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From Sampling to Sequencing: A Liquid Biopsy Preanalytical Workflow 
to Maximize Multianalyte Information From a Single Sample

Conclusions
•	 �This study shows that robust and reliable qPCR and NGS technologies allow multianalyte analyses of biomarkers like cfDNA and cfRNA using single stabilized whole blood samples. 

•	 �Parameters including stabilization of whole blood samples, storage time of up to 1 week, and extraction method impacted differently depending on the analyte of interest. 

•	 �The importance and advantage of sample stabilization was demonstrated by the fact that methylation percentages and RNA expression changes remain unchanged allowing for robust interpretation of results, 
regardless of storage times.

•	 �The workflow shown may pave the way to multianalyte analyses from one single liquid biopsy sample increasing sensitivity for research outcomes and enabling complementary clinically relevant liquid biomarker insights.
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PAXgene® Blood ccfDNA Tube†

• 10 mL blood
• Contains 1.5 mL stabilizer

K2EDTA tube
• 10 mL blood

Blood collection
and stablilizazion

Storage for:
• 3–7 days at 25°C

Transport
and storage

Manual cfDNA/cfRNA isolation:
• QIAamp® Circulating Nucleic
 Acid Kit (miRNA protocol)*

Manual cfRNA (EV) isolation:
• exoRNeasy Midi Kit*

Nucleic acid
isolation

NGS:
• QIAseq Kits*

RT-qPCR:
• miRCURY Kits*
• QuantiTect Kits*

Downstream
analyses

Introduction
Analysis of cell-free DNA (cfDNA) from blood samples is established as an important diagnostic tool. 
Limitations in volume of blood drawn from a subject and low concentrations of circulating nucleic acids 
(NA) restrict possible downstream analyses. 

The scope of this research study was to establish a robust multianalyte workflow from a single blood sample 
to analyze cfDNA and cfRNA in plasma, specifically mRNA and miRNA from inside and outside extracellular 
vesicles (EV), using next-generation sequencing (NGS) and quantitative PCR (qPCR). 

For the multianalyte liquid biopsy workflow, the main preanalytical parameters of whole blood storage and 
their influence on analyte quality and downstream assay results were investigated.

Venous blood was collected from apparently healthy, consented individuals. Blood 
was stabilized and stored for 3 or 7 days at 25°C. cfDNA, miRNA, and mRNA were 
(co-)purified from blood plasma using different manual isolation kits. 

Isolated NAs were analyzed by qPCR/RT-qPCR (miRCURY® LNA RT Kit*, miRCURY 
LNA SYBR® Green PCR Kit*, QuantiTect® Multiplex RT-PCR NR Kit*, QuantiTect 
Multiplex PCR NoROX Kit*) and NGS (QIAseq® Targeted Methyl T-Cell Infiltration 
Panel*, QIAseq miRNA Library Kit*, QIAseq UPX 3' Transcriptome Kit*).

Methods

Results: Stabilization of cfDNA and methylome in blood
Data confirmed the advantage of blood stabilization tubes in 
maintaining the cfDNA profile over time. In cfDNA targeted 
methylation sequencing using QIAseq Targeted Methyl T-Cell 
Infiltration Panel, background methylation was ~2.5-fold (3 d 
storage at 25°C) to ~4-fold (7 d storage at 25°C) higher in 
non-stabilized samples, whereas methylation degrees on CpG 
sites were comparable. Increased background likely comes 
from released gDNA. 94–98% of methylation signal came from 
immune cells. In stabilized samples, signatures from epithelial 
cells were detectable, but absent in non-stabilized samples.
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cfDNA methylation degree on CpG sites. CpG methylation 
of EDTA and PAXgene Blood ccfDNA samples from different 
storage durations was quantified by methylome sequencing. 
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cfDNA methylation degree on non-CpG sites (back-
ground). EDTA and PAXgene Blood ccfDNA samples of different 
storage durations were quantified by methylome sequencing for 
CpG specific methylation and background at CHG and CHH sites.
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Origin of cfDNA methylation signature. Source of 
methylation signature by cell type. EDTA and PAXgene Blood 
ccfDNA samples from different storage durations, as determined 
by methylome sequencing.
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cfDNA quantification using qPCR. EDTA and PAXgene Blood ccfDNA samples from different 
storage durations were assessed in triplicates for 18S rDNA and quantified via a standard curve.

Number of expressed miRNAs. Expressed miRNAs were quantified by miRNome sequencing 
of EDTA and PAXgene Blood ccfDNA samples from different storage durations using the QIAseq 
miRNA Library Kit.

qPCR quantification of two selected miRNAs. One predominantly vesicular miRNA 
(let-7a) and one predominantly free miRNA (miR-16) were quantified by qPCR of EDTA and 
PAXgene Blood ccfDNA samples from different storage durations.

In the same samples, sequencing of the miRNome showed a stable number of expressed miRNAs in the plasma from a stabilization 
tube (98% after 7 d at 25°C; QIAamp) and an increase in non-stabilized plasma samples (153% after 7 d at 25°C). Analyzing 
isolated EVs (exoRNeasy), the difference was less pronounced (152% increase in non-stabilized samples versus 124% increase in 
stabilized samples). 

Results of the qPCRs for miRNAs were consistent with the NGS results.

Results: Sequencing of miRNome
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Results: Whole transcriptome sequencing
Whole transcriptome sequencing revealed that enriched EVs 
contained a higher fraction of protein coding RNAs. This fraction 
decreased over storage time in both cfDNA stabilizing and non-
stabilizing tubes.

Results of the RT-qPCRs for mRNA were consistent with the NGS 
results.

Biotypes of sequenced mRNAs. The transcriptome was analyzed using mRNA sequencing of 
EDTA and PAXgene Blood ccfDNA samples from different storage durations.

*	For molecular biology applications. Not intended for the diagnosis, prevention or treatment of a disease.
†	 Intended for research use only. Not for use in diagnostic procedures.
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Processed transcript Protein coding Retained intron

lncRNA Misc RNA Nonsense mediated decay
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Transcriptome mapping statistics. The transcriptome was analyzed using mRNA sequencing 
of EDTA and PAXgene Blood ccfDNA samples from different storage durations. Cell-free mRNA 
molecules are rare and, therefore, high background was measured.
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RT-qPCR of eEF2 mRNA. The transcriptome was analyzed using by mRNA sequencing of EDTA 
and PAXgene Blood ccfDNA samples from different storage durations.
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