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Circulating tumor cells (CTCs) are tumor cells that occur at very low concentrations in the blood of patients with
metastatic cancer. The detection and analysis of CTCs is expected to be utilized as a tool for non-invasive real-time
monitoring of response to therapy and the selection of individual treatment options.

However, tumor cells are extremely complicated and heterogeneous which is the major obstacle the
characterization and eradication of metastasis.

The techniques required to detect and analyze CTCs are as follows :

1) High-sensitive technique for detecting various types of CTCs independently from their expression markers.
2) Technique for single cell analysis that allows the characterization of malignant tumor cells to develop novel agents
for cancer diagnosis and targeted therapy.

In this study, we describe detection and single cell genomic analysis of CTCs from metastatic breast cancer
patients using a CTC detection and analysis system based on dielectrophoretic microwell array technology (Tosoh
research and technical review 2014).

Fifteen advanced breast cancer patients and 2 healthy donors were recruited at National Cancer Center Hospital.
CTCs were generally defined as epithelial marker, cytokeratin/CK-positive and DAPI stained nucleus and white
blood cell marker CD45-negative cells. However it is known that CK is not expressed in some tumors during
metastases. Our system also discriminates CK-negative CTC candidates to exclude all normal cells with image
analysis software.

In 15 blood samples from patients, our system could detect CTC candidates including CK-negative cells in all
samples. In 2 blood samples from healthy donors, no CTCs were detected. Moreover, single cell genomic analysis
demonstrated that both CK-positive and CK-negative cells had at least one mutation in cancer-associated genes
indicating that the detected cells were possible CTCs. The results of the clinical study show that single cells isolated
by our system are useful for further genomic analysis. In addition, the result of mutation analysis of isolated single
CTCs suggested that CTCs have heterogeneity in cancer-related genes.
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1. #&

AR L H U2 R D8RR IS A AR T B I O BR A Al
(Circulating Tumor Cells : CTCs) D#: H @5,
RIZEEH D) 7L & 4 L TOHABEFBFE RO E R
WY G RER Oy — L & LTI s hTns
2004 412 CellSearch® ¥ 2 5 4 (Janssen Diagnostics
B . RS AL YRR IR A A S ORFEPE
K23 ASEBID T 1% M. WEFEO RS2 (I FH vl g
% CTC et %eiE & U COKE R RIEHES S (FDA) i
&, BUEICE S £ T Rl SARMSMC & I/ Ml
Wizs A, ANHIREG 23 A B2 A %D 5D CTCs D
B LUK EROBGE 2 ED 5h g T Ly
L&A 5, CellSearch® ¥ 2 7 4%, 2 AMaZmE 12
RS 21 (Epithelial Cell Adhesion Molecule,
EpCAM) 23RBIL TW5 DR &7z CTCs L 2
B TE RN &, £72 CTCs DRHUIZHHL L 7-%E
Thh., BEFEFICHIATZ 2HRAB[ O AT L
PR DT & 5> Tz,

Z D X > % CellSearch® & 2 7 4 D FBEIZ KT L.,
CTCs & HfiEkiflifi (ARifiEk, HIER) & OMifatoE
WIZ& D CTCs % 7 4 b & —IZHfE§ 440k 27 ok
Bk % L 72308 (A 1iEk, CTCs) &2 27 4 FiC
BAHL, L= —2Fr F2H0 7, v 407
INA R IO B T R E BT 22 e T
CTCs A RS & [AIRRIZ 2R IEIZ S A 22 M6 TR
EENMTHBZEPHENIZES>TETWS, ZLT
VAR DA DERRVEMHTIC & BI85 44 % 1
PEREIS MR O R 75 L HRFE X 7 = 2 A RENC AN 72 1
Milafr s H 8D, v 4 rsuv=ta L —
A =X)L — & —% e 1R & KA s —
VAT & B MFEAE AT R A BT T g P

ZD XD B RO &, WEF, B4 SR
& CTCs D FbE % R L 72665 5 iAE vkl i &
M7 v A HOEBEMEE A O 2z ES R . CTCs
O 1 MITEERELAS o] B8 22 HrAL O M o3 BEfidT > 2 7 4 %

il

BFE L. KRS 27 &% W -RIERIK - JFPERGE S ERRS
RERE L2 ARETIE. RV 2T 22 H0EE
VB AR R v & — TORRKRFIERIZ TN T, IR
WA EE D SO CTCs Mt & 1 MGE IR 1@ & 17 >
ZOTHRET S,

2. IR

Ky 2T Lid, Al 5O CTCs fifiE. ks vm)
12X B AL T L A NOMIRafdPE . O MFa - f
@ 1 MR & CTCs 12fF & 15 A DMl D &)=
7oy - B e & ONSVEIRIEAT O 72 8 0 A & —
HTHEET 2 Z LA EETH S (Fig. 1),

[1] CTCs ig#E

CTCs i B 1L THIZE U 7= ARG R % F O TR L
7z (Fig. 2). Lymphoprep Ik (%% 1 1.077
+ 0.001 g/ml, ¥%3& £ : 280 £ 15 mOsm/kg-H:0,
Axis-Shield ) % TESHHEAIC AL =214, LR
MR & THME R 28RS U7z, S U 722 B E RO
FAIER 2> & 3mL DI & AR iEk - ke 5 Piikek
# T & 5 RosetteSep Human CD45 depletion Cocktail
(STEMCELL Technologies %), 3mL D4 FEAIEAK %
MA72%. @0 L7z (2000 X g, 547, 25°C), #iDfk.
AR IER s KO8 D [ MER A Vb U 7= T AR
RERODI L, EEMERD FZEERK TSI &2I10&
D LRGSR D TR A & LI OB 5 & 3 XTI L
7z BIGEIZDT2ITRAT 2 ARIMERITE EAEE (9.0
g/L NH(CI, 1.0 g /L KHCOs, 0.037 g/ L EDTA -4Na)
BT 5 Z & THERE L, CTCs & 5&AEH I Ekid 5 0
(300 X g, 10%F, 25°C) 2k DML 72, LiEZER
Z U 2B 53 id . 300mM v v = b — L AKIFTRCTO
Pe & a0 (300 X g, 5747, 25°C) & 2MmIFENEL 7=,
TFRO_ LW ERE L, RS 1 ~ 2mL O CTCs
IRAER 21572,
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Fig.1 Workflow of CTC detection and single cell analysis
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Fig.2 Enrichment of CTCs with density gradient centrifugation

(2] FBEXENAICEK BHMILT L 1 NDOHHEIHHER
CTCs J&i#iE % Fig. 3 12m L 2zfifadhiife 7 v v /3 —
IZEEA L 728, AR WEIE (3 MHz, 20 Vp-p)
35N L. S vkE) J112 & 0 Mila & foi AL 7
VAICHifEL 72 (Fig. 4). s8EEARIMU =% £,
0.01% KV -L-) Y v &HD 300mM ¥~ = F —JLK
VW A AR 7 v N — IS8 A L 3 RERHE T 5
& THliNE 2 fol FLIE TN C BRI ZH248 L 720 RIS
FBEAYD, FLLATILTFE FET R —LORATR
TF v VS NOW R E L, Mkl & ST
B EAT 5 720 T 1% 7 L7 3 2 (BSA).
0.05% Tween20 &4 O PBS VAWK T4 5 Z & Tk
LALTLTE R - T4 —LaxRFELE%. REKE
L, T 10 7WEFET 2 2 & TIRRF R 7
Oy ¥y EEL I,

(3] HMARERE: - #RHH

— A CTCs (&M NIZIRIE L 72 B tfiila (R
KATMAEHIZAFEL 2 0flifla) & LT 2729,
CICs DRHICIE ERME~— A —ThHEH% 4 7 I
Fv (CK) #4 =7 v MZ¥ 5%, —J, CICs & &
BITWA L TL 2aMEkiE, AIMEkER~— 7 —T

70mm

Fig.3 Cell entrapment chamber

H % CD45 % FH T CTCs & X4 5, R M 12
BT, 1% BSA. 0.05% Tween20, FITC Zik-Ht
CK #ifk (£ 7 — > CK3-6H5). Alexa Fluor 488 1%
-} Pan-CK #iifk (# u— > AE1/AE3). PE Ii%-#i
CD45 #iiftk (7 v — > ]33). DAPL. K U'FcR 71
F v 7 RIEEA O BRI 2 Mg hffE 7 © vy — P
WAL, FIRT 30 4 MiE T 5 2 & THTaRES & 5
it U7z, Rk LR OMHPE 7 © >y — 1k, HOkH
g (X71, ) v 28) OHBZ 7 — ¥ RICH#
L. EM-CCD # # 7 (ADT-100, 7 — L)
IZE DML T VA4 B O S A B U722, o i{g
3% 3 %K (DAPI. FITC (Alexa Fluor 488). PE)
DHOGH G d5 K OB E G A HAF T HETdH 5 o

[4] 1 #HBIERER

Ky AT LTI, HOEIEERIZ K 5 CTCs Dffirin 5
e 7 v /N — N TO IERE S RLE SR S h
%, L#EESNL MR F v v —F2 KL 2T 40
27T —=VIIREL, V7 by 27 ETHRO CTCs %
BT 5 Z L TAT — VISR U 72 TR R (0%
BIAR Y 7RO ELY Xy b, Fig. 5) 12X > 7T CICs
% 1 M TERING 2 Z LA TE 5,

AC voltage
ON

=)

Microwell size : ®30,m (depth : 40.m, interval : 50 2m)

Fig. 4 Dielecrophoretic entrapment of cells in microwells
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PCR tube

Fig.5 Single cell picking unit

3. EREREIE

] % &

ES ALY 2 —12C, AV T+ —L KOV
YV b ARSI A 15 ER] (43 ~ 74 %)
B KO 2 52 S il 3mL 4 EDTA-2K #72
FRIM4S (VP-DKOS0K., 7L E#HL) (R L IE 4 9
fiti L 7=,

[2] CTC BIFE

A BEREE N ZZERRIEICL DAY 27
LD MERE & Gl U 7=, HOEEHE M K 0. CKE
‘ﬁ/ DAPI b5t/ CD45 B2 1 D il id % CTCs & 7

. — 5T CK&M:,/ DAPI k&, CDA45 54D iy

%ﬁm%b#ﬁbtoit%@ﬁﬂﬁ_hHT\*
D CTCs 1 L7 M3 gs % (Epthelial - Mesenchymal
Transition, EMT) 2% 2 #E%H. CK X EpCAM & &
DEEE~Y— =T HZERMENT0S T
WEELKRY 2T ATIECKBEICMA, CKEEMHED
CTCs f#fi (DAPLFGE CD45 F2E) % H+LBA¥E D
V7 b7 AT L7 (Fig. 6). k. B
Hi CTCs B2 2\ T AT+l T & % CellSearch®
AT L DR EIT 572,

Z DFER, CellSearch® ¥ 2 7 4 TiZ 4 15 JEfl h
56T CTCs M TE A2 =Dizxt L (% -

Bright Field

K (+)
CTC

CK (—)
CTC

36/1 m

Nucleus (DAPI)

66.7%. Z2WrBfE - > 2 i /7.5mL IMik) . KL X T 4
T ARERIT CTCs D FRENED & % Mg & B i C &
(B 100% ., i2WrkfE © > 16 /3mL 1ik) . Jefr
Bl 3 2 BAMEEZRTZ LN TE 7 (Table 1),
B RS 2NEHI TR Y 27 4 & 12 CTCs 13M
XNE, BBES RN L EMRL, ., W
BARIZEB T B2 BH CTCs Bz DWW Tk 2 7 4T
HEZE» s hiahr -7, ZOBEHEE LT, CTCs D
BT BEOENAFEIT 5 5, CellSearch® ¥ 2 7 4
PR % AT, P IZ 31 % CTCs DEF R
L < W3FEROIRIEIZBE D 5 T Hlla D TEREA R S h T
B0 (DAPLFGME) . Mife#f 12 EpCAM 23 /7 {EF 5
CTCs A #INMIZIBMWT 5, LA LALSHIRD XS
IZ EpCAM % CK DR B R IZ A AR IO ML T
X TBZ L, FAETTNERTORGIZLS L
JFRM A & MAFPNSEE L 22 S AMIIEDIEE A 8137
A= 2 (HIfEFE) 12k - CIEIR L. RAEMICERFE
AROLE B S EMEIEEL 0.1% KM TH B Z b *,
CellSearch® ¥k TIZ A K 7 VLS & IEHEIZ2 M © &
TWEWIERMREEIhS, ThicdL, AV 274
TiE, WEESEIZED CTCs DA T 27— H—D
FEHBIKAFE T, A OIEH THAFE L T % CTCs
RIS CTH 2720, K0 PHOY
22 % XML 228 M T ¥ B S8k BRI IA T —
AR AELERL, BETHREES LADE LY SHEHN
IR 2 2 & TAY 27 4 OERIRIA B 2 Bl L
TV TPETH S,

(3] 1 MEREEFREN

15 9E R 5 BORMR L & Bt X 7z CTCs D5 5,
it 16 {f (CKB5ME CTCs & 811, CK &tk CTCs : 8 1l)
&*/XTAflmm%mL Hillk® PCR F 2 —
MUY L 72, PCR F 2 — 72N L 72 1 wmmtm
KDy 7 4 DNA OEHIGERT & 4T 5 72812, Amplil™

CTCs (CK-FITC) WBCs (CD45-PE)

Fig. 6 Captured images of CK-positive and -negative CTCs
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Table1 Number of detected CTCs  3mL of peripheral blood
Patient Sex | Age Clinical | THC (Primary tissue) TOSOH CellSearch
No. stage | HER2 | ER | PgR |CK(+)CTC|CK(—)CTC|Total| system
1 F | 57 v - 1+ - 1 4 5 7
2 F | 74 v — 2+ 2+ 7 5 12 45
3 F | 70 v — 3+ 2+ 0 4 4
4 F | 60 v — — — 0 12 12
5 F | 52 v NE | NE | 3+ 4 19 23 73
6 F | 62 v — — 1+ 0 6 6 16
7 F | 68 v 1+ 1+ 2+ 0 5 5 2
8 F | 62 v — 1+ 2+ 0 3 3 N.E
9 F | 63 v — 3+ — 0 1 1 0
10 F | 52 v — 2+ 1+ 0 5 5 0
11 F | 66 v 1+ 3+ 2+ 0 18 18 3
12 F | 48 v — 3+ 3+ 2 0 2 0
13 F | 61 v - 3+ 3+ 2 36 38 40
14 F | 43 v — 3+ 3+ 5 6 11 56
15 F | 53 v - 3+ 3+ 2 8 10 9

47 ) LA¥8IESF o~ b (Silicon Biosystems #!) %
T4&7 7 & DNADO#IRAEIT 72, 7THu— X7 VE
SUKENC KD &7 7 AR ESh Tns 2 L%
TfERB U 72 %%, 30 ~ 100 ng DA/ L BEIg s % 571
ELTIA4 77 — &A% XM —7 4 (Ton
Personal Genome Machine™ (Ion PGM™)) System,
Life Technologies %) 2 & 0 & {x T EA M & 170,

N.E : Not Evaluated

EGFR/KRAS/BRAF 75 £ 50 0D 78 A B T2 2
DF AR L 72,

ZOAER, CKFEME® LU CK &M CTCs 2 h 7
oAb &d 1Y EOBRABEEE TFORERE
B35 ZENnTE/ (Table 2)., CKEGE: CTCs 12
M % CK B2 CTCs AU R TATIZ L 0. A AMIED
M A T X 22 L TR Y 2 T 47 CellSearch®

Table 2 Sequence analysis of single CTCs in breast cancer

CTC Patient | CTC Gene Amino acid Variant Total
types No. | No. Mutation |Frequency (%) | Read
1 PIK3CA H1047R 99.5 1886
2 TP53 D281H 99.4 23511
2 3 CSFIR — 100 52
PIK3CA H1047R 91.2 3799
CK(+)CTCs y TP53 D281H 85.6 1746
5 5 HRAS H27H 71.4 7
6 MLHI1 V384D 100 8
14 7 APC — 100 6
8 MET — 100 380
9 APC — 974 1946
10 KIT K546K 100 1991
13 11 KIT K546K 55.4 1106
CK(—)CTCs 12 TP53 — 94.1 1875
14 13 MLHI1 V384D 100 1990
14 | SMARCBI | Unknown 44.1 810
15 15 HRAS H27H 100 339
16 APC P1442p 100 1992
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VAT ATERBTE R ERMEY - -2 AL
72 CTCs Z M RETH B LG5 Z L TE 72, &
CTC DMEIZTFAERT O T 7 4 U % FEHNCIRT§ % &
[i]—#fk (Patient No.2) 4 & #RHLL 725 7% % CK B
4 CTCs (CTC No.1,2,4) &, @ U 725 A B S
(n 725 (PIK3CA, TP53) %#f#A L Tz, [AkkIC
Patient No.13 7» 5 $FEL L 7= %7 5 CK fat: CTCs(CTC
No.10, 11) T3 D2 ABEE(E T (KIT) %Rl
L7z, & 512 Patient No.14 7 5 $fHL L 72 CK Bk &
F2M CTCs 22 5. MAPHNE(RF MLHI 73 8 T& 7=
Zeb, CTCHTHEMIEL Z2HEA2H L T
5 Z et Nz, Sk, 4D CTCs DEIR TR
B YVISORB T T T 7 AL AN L. FRE S
FOEBRO M AME L i3 % Z & T CTCs 23 3%)
S OB ER PRI v B RGE S 5 & & & ICERfEIC
B 59 % M CTCs O, Hiiil~ —  — OB %3
LT PETH 5,

4. ¥ &

E 28 AWSE X v 4 — THEE L 72 KIS A BE
15 ERI &2 KR & L ZERIRIEIZS W T, KV 2T 4
TIE A CTONRER2 & CK 1 & U CKEEMED CTCs
AR5 Z A TE, kAT CellSearch® ¥ 2 7
LT BB ARSI ENTE 2, 72 1R
HLU 72 CKF5M:. FaE CTCs Dili 4 & » A BE (R
TOERERB L2 E2 6, BIEFHRIC S Ml
WAMNETD B Z & HHEE T E 72, DI EORERIIIE RS
R 6ARY 25 1% CTCs DIRFE T 5~ — & — 12K
T2 LA, BERICBE TSRO H 5 CTCs %
BHT2ZEnTE, & 5ITHHLL 72 1 I3 EE T
fENTICFIHATIRE T 5 Z L AT &E /2, KV 27 4
A I A RIS o B - e S TR S B
iR 2 SR IR UL 1T L ~OL T O RSB RIN &
Th b= ZILTEBTE 320K E L OHREANTO
SR ABIEDTEEY AT LTH S, EF,
CTCs DGR (2 - W6H) . RIFEILHIZHT . CTCs
D ZRAEMAT R 1EA 5 O DNA, RNA O @5 fi#
B3 54 CTC RS EIL L TS e TR Z
7 L5 CTCs DPEE AW 5 12 L, izl & OE
BIZHFG TN Ehs,

5. TOft

AAFER T, (H) M2 T BOAANE LA AT L v
&2 — (Bl EFZEhl R EAE L2 A v 2 =)

DIHER RO KR AEHTHIEE NIz, 72T
AR T AL — - LIPS (NEDO) (2 &
% B AABT IR - BT ORA IR T o Y
Z b IR AEER A AR 4 [CTC Mt B Efk]
(2010 4F-~ 2015 4F-) OB EZ T FEREEh iz,

6. 3 B

AW OERIZH 720, Bl ZHE - ZH)
B & W 720 2B BRARSEE O /NSRRI
WA, FERIL S RBER OB Vs 25 &5 NS T
JIN 27205 2 13 LR &2 L £ 9,
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