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Blood-based tumor diagnostics
(“Liquid Biopsy”)

• Circulating tumor cells (CTC)

• Circulating cell-free nucleic acids

– circulating tumor DNA (ctDNA)

– circulating tumor RNA (ctRNA)

– microRNA (miRNA)

• Nucleosome

• Exosome



Circulating Tumor Cells (CTC)

• Tumor cells shed into the blood stream

– disseminated cancer cells

– cancer stem cells

– bystander cells

• 1 per 106~107 leukocytes

• Average 100 per 1 mL blood

– Conventional methods may undercount 
the number of CTCs





Size exclusion



Antibody-mediated

• Cytokeratins (CK8, CK18, CK19)

• Epithelial membrane antigen (EMA)

• Epithelial cell adhesion molecule (EpCAM)

CTC

Magnetic 

particles

Anti-EpCAM





Steps for CTC detection

• Routinely 7.5 mL whole blood

• Larger volume can increase detection rate



MagNestTM

CTC leukocyte 

CellSearchTM



CellSearchTM

Cancer cell

White blood cell

DAPI             Cytoketatin CD45    



Prevalence of CTCs

CTC threshold (per 7.5 mL blood)
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Detecting CTCs in lung cancers

Xu et al. Oncotarget 2017



Limitations (1)

• Only a proportion of cases have detectable CTCs

• Epithelial–mesenchymal transition (EMT)

• Positive rates differ among different tumors

Allard et al. Clin Cancer Res. 2004



Limitations (2)

• No standards

• No guidelines

– Not reccomended by ASCO, NACB, AACC, AJCC, BCTF

• Expensive, labor-intensive

• Long turnaround time



Circulating cell-free DNAs

• Various sources
– Normal cells

– Tumor necrosis
– Tumor apoptosis
– Circulating tumor cells

• Variable amount

– <30 ng ~ > 1000 ng/5mL

• Variable fraction

– ctDNA: <0.01% ~ >90%



Collection of cell-free DNA

• Short half life (15 min ~ several hours) due to plasma DNases

• Blood can be sampled in ETDA tubes but the plasma has to isolated and 
stored at -80oC within one hour of collection

• Preservative tubes (e.g. StreckTM tube)
– up to 4 days at room temperature

• Plasma vs. serum

– DNA concentrations: serum > plasma

– Serum contains large amount of leukocyte-derived DNAs

– EDTA has some inhibitory effect on DNase



Evaluation of Preservation Tubes

0 day 2nd day 5th day

P tube

S tube



Genome equivalents

ng/assay copies/uL
haploid genome equivalents 

(3.3 pg/haploid genome)

400 6060.6 121212.1

350 5303.0 106060.6

300 4545.5 90909.1

250 3787.9 75757.6

200 3030.3 60606.1

150 2272.7 45454.5

100 1515.2 30303.0

75 1136.4 22727.3

50.0 757.6 15151.5

40 606.1 12121.2

33 500.0 10000.0

25 378.8 7575.8

20 303.0 6060.6

15 227.3 4545.5

10 151.5 3030.3

5 75.8 1515.2

1 15.2 303.0

0.5 7.6 151.5

0.1 1.5 30.3

0.01 0.2 3.0

• cfDNA levels higher

– Increased age
– Underlying medical conditions
– Pregnancy
– Cancers



Nie et al. Tumor Biol. 2015

Quantitative estimates of plasma/serum of cell-free DNA



Extraction method

Fong et al. Clin Chem. 2009

Carrier RNA



Preservation of 
DNAs

Day 0 Day 2 Day 5



Size distribution of ctDNA

Heitzer et al. Clin Chem. 2015



High fragmentation of ctDNA

Mouliere et al. PLOS One 2011; Jiang et al. PNAS 2015



Location of target mutation

166 bp



Bettegowda et al. Science Translational Med. 2014

Detection rates of ctDNA



Mutation frequencies in different cancers

Martinez et al. Sci Reports. 2013



Distribution of TP53 mutations



EGFR hotspot mutations in lung cancer

Re et al. Expert Rev Mol Diagn. 2014



Heitzer et al. Clin Chem. 2015



Digital droplet PCR



BEAMing method
(Beads, Emulsification, Amplification and Magnetics)



Conventional sequencing

Mutant-Enriched PCR

After Chemotherapy

Initial

Positive Negative

Positive 9 11

Negative 3 17

Mutant Enrichment with 3′-Modified Oligonucleotides 
(MEMO-PCR)

(EGFR T790M mutation in 40 lung cancer)



MEMO-PCR
(BRAF V600E mutation in 52 thyroid cancers)

• 52 patients with papillary thyroid carcinoma

• 9.6% (5/52) positive in plasma

Pathologic diagnosis Size
L/N 

metastasis

BRAF 

MEMO-PCR

Papillary carcinoma 2.2x1.7cm Yes Positive

Papillary carcinoma 1.0x0.9cm Yes Positive

Papillary carcinoma 1.5x1.2cm Yes Positive

Papillary carcinoma 4.3x3.5cm No Positive

Papillary carcinoma 1.6x1.0cm Yes Positive



Deep sequencing by NGS



Sequncing errors



Plasma EGFR testing

Real-time PCR (Company R)

NGS analysis (Company Q)



MEMO-PCR & deep sequencing using plasma

KRAS p.G13D

Lung adenocarcinoma 

(Stage IIb)

MEMO-PCR

Deep sequencing

TP53 c.532delC

Colon adenocarcinoma 

(Stage IV)



Molecular barcoding

DNA2

DNA3

DNA4

DNA5

DNA1

TGCGTGAT

GTGCATGA

CGTAGTTG

AAGTCCTG

ATCGTAGG

Barcode





Error reduction and increased sensitivity
by digital sequencing

Lanman et al. PLOS One 2015



ctDNA vs. CTC

Freidin et al. Clin Chem. 2015



Gene mutations detected in ctDNA of NSCLC patients



Copy number change in plasma

Leary et al. Science Translational Med. 2012



DNA methylation

• Methylation of cytosines within CpG dinucleotides

• 26.7 million CpG sites in the autosomal genome



Assaying Methylation

• Multiple restriction enzyme assays

• Bisulfite conversion & methylation-specific PCR

• MeDIP (Methylated DNA immuno-precipitation)
– Antibody to Methylated-C  ChIP

• Isoschizomer (HpaII/MspI) assays:
– MIAMI (Microarray-based Integrated Analysis of Methylation by 

Isoschizomers)

– HELP 

• Bisulphite conversion & hybridize to array

• Bisulphite conversion & sequencing



Genomic DNA is modified by treatment with sodium bisulfite.

All unmethylated cytosines are converted to uracil, but 
methylated cytosines are resistant to this modification.



Illumina Infinium DNA methylation assay

• Relative signal intensities of bisulfite-converted sequences

• 485,764 CpG sites for >32,000 transcripts

• Methylation levels are expressed as β-values (0~1.0; proportion of methylated 
DNAs)



Bisulfite-sequencing



DNA methylation

Fackler et al. Cancer Res. 2014



Nie et al. Tumor Biol. 2015



Exosomes, ctRNA, miRNA



Isolation of Exosome





Conceptual overview of RNA-sequencing 
(RNA-Seq)

Isolate RNAs

Sequence ends

100s of millions of paired reads
10s of billions bases of sequence

Generate cDNA, fragment, 
size select, add linkers

Map to genome, 
transcriptome, and 

predicted exon 
junctions

Downstream analysis



miRNA Real-time PCR



20-30nt RNA gel purification

(Biases)

Small RNA sequencing



RNA

Protein

Platelet

Tumor-educated platelets

Platelet



Detecting RNA fusion in tumor-educated platelets

Nilsson et al. Oncotarget. 2016



Summary

• Blood-based tumor diagnostics are evolving rapidly and 
recent studies show promising results.

• Blood has become an attractive specimen for diagnosis and 
therapeutic monitoring of various tumors.

• Technical optimization, further validation, standardization and 
practical application may be increase the utility of blood-
based methods.


