state 

plasma concentration of drug could be achieved. 

D. R428 dose-dependently inhibits Gas6-stimulated Axl phosphorylation in whole 

blood. K562 cells overexpressing Axl were incubated in mouse blood with 

5µg/ml muGas6. As Axl expression in blood is limited to monocytes and platelets 

(4), K562 cells provided a practical source of Axl for this experiment. Blood / 

K562 cell lysate was immunoprecipitated by anti-pTyr and immunoblotted with 

Anti-Axl antibodies. Robust phosphorylation of Axl was detected which was 

blocked by R428 with EC50 between 0.1 and 1µM 

 

Supplementary Figure 3 

R428-treated animals exhibit an increased survival trend in an MDA-MB-231luc-

D3H2LN treatment protocol 

Kaplan-Meier plot of survival. Female nude mice were injected intracardially with 105 

MDA-MB-231luc-D3H2LN cells. Treatment with vehicle, R428 (125 mg/kg b.i.d) or 

Paclitaxel 20 mg/kg QDx5 (i.v.) was initiated on day 21, after imaging to confirm 

presence of metastases.  



Supplementary Figure 4 

A. and B. R428 does not affect take-rate or growth of primary 4T1 tumors at the 

orthopic location.  

A. 4T1 cells were inoculated as described in Materials and Methods. Treatment with 

R428 at 75 mg/kg or vehicle b.i.d was initiated on day 2 post inoculation and 

continued for 7 days. Tumor growth was monitored. n = 10 per group  

B. Study protocol as in Figure 3A. Size of primary tumors was measured using 

calipers 3 times weekly. Mice were culled on day 19 or 21 post cell inoculation 

due to growth of the primary tumor. 

C. Liver lesions in the 4T1 model stain with breast-specific markers mammaglobin 

and cytokeratin 5 (50 x magnification) 

i., iii. H&E 

ii. mammaglobin 

iv. cytokeratin 5 

v. isotype control 

D. (i) MIP1-α, (ii) IL-6 and (iii) IL1-β expression in tumor lysates from the study in 

Figure 3D (i) were analyzed by Luminex. MFI: Median fluorescence intensity. 3 

mice were analyzed per group. 

 

 

 

 

 



Supplementary Figure 5 

R428 suppresses angiogenesis 

A. HUVEC cells were preincubated with R428 1 hour prior to stimulation with 

antibody-mediated crosslinking for 5 minutes. Fixed cells were stained with anti-

phospho-Akt ser473. Blue line: Stimulated, DMSO control; green line, 

unstimulated, DMSO control. 

B and C: 4T1 primary tumors from a repeat of the study in Figure 3 (D(i)) were stained 

with the endothelial cell marker anti-mouse CD34 and microvessels were quantified. 

Tumor angiogenesis was reduced in R428-treated animals. 

B. Anti-CD34-staining of primary 4T1 tumors from mice treated with (i) vehicle or 

R428 at 75 mg/kg b.i.d. (10x magnification) 

C. Mean microvessels per group. 10 random fields were counted for 5 mice per 

group at 10x magnification. * p<0.5; t-test. 

D. Hydron pellets containing VEGF were implanted into a corneal pocket in the eyes 

of female C57BL/6 mice (n=6 per group). After 7 days dosing with R428 at 75 

mg/kg b.i.d. vessel length (VL) and circumferential spread (clock hours: CH) 

were measured. Vessel development is presented as neovascularization score 

(πVLxCH x 0.2; mean +/-SEM). R428 suppressed VEGF-induced corneal vessel 

development. 

 

Supplementary Figure 6 

R428 reduces % of mice bearing macroscopic lung metastases in the 4T1 Study. 4T1 

protocol was as in Figure 3A. Total lung metastases per group were counted on 



individual cull days, categorized as small, medium and large and the incidence of 

metastasis was calculated.  

A. Incidence of small (≤ 2 mm: grey fill); medium (2 - 3 mm: black fill) and large (≥ 

3 mm; white fill) lung metastases. 


