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What is the Circulating Tumor cells (CTCs)?

v'Identification of tumor like cells in the peripheral blood of cancer patients
. described as early as 1869 by Ashworth
- cells in peripheral blood with phenotype of cancer

Circulating Tumor Cells (CTCs) One in a billion blood cells is a CTC:
Huge technical challenge
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Detection of CTCs
- Where’s Wally?




Methods for CTCs Detection

1. Enrichment
2. ldentification

Enrichment
(1) physical properties i A ISET
- size: ISET (Isolation by Size of Epithelial Tumor cells) assay
L - - - - - Q density U ‘
- density: Ficoll density gradient centrifugation ‘j
(2) biologic properties: specific protein expression (EpCAM) | —
- Immunomagnetic techniques
: AdnaTest (AdnaGen AG, Langenhagen, Germany), R
. CellSearch (Veridex, Raritan, NJ) g’i\ﬁ? i
4 s
- microfluidic platform A
. CTC-chip —Y

. CTC-iChip



CTC ldentification

v'Cytometric
- antibodies targeting epithelial antigens
. breast cancer- cytokeratin, mammaglobin
- preservation of cell

v'"Nucleic-acid based
- RT-PCR
. amplify and identify tumor-associated RNA (cytokeratin 19)

CellSearch
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CTCs detection systems

Morphological based approaches
- ISET
- Density gradient separation (Oncoquick)

Immunological based approaches
- CellSearch®
- Adnatest
- CTC-Chip, CTC-iChip

Other approaches
- CAM assay
- EPISPOT
- LSC



CellSearch®

v'CellSearch assay (Veridex, New Jersey, USA)
- automated Assays
: combining enrichment/identification
- separation of CTCs from the plasma
. captured using antibody against EpCAM
- pan-CK antibody/anti-CD45 antibody

v'Definition of CTCs
- expressing CK/ but lacking CD45

Automated sample preparation

Off-Line Processing by the CellTracks® AutoPrep® System

Permeabilize and
add Staining

7.5 mL blood from  Aspirate plasma
CellSave
Tube + Buffer

Aspirate fluid and
unlabeled cells

Transfer to
MagNest®

Add buffer

Add ferrofluid. Reagents

Magnetic incubation Remove magnets. cTC leukocyte
Resuspend target

cells in buffer

Centrifuge




CTC-Chip

v'CTC-Chip
- microfluidic platform
- flows peripheral blood through an array of microposts
. coated with anti-EpCAM

v'Highly sensitive method ;
- isolate CTCs in 99% of blood samples | Foveng B
(metastatic lung, prostate, breast, colorectal cancers) y |

a
v'Advantage [ Pressure
- single step directly from whole blood

. without preparatory procedures
(centrifugation, washing, or incubation)
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(Nagrath S, et al. Nature 2007;450:1235-9.)



CTCs characterization- cTCchip

CTC Leukocyte

CTCs capture

Cytokeratin
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(Nagrath S, et al. Nature 2007;450:1235-9.)



CTCs- Clinical Evidence



Metastatic breast cancer (MBC)

v'Metastatic Breast Cancer
- evaluated the number of CTCs
. at the time of metastasis

v'"Number of CTCs before initiation of therapy
- 5 or more CTCs per 7.5 ml blood at baseline
: shorter median PFS time
(2.7 months vs. 7.0 months; p <.001)
: shorter OS time
(10.1 months vs. 18 months; p .001)
- independent predictor of PFS and OS

CTCs as a prognostic model
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Stage IV

By presence of CTC >5
- Stage IV-A?

- Stage 1V-B ?



YProbability of Progression Free Survival I»

Y%Probability of Survival

Time from Baseline Blood Draw (Months)

Group Description N (%)
1 <5 CTCs at Al Time Points B3 (47%)
100% 2 >5atBaseline & <5 CTC at Last Draw 38 (21%)
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v'group 1

5|25

- patients

with <5 CTCs at all blood draw time points

v'group 2
- patients

51>5]

with >5 CTCs before the initiation of therapy

but who had decreased to <5 CTCs

v'group 3

5/>51

- patients

with <5 CTCs at baseline,

increased to >5 CTCs

v'group 4

- patients

ST—)STl

with >5 CTCs at all blood draw time points.

CTCs as a predictive model !



Epithelial to Mesenchymal Transition

The epithelial-to-mesenchymal transition (EMT) plays a crucial role in the formation of the body plan and
in the differentiation of multiple tissues and organs

EMT promote carcinoma progression through a variety of mechanisms

EMT endows cells with migratory and invasive properties, induces stem cell properties, prevents
apoptosis

The mesenchymal state is associated with the capacity of cells to migrate to distant organs and maintain

stemness, allowing development and the initiation of metastasis

Epithelial phenotype Intermediate phenotypes Mesenchymal phenotype
as cells transition
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Progressive loss of epithelial markers Vimenti
and gain of mesenchymal markers Fibronect




EpCAM

- Is not expressed by all epithelial cancers
- heterogeneously expressed even by highly expressing tumors

Major drawback of EpCAM-based enrichment

Cell line

Primary tumor
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TRENDS in Molecular Medicine

EpCAM negative CTCs?



Limitation of using EpCAM Abs

Current methods detect only EpCAM positive cell

CTC may loose their epithelial surface markers

‘ Need another method which can detect both EpCAM positive
and EpCAM negative CTC




Mammosphere culture

- has been utilized to enrich for cancer populations of stem cells (CSCs),
- as well as to initiate EMT

- We thus established a cell model system for mammosphere-induced EMT

Mamosphere from patients with breast cancer



Down-regulation of EpCAM expression by EMT induction
. using mammosphere culture system
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Low expression of EpCAM cell surface marker expression

- MCF-7 and sphere cultured cells were stained with EpCAM antibody
- analyzed by fluorescence microscope and FACS analysis.
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(Seung Il Kim, et al. Oncotarget. 2016 Mar 22. [Epub ahead of print])



Mammosphere cultured MCF-7 cells acquire EMT phenotypes
A

E-cad / DAPI N-cad / DAPI
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(Seung Il Kim, et al. Oncotarget. 2016 Mar 22. [Epub ahead of print])



Cancer stem-like cells can arise as a result of EMT
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Chemoresistance is associated with cancer stem cell-like properties and EMT

*P <0.05 *P <0.01
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(Seung Il Kim, et al. Oncotarget. 2016 Mar 22. [Epub ahead of print])



Experience of Yonsel University, Severance Hospital

Multi-orifice flow fractionation (MOFF)

. Cytometric identification



Cytometric - based CTC separation

Multi-orifice flow fractionation (MOFF)
- microfluidic device- separation of CTCs based on the physical properties of cells
- hydrodynamic separation- high throughput filtration of blood cells

Microchannel Design

o Cancer cell

@ Blood cell

Collaboration with Prof. Hyo-1l Jung. Ph.D.
Biochip Lab, department of mechanical engineering, Yonsei University




CTC isolation using a p-MOFF chip

B
2
Processing time: ~ 17 min.
Inlet Outlet for CTC =
—@l | 1.5
— — —— Y —_—
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Lysis of RBC Resuspended in PBS Final volume = 4 ml 1
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Overview of MOFF System

Light source

Syringe pump

v

!

Image capture program

Microscope
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Normal bloody cells




EpCAM negative CTCs

v MOFF
. without using EpCAM Enrichment
. detection of EpCAM negative CTCs

Expression of EpCAM on human breast cancer carcinoma cell lines

Ep-CAM
Cell line expression™
MT-3 6712 (+123.1)
ZR-751 2982 (+982)
| MmCF7 222.1 (+13.7)
MDA-MB-453 180.3 (+ 30.7)
BT20 139.5 (+27.0)
SKBR3 125.5 (+31.6)
MaTu 1239 (+34.2)
BT474 1220 (+400)
| MDA-MB-231 1.7 (£0.6)

KATO Il 893.1 (* 166.7)




MOFF System
- recovery rate of EpCAM (+) & EpCAM (-) cell lines

ATCC Number: HTB-22
Designation: MCF-7

Concentration 1.476x105(/ml) 6.550x103(/ml)

v'Separation of EpCAM positive
- MCF 7
- 93.75%

Flow rate 240 ul/min 360 ul/min

Recovery 93.75% 6.25%

Low Density Scale Bar = 100pm

ATCC Number: HTB-26
Designation: MDA-MB-231

v'Separation of EpCAM negative
- MDA-MB-231
- 91.60%

Concentration 1.873x105(/ml) 1.145x10%(/ml)

1'/ ‘
Flow rate 240 ul/min 360 ul/min

Recovery 91.60% 8.4%

Low Density le Bar = 100pm



Detection of EpCAM (+)/EpCAM (-) Cells

Composite CK CD45

MCF-7
(EpCAM +)




Experimental protocol

Final Volume =

Lysis RBC  Resuspended in PBS (4% BSA) about 4 ml Cytospin
| o) | =) | =)/ Ve ; \ﬂ ) L2
, / = aining

Patient Sample Input : 10ml A

Flow rate = 126 uL/min (Re=70)

After separate the metastasis patient blood

Tumor

/ cells

DAPI EpCAM CDA45 Merge

DAPI: Cell DNA

CD45 : White blood cell membrane



EpCAM positive and Negative CTCs in real patients with MBC

(A) EpCAM positive tumor cell

DAPI CK (B) EpCAM negative tumor cells

EpCAM MERGE



Isolation of CTCs from metastatic breast cancer patients using the p-MOFF chip.

CTC positivity: 24/32 patients (75%)

A B = EpCAM negative
= EpCAM positive
Merge DAPI CK EpCAM CD45 EpCAM — (33.3%) EpCAM —, + (50%) EpCAM + (16.7%)
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MOFF test using blood of Volunteers

No. of Sample : 10

Result : 0/10

ol
N

| #0F _J2oa J2ou [0 0/0dt
No. CTC N/T N/T N/T N/T N/T
0l0 jilfole: 500} Z/0X 010

No. CTC N/T N/T N/T N/T N/T



Experience of Yonsel University, Severance Hospital

Nucleic acid based techniques
. Real-time PCR for 5 matkers
- EpCAM, CK 19, Ki 67, HER2, hTERT

Collaboration with Prof. Hyeyoung Lee, Ph.D.
-Department of Biomedical Laboratory Science, College of Health Sciences, Yonsei University



Prospectively test 5-marker system

Patients Samples
Adjuvant-363 Adjuvant-908
Clinical Neoadjuvant-90 Neoadjuvant-318
Patients Metastasis-39 Metastasis-94
Unknown-6 Unknown-6

Total — 498 patients

Healthy Female 350
volunteer Male 67

Total — 417

Total — 1326 blood

417




hTERT

(c) hTERT
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Correlation coefficient with CTC markers and tumor status

Histo_Grade

Correla?io_n 0.168* : :
coefficient Survival Data- Pending!
CTC_Markers p-value 0.038

N 154




Target of CTC
biomarkers

Function Biomarker
Epithelial marker EpCAM CK-19
Breast cancer specific marker HER?2
Proliferation marker Ki-67 hTERT
Vimentin Slug
Epithelial to Mesenchymal marker

FOXA2 RUNX1

Metastasis marker NPTN CD146




CTC biomarker EMT
analysis

Breast cancer patient n (%)

EMT marker positive 126 (100)

CTC Epithelial marker (+) 20 (15.9)

CTC Epithelial marker (-) 106 (84.1)

EMT marker negative 302 (100)

Total 154




Conclusion

dissemination of circulating tumor cells (CTCs)

- requires the Epithelial-to- Mesenchymal transition (EMT),
- lose their epithelial characteristics

- acquire more mesenchymal-like phenotypes

Current isolation of CTCs relies on expression of EpCAM
- may underestimate CTC number and potentially miss critical subpopulations

EMT-induced breast cancer cells maintained in prolonged mammosphere culture conditions
- possess increased EMT markers and cancer stem cell markers
- EpCAM expression is dramatically decreased in these cells

Label-free microfluidic flow fractionation device data

- 16.7%: only EpCAM-positive CTCs

- 50%: both EpCAM-negative and EpCAM-positive CTCs
- 33.3%: only EpCAM-negative CTCs,

Further characterization of CTCs, including low-EpCAM populations
- improve understanding CTC biology and ultimately improving cancer treatment.
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