
Supplementary Methods 

siRNA Assays 

siRNA oligos against PKCα, PKCβ, EGFR, and nonspecific non-targeting control were 

purchased from Dharmacon. ON-TARGET plus SMARTpool siRNAs of PKCα and PKCβ were 

used (L-003523, L-003758). The sequence of siEGFR is GAAGGAAACUGAAUUCAAA. 

shRNA constructs were obtained from the Broad RNAi consortium. The sequences of the 

shRNAs used are as follows; 

shPKCα1: GCCGGCGAGGTGAAGGACCACAAATTCTCGAGAATTTGTGGTCCTT 

CACCTCGTTTTTTG, shPKCα2: CCGGCATGGAACTCAGGCAGAAATTCTCGAG 

AATTTCTGCCTGAGTTCCATGTTTTT, shPKCβ1: CCGGGCTGAAAGAATCGGAC 

AAAGACTCGAGTCTTTGTCCGATTCTTTCAGCTTTTT, shPKCβ2: GCCGGCCTG 

TCAGATCCCTACGTAAACTCGAGTTTACGTAGGGATCTGACAGGTTTTTTG.  

The lentivirus production and viral infection procedures were performed as previously described 

(1). Cells were harvested 7 days post-infection and lysates were prepared for immunoblotting. 

 

Immunoblotting 

Lysate preparation and SDS-PAGE were performed as described in Methods. Antibodies for 

PKCα (#2056), PKC substrates (#2261), and cleaved PARP (#9541) were from Cell Signaling. 

The antibody for PKCβII was from Santa Cruz (sc-210). 

 

Mutational Analysis of EGFR  

Genomic DNA was isolated from a PC-9 ER clone and carried out PCR reaction for exon 20 

using inner and outer primer pairs;  



EGFR.exon20.3 inner : CAGGAAACAGCTATGACCTTGCTATCCCAGGAGCGCAGAC 

EGFR.exon20.5 inner : TGTAAAACGACGGCCAGTACCTGGAAGGGGTCCATGTGC 

EGFR.exon20.3 outer : ACTCTTGCTATCCCAGGAGCG 

EGFR.exon20.5 outer : GTCTTCACCTGGAAGGGGTCC 

The M13 sequences are built into the inner primer pairs and the exon 20 T790M codon mutation 

was analyzed. 

 

Pharmacokinetic Study 

Dosing and Sample Collection 

For conventional pharmacokinetic study, freshly prepared PKC412, dissolved together with 

Gelucire ® 44/14 (Gattefosse, France) at 44°C, was orally administrated (100 mg/kg) to athymic 

nude mice.  200 μl of blood samples from each mouse were collected for EDTA plasma via 

retro-orbital bleed under isofluorane anesthesia at 5, 15, 30 min and 1 hr and via cardiac stick at 

3, 6, 8, and 24 hr time points. The samples were centrifugated at 11,000 rpm for 5 minutes and 

stored at -80ºC.  For the pharmacokinetic study of mice bearing tumors, plasma and tumor 

samples were collected from each group of three mice at 1 hr or 4 hr after the last dosing of 

PKC412. 25 µL of plasma and tumor homogenate were pipetted into individual cluster tubes. 

Tumor samples were homogenized in water (1:4) using a Biospec BeadBeader.  Appropriate 

amounts of standard working solutions (5 µL) were spiked into 25 µL of plasma to generate a 

calibration curve ranging from 1 ng/ml to 20,000 ng/ml. 10 µL of internal standard spiking 

solution (4000 ng/ml) were added to all samples, including calibration curves. Up to 5 µL of 

100% DMSO were added to normalize sample volumes. Samples and calibration curves were 

extracted with a protein precipitation crash of 150 µL acetonitrile. Samples were then vortexed 



for 5 minutes and centrifuged at 3700 rpm for 10 minutes at 20ºC. After centrifugation, 

supernatant was diluted 1:4 with water before injection.  

 

Chromatography 

A Nexera UPLC system (Shimadzu, Kyoto, Japan) including a Shimadzu SIL-30AD solvent 

delivery system, a SIL-30AC autosampler and a CTO-30AC column oven were used to analyze 

PKC412. Chromatographic separation was achieved by using a Phenomenex Kinetex XB-C18 

column (30x2.1 mm, 2.6 µm) with gradient elution using water with 0.1% formic acid (Mobile 

Phase A) and 0.1% formic acid in acetonitrile (Mobile Phase B). 

 

Mass Spectometry 

A QTrap®5500 tandem mass spectrometer (Sciex, Foster City, CA) with Turboionspray (TIS) 

interface was operated in positive ionization mode with multiple reaction monitoring (MRM) for 

LC-MS/MS analysis. The optimized instrument parameters were as follows: TIS temperature: 

600 ºC; TIS voltage: 5500 V; curtain gas (CUR): 35; nebulizing gas (GS1): 60, Heater gas 

(GS2): 60, and collision gas: medium. The mass spectrometer was operated at unit mass 

resolution for both Q1 and Q3 quadrupoles.  

 

Pharmacokinetic Analysis 



All pharmacokinetic parameters were calculated by non-compartmental methods using 

WinNonlin version 3.2 (Pharsight Corporation; Mountain View, CA, USA). Parameters are 

presented as a mean ± standard deviation (SD). 

 

Transgenic Mice 

The EGFR L858R+T790M and CCSP-rtTA mice were previously described (2, 3). Doxycycline 

was administered by feeding mice with doxycycline-impregnated food pellets (625 ppm; Harlan-

Tekland). All animals were kept in pathogen-free housing under guidelines approved by the Yale 

Institutional Animal Care & Use Committee (IACUC). 

 

PKC412 Preparation 

PKC412 (6% w/v) was dissolved together with Gelucire ® 44/14 (Gattefosse, France) at 44°C. 

The liquid mixture was then diluted with sterilized deionized water to produce a final PKC412 

concentration of 24 mg/ml. Drug (100mg/kg/day) was administered every 24 hours by oral 

gavage using a 20 gauge 1.5” length gavage needle (Roboz). Control animals received the same 

volume of a Gelucire® 44/14 and water solution prepared in the same way as described above 

for the PKC412/Gelucire mixture. Mouse weight was measured weekly to ensure that a 

consistent dose of drug was administered. 

 

MRI Scanning and Tumor Volume Measurement 



Respiratory-gated, gradient-echo MR images of mouse lungs were collected with a 4T small-

animal Bruker horizontal-bore spectrometer (Bruker AVANCE, Billerica, MA).  All data were 

collected using gradient echo contrast with a custom-built 1H Bollinger coil (4cm diameter). 

Prior to the imaging experiments, mice were anesthetized with isofluorane and were maintained 

on isofluorane/O2 (2-2.5% v/v) throughout data collection.  During the imaging experiments, the 

respiration rates for all mice were regular. Synchronization of MR data collection with animal 

respiration was achieved with a Biopac respiratory-gating unit and all images were collected 

during post-expiratory periods with the following MR parameters: FOV = 2.56 X 1.28X 0.24 

cm3, matrix = 256 ◊ 256, repetition time = 100 ms, Echo time = 100 ms, Flip angle= 30 degree. 

Tumor volume was quantified by calculating the area of visible lung opacities present in each 

image sequence per mouse using BioImage Suite 3.01 (http://www.bioimagesuite.org/). 
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Supplementary Legends 

Supplementary Dataset 1.  

Tumor cell line profiling of Gö6976 sensitivity. 705 human cancer cell lines from the indicated 

tissue types were tested to assess Gö6976 treatment effects on cell viability using an automated 

platform as described in Methods. Cells were treated either with 0.1, 1, or 10 μM Gö6976 for 72 

hr and then assayed for cell viability. Dark green indicates exquisite drug sensitivity (<30% cell 

viability), pale green indicates moderate sensitivity (30-50% cell viability), yellow indicates 

weak sensitivity (50-75% sensitivity), and white indicates no significant response. 

 

Supplementary Dataset 2.  

Ambit kinome profiling. Ambit kinase binding profiling was performed with 0.5 μM Gö6976 as 

descried previously (4).  Scores indicate a relative binding affinity to each kinase as calculated as 

“percent of DMSO control”. 

 

Supplementary Figure 1.  

Gö6976 inhibits EGFR mutant NSCLC cells independently of PKC inhibition. A, EGFR mutant 

PC-9 and HCC827 cells are sensitive to Gö6976. PC-9 or HCC827 cells were treated with the 

PKC inhibitors, Gö6976, bis-indolymaleimide I (BIS), sotrastaurin for 72 hr and scored for cell 

viability as described in Methods. Error bars represent mean ± SEM. B, The potency of PKC 

inhibitors in PC-9 cells. PC-9 cells were treated with 1 μM of the indicated inhibitors for 24 hr 

and their effects on PKC activity or apoptosis were assessed using PKC substrate and cleaved 

PARP antibodies, respectively. C, Knock-down expression of PKCα or β in PC-9 cells. 

Lentiviral infection with either a control (shGFP), two PKCα-specific, or two PKCβ-specific 



vectors of PC-9 cells for 7 days. Western blots show effects on PKCα and β expression and 

EGFR signaling. D, PKCα and β knock-down do not affect the growth or viability of PC-9 and 

HCC827 cells. As indicated, either single siRNAs or a combination of PKCα and β siRNAs 

were transfected into PC-9 or HCC827 cells for 72 hr and cell viability was determined as 

described in Methods. Error bars represent mean ± SEM. Knock-down effects on expression of 

each target and an apoptotic response were confirmed by immunoblotting. Only EGFR RNAi 

effectively induced apoptosis in both cell lines.  

 

Supplementary Figure 2.  

PKC412 is the most selective EGFR T790M inhibitor tested versus EGFR wild-type. A, EGFR 

enzymatic assay was performed as in Methods without pre-incubation of compounds. Ki values 

of PKC412, BIBW2992 or WZ4002 for the indicated EGFR derivatives were subsequently 

calculated using the equation Ki = Morrison Ki / (1 + [ATP]/Km) for competitive inhibitors. B, 

Dose response curves for PKC-412 against EGFR WT, T790M, L858R, L858R/T790M, del 

E746_A750, and del E746_A750/T790M.  Enzymatic assays were conducted using 1 μM 

peptide substrate and 5 μM ATP for each enzyme listed with 30 mins pre-incubation of PKC412. 

Enzyme activity was assessed using a mobility shift assay (Caliper Life Sciences).  Dose 

response curves are fit to % inhibition data using the Morrison Equation.  

 

Supplemental Figure 3. 

Comparison of EGFR T790M inhibitors in NR6 cell lines expressing WT EGFR. NR6 cells 

stably expressing WT EGFR were treated with the indicated concentrations of PKC412, 

BIBW2992, WZ4002, or erlotinib for 16 h and stimulated by TGF-α�for 15 min. The EGFR 



phosphorylation change was determined by immunoblotting with phospho-tyrosine antibody 

Total EGFR was also measured for normalization. 

 

Supplemental Figure 4.  

EGFR sequencing of the PC-9 ER clone. Genomic DNA from either PC-9 parental or PC-9 ER 

cells was extracted and exon 20 region was amplified by PCR. Subsequent sequencing showed 

copy number increase of EGFR T790M mutation in PC-9 ER cells. 

 

Supplemental Figure 5.  

PKC412 is a reversible EGFR T790M inhibitor. A, PC-9 cells were treated with erlotinib for 16 

hr. The residual erlotinib was washed out with PBS and cells were further incubated with 10% 

FBS for the indicated times. The recovery of EGFR signaling was assessed by immunoblotting 

to detect the phosphorylation of EGFR and AKT. DM indicates DMSO-treated cells. B, The 

drug wash-out assay for PKC412 and WZ4002 was performed in PC-9/ER cells as described in 

A. 

 

Supplemental Figure 6. 

Body weight measurement for EGFR T790M xenografts. A, NCI-H1975 xenograft body weight 

was measured from Day 1 to Day 5 and then twice per week in the remaining days. B, PC-9/ER 

xenograft body weight was measured twice per week.   

 

Supplemental Figure 7. 



A, Pharmacokinetic parameters of PKC412 were obtained by a single oral administration of 100 

mg/kg to 12 mice. B and C, Mean plasma concentration of PKC412 following a single oral 

administration (100 mg/kg) (B). Mean tumor concentration was assessed after 1 hr or 4 hr 

following the last dose at day 21.  

 

Supplemental Figure 8. 

Efficacy of PKC412 on tumor growth and signaling in EGFRL858R+T790M transgenic mice. A, 

Transgenic mice with lung adenocarcinomas induced by EGFR L858R+T790M were treated 

with PKC412 or vehicle for 4 weeks and MR images were taken weekly. Tumor volumes are 

represented as the percent change from pre-treatment tumor size (baseline). The response of 

PKC412- and vehicle-treated mice was compared. B, The body weights of the vehicle- and the 

PKC412-treated mice were measured weekly. Error bars represent the mean ± SEM. C, PKC412 

pharmacodynamics was assessed by immunoblotting analysis of lung tumor lysates collected 3 

hours after the last dose (Left panel). Lysates were probed with the indicated antibodies and 

phosphorylation of EGFR relative to total EGFR was quantified (Right panel). Error bars 

represent the mean ± SEM.  


