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Methods 

Immunohistochemistry and fluorescence in situ hybridization in tumors and CTCs 

Anti-HER2, EGFR and PTEN antibodies were used at the following concentration: 

Anti- HER2 (HercepTest™, #K5207, DAKO, ready to use), anti-EGFR (EGFR 

pharmDx™ Kit, #K1494, DAKO, ready to use), and anti-PTEN (Cell Signaling 

Technologies, #9559, 0.011 µg/ml). Immunohistochemical staining was performed 

using an automated DAKO Autostainer Plus as follows: 3 µm tissue slides from FFPE 

samples were cut, deparaffinized and hydrated. Antigen recovery was performed in a 

water bath at 98 ºC for 40 minutes for HER2, with proteinase K for 10 minutes for 

EGFR, or using a Micromed T/T Mega Multifunctional Microwave Histoprocessor 

(Milestone) at 110ºC for 4 minutes, pH=9 for PTEN. Samples were peroxidase 

blocked with the Dako Envision Flex Peroxidase Blocking Reagent for 5 minutes and 

after washed incubated with primary antibody at room temperature for 30 minutes for 

HER2 and EGFR and one hour for PTEN, followed by Labelled Polymer-HRP for 30 

minutes for DAKO kits (for HER2 and EGFR) or for 20 minutes for Envision Flex 

(for PTEN). Finally, staining was developed using freshly prepared 3,3'-

Diaminobenzidine (DAB, Dako) detection solution for 10 minutes, counterstained, 

dehydrated and mounted. Positive and negative controls were used for each antibody 

in each run. For FISH, 3 µm sections were obtained from FFPE tumor blocks and 
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submitted to dual-color FISH assays using HER2 FISH pharmDx™ Kit (DAKO, 

K5331). Briefly, slides were deparaffinized and washed. Slides were pretreated in 

bath at 98˚C for 20 minutes and digested with Pepsin for 10 minutes for HER2. At 

least 20 nuclei were analyzed for HER2 and calls followed ASCO/CAP guidelines 

(1).  

CTCs were isolated by size on a microporous membrane filter using ScreenCell® 

filtration, following the manufacturer's instructions. Briefly, 3ml of fresh whole blood 

was diluted in the ScreenCell® LC dilution buffer and filtered using ScreenCell® 

Cyto. Following filtration, the capsule-filter was processed for H&E staining to 

determine the presence or absence of CTC on the processed blood sample. The FISH 

assay was performed as described, excluding the 98ºC pretreatment. 

 

Overexpression of HER2-V659E in MCF10A cells and sensitivity to lapatinib 

The HER2-V659E mutation was cloned into pQCXIH vector and transduced into 

MCF10A cells, a non-tumorigenic epithelial primary cell line, responsive to insulin 

and EGF. Treatments with DMSO control or lapatinib were performed on multiwell 

dishes 24h after cell plating. CellTiter-Glo (Promega) was used to measure cell 

proliferation at 72h after treatment initiation. Western blotting was performed as 

otherwise described on cells following 24h of treatment (2). Antibodies were 

purchased from Cell Signaling Technologies: pHER2-Tyr1221/1222 (#2249), 

pHER3-Tyr1289 (#4791), pAKT-308 (#2965), AKT (#9272), pERK1/2-

Thr202/Tyr204 (#9101), ERK1/2 (9102), phospho 4EBP1-Thr37/46 (#2855). HER2 

antibody was from BioGenex (MU134-UCE), HER3 from Neomarkers (MS-310-

PABX), pEGFR-Tyr1068 from Abcam (Ab5644) and EGFR from Sigma (E3138). 
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Supplementary Figure and Table Legends 

 

Supplementary Figure 1. Fluorescence in situ hybridization (FISH) of HER2. 

The figure shows FISH images of the NSCLC left, the NSCLC right, the lymph node 

N2(4R) as well as two circulating tumor cells (CTCs). Green, Chr 17; red, HER2. 

Quantification of Chr 17: percentage of cells with equal or more than 3 copies of the 

control probe. Quantification of HER2: percentage of cells with HER2/Chr 17 of 2.2 

or greater. The percentage of cells with more than six copies per cell is also provided. 

The two CTCs identified exhibited four and ten HER2 foci. All HER2 signals 

visualized were scattered, indicating that the amplicon was within double-minute 

chromosomes. The green arrow shows a CTC with four HER2 copies. Neighboring 

white blood cells harbor two HER2 copies. Magnification 100x. 

 

Supplementary Figure 2. EGFR and HER2 mutations identified. Panel A) shows 

a comparison of human V659E and rat V664E mutations within the transmembrane 

domain. The rat codon for the V664 is GTG, thus a single point mutation suffices for 

generating a GAG codon that also encodes for glutamic acid. Panel B) visualizes 

results from Illumina whole-exome sequencing using Integrative Genomics Viewer 

(IGV, left) and Sanger sequencing with Chromas viewer for the EGFR-

delin767ASVD and HER2-V659E (right).  

 

Supplementary Figure 3. Comparisons of allele frequencies. Panel A) shows the 

analysis of the reads frequency supporting non-reference allele in exome data for 

common SNPs for NSCLC left (up) and right (bottom). Polysomy of chromosomes 



 5

14, 16 and 17 in both samples (red arrows) can be observed, while other chromosomal 

regions are amplified specifically in NSCLC left (blue arrows) or NSCLC right (green 

arrows). Panel B) shows a comparison of the allele frequencies for common SNPs on 

chromosome 17 detected by exome sequencing in both NSCLCs. It reveals a positive 

correlation in both samples, indicating that the same allele was amplified in both 

NSCLCs, and further supporting a hypothesis of a phylogenetic relationship of these 

NSCLCs. The comparison of frequencies of reads supporting non-reference allele for 

common SNPs on chromosome 17 detected by exome sequencing in both NSCLCs 

(left panel) or between NSCLC right and the blood sample from the same patient 

(right panel) is shown. Two clear clusters of SNPs can be detected: those present at a 

frequency higher than 50% in both samples and representing heterozygous SNPs 

present in the amplified chromatide, and those present at a frequency lower than 50% 

in both samples and representing heterozygous SNPs present in the not-amplified 

chromatide. For the blood sample (right panel) all SNPs are detected with a read 

frequency close to 50%. 

 

Supplementary Figure 4.  HER2-V659E response to erlotinib and neratinib in 

MCF10A cells. The panel shows MCF10A cells overexpressing empty vector 

control, HER2 wild type or HER2-V659E treated with increasing doses of erlotinib 

and neratinib. Cell proliferation was superior in HER2-V659E overexpressing cells. 
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Error bars indicate standard deviation of four independent experiments. Patient 

plasma concentration was established elsewhere. 

 

Supplementary Table 1. Exome sequencing results. The table contains the raw data 

for Figure 2B as well as the mutation allele frequency, the prediction of protein 

functionality, the inclusion in the Cancer Gene Census and the protein function. 

Sample legend: B, DCIS right; C, DCIS left; D, NSCLC left; E, NSCLC right; F, 

N2(4R) 
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