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Supplementary Material and Methods 

 
Cell culture and generation of resistant cells 

KM12 cells were cultured in RPMI medium (Invitrogen) supplemented with 10% FBS, 2 

mM L-glutamine, antibiotics (100 U/mL penicillin and 100 mg/mL streptomycin) and grown 

in a 37°C and 5% CO2 air incubator. KM12 entrectinib-resistant derivatives were obtained 

by exposing cells to a chronic acute dose of 2 µM (named R2) or to escalating doses of 

entrectinib (named R1) until resistant derivatives emerged. Ba/F3-ETV6-TRKA cells (kind 

gift from Nerviano Medical Sciences) were cultured in RPMI medium (Invitrogen) 

supplemented with 10% FBS and antibiotics (100 U/mL penicillin and 100 mg/mL 

streptomycin) and grown in a 37°C and 5% CO2 air incubator. Ba/F3-ETV6-TRKA cells 

were treated with 30-100 nM of entrectinib initially in duplicates. The viability of Ba/F3-

ETV6-TRKA cells was monitored for two to three weeks after initial treatment until the 

resistant populations emerged.  

 

Xenopatient 

The patient was a 75 year-old woman with metastatic CRC progressing without having had 

any objective response to standard previous therapies, presenting with an intact primary 

colon tumor, peritoneal carcinomatosis and liver metastases in segments 7 and 5 of 9.0 



cm and 8.5 cm, respectively, and a right adrenal gland deposit of 2.2 cm. The primary 

tumor biopsied in August 2013 was colon adenocarcinoma and a liver biopsy was 

performed prior to provision of informed consent for molecular screening of actionable 

targets on March 2014. An immunohistochemical (IHC) screening ad hoc for ALK/ROS-

1/TRKA abnormalities was performed within the ALKA phase 1 clinical trial. The liver 

biopsy was subcutaneously implanted in 8-week-old NOD-SCID mouse (from Charles 

River Laboratory) according to a study protocol approved by Ethical Committee at 

Ospedale Niguarda Ca ' Granda, Milano, Italy. The patient's tumor biopsy sample took 

about 1 month to engraft, after that the tumor was passaged and expanded for one 

generation until production of two cohorts. These were randomized according to average 

tumor size of 400 cubic millimeters and treated with vehicle alone (3 mice), and entrectinib 

(5 mice). Treatments schedule was based on oral gavage at 60 mg/kg/day for four 

days/week (Monday to Thursday, as usual patients’ administration of the ALKA phase 1 

clinical trial. Of note, continuous daily dosing is now considered the preferred schedule for 

entrectinib). Caliper measurements were taken once a week. Entrectinib was suspended 

in distilled sterile water containing 0.5% methylcellulose (Sigma Aldrich) and 1% Tween-80 

(Sigma Aldrich). All animal procedures were approved by the Ethical Commission of the 

Institute for Cancer Research and Treatment (IRCC) and by the Italian Ministry of Health. 

 

Drug proliferation assay 

CRC cell lines were seeded at different densities (3-5 x103 cells/well) in 100 μl complete 

growth medium in 96-well plastic culture plates at day 0. The following day, serial dilutions 

of entrectinib were added to the cells in serum-free medium, while DMSO-only treated 

cells were included as controls. Plates were incubated at 37°C in 5% CO2 for 3-5 days, 

after which cell viability was assessed by measuring ATP content through Cell Titer-Glo® 

Luminescent Cell Viability assay (Promega). Luminescence was measured by Perkin 



Elmer Victor X4 or BMG ClairoStar plate reader. IC50s were determined by 4-parameter 

curve fit with variable slope (Prism6). 

  

Western blotting analysis 

Prior to biochemical analysis, all cells were grown in their specific media supplemented 

with 10% FBS. Cells were treated with indicated concentrations of entrectinib for 16 or 72 

hours. Total cellular proteins were extracted by solubilizing the cells in EB buffer (50 mM 

Hepes pH 7.4, 150 mMNaCl, 1% Triton X-100, 10% glycerol, 5 mM EDTA, 2 mM EGTA; 

all reagents were from Sigma-Aldrich, except for Triton X-100 from Fluka) in the presence 

of 1 mM sodium orthovanadate, 100 mM sodium fluoride and a mixture of protease 

sinhibitors. Extracts were clarified by centrifugation and normalized with the BCA Protein 

Assay Reagent kit (Thermo). Western blot detection was performed with enhanced 

chemiluminescence system (GE Healthcare) and peroxidase conjugated secondary 

antibodies (Amersham). The following primary antibodies were used for western blotting 

(all from Cell Signaling Technology, except where indicated): anti-phospho TRKA 

(Tyr674/675) (SantaCruz); anti-TRK (SantaCruz); anti-phospho AKT (Ser473); anti-AKT; 

anti-phospho-p44/42 ERK (Thr202/Tyr204); anti-p44/42 ERK; anti-phospho-MEK1/2 

(Ser217/221), anti-MEK1/2; anti-PARP; anti-actin (Millipore). 

 

siRNA screening 

The siRNA targeting reagents were purchased from Dharmacon, as a SMARTpool of four 

distinct siRNA species targeting different sequences of the TRKA transcript. Cell lines 

were grown and transfected with SMARTpool siRNAs using RNAiMAX (Invitrogen) 

transfection reagents following manufacturer’s instructions. Briefly RNAi screening 

conditions were as follows: on day one siRNA were distributed in each well of a 6-well 

plate at final concentration of 20 nmol/L. Transfection reagent was diluted in OptiMEM and 



aliquoted at 250µl/well; after 20 minutes of incubation, 2ml in media without antibiotics 

were added to each well. After 3 days, total cellular proteins were extracted to perform 

western blot analysis. Each plate included the following controls: mock control 

(transfection lipid only), scramble (AllStars, Qiagen) as negative control. 

 

Plasma Samples Collection  

At least 10 mL of whole blood were collected by blood draw using EDTA as anticoagulant. 

Plasma was separated within 5 hours through 2 different centrifugation steps (the first at 

room temperature for 10 minutes at 1,600 × g and the second at 3,000 × g for the same 

time and temperature), obtaining up to 3 mL of plasma. Plasma was stored at -80°C until 

ctDNA extraction. 

 

ctDNA isolation and genome equivalents quantification (GE/ml plasma) 

ctDNA was extracted from plasma using the QIAamp Circulating Nucleic Acid Kit 

(QIAGEN) according to the manufacturer’s instructions. 6 μl of ctDNA were used as 

template for each reaction. All samples were analyzed in triplicate. PCR reactions were 

performed using 10 μl final volume containing 5 μl GoTaq®qPCR Master Mix, 2X with CXR 

Reference Dye (Promega) and LINE-1 [12,5μmol] forward and reverse primers. DNA at 

known concentrations was also used to build the standard curve. Primer sequences are 

listed in Supplementary Table S5. 

 

3-Dimensional modelling of TRKA 

The binding mode of entrectinib with wild type TRKA was obtained using Glide docking 

implemented in Maestro (Maestro Release 2015-1, Schrodinger, Inc, New York, NYC, 

2015). Receptor coordinates were downloaded from PDB (PDB code: 4PMT) and properly 

prepared by adding protons, sampling water orientations and finally full energy 



minimization. Both p.G595R and p.G667C mutated models were built with Maestro and 

subsequently subjected to energy minimization.  
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Supplementary Figure S1. LMNA-NTRK1 genetic rearrangement detected in patient’s 

plasma and xeno. NGS analysis using the IRCC-TARGET panel retrieved an in-frame 

gene fusion event between exon 11 of the LMNA gene and the exon 10 of the NTRK1 

gene in patient’s plasma (A) and xeno (B). 

 
 
 

 



 
 
 
Supplementary Figure S2. Acquisition of mutations in the TRKA kinase domain 

drives secondary resistance to entrectinib in Ba/F3 TRKA WT cells. Proliferation 

assay of Ba/F3-ETV6-TRKA WT, Ba/F3-ETV6-TRKA G667C and Ba/F3-ETV6-TRKA 

G595R cells. Cell viability was assessed by measuring ATP content after 3 days of 

treatment with the indicated concentrations of entrectinib.  
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Supplementary Figure S3. NTRK1 mutations confer resistance to TRKA inhibition. 

Proliferation assay of Ba/F3 (A), Ba/F3-TPM3-TRKA WT(B),  Ba/F3-TPM3-TRKA G595R 

(C) and Ba/F3-TPM3-TRKA G667C (D). Cell viability was assessed by measuring ATP 

content after 3 days of treatment with indicated concentrations of entrectinib, LOXO-101 or 

TSR-011.  

 

 

 

 

 



 

 

Supplementary Figure S4. Homology alignment of NTRK1 p.G595 and p.G667 

variants.  The alignments of amino acid sequences show that NTRK1 mutation p.G595 

(A) and p.G667 (B) are conserved among 6 clinically relevant tyrosine kinases listed in the 

figure. Conserved residues among the all aligned kinase domains are highlighted in grey 

scale colors depending on their level of identity (dark grey: high identity; white: low 

identity).   

 

 

 

 

 

 

 

 



 

 

Supplementary Tables 

 

 

Supplementary Table S1. NGS analysis of NTRK1 gene in patient’s plasma and 

xeno. The table lists the wild type (WT) and mutated (MUT) reads and fractional abundance (%) 

of mutations detected by NGS (IRCC-TARGET panel) analysis from plasma collected at 

baseline and resistance to entrectinib and from tumors grown in resistant and vehicle mice. 

 

 

 

 

 



 

 

Supplementary Table S2. NGS analysis of patient’s derived samples. The table shows 

mutations identified using the IRCC-TARGET-NGS panel analysis in the patient’s plasma 

ctDNA (obtained at entrectinib resistance), the resistant xeno and cells established from 

resistant xeno. To uncover somatic mutations, we compared each resistant sample to its 

sensitive counterpart as previously described (Siravegna et al, Nat Med 2015), and 

identified base-pair mismatches (Fisher's Test) with fractional abundance above 1.5%. 

Mutations were then called only when supported by a 5% statistical significance and their 

occurrence was checked in the COSMIC database. Mutations were annotated (from left to 

right) according to gene name, the variant effect (synonymous, non-synonymous, stop-

loss/gain), protein change (variant), number of wildtype (WT) or mutated (MUT) reads and 

the allelic frequencies (fractional abundance). Every somatic mutation was validated by 

visual examination using BAM files.  

 

 

 



 

Supplementary Table S3. Summary of serial ctDNA analyses. Circulating tumor DNA 

(ctDNA) was isolated from serial blood draws collected before initiation of entrectinib (19 

MAR 2014), and until treatment was terminated (14 JUL 2014). Each time point was 

analyzed by droplet digital PCR (ddPCR).  The number of Genome Equivalents (GE), 

mutated (MUT) and wild type (WT) events and fractional abundance (%) are listed. 

 

 

 

 

 



 

Supplementary Table S4. The p.G595R and p.G667C mutations confer resistance to 

multiple TRK inhibitors. Ba/F3, Ba/F3-TPM3-TRKA WT, Ba/F3-TPM3-TRKA G595R and 

Ba/F3-TPM3-TRKA G667C were treated with indicated TRK inhibitors for  3 days. IC50 

values, determined by 4-parameter curve fit with variable slope, are listed in the Table. 

 

 

 

 NTRK1 p.G667C 
ddPCR custom probes

NTRK1 p.G595R 
ddPCR custom probes

LMNA-NTRK1 fusion ddPCR 
custom probes

Forward Sequence  TCTAGTGGGCCAGGG CCTGCTCATGGTCTTTGA TGGGCAACTCCAGCCC 
Reverse Sequence GCTGTAGATATCCCTGCT CGGAGGAAGCGGTTG CACAGCCACCGAGACCT 

MUT Probe Sequence (FAM) AAGATTTGTGATTTTGGCATG CGGCACAGGGACCT CCCAGGTGAGTTGTCTGTCCC 
WT Probe Sequence (HEX) AAGATTGGTGATTTTGGCAT CGGCACGGGGACC  

 

Supplementary Table S5. NTRK1 p. G595R, p.G667C and LMNA-NTRK1 fusion 

probes for ddPCR. Primers and probes used for ddPCR analysis are listed in the Table. 


