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Supplementary Appendix 

Supplementary Methods 

Cell lines and culture conditions 

293FT producer cells were obtained from Invitrogen; non-small cell lung cancer (NSCLC) and breast cancer 

cell lines were obtained from the American Type Culture Collection (ATCC) and maintained in 10% fetal bovine 

serum (FBS) containing media (DMEM or RPMI; Invitrogen) supplemented with antibiotics Pen-Strep 

(Invitrogen) at 37°C according to the instructions from ATCC. The 293FT cells were maintained as per the 

manufacturer’s specifications in DMEM supplemented with 10% FBS, 0.1 mM MEM nonessential amino acids, 

2 mM L-glutamine, 1% Pen-Strep, and 500 g/mL geneticin (Invitrogen). Sodium butyrate and polyethylene 

glycol (PEG)-8000 were obtained from Sigma-Aldrich. 

Lentiviral shRNA screens 

In HT-29 colorectal cancer cells, nine distinct lentiviral shRNA screens were carried out using various 

concentrations of dalotuzumab (200-300 ng/mL) and the kinase-targeting lentiviral shRNA vectors. The degree 

of target gene knockdown was verified by qRT-PCR. The lentiviruses targeting 480 individual genes, mostly 

kinases, were generated by packaging 1439 lentiviral shRNA vectors (Kalypsis library, GNF) in 293T cells by 

co-transfecting with packaging vectors (as recommended by Invitrogen lentiviral packaging system [Virapower 

packaging system]). HT-29 cells (n=500) were cultured in a 384 well plate; the next day, cells were infected 

with 10 μl of packaged virus. On day 3, media was removed and cells were allowed to recover for a day. On 

day 4, cells were treated with dalotuzumab (200-300 ng/mL). On day 8, the amount of cell growth was 

assessed by staining with alamar blue (Sigma Aldrich) as described (Klinghoffer RA, Roberts B, Annis J, et al. 

An optimized lentivirus-mediated RNAi screen reveals kinase modulators of kinesin-5 inhibitor sensitivity. 

Assay Drug Dev Technol 2008;6:105-19). To identify shRNA hits that potentiated dalotuzumab activity, 

statistical analysis was performed as described (Klinghoffer RA, Frazier J, Annis J, et al. A lentivirus-mediated 

genetic screen identifies dihydrofolate reductase (DHFR) as a modulator of beta-catenin/GSK3 signaling. PLoS 

One 2009;4:e6892). In each plate, the difference between the adjusted intensity of a shRNA and the median in 

the sample field was calculated. For all shRNA replicates, these values were used to calculate mean difference 

(equivalent to mean fold change in log scale), strictly standardized mean difference (SSMD), and P value of 

testing no mean difference. P values were then used to calculate the false discovery rate using methods 

described by Strimmer (Strimmer K. A unified approach to false discovery rate estimation. BMC Bioinformatics 

2008;9:303). From the screens, a list of 37 hits representing the top 3% of dalotuzumab enhancers was 

identified.  
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Colony formation assays were conducted to confirm hits identified from the shRNA screens. Following infection 

with fresh vector, cells were exposed to a 5-dose titration of dalotuzumab and then allowed to form colonies 

over the course of 9 days. HT29 cells were seeded (1500 cells/well in 6 well plates) and exposed to virus for 

16 hours. Virus was removed and replaced with fresh medium containing no drug or a dilution of dalotuzumab 

(0.05, 0.1, 0.5, 1, or 10 μg/mL). Dalotuzumab was replaced every 3 days over the course of the assay. Plates 

were stained with crystal violet on day 9 (post-drug addition). The colony number and area were calculated by 

imaging with Alpha Imager. 

Colony formation and anchorage independent growth assay 

The ability of dalotuzumab to inhibit anchorage independent growth alone or in combination with ridaforolimus 

was evaluated in a soft agar colony–forming assay. Soft agar assays were conducted in 96 well glass bottom 

plates (MatriCal). Cells were seeded at a concentration of 3000 to 9000 cells per well in 100 μl RPMI 1640 

(Invitrogen) supplemented with 14% FBS and 0.3% (w/v) SeaPlaque Agarose on top of a bottom layer 

consisting of the same culture media supplemented with 0.8% agarose. Compounds were added in 100 μl of 

culture media supplemented after agarose had solidified. Cells were incubated for 7 to 14 days before staining 

overnight with LavaCell (Active Motif). Colonies were quantified using an Isocyte™ laser scanning cytometer. 

Western blot analysis and meso scale analysis 

Western blot analyses were also performed on total protein lysates to assess the activation status of 

components of the PI3K/AKT/mTOR signaling pathway. Blots were probed with total (IGF1R, AKT, S6K, IRS1) 

or phospho-specific antibodies (p-PRAS40, p-Foxo3A, p-AKT [Ser473], p-S6K [T389], p-IRS1 [S302]) using 

standard techniques. Total protein lysates from approximately 0.3 million cells cultured in 6 well plates were 

generated by removing the media, rinsing once with PBS, and lysing in NP-40 buffer (1% NP-40, 20 mM Tris-

HCL [pH8.0], 137 mM NaCl, 10% glycerol, 2 mM EDTA, Mini Complete protease inhibitor, HALT phosphatase 

inhibitor cocktail). Blots were probed with total (IGF1R, AKT, S6K, IRS1) or phospho-specific antibodies (p-

PRAS40, p-Foxo3A, p-AKT [Ser473], p-S6K [T389], p-IRS1 [S302]), followed by a secondary antibody (Cell 

Signaling Technology) and then incubated with SuperSignal chemiluminescence substrate (Thermo Scientific). 

Blots were then exposed to a Kodak Biomax Light Film. Antibodies against p-PRAS40, p-Foxo3A, AKT and p-

AKT (Ser473), IGF1R, S6K and p-S6K (T389), IRS1 and p-IRS1 (S302), and actin were obtained from Cell 

Signaling Technology. Total IGF1R antibody was obtained from Santa Cruz Biotechnology, Inc. and GAPDH 

was obtained from Millipore. Quantification of P-AKT and total AKT were performed from total protein lysastes 

using Meso Scale Discovery 384 well electrochemiluminescence assay plates according to the manufacturer’s 

instructions (MSD, Gaithersberg MD). Each well of the pAKT/tAKT mesoscale plate contains a phospho-

specific and a phospho-independent AKT capture antibody bound to the plate's surface. Following the addition 

of cell lysates and an electrochemiluminescent labeled detection antibody, a voltage is applied to the plate and 
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the amount of emitted light, representing a quantitative measure of protein, is quantified for each spot. Signal 

intensities from P-AKT were normalized to total AKT levels and plotted. Feed induction of P-AKT following 

ridaforolimus treatment (10 nM) was measured in cells following 3 hours or 24 hours of treatment. 

Reverse phase protein arrays 

Reverse Phase Protein Microarrays were manufactured as described (Andersen JN, Sathyanarayanan S, Di 

Bacco A, et al. Pathway-based identification of biomarkers for targeted therapeutics: personalized oncology 

with PI3K pathway inhibitors. Sci Transl Med 2010;2:43ra55 and Paweletz CP, Charboneau L, Bischsel VE, et 

al. Reverse phase protein microarrays which capture disease progression show activation of pro-survival 

pathways at the cancer invasion front. Oncogene 2001;20:1981-9). Arrays were probed with different total and 

phosphor specific antibodies and integrated values for each spot were obtained by ImageQuant 3.0. Each 

assay was performed twice (technical replicas), and on each run two independent measurements for every 

phosphorylated protein were obtained (biological replicas). The data then were normalized using the double-z 

score and expression level of a housekeeping gene (GAPDH) followed by averaging across the technical and 

biological replicas. 

In vivo xenograft studies 

Five- to seven-week-old 20-25 gram immunodeficient female mice (HsdCpb:NMRI-Foxn1nu, Harlan 

Laboratories, Rossdorf, Germany) were implanted with tumor fragments from the lung adenocarcinoma 

LXFA629. Upon reaching a mean tumor size of 115 mm3, mice were randomized into treatment groups. The 

control group was dosed with dalotuzumab vehicle (20 mM L-histidine, 150 mM NaCl, 0.5% Tween80, pH 6.0) 

once per week (qwk) by intraperitoneal (IP) injection for 4 weeks (qwk×4). Ridaforolimus vehicle (10% 

dimethylacetamide, 10% Tween80, 40% PEG-400) was dosed 5 times per week IP for 4 weeks. The 

experimental groups were dosed with dalotuzumab qwk (20 mg/kg, IP), ridaforolimus 5 times per week (1 

mg/kg, IP), or the combination of dalotuzumab and ridaforolimus at the same dose/schedules as the 

monotherapy arms. The mice were weighed and tumor volumes were determined twice per week and at the 

end of the study. For the evaluation of the statistical significance of efficacy data, the nonparametric Kruskal-

Wallis test followed by Dunn’s method for pairwise comparisons was performed. Animals were sacrificed, 

tumor weight was recorded, and samples were collected for western blot analysis and immunohistochemistry. 

The efficacy study was performed at Oncotest GmbH (Freiburg, Germany). 
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Supplementary Tables. 

Supplementary Table 1. Hits from the dalotuzumab enhancer screen. 

Gene 
Oligonucleotide 

number 
shRNA oligo sequence 

Target Gene 
Silencing, 

% 

INSRR OL0003486 GCTTCTGTCATGAAAGCCT 98 

MAP2 OL0006010 GGATGACGACTTTGAGAAG 97 
K1    
BMP2    
K OL0023060 GGATTGTCCAGTCTCCAAC 96 
TGFB    
R1 OL0003240 GACATGATTCAGCCACAGA 94 
AURK    
B OL0006036  GGTGATTCACAGAGACATA  93 

BUB1 OL0003702  GCCCAAGACTGAATTTCAA  92 

BUB1 OL0023286  GGGTGTGAAACACATAAGG  92 

CSNK    
1A1 OL0004996 GCCTCGAAGACCTCTTCAA 92 
CSNK    
1A1 OL0004998 GACTACAATGTACTAGTCA 89 
MAP2    
K7 OL0006020 GGAAGAGACCAAAGTATAA 89 

MELK OL0004990 GAATGAAGAGTACTTTATG 88 

PIK3C    
A OL0016366 GCATTGACTAATCAAAGGA 86 

MAP2 OL0006008 GGGAGCTGCAGGTTCTGCA 86 

K1    
CDK1 OL0008858 GTCAGTCTTCAGGATGTGC 85 

CSK  OL0024908 GCTGGTGGAGCACTACACC 85 

PIK3C     

A  OL0003676 GAAGCAGAAAGGGAAGAAT 84 

MTOR  OL0002814 GAGGCATCTCGTTTGTACT 80 

NEK1  OL0005940 GCATCCAAATATTGTCCAG 80 

WNK2  OL0005958 GAGATGATTGAGTCTGGAT 80 

TNK2  OL0002626 GAGGCCCACGTCATCCGCT 79 

BRAF  OL0022358 GCACTGATGATGAGAGGTC 75 

CSK  OL0008340 GCCTCAGTCATGACGCAAC 74 

PDPK  OL0003618 GCTGTATTTCGGCCTTAGT 73 

1     

NEK8  OL0005982 GCACTGGTGCTGAAGATCA 70 

AKT2  OL0002628 GATCACTGACTTTGGCCTC 68 

ERN2  OL0005850 GCACTGGTCCACACAGGAG 66 

CDK20  OL0002942 GGAGATGGAGGACAATCAG 64 

MAP3     

K5  OL0005876 GGCATTCATACTGAAATGT 63 

MAP4     

K5  OL0002676 GTTCTGATGGGAGCATGCT 59 

CIT  OL0024114 GAAGCTGATGCTAAACTGC 52 

MYLK  OL0005890 GACTTTGTCTCCAACCTCA 39 

2     
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Supplementary Table 2. Patient and disease characteristics 

Characteristic Number of patients (N = 87) 

Age, years  
   Mean 55.2 
   Median (range) 56.0 (18-89) 
Gender, n (%)  
   Male 36.0 (41.4) 
   Female 51.0 (58.6) 
Prior regimens, n  
   Mean 4.4 
   Median (range) 3.0 (1-17) 
Tumor types, n  
   Breast cancer 23 
      Triple negative 2 
      HER2+ 2 
      Estrogen receptor positive 18 
         High proliferation (Ki67 ≥15%) 11 
         Low proliferation (Ki67 <15%) 5 
         Unknown proliferation 2 
   Colorectal 19 
   Non-small cell lung cancer 16 
   Sarcoma 14 
   Ovarian cancer 4 
   Carcinoid 2 
   Endometrial 1 
   Other

a
 10 

a

Other includes Phylloides breast cancer, melanoma, pleural and peritoneal mesothelioma, and neuroendocrine lung, 
gastric, prostate, and salivary gland cancers.  
HER2, human epidermal growth factor receptor 2  
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Supplementary Table 3. Summary of dose-limiting toxicities 

 
Dose 
level 

 
Ridoforolimus 
(mg/day qdx5) 

 
Dalotuzumab 
(mg/kg/week) 

 
Evaluable 
patients 

 
Dose-limiting 

toxicities 

 
n (%) 

 
Grade 2 

 
Grade 3 

 
Grade 4 

1 10 10 8 Stomatitis 1 (12.5) 1 0 0 
1.5 20 7.5 q14 days 5 0 0 0 0 0 
2 20 10 6 0 0 0 0 0 

3 
30 10 41 Mucosal 

inflammation 
3 (7.3) 0 2 1 

4 40 10 15 Fatigue 1 (6.7) 0 0 1 

 
   Mucosal 

inflammation 
2 (13.3) 0 2 0 

    Stomatitis 1 (6.7) 0 1 0 

NCI CTCAE, National Cancer Institute Common Terminology Criteria for Adverse Events  

Grades are based on NCI CTCAE 3.0. Only the highest reported grade for a given dose-limiting toxicity is counted for the individual subject.  

No grade 5 dose-limiting toxicities were observed.  
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Supplementary Table 4. Summary of clinical efficacy in breast cancer patients 

 

Patient number 

 

Breast cancer subpopulation 

 

RECIST 

 

PFS ≥6 months 

 

18
FDG-PET 

response 

 

Tumor 

marker 

 

Decline, % 

526 ER+/high proliferative
a
 PR Yes NA CA 15-3 63 

596 ER+/high proliferative PR Yes NA CA 15-3 97 

536 ER+/high proliferative PR Yes SD CA 15-3 92 

533 ER+/high proliferative SD No PR CA 15-3 No 

521 ER+/high proliferative SD Yes NA CA 15-3 45 

460 ER+/high proliferative SD No PR CA 27-29 25 

631 ER+/unknown proliferative SD No NA CA 15-3 28 

459 ER+/HER2+ SD No PR CA 27-29 49 

600 HER2+ SD No PR CA 15-3 60 

642 HER2+ SD No PR NA NA 

a

High proliferation indicates a Ki67 labeling index ≥15%.  

RECIST, response evaluation criteria in solid tumors; PFS, progression-free survival; 
18

FDG-PET, [
18

F]Fluorodeoxyglucose-positron emission tomography; 

ER, estrogen receptor; PR, partial response; NA, not applicable; SD, stable disease; HER2, human epidermal growth receptor 2  
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Supplementary Figure Legends. 

 

Supplementary Figure S1. Treatment and pharmacodynamic assessment schedules. DLT, 

dose-limiting toxicity; PBMC, peripheral blood mononuclear cells; 18FDG-PET, 

[18F]Fluorodeoxyglucose-positron emission tomography; PK, pharmacokinetics; qd, every day 

 

Supplementary Figure S2. Combination therapy with ridaforolimus and dalotuzumab 

potentiates PI3K pathway inhibition and blocks cancer cell proliferation. (A) PI3K signaling 

pathway modulation following combination therapy in an ER+ breast cancer cell line. MCF7 

cells were treated with ridaforolimus (10 nM), dalotuzumab (10 ug/mL), or AKT inhibitor MK2206 

(1 uM) for 24 hours. PI3K signaling pathway was evaluated using phosphor-specific or total 

antibodies as indicated. Inhibition of P-S6K following ridaforolimus treatment resulted in the 

activation of AKT. This AKT activation can be blocked by anti-IGF1R antibody or MK-2206. The 

combination therapy with ridaforolimus and dalotuzumab or AKTi potentiates PI3K pathway 

inhibition and induced apoptosis, as measured by PARP cleavage. (B) Cell cycle analysis 

following ridaforolimus or dalotuzumab combination therapy. IGF1R-positive H2122 cells or 

IGF1R-negative H1703 NSCLC cell lines were treated for 48 hours with indicated amounts of 

ridaforolimus (Def), dalotuzumab (MK-0646), or the combination. DNA content was evaluated 

following propidium iodide staining and cell population was evaluated by flow cytometry. 

PI3K, phosphatidylinositol 3-kinase; ER+, estrogen receptor–positive; IGF1R, insulinlike growth 
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factor 1 receptor; NSCLC, non-small cell lung cancer. (C) Decreased expression of pS6 

following combination treatment with ridaforolimus and dalotuzumab. Tumor biopsies were 

obtained at baseline, day 5 (after 1 week of ridaforolimus monotherapy), and day 19 (after 2 

doses of dalotuzumab). Biopsies were stained for H&E (not shown), pS6, and Ki67 (not shown). 

Results shown are from patient AN533, a 77-year-old female with ER+/high proliferation breast 

cancer; she was treated at dose level 4 (ridaforolimus 40 mg/day qd×5 plus dalotuzumab 10 

mg/kg/week) and experienced a partial metabolic response on 18FDG-PET imaging and stable 

disease by RECIST criteria. The patient discontinued study treatment after two months because 

of decompensation of an underlying anthracycline-induced cardiomyopathy. pS6, 

phosphorylated S6K; H&E, hematoxylin and eosin; ER, estrogen receptor; 18FDG-PET, 

[18F]Fluorodeoxyglucose-positron emission tomography; RECIST, Response Evaluation 

Criteria 

in Solid Tumors 

 

Supplementary Figure S3. Change in Ki67 levels with ridaforolimus and dalotuzumab 

combination therapy. Although the patients in the combination group showed a trend towards a 

decrease in Ki67 index, this was not significant. NR, nonresponders; R, responders 

 

Supplementary Figure S4. Responder biomarker hypothesis for ridaforolimus and 

dalotuzumab–based therapy. (A) Venn diagram representing the tumors responsive to 
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ridaforolimus and dalotuzumab therapy. Tumors with high PI3K and IGF1R pathway activation 

and RAS pathway activation are likely to respond to combination therapy. (B) High proliferative 

ER+ breast tumors are enriched for biomarkers of response to the combination therapy. PI3K, 

phosphatidylinositol 3-kinase; IGF1R, insulinlike growth factor 1 receptor; ER, estrogen receptor 

 


