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Overview 
 
This application note presents Circulating Tumour Cells (CTCs) isolation by VTX-1 
Liquid Biopsy System coupled with downstream mutation detection by Next 
Generation Sequencing (NGS) for personalized medicine [1].  
 
Genomic profiling of CTCs provides insights into genetic alteration of the cancer 
and metastases during disease progression and treatment. This information can 
prove valuable for disease prognostic evaluation, diagnosis of minimal residual 
diseases, and monitoring the therapeutic effectiveness for cancer patients [2]. 
 
NGS for genomic mutation detection enables: 

• Large number of genes analysed 
• Affordable cost 
• Easiness of implementation 

 
However, CTCs are very rare and their related DNA amount is limited. Thus, an 
accurate, simple, and efficient NGS workflow was developed to guarantee accurate 
CTC mutation detection. The combination of VTX-1 Liquid Biopsy System for 
isolation of CTCs [3] with analysis of related DNA mutation provides a simple 
method for genomic characterisation of CTCs [1]. 
 
Workflow 
 
This workflow illustrates how the VTX-1 Liquid Biopsy System for CTC isolation is 
used in combination with NGS for CTC mutation detection. This can be used for 
spiked in cells or directly with patient samples, in this case colorectal cancer 
patients, the Human Colorectal Cancer GeneRead DNAseq Targeted Panel was 
then used to enrich the exonic sequences of 38 clinically relevant colorectal cancer 
genes from amplified DNA. The VTX-1 platform isolates CTCs from a whole blood 
sample [3]. DNA extraction from CTCs (2 to 200 cells) was optimized to be 
applicable to rare, both fresh and fixed cells.  
 
The optimised workflow was applied to CTC samples of 3 CRC patients and 2 age-
matched healthy donors for simultaneous detection of targeted variants. 
 

 
 
Figure 1: An integrated, sample-to-result workflow for CTC isolation followed by 
NGS.  
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① Patient blood is collected by peripheral venipuncture. CTC are isolated using the 
VTX-1 liquid Biopsy System. Blood tube is inserted in the Vortex VTX-1 instrument 
for fully automated CTC isolation.  

② Intact, free-floating cells are released in a small volume (300 µl). Genomic DNA is 
extracted from the CTC sample and amplified using the REPLI-g kit. 

③ PCR-based target enrichment. 

④ Enriched and purified targeted regions sequenced using NGS e.g. Illumina MiSeq. 
 
 
Results 
 
Validation with cancer cell lines 
Our workflow was first validated with HCT116 cancer cell line, with cells fresh or fixed 
with 4% PFA, for an extracted DNA amount of >1pg (Fig. 2). When CTC DNA amount 
is < 1pg (< 200 cells), an extra-step of WGA by REPLI-g kit is required o/n at 60°C. 
 

 
Figure 2: Optimisation of DNA extraction, from a large number of cells to rare cells, 
with N≥2 per condition – Modified from [1]. 
 

 
 
 
 
 
 
Figure 3: A. Pictures of CTCs 
and WBCs immunostained. 
Scale bar = 20µm. B. Mutation 
detection in CTCs, liver 
metastases ad WBCs. – 
Modified from [1]. 
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The workflow was tested to detect genomic mutations contained by HCT116 cells as 
described in literature. 
 
Validation with metastatic colorectal cancer (mCRC) patient samples 

• VTX-1 Liquid Biopsy System allowed CTC isolation, both as single cells or 
clusters, with epithelial, mesenchymal or transitional characteristics (Fig. 2A). 

• Genomic mutations were detected in CTCs extracted from patient blood 
samples, with tumour tissue concordance for 3 patients, validating the 
relevance of CTCs as a biopsy material (Fig. 2B).           

 
Conclusions 
 

• The workflow presents the combination of Vortex’s CTC enrichment 
technology with DNA sequencing for mutation detection. 

• In rare cells such as CTCs, DNA extraction optimisation is realized by 
amplification (REPLI-g WGA). 

• DNA from CTCs isolated with the VTX-1 and prepared by REPLI-g whole 
genome amplification was suitable for next-generation sequencing analyses. 

• A multiplex PCR-based targeted enrichment method was successfully 
applied on whole genome amplified DNA for next-generation sequencing on 
selected regions of the genome. 

• Somatic mutations were successfully detected from CTCs isolated from CRC 
blood patient samples. 

• This workflow offers researchers a very good option for clinically relevant 
monitoring of tumour genetics through CTCs in real time using a minimally 
invasive procedure for the patient. 

• Isolation of CTCs with the VTX-1 liquid biopsy system combined with REPLI-
g whole genome amplification and the GeneRead DNAseq Targeted Panel 
provide a verified, complete workflow for targeted sequencing of regions of 
interest in CTC samples. 
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Vortex is a leading CTC liquid biopsy 
company, based in the UK. 
 
To discuss how we can support you, 
contact us at: 
info@vortexbiosciences.com  
 
Or visit our website at: 
www.vortexbiosciences.com 


