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Development of a System Utilizing Dielectrophoresis for Detection and
Analysis of Rare Tumor Cells in Peripheral Blood
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Toru FUTAMI

Circulating tumor cells (CTCs) are tumor cells shedding from the primary tumor and are circulating in the blood
stream of patients with metastatic cancer. The number of CTCs in peripheral blood predicts survival of patients.
In addition, CTCs are expected to be a source for the molecular characterization of primary tumors. To date, a
variety of systems for detection and analysis of CTCs have been developed, after appearance of the CellSearch®
System firstly approved by the U.S. Food and Drug Administration (FDA) as a CTCs enumeration system. In this
study, we aimed to develop a capture system for molecular characterization of single CTCs based on a high-density
dielectrophoretic microwell array technology. In order to verify our method, we performed preclinical tests utilizing
model specimen where cancer cell lines were spiked in whole blood obtained from healthy donors. The development
of the system was performed in the following four processes; (1) process to enrich the cancer cells by the negative
enrichment manner from a model specimen; (2) process to entrap the enriched cells in microwell array; (3) process
of immunofluorescent staining of the entrapped cells followed by fluorescent microscopic detection, and (4) process
to isolate the detected cancer cells in order to perform genetic analysis. As a result, our system showed a high
detection rate and an excellent linearity for the number of cancer cells spiked into the specimen, demonstrating a
prominent performance compared with the CellSearch® system. Furthermore, we performed a genetic analyses of
single isolated lung cancer cells from microwell array, and successfully detected alterations in the EGFR gene. As
mentioned above, we have established a reliable CTCs detection and analysis system utilizing dielectrophoretic
microwell array technology. Results of a proof-of-principle preclinical study indicated that this system has potential

for the molecular characterization of captured CTCs from patients.
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Fig.1 Schematic drawings of the cell entrapment chamber utilizing

dielectrophoresis (DEP)
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Fig. 2 Schematic diagram of the photolithographic method, with corresponding
etching, to fabricate the microwell array substrate
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Fig.3 The microwell array fabricated
on the plane ITO electrode

Fig. 4 The cell entrapment chamber, which is consists
of the microwell array substrate and another glass
substrate coated with ITO thin film

[3] » A HEREDEHE
fEHEHEOIMEIHEEL 6K T VT 4 7 THRAE X
1, EDTA-2K B2 (70 TR, VP-DKO50K)
ISHRI U 720 2284 23kl Clid, MRk &R L 7228
& fe S AKIRERE A 3mL ORI (234 27) L,
& 512 RosetteSep™ Human CD -45 Depletion Cocktail
(STEMCELL technologies #) #®IIU 7z, Z ZI12%
ORI AKAZMA 6mL OFmMRMAE & L, &%
Lymphoprep™™ M55 #EE (B 1 1.077 £ 0.001 g/
ml, }23ET 1280 £+ 15 mOsm/kg-H20, Axis-Shield %)
ICERE L, &0 U7 (2000 X g, 545, 25C), &k
RosetteSep™ 1& [ 1L ER & R D AR IMER & O FEEAK % I
WY BRIETH D, £ DHROEE AL OHE L H A
Hbt s I TAELAMRE DZRAICBRET S 2 L
MTED, ik, Bl S N7z HAgHakE & X L .
0.35% 7 TV % & ¢ PBS T L, @0 L7z (300
X g, 1045, 25°C). 2 IZIRAT 2 ARIMER % B4
B7:8, HOLHEOXLVy % 9.0g/LNHCL 1.0g/L
KHCO,, 0.037 g/L EDTA-4Na »* 5 7 3 ¥ g & b
BRI L. ST 5 AhEE L 2B, 300 mM v v = b —
KB TR UL L7z (300 X g 545, 25°C).
FHEEERESBREL. %300 mM v = F =LK
VB CAMR LED (300 X g 545, 25°C) L7tk
FiEEEEHESBRE L, AN IR & 7z B
g #1572 15 5 N7z Ml ER O B UBEE 1
200 uS/cm K TH O, 7-HF N5 HIMERE I
RIAASEIZ LD 1 X 10° ~ 5 X 10° {HOHFPH T - 7=,

[4] HAFL7 L 1 TOMRRDHIR

MO ZE A (= X 7 B aREt 7 vy o 8
WF1974) % Mifaffife + v > 7y — 0 —xd o B iz %
foe U, 23 AT 23 ks & 7z AR M i & 7 v v
IN—IZE AL, HIEEIZZWBAE (3 MHz, 20 Vp-p.
) % 35yMIFIML . S kS I & 0 e & 1
MALT7 LA ISl L 72, BT, KV-L-V P v & &
£ 300mM v ¥ = b — LK & MIfERifE 7 v vy —
IEAL 3HMIEHE L 72, A, KU-L-V P Vidh
FA VPR v —ThH D, EAHEAM %O 7= Ml &
HAER U, Mgz iR E T2 & 235 5.
F v YN NDOBEREWSIBRE L 7212, ALLAT LT
L REEFLIR ) —LEF v U N—HNIZHEZ L, T
T10 HIEHE L7z, Bb T2 2 —)Uid M 4 7%8
PRS2 2 & TNt OWE OB & nTREE L., %
TR AT LT B3 2 VS Bt 2G5 2 L
T ML A% 7 & WIS D IERE & e T 5,
FyYN=hbITH =L EWBIGREL K. 1% +



WY — W7 - el

ME7L7 IV (BSA) ZEELPBS 6 55F v /N —
WHFERICE D F v v —NEEREL, E5ICFR 7
o v % v 7 i3 (Miltenyi Biotec #1) 2 &30 5 v v /3 —
VRV A A LEIR T 10 A ffE 2 2 & T JERE
Rk T 0 * v 7 EIT 572,

(5] PAMROREHELERE & EGNE

R =S —D—DTHBEH 4 b r7F v (CK)
DR B E MRk (FL2A SK-BR-3. JE/Nfifig
fifin A PC-9) ZF7= 2284 7 iR Tid. Ml
F v VN—NOEERR W5 IBR %%, PBS 12 1% BSA.,
0.05% Tween20. FITC f % — Pt CK fiitk (7 v — »
CK3-6H5). Alexa Fluor” 488 1% i#% — #/ Pan-CK $ii
fk (7 v—> AE1/AE3). PE f&ik—dt CD45 $ifk (»
7 — > J33). DAPI. X U'FcR 71 v ¥ v 7 ik %&
A T RIZHOC G ERIEB I & F v VN — NI 7z L.
T 30 A EEFE U 7z RRISOHUA &G [Br %,
Fx UN—NEF v SRR THREL. KT
300mM ¥ ¥ = b — L KR & i 7= L 7=,

—Ji. CK O RBI2MK O Mfark (GE/INH i 2 A
PC-14) #Fz7z 2254 2 akBacid, M = v ~
IN— N & W5 BR 5B, PBS 12 1% BSA. 0.05%
Tween20. Pt CKHifk (2 v — ¥ CK3-6H5. AEl,
AE3)., MU FcR 71 v & v 7 k3% N A 72—k Pifk
RERVAWE & F v VN — NI 72 L, SRR T 30 2
B L7z, RKIBOYAEF v v — PRI & Dk
% L7z, PBSIZ 1% BSA. 0.05% Tween20, Alexa
Fluor® 488 1% & — ¥i ~ & % IgG, ¥ifk. PE Kk — $1
CD45 Hifk (v — 2 5B1). DAPI. XU 'FcR 71 v
F R AN A 7 HORRLER KPR B A F v v
IN—=PIZN 72 L, BT 20 S IERE L 72, B
U 74 CKHiAD % 7 % 4 71348 T < 2 IgG, T
0. —JiPi CD45 Pifk (5B1) D% 744 Fix~ww X
IgG, Th 2720, “RIMEKTH 2P~ % 1gG, IZ &
BRI T & & h 5 72, RIGOPUAK %G
Fith. Fr v —NEF v NP THREFL. X
W 300mM v ¥ = b — LKV A7 L7z,

D AMNED PR E TR O %, Mgt F v ~
JN— AHDEEAMEE (X 71, 4V Vs 8) OF#)
77—V EIZ#+ . EM-CCD # * 7 (ADT-100, 7 1 —
AOLED) 12 XD BHIFL T L A RO Bi{E A S L 72,
HOE %3 & 463 B (DAPL, FITC (Alexa Fluor®
488). PE) DWW THUS L. WMEFMi{% & (f & T
fFU 72, EGEHG K OMITERREDOY 7 by 2 7 & H
WTiTH 72,

£ 58 & (2014) 7

(6] Z/N1 v HE&

254 7RI K D R&2 DFIFE L 72 CTC By - i
Wy 27 2OV & G- U 72, HOEEURMATIZ & D .
CK Bt/ DAPI B51% ~ CD45 B il % 4% A fil i
EHIE L, —75 T CKF2ME/ DAPLEGM:/ CD45 51t
O HIfE % i ER & B L 72, Fig. 5 1& SK-BR-3 %
F 7z 2054 25RBR e o h - mlifg o —Fl 2R L Tk
0. RENCRHE A AT & HE SR B,

Fig. 6 12 254 7 {0 % B & =il
D7 vy bERY, CKERBUMlatk Tdh 5 SK-BR-
3 KU PC-9 ORI OIS 2R LIvE iR (R
132 N2 0.9735.0.9999., ¥k i (K OZBERE)
32N Th 81.1% (10.7%) .81.5% (5.0%) TH 7=,
ZDO—7 T, CKAKFBUMAatk Tdh 5 PC-14 D A5 R
. PRI A 13.1% (Fig.6 Hik) &K< . FITC
% — P CK #ifk (7 v — > CK3-6H5) M UF Alexa
Fluor® 488 % # — $T Pan-CK $ifk (~ v — v AE1/
AE3) OHIAE i TId CKARFBAMIa B 2% 5
PEHERERE NI AA T TH B Z el x N, 7
DFFHLIZ ., Alexa Fluor® 488 1k — Xk Ptk 2 i+ 3
FIEHDEYUE T 0 b 3Lk D PC-14 DR (K
TR 1% 77.7% (15.7%) (Fig.6 %) 128H
L7z, ZHUEH90 CK ¥ 7 F L2 kUK IS & 0 #4iE
Ih7zZ b, RO XPUAD FITC &0 &5 0@ HE
Td % Alexa Fluor® 488 THEGK X T\ 5 Z & ASkd[A
LT3 eELZONS, ULEOE»S . s DRH%E
L7 CTC Bt - M S 2 7 213 58 Al 4 RS B <
MU, F 72080l 5 2 BOMNE % TREBZKR
HEECH 5 Z LRSIz,

T, CellSearch® & D Jblkikli 2 77 4 ~ Fik
BIZXkDITo7, 754 v FifBie 2, Miigic 2734

CD45-PE

CK-FITC Bright Field Image

Fig.5 A typical example of captured images of tumor cells
and white blood cells in the spike-in experiments
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Fig.6 Plots of the number of detected cells against the number of spiked cells in the spike-in experiment
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Table1 Comparative detection data from the spike-in experiment using
tumor cell lines (our system vs. the CellSearch® system)
Our system CellSearch® system
Mean percentage Mean percentage
Cell Line n | of detected cells | CV(%) | of detected cells | CV(%)
(%) (%)
SK-BR-3 3| 80.1% (76-84%) 4.7 58.0% (49-69% ) 17.6
PC-9 2| 75.8% (72-79%) 6. 85.6% (77-94%) 13.8
PC-14 3| 61.9% (46-85%) 33.3 | N.D. -
Healthy donor | 4 | N.D. - N.D. —

Footnote ; CV .

coefficient of variation. N.D. : not detect
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Fig. 8 Demonstration of isolation of targeted single tumor cells by aspiration
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Fig.9 Sequencing chromatograms with T790M EGFR
exon 20 mutation and L858R EFGFR exon 21 mutation
obtained from WGA product from a single H1975
cell isolated by our CTC detection system.
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