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SUPPLEMENTARY INFORMATION 

Supplementary Materials 

Antibodies used for immunohistochemistry 

Primary antibodies: rabbit anti phospho-AKT (1:100) or phospho-S6 (1:300) from Cell 

Signaling diluted in TBS and 0.2% BSA. Secondary antibody: biotinylated donkey anti rabbit 

IgG 1:200 (Jackson Immunochemicals). 

Antibodies used for western blotting  

As described (1) or as follows: 

Primary antibodies against human proteins: 

Neu/ERBB2: rabbit Neu (C-18) SC-284, 1:5000 o/n; secondary anti-rabbit IgG, HRP-linked 

CST 7074, 1:10,000, 2h.  

Phospho-ERBB2 (Y1248): mouse AB-8054 1:1000, o/n; secondary CST 7076 1:2500, 1h 

AKT: rabbit (CST 9272) 1:100, 1h; secondary CST 7074 1:10,000, 1h. 

Phospho-AKT (S473): rabbit (CST 9271) 1:1000, o/n; secondary SC-2004 1:2,500, 1h 

C-RAF (C12) SC-133, 1:2000, o/n; secondary CST 7074, 1:3333, 2h. 

B-RAF: (H-145) (SC-9002), 1:3333 o/n; secondary CST 7074, 1:2000, 2h. 

HSP72: (Stressgen SPA-812), 1:10,000 20min; secondary CST 7074, 1:10000, 20min. 

CDK4: (C-22) SC-260, 1:3333, 1h; secondary CST7074 1:10,000 2h. 

HIF-1α: BD 61059, 1:1000, o/n; secondary anti-mouse IgG, HRP-CST 7076, 1:5,000, 1h. 

VEGFR-2: CST 2479 1:1000 in 5% BSA/TNT o/n, secondary CST 7074, 1:2000, 1h.  

ERα: SC-542, 1:200 o/n; secondary CST 7074, 1:1000, 1h. 

Phospho-ERK1/2 (p44/42 MAPK; Thr202/Tyr204): CST 9101 1:1000 o/n; secondary CST 

7074, 1:3333, 2h. 

GAPDH: AB 8245, 1:10,000, 15min; secondary CST 7076, 1:10,000, 15min. 

SC= Santa Cruz; CST = Cell Signaling Technology; AB= Abcam; BD = BD Transduction 

Labs 
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Supplementary Methods 

Cell lines and in vitro culture conditions 

Human endothelial cells (HUVEC and HDMEC), PC3 and a metastatic variant (PC3LN3) 

prostate carcinoma cells, MCF10A cells derived from human mammary gland and PNT2 

human prostate epithelial cells immortalized with SV40 were cultured as described. HB119 

human mammary gland luminal epithelial cells immortalized with SV40 (from Dr MJ O’Hare, 

Breast Cancer Research Laboratory, University College, London, UK) were grown in DMEM-

Ham’s F12 mix (#3133, Gibco-Invitrogen, Paisley, Scotland) supplemented with 10% FCS, 

5ug/ml insulin, 1ug/ml EGF, 25ng/ml cholera toxin and 1ug/ml hydrocortisone. Pre2.8 human 

prostate benign hyperplasia epithelial cells, immortalized with SV40 (from Dr DL Hudson, 

The Institute of Cancer Research, Sutton, UK) were grown in Pr EBM medium (Clonetics 

#CC-3166, Cambrex Bioscience Ltd UK). 

 

In vivo pharmacokinetic studies. 

NVP-AUY922 was dissolved in DMSO and diluted in sterile saline/Tween 20. Final 

concentrations were DMSO: 10%, Tween20: 5%, saline: 85%. Female NCr athymic mice 

bearing WM266.4 human melanoma xenografts received 0.1ml of compound solution or 

vehicle per 10g body weight. A single dose of 50mg/kg NVP-AUY922 was administered i.v. 

or i.p and groups of 3 animals were taken at intervals up to 24h for analysis of compound 

levels in plasma, normal tissues and tumors. 

 

In vivo efficacy studies 

Human tumor xenografts of A2780 ovarian carcinoma, U87MG glioblastoma and WM266.4 

melanoma were established in the bilateral flanks of female NCr athymic mice from the 

inoculation of 2 million cells. WM266.4 cells were also injected i.v. to generate experimental 

lung metastases. BT474 breast carcinomas were established from injection of 5 million cells 

in medium supplemented with Matrigel (1:1) in contralateral mammary fat pads; mice 

received hormone supplementation in the form of estradiol pellets  (0.025mg, 90 day release 
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#NE-121, Innovative Research of America) implanted s.c. in the dorsal neck area. PC3LN3 

prostate carcinoma cells were implanted into the prostate of male mice as described 

previously (2).  All procedures involving animals were performed in accordance with national 

Home Office regulations under the Animals (Scientific Procedures) Act 1986 and within 

guidelines set out by the Institute’s Animal Ethics Committee and the United Kingdom 

Coordinating Committee for Cancer Research’s ad hoc Committee on the Welfare of Animals 

in Experimental Neoplasia (3).   

 

Dosing with NVP-AUY922 commenced when tumors were well-established (~ 5mm diameter 

for superficial tumors, after 10-14 days of growth for prostate carcinomas, 7 days after i.v 

injection of WM266.4 cells) using schedules as described for each study. Mouse body 

weights and condition were monitored throughout the study. Superficial tumors were 

measured three times weekly across two perpendicular diameters and volumes calculated 

using the formula V = 4/3π [(d1 +d2)/4] 3 (4). At the end of the study, tumors were excised 

and weighed. PC3LN3 prostate carcinomas and all detectable lymph node metastases were 

dissected and weighed. For scoring metastases, lungs were removed, formalin fixed, 

sectioned and tumors in 3 random fields of view per lung counted and their area measured 

by image analysis (Image-Pro Plus). Plasma and snap frozen tumor samples were harvested 

for pharmacokinetic and/or pharmacodynamic analyses. In some cases tumors were 

cryopreserved or fixed for immunohistochemical analysis. Statistical significance was 

determined using the Mann-Whitney U Test.  

 

Immunohistochemistry 

Cryopreserved tumors were sectioned onto polylysine-coated slides (Sigma) at 6µm using a 

Leica CM1900 cryostat. Sections were fixed for 30min in ice cold methanol, washed twice in 

TRIS buffered saline (TBS), incubated for 30min in 1% H2O2 in TBS to remove endogenous 

peroxidase and washed twice more in TBS before a 1h incubation in blocking solution (2% 

BSA and 0.02% Triton X in TBS). Overnight incubation with primary antibodies in a 
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humidified chamber was followed by 3 washes and a 3h incubation in secondary antibody 

(see Supplementary Materials above), 3 further washes and then a 3h incubation in Avidin 

Biotin Complex (ABC) solution (Vector Laboratories). Following a further 3 washes in TBS 

and a 10min wash in dH2O, the sections were visualised using a DAB kit (Vector 

Laboratories). The sections were then counterstained using hematoxylin (BDH) and 

dehydrated using standard methods prior to mounting using DPX (Vector Laboratories).  

 

Western blotting of tumor lysates: 

Snap frozen tumors were lysed in lysis buffer (150mM NaCl, 1mM EDTA, 50mM Tris pH 7.4, 

1% Triton X-100, 1mM NaF, 1mM NaVO3, 10µg/ml TLCK [Na-p-tosyl-L-lysine chloro- methyl 

ketone (hydrochloride)], 5µM fenvalerate, 5µM bpVphen [potassium bisperoxo (1,10-

phenanthroline) oxovanadate (V)], 1mM PMSF (phenylmethylsulphonyl fluoride) 1:100 

protease inhibitor cocktail and 1:200 phosphatase inhibitors I and II). Protein concentration 

was assayed using the BCA protein assay kit (Sigma, Dorset, UK). 15µg protein was 

separated according to molecular weight on a 4-12% Tris-Bis gel (Gibco-Invitrogen).   

 

Following electrophoresis, proteins were transferred onto a PVDF membrane using a Novex 

(Gibco-Invitrogen) transfer system. Non-specific binding was blocked by incubating the 

membrane in 5% dried milk in TNT (0.05M Tris HCl pH8.0, 0.15M NaCl, 0.1% Tween 20) at 

room temperature (RT) for 1h. The membrane was probed overnight at 4oC (unless 

otherwise stated) with rotation in primary antibody diluted in blocking buffer. The blot was 

washed (3 x10 s) with TNT and incubated with an HRP-conjugated species-specific Ab 

diluted in blocking buffer for 1 h at RT with rotation. After three additional washes, the blot 

was developed by a 1min incubation with enhanced chemiluminescent plus substrate and 

exposure to Hyperfilm ECL autoradiographic film (Amersham Biosciences UK). 

 

MSD electrochemiluminescence immunoassay 
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Cell cultures were harvested as for western blot or xenograft tumors were ground in lysis 

buffer for 2 cycles of 20s using a Precellys 24 (Bertin Technologies). Lysates were incubated 

on ice (15 min to 1h), then centrifuged at 14000 rpm at 4°C for 10min. The supernatants 

were aliquoted and stored at -80°C. One aliquot was used to determine the protein 

concentration using the BCA assay.   

 

Pilot studies were carried out with all plates to ensure that readings obtained with cell/tumor 

cell extracts were within the linear range of the assay, depending on abundance of the 

particular protein. The plates used and the protein loadings were as follows:  

Mesoscale Discovery (MSD) 96-well multi-spot phospho (ser473)/ total AKT (cat. no. 

K11100D ;), protein loading 10-20µg per well; HSP72 (cat. no. K111EVD, protein loading 

1.25-10µg/well), HIF-1α (cat. no. K110DKD, protein loading 20-40µg per well), ERBB2 (cat. 

no. K111DTD, protein loading 40-100µg/well) ERK1/2 (cat. No. K111DXD protein loading 

1.25-40µg/well) and VEGFR-2 (cat no. N41CB-1, 10µg protein loading/well). 

 

Assays were carried out according to manufacturer’s instructions using a previously 

optimised protocol (5). Briefly, plates were blocked for 1h at RT with shaking; washed four 

times with TBST (Tris buffered saline with 0.1% Tween 20). Protein was added to duplicate 

wells and incubated overnight at 4°C. Plates were washed as before; then 25µl detection 

antibody was added and incubated at RT for 2 h. Plates were washed four times with TBST 

as before. Read buffer (150µl, as supplied by manufacturer) was added and the plates 

analysed on a Sector 6000 instrument. Two additional spots in each well are coated with 

BSA. The mean counts of the two BSA spots per well were subtracted from the Ru values as 

they represent non-specific background binding.  

 

Pharmacokinetics and metabolism 



 6

For the LCMSMS analysis, the transition monitored for NVP-AUY922 was m/z 464.18  

177.10 and m/z 640.18  464.18 (15eV) for the glucuronide. The internal standard used was 

monitored at m/z 311.10  281.20. Samples were extracted by protein precipitation and 

measured against external calibration curves produced in the matrix of origin (plasma, cell 

lysate, tumor homogenate) (at the level of 5-10000nM) with addition of an internal standard. 

Quality controls were included at the level of 30, 300 and 3000nM.      
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SUPPLEMENTARY TABLES 

 

Table S1 

 

In vitro activity of NVP-AUY922 against a panel of kinases 

 

Kinase IC50 (µM) % inhibition at 

10µM 

AKT 42  

CDK2 >50  

CDK5  11 

CHK1 >50  

CRAF  0 

GSK3β >50  

JNK  2 

PAK  18 

PDK1 >50  

PRK2  20 

FGFR-1  31 

LCK  39 

SYK  24 
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Table S2.  

 

GI50 values of NVP-AUY922 in a range of human tumor cells and non-malignant cells 

Cells were cultured in microtiter plates in the appropriate media with 10% FCS and any 

required supplements at predetermined optimal seeding densities (see Materials and 

Methods). Following overnight incubation to allow attachment, the medium was aspirated 

and replaced with NVP-AUY922 at a range of concentrations or vehicle (in triplicate) and the 

plates incubated for a further 96h (or 144h for slow growing cells such as SKMEL28). At the 

end of the study, viable cell numbers were estimated using methods appropriate for the 

different cell types and GI50s calculated as described in Materials and Methods.  Data are the 

mean ± SD of at least 3 independent experiments. 

 

Cell type Cell line Feature NVP-AUY922  

GI50 (nM) 

Prostate cancer DU145 High EGFR 

PTEN+; mutant TP53 

5.2 ± 1.0 

 PC3 PTEN null 6.3 ± 1.4 

 PC3LN3 PTEN null , metastatic 26.7 ± 2.6 

    

Ovarian cancer CH1 High PTEN, drug sensitive 2.9 ± 0.6 

 CH1doxR* Resistant to doxorubicin  

(high PgP) 

3.2 ± 0.8 

 A2780 Mutant PIK3CA, Mutant PTEN 2.6 ± 0.2 

    

Breast cancer MCF7 ER+, mutant PIK3CA 13.3 ± 1.1 

 BT474 ER+, ERBB2+ 5.3 ± 0.8 

 MDA MB 231 EGFR+, mutant BRAFG464V 26.1 ±1.8 
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mutant KRAS, metastatic 

 MDA MB 435 ERBB2+, mutant BRAFV600E 

metastatic 

3.3 ± 1.2 

 T47D EGFR+, ERBB2+ 21.3 ± 4.4 

    

Colon cancer HCT116 No UGTs 

mutant KRAS and PIK3CA 

16.0 ± 8.0 

 BEneg Inactivating NQO1 

polymorphism 

2.6 ± 0.2 

 BE2+ Transfected with NQO1 gene  2.3 ± 0.1 

 HT29 Expresses UGTs 

Mutant PIK3CA and BRAFV600E

39.8 ± 4.0 

 HT29oxaliR‡ Oxaliplatin resistant 34.3 ± 1.9 

    

Melanoma SKMEL2 High NQO1 expression,  

wt BRAF , mutant NRAS 

15.3 ± 0.5 

 SKMEL5 Low NQO1 expression 

Mutant BRAFV600E 

4.8 ± 1.2 

 SKMEL28 Mutant BRAFV600E 4.8 ± 0.7 

 WM266.4 Mutant BRAFV600D 4.7 ± 0.1 

    

Glioblastoma SF268 PTEN wt  

Mutant TP53 

6.1 ± 1.5 

 U87MG PTEN null 7.8 ± 1.2 

    

Lung cancer A549 High EGFR 

Mutant KRAS 

24.6 ± 4.0 
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Endothelial cells HUVEC  3.9 ± 1.2  

 HDMEC  2.5 ± 0.9 

    

Prostate 

epithelium 

PNT2  6.3 ± 2.5 

 Pre.2.8  6.9 ± 1.7 

    

Mammary 

epithelium 

MCF10A  3.5 ± 1.8 

 HB119  6.8 ±8.0 

 

* Cells with acquired resistance to doxorubicin (high P-glycoprotein) 

+ Cells transfected with NQO1 gene encoding DT-diaphorase 

‡ Cells with acquired resistance to oxaliplatin 
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 Table S3:  

NVP-AUY922 concentrations in WM266.4 melanoma xenografts following five daily doses of 

50mg/kg i.p. 

Treatment Timepoint NVP-AUY922 

concentration 

(nM) 

6h 0 

16h 0 

Solvent control

24h 0 

6h 7704.7+ 2458.3

16h 5387.1+ 583.6 

NVP-AUY922 

50mg/kg i.p 

 24h 6810.0+ 490.3 

Values are mean±SD; n=3 

 

Table S4:  

NVP-AUY922 concentrations in U87MG glioblastoma xenografts following five daily doses of 

50mg/kg i.p. 

Treatment Timepoint Corrected 

concentration (nM) 

Mean 

(nM) 

6h 0 0 

16h 0 0 

Solvent control 

24h 0 0 

6h 6938.0, 4345.2 5641.6 

16h 7236.8, 6253.6 6745.2 

NVP-AUY922 

50mg/kg i.p 

 24h 5532.4, 2258.8 3895.6 

Values are the mean of two independent repeats. 
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Table S5 

Summary of human tumor xenograft responses to NVP-AUY922 

Tumor  Type Dose  

NVP-

AUY922 

Dosing period 

(days) 

T/C Notes 

HCT116 Colon 

carcinoma 

50mg/kg i.p. 12 50% (6) 

75mg/kg  

i.p. reduced 

to 

50mg/kg i.p. 

8 + 3 31% 

50mg/kg i.p. 

daily 

9 45% 

50mg/kg i.v  

daily 

9 54% 

50mg/kg ip 

qd x 5 

22 52% 

60mg/kg  

qd x 5 

16 37% 

75mg/kg 

qd x 3 

16 33% 

WM266.4  

 

Melanoma 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lung 

metastases 

50mg/kg i.p. 

 

32 * 28% 

6% 

B-RAF mutant 

 

 

 

 

  

 

 

 

 

 

 

 

 

(number) 

 (area) 

A2780 Ovarian 

carcinoma 

50mg/kg i.p 

 

8 11%  

BT474 # Breast 

carcinoma 

50mg/kg i.p. 

 

24 21% 42% regressions including 

17% undetectable tumors 
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U87MG  Glioblastoma 50mg/kg i.p. 19 7% 69% regressions including 

50% undetectable tumors 

PC3LN3 

# 

Prostate 

carcinoma 

50mg/kg i.p. 14 37% 

47% 

0% 

Primary tumors 

Local LN metastases 

Distant LN metastases 

 

For s.c. and orthotopic tumors, T/C was calculated from the mean weights of treated tumors 

divided by the mean weights of control tumors at the end of the study expressed as a 

percentage. 

 For WM266.4 lung metastases, T/C was calculated from the mean number and area of 

tumors measured in histological sections 

 

* intermittent schedule (see Methods) 

# orthotopic implantation (BT474 – mammary fat pad; PC3LN3 – prostate gland) 

 

Supplementary Figure legends 

 

Figure S1: NVP-AUY922 induces pharmacodynamic molecular biomarker changes in 

multiple tumor cell lines 

A) A2780 ovarian carcinoma cells. B) HCT116 colon carcinoma cells. C) WM266.4 

melanoma cells were exposed to 5 x GI50 concentrations of NVP-AUY922 over 96h and 

extracted protein samples assayed by Western blot as previously described. D) BT474 

breast carcinoma cells were treated with increasing concentrations of NVP-AUY922 (4-32 x 

GI50) and analysed by Western blot after 24h exposure.  

 

Figure S2: NVP-AUY922 inhibits ERBB2 signalling and localisation 

A) BT474 breast carcinoma cells were treated with the indicated fold-GI50 concentrations of 

AUY922 for 24 hours. Cells were harvested, lysed and the levels of the indicated proteins 
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determined by western blotting. B) SKBR3 breast carcinoma cells were exposed to vehicle 

(left-hand images), 4 x GI50  (center images) and 8 x GI50 concentrations (right-hand images) 

of NVP-AUY922 for 24h before formaldehyde fixation. ERBB2 localisation was determined 

using a mouse monoclonal antibody and Alexa-488 labelled secondary antibody. Nuclei were 

counterstained with DAPI and images (x 630) collected using a Zeiss Axiovert microscope. 

Lower panels are enlarged images of the sections of the fields indicated by rectangles in the 

upper panels. 

 

Figure S3: NVP-AUY922 induces concentration-dependent biomarker responses to 

NVP-AUY922 of HUVEC in vitro 

HUVEC were exposed to different concentrations of NVP-AUY922 (approximately 1-5 x GI50) 

or vehicle for 24h, then protein extracted for electrochemiluminescence immunoassay or 

western blot analysis. Pilot studies were carried out to ensure that loading was within the 

linear range and at optimal concentrations for each protein. Ruthenium counts obtained from 

immunoassay plates are shown. Values are mean ± SD. A) VEGFR2/KDR (10µg protein 

loaded). B) HSP72 (3µg protein loaded). C) AKT (30µg protein loaded).  D) Western blots of 

the same proteins together with GAPDH as a loading control. 

 

Figure S4: NVP-AUY922 inhibits tumor cell migration, invasion and haptotaxis 

 

A) PC3LN3 haptotaxis assay. Tumor cells in 24well plates were exposed to 125nM NVP-

AUY922 24 hr prior to a scratch being made in the cell monolayer using a plastic pipette tip. 

The wound widths were measured at three points along their length and images obtained at 

intervals (16, 24 and 48 hr) to assess the rate of haptotaxis.  Figure 4A shows the degree of 

wound closure achieved by control vehicle treated cells (white bars) and NVP-AUY922 cells 

(black bars) at these three time points.  ** P< 0.001 for NVP-AUY922 treated cells relative to 

controls at each time point. B) PC3LN3 cells were pretreated with 50, 125 or 250nM NVP-

AUY922 as before, and quantitative images obtained every 30 minutes for 15 hours to 
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assess the speed of cell movement. ** P<0.001 relative to controls. C) WM266.4 BRAF 

mutant melanoma cells were exposed to 50 nM NVP-AUY922 for 24 h prior to assay in 

Fluoroblok filter migration or (matrigel-coated) invasion assays using FCS as a 

chemoattractant. The compound was present during the assays which ran for 16 h 

(migration, black bars) and 36h (invasion, white bars) respectively.  ** P <0.001 relative to 

control cell migration. 

  

 

Figure S5: NVP-AUY922 shows therapeutic activity in human ovarian and breast 

carcinoma xenografts 

Tumor xenografts were established from A2780 human ovarian carcinoma cells and BT474 

human breast carcinoma cells as described in Materials and Methods.  In the A2780 study, 

dosing (NVP-AUY922 50mg/kg or vehicle) commenced 7 days after cell injection and 

continued daily for 7 days. In the BT474 study, dosing commenced 15 days after cell 

injection and continued daily for 23 days. A) A2780 xenograft tumor growth curves, with 

(inset) final weights. Solid squares: vehicle controls; open circles NVP-AUY922 treated. B) 

BT474 xenograft tumor growth curves, with (inset) final weights. Solid squares: vehicle 

controls; open circles NVP-AUY922 treated. C) Western blots of 2 representative control and 

3 treated A2780 xenografts showing expression levels of biomarkers. D) Western blots of 

representative control and treated BT474 xenografts showing expression levels of 

biomarkers. 

 

Figure S6 AU922 shows therapeutic activity in orthotopic metastatic prostate 

carcinoma xenografts 

PC3LN3 human prostate tumors were established in the prostate glands of male NCr 

athymic mice as described. Treatment with 50mg/kg NVP-AUY922 i.p. commenced on day 

14 after cell injection and continued for 14 days. Primary tumors and lymph node metastases 

were then excised, weighed and samples analysed for biomarker changes. A) Weights of 
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primary tumors. B) Weights of local (LLN) and distant (DLN) lymph node metastases. C) 

Western blots of representative control and NVP-AUY922-treated tumors showing 

expression levels of biomarkers 24h after the final dose. 

 

 

 


