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Liquid Biopsy

2.  Circulating Tumor Cells from Blood

3. Cell-free DNA from Blood




1. Liquid biopsy




Cancer Diagnosis
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Tissue biopsy vs. Liquid biopsy
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Blood as a real-time liquid biopsy

CTCs
(Circulating tumor cells)

cfDNAs
(Circulating cell-free
nucleic acids)
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2. Circulating Tumor Cells from blood
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Circulating Tumor Cells are the Message of Metastasis

circulating tumor cells
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Technical Issues #1

1) Extremely rare inthe bloodstream
- 10 RBC/1 mL Blood
- 107WBC /1 mLBlood

10-100 cells per mL
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Cell Type
CTC Erythrocyte Leukocyte
Size (um) 12-25 5-7 7-15
e ———
R
O 0 @ & e
Cell Type &
Neutrophil Lymphocyte Monocyte Eosinophil Basophil
Size (um) 12-15 7-10 15-25 12-15 12-15
% of Pop 60-70 20-45 2-10 1-3 0.51
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1,000,000 cells per mL




Technical Issues #2

2) No known universal marker

- Epithelial cellular adhesion molecule (EpCAM) is most widely used in research
but not present on 100% of CTCs
- Epithelial - mesenchymal transition (EMT)

Primary Tumour
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CTC Separation

By density

(A)

Ficoll-

Hypaque

Zheng et al., J I of Chr graphy A Gradient
2007; 1162: 154-161

By microfluidics

Erythrocytes
Granulocytes

By immuno—magnetic
separation (CellSearch)

Extraction Efficiency and Purity




Circulating Tumor Cells: Nanochip & Microfludics




Magnetic Nanowires (MagWires)

Whole blood
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Erythrocytes (~5x10e*/mL blood)

Leukocytes (~7x10e%/mL blood)

Thrombocytes (~3x10e%mL blood)

Normal exosomes (~10e'"/mL blood)

Tumor stroma exosomes (unknown)

Tumor exosomes (~0-5x10e'"/mL blood®)

Normal cfDNA (~5x10e*/mL blood)

Tumor cfDNA (~5x10e°mL blood)

Ago?2 associated miRNA (~5x10e*/mL blood)

HDL associated miRNA (~5x10e°/mL blood)




Circulating Tumor Cells:

Magnetic NWs

@ RBC % WBC

. cTC ’/>f</ Ab mixture_mPpy NWs

Five antibodies including epithelial /
mesenchymal markers on the NW surface

Biotin/Magnetic NPs
doped Ppy NW
X 4 (mPpy NWs)
<

Streptavidin

Biotinylated
antibody




Cell Recovery and Purity

: In vitro cancer cells were spiked into the blood

Bright field DAPI EpCAM CD45 Merge

High 5
EpCAM
MCF7 ,’U : @
Very Iow\ |
EpCAM = 1A Paca-20 )
Expressior :

Five different types of antibodies == Higher isolation efﬁ-ciency reg-ardless of
on the nanowire thﬁ EpCAM expression levels in tumor
cells

> 90%
Purity
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Circulating Tumor Cells from Cancer Patients

SEM Immunohistochemistry

Immunofluorescence
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Circulating Tumor Cells_Blind Test

Early, non-metastatic Breast Cancer vs. Normal
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I Circulating Tumor Cells Test

Lung Cancer
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Lung Cancer Patient_Circulating Tumor Cells
Study No: 0185-001

The changes in CTC numbers before and after surgery in LC patients

Before surgery (6 CTCS / 3 mL blood)

After surgery (0 CTCs / 3 mL blood]



Lung Cancer Patient_Circulating Tumor Cells

Study No: 0185-003

Before surgery (21 CTCs / 3 mL (3 clusters))
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The Assessment of £GFR Mutations by CTCs
- Droplet Digital PCR

: . Droplet digital PCR
I CTCs i
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In four out of 11 patients, the same mutation type
was confirmed in both CTCs and the primary tumors



3. Circulating Tumor DNA from blood

Theranostics, 2017, 8, 399-409
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Circulating

Cell-free DNA (cfDNA)

Tumor-related cfDNA:

= Fragmented DNA (166 bp average length) in plasma or

[FU] - serum
= Average half-life of < 2 hr
120 . .
= Tumor-related cfDNA levels increase in advanced stages
100 of cancer
= Assessing intra—tumor heterogeneity
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Problems with cfDNA

= Most tumor-related cfDNA is released from the
apoptotic cancer cells with small fragments

= Only obtain 30ng of cfDNA per 5 mL plasma extraction

= The technique used must be sensitive enough to pick up
the low level variants for discovering gene mutations

using cfDNA

DNA fragments

— Cell parts =—»| Long sized > 1 0,000 bp
‘—’ Apoptotic bodies —>| Short sized 1 00 ~ 2 00 bp
oligonucleosomes
Active release === | Lipoproteonucleotidic —-)l Short sized I
‘ compex
Exosomes

MOLECULAR ONCOLOGY 10 (2016) 487 e493



cfDNAs extraction Strategy :
Magnetic nanowires

A

PEl-conjugated
magnetic NWs

Plasma

Add ProK-containing Add elution buffer

lysis buffer at high pH
\ )

 DNA-NW aggregates increase the capture of cfDNA
* Proteinase K-containing lysis buffer enables the conversion of the aggregated
structures into a homogeneous distribution of individual NWs to release ¢fDNA




cfDNAs extraction Strategy :

Magnetic nanowires

NW aggregates vs.
cfDNA recovery yield

NW Capture Efficiency
(Tumor-derived cfDNAs : 100-200 bp)
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The mean number of DNA-NW aggregates
is proportional to the DNA concentration
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cfDNAs extraction Strategy :
Magnetic nanowires

NW aggregates vs. cfDNA recovery yield
vs. cfDNA in copies of EGFR mutation/pL

NW aggregates in plasma of healthy
control (H) vs. patients with lung

cancer (L1, L2).
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NW aggregates enable highly efficient
isolation of small-fragmented,
tumor-related cfDNA




cfDNAs extraction Strategy :
Magnetic nanowires

mmmm N anowire networks

— 1200 — Qiagen kit
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NWs efficiently bind extremely low levels of cfDNA
in the plasma of lung cancer patients



Liquid biopsy

Answering questions about unmet medical need

> By rapid biomarker assessment in cancer
patients for whom solid biopsies are
impossible due to restricted or
extremely risky access possibilities

> By repeated monitoring during cancer
patient follow-up to control treatment
efficiency

> By detecting genomic alterations
occurring as result of resistance to
therapy

Obtaining cancer-related biomarkers as much as possible.
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