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Why study extracellular RNA?

§ dynamic analyte
§ linked to health and disease states
§ pharmacodynamic biomarker

§ versatile & complex
§ small/long – (un)spliced – linear/circular – (non)polyA – (non-)coding
§ informative at abundance & structural level

§ DGE/GSEA/deconvolution – splice isoforms/RNA-editing/somatic mutations

§ human biofluids are full of exRNA – some more abundant than cfDNA
§ outside oncology “cfRNA is all we have!” [in oncology: stroma/host]

§ various (historic) reasons for lack of enthusiasm for mRNA
§ degraded / lack of methods / large dynamic range



Problem 1: impact of pre-analytical variables

§ large scale benchmarking
§ 456 exRNA transcriptomes
§ 10 blood collection tubes x 3 time intervals
§ 8 RNA purification kits
§ 11 performance metrics

§ recommendations for users and 
manufacturers
§ standardize workflow
§ maximize input in extraction
§ avoid ‘preservation’ tubes

§ EDTA/citrate processed withing 4 h

exRNAQC consortium, Nature Communications, 2025

• 11x Δ detected genes
• 30x Δ mRNA yield
• 76x Δ mRNA conc.



Problem 2: lack of reporting

§ 200 peer-reviewed articles in 2018/2023 on 
‘blood plasma + RNA’

§ evaluated 22 pre-analytical parameters
§ median level of reporting is 7%
§ only 6/22 variables reported in >50% articles

§ reporting checklist for exRNA-based studies 
> reliable interpretation & replication

§ CEN/TS 17742:2022

Van Der Schueren, Molecular Oncology, 2024



Problem 3: lack of methods

Hulstaert et al.
STAR Protocols, 2021
mRNA capture seq

Everaert et al.
Scientific Reports, 2019
total RNA seq

Morlion et al.
RNA Biology, 2021
lncRNA capture seq
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Problem 4: Extract RNA or DNA from precious sample?

§ Why not both?
§ several commercial methods that co-purify cfDNA and exRNA
§ evidence for increased mutation detection sensitivity (refs. 8-11)

Deleu et al., Human Genomics, 2022



Tale 1 – xenograft insights into ctRNA (1)

§ human RNA in blood plasma = ctRNA
§ highest conc. of ctRNA is in platelet-

devoid plasma – TEP debunked
§ [ctRNA] depends on

§ cancer type, model system, volume, 
vascularity, stage, treatment

§ similar ranges as ctDNA in humans

§ individual ctRNA gene levels ~ tumor 
expression levels
§ no evidence for specific sorting

§ Vermeirssen et al., NAR Cancer, 2022
§ Decruyenaere et al., Frontiers in Oncology, 2023
§ Deleu et al., exRNA, 2024
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DLBCL xenograft in non-humanized mouse

r=0.89 p=1.7E-7

ctRNA fraction (0.001-1%)



Tale 1 – xenograft insights into ctRNA (2)

§ miR34a is a pharmacodynamic biomarker of on-target drug activity
§ idasanutlin (RG7388) treatment of neuroblastoma

§ Van Goethem et al., NAR Cancer, 2023

tumor tissueserum



Tale 2: human biofluid RNA Atlas (1)

Hulstaert, Cell Reports, 2020

sweat

gastric fluid
bile

peritoneal fluid

colostrum
mature breast milk

amniotic fluid

synovial fluid

pancreatic cyst fluid

cerebrospinal fluid

tears
aqueous humor

saliva

blood plasma (PRP, PFP, PPP)
serum

bronchial lavage
sputum

urine
stool
seminal plasma



Tale 2: human biofluid RNA Atlas (1)

Hulstaert, Cell Reports, 2020
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Tale 2: human biofluid RNA Atlas (2)

§ enrichment of circular RNA (CiLiQuant tool)
§ presence of bacterial RNA [0-30%]

§ stool, saliva, sputum, sweat
§ e.g. Campylobacter concisus in saliva

§ biomarker potential

Morlion et al., Frontiers in Bioinformatics, 2022
Hulstaert, Cell Reports, 2020
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Tale 2: human biofluid RNA Atlas (3)

Hulstaert, Cell Reports, 2020
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Tale 3: a pan-cancer cohort study (1)

§ blood plasma from 25 cancer types (locally advanced or metastatic) vs. 
age-matched healthy controls (each n=8)

Morlion et al., medRxiv, 2024



Tale 3: a pan-cancer cohort study (2)

§ 10,000 – 12,500 mRNAs detected (median/type)
§ 0.1 – 1 ng mRNA/mL (note: mRNA is only 1% of the genome)

# mRNAs [mRNA] ng/mL

Morlion et al., medRxiv, 2024
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100-1000 differentially expressed genes per cancer type

median fold change of 3.1 among 6758 differential genes 
(66% unique to one type)

down: inflammation, immune cells, ribosome
up: EMT, extracellular matrix receptor, focal adhesion



So far so good, but ....

§ cell-of-origin: only liver cancer
§ evidence for ctRNA: only AML (PML:RARA fusion)* 
§ little overlap in DGE in independent cohorts for prostate, ovarian, and uterine cancer

Morlion et al., medRxiv, 2024

Lack of overlap because of heterogeneous nature of exRNA 
profiles (and tumor themselves)?



An alternative approach to find biomarkers in noisy or 
heterogeneous data
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Morlion et al., medRxiv, 2024



An alternative approach to find biomarkers in noisy or 
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controls

An alternative approach to find biomarkers in noisy or 
heterogeneous data
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§ Fisher’s exact test > biomarker tail genes
§ 10× 5-fold cross validation
§ independent cohort validation

Morlion et al., medRxiv, 2024



Example tail gene



Classification of cancer and controls based on biomarker 
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Biomarker tail gene concept validated in lymphoma

§ different blood collection tube – different lib prep (total RNA sequencing)
§ across all stages, both DLBCL and PMBCL
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Decruyenaere et al., Frontiers in Oncology, 2023



Tail genes in urine from muscle-invasive bladder cancer
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Tail genes in blood plasma from glioblastoma patients
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Large independent validation in prostate cancer and 
non-malignant patients
§ 132 prostate cancer + 23 controls > 70% train-test + 30% validation
§ 88 non-malignant patients + 37 controls
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Take home messages

§ rich repertoire of RNA in human biofluids
§ exRNA is a powerful biomarker source
§ platelet-depleted blood plasma is most informative for oncology
§ (pre-)analytical method standardization + transparent reporting is key
§ tail genes are a novel and robust biomarker concept

jo.vandesompele@ugent.be


