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Circulating tumour cells (CTCs) are widely studied as a prognostic and monitoring 
biomarker in most solid tumours, including colorectal cancer (CRC).  CTCs analysis 
requires an isolation step before their enumeration and characterization. Different 
protocols have been developed for the former, but the latter is still done in a time-
consuming manual manner, impeding to analyse several markers simultaneously. 

Here we present a novel combined protocol for semiautomatic CTCs isolation using the 
IsoFlux microfluidic system (immunomagnetic-based) followed by phenotypic 
characterization with the ImageStream imaging flow cytometry platform.  We optimized 
the protocol for evaluation of BRAFV600E and PD-L1 expression on CTCs from early-stage 
CRC patients, as well as developed an efficient analysis method to reduce fluorescence 
noise from IsoFlux magnetic beads.

Efficiency of our protocol was tested using cancer cell lines and peripheral blood from 
healthy donors, obtaining a cell recovery efficiency of 69.75% % and a limit of detection 
of at least 4 cells per millilitre. Peripheral blood was extracted from early CRC patients 
before (N=16) and one month after surgery (N=9). CTCs from CRC patients were identified based on 
cytokeratin (CK) expression and had significantly (p<0.0001) greater size than CK negative cells. CTCs counts on 
CRC samples had a median of 37 cells (IQ 13.0-85.5) and 117 cells (IQ 24.5-359.0) for 
baseline and follow ups respectively.

CTCs were classified into 4 different subpopulations defined according to BRAFV600E and PD-L1 expression, 
which frequencies varied among patients and time. Double negative population was the most frequent (100%), followed 
by the double positive (88%), allowing to classify patients into two groups. Evaluation of post-surgery samples revealed 
an increase of CTCs in 55.6% (5/9) of patients and changes in CTC subpopulations responding to 3 models: gain of 
PD-L1, gain of PD-L1 and BRAFV600E or loss of both markers, although relationship with the clinical and pathological 
patients characteristics remains still unknown. 

We overcame the technical limitations and validated our new protocol for isolation and characterization of CTCs, 
highlighting the importance of evaluating multiple parameters such as size, expression levels or protein localisation to 
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identify intra and inter individual tumour heterogeneity.




