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● The ability to identify molecular abnormalities in tumors of patients with non-small cell cancer (NSCLC) allow clinicians to better 
predict patient responses to several types of therapies1.  

● Gefitinib and Erlotinib which are first-generation EGFR reversible tyrosine kinase inhibitors (TKIs) have shown dramatic clinical 
responses in NSCLC patients with EGFR mutations, L858R and Ex19del2.  However, all EGFR-positive tumors develop resistance 
to these therapies eventually.

● Afatinib which is second-generation EGFR irreversible TKIs has been shown to induce a robust clinical response in EGFR-positive 
tumors that are resistant to Gefitinib and Erlotinib3.

● Conventional EGFR L858R and Ex19del mutation assays in circulating tumor cells require single cell isolation, whole genome 
amplification (WGA), and Sanger’s sequencing4 or next-generation sequencing (NGS) analysis5.

● A convenient and efficient detection method which allows concurrent immunofluorescent staining and mutation analysis of 
captured circulating tumor cells isolated from NSCLC patients is currently not available.

● We applied CytoQuest™ CR microfluidic system and CSV capturing and detecting antibodies to isolate NSCLC CTCs and perform 
on-chip and in situ detection of EGFR L858R and Ex19wt mutations.

● Peripheral blood of a NSCLC patient was collected in Heparin Tube (02-689-6, BD).
● 7.5ml mL whole blood was prepared to collect the peripheral blood mononuclear cells (PBMC) by Leucosep® (163290P, Greiner 

Bio-One) and Histopaque®-1077 (10771, Sigma-Aldrich) density gradient.
● The PBMC fraction was harvested and re-suspended in Wash Medium.
● Re-suspended PBMC was loaded into the CytoQuest™ CR system.  CTCs were captured by biotinylated CSV antibody (KA4818, 

Abnova) immobilized on CytoChipNano (U0095, Abnova).
● Immunofluorescence of CTCs was performed using CSV and CD45 (KA4818, Abnova) detection antibodies with Hoechst nuclear 

staining as described in the instruction protocol.
● mutaFISH™ analysis of CTC was performsing using mutaFISH™ EGFR L858R L858wt Ex19wt RNA Probes (FP0002, Abnova)
● Imaging was performed using Nikon Eclipse Ti-E fluorescent inverted microscope.
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● CTC Counts: In 7.5 mL peripheral blood of a NSCLC cancer patient, 10 cells counted as CSV+, CD45-, EGFR L858R+/Ex19wt+, 

Hoechst+ CTCs, 4 cells counted as CSV+, CD45-, EGFR L858R+/Ex19wt-, Hoechst+, CTCs, 4 cells counted as CSV+ CD45-, 
EGFR L858-/Ex19wt+, Hoechst+ CTCs, and 37 cells counted as CSV+, CD45-, EGFR L858R-/Ex19wt-, Hoechst+ CTCs.

Figure 1. Representative images of CTCs on CytoChipNano from NSCLC patient. CTCs were detected by using 
immunofluorescence staining for CSV (FITC, green), CD45 (PE, orange), EGFR L858R (Cy3, orange), EGFR 19wt (TexasRed, 
purple), and Nucleus (Hoechst, blue).
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Discussions
● Conventional EpCAM-based isolation system such as CellSearch® has a low CTC capture rate in NSCLC patients with a confounding 

1 CTC cutoff in normal, healthy patients6.
● Microfluidic, positive enrichment using biotinylated CSV capturing and CSV-FITC detecting antibodies is highly effective in isolating 

NSCLC CTCs.
● Current EGFR mutation analysis in pathological tissue is invasive and not real-time.  Competing ctDNA technology while non-invasive 

does not reflect mutation heterogeneity in individual tumor cells.
● In this study, successful CSV isolation of single cell NSCLC CTCs with concurrent EGFR L858R and Ex19wt mutaFISH™ staining 

provides a powerful, non-invasive liquid biopsy to guide TKI therapies.
● For NSCLC patients who are resistant to Gefitinib, Erlotinib and Afatinib, a third-generation inhibitor AZD9291 targeting EGFR T790M 

mutation is available7.  EGFR 790M mutation can also be tested using Abnova’s mutaFISH™ technology.
● A prospective clinical study should be planned to compare the tissue, ctDNA and CTC EGFR mutations and their TKI treatment 

response in a cohort of NSCLC patients.


