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Development of CTCs (Circulating Tumor Cells) Detection method by Employing
Dielectrophoretic Phenomenon

Eguchi, Masanori
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In this study, we developed microwell arrays and micropillar electrode
arrays that can generate electro-rotation as basic technologies (devices) for detecting circulating
tumor cells. We measured the dielectric properties of a human lung cancer-derived cell line (PC-9)
and demonstrated their usefulness. In addition, we developed an insulator-based dielectrophoresis
device that can measure the dielectric properties of cells at high speed. This device consists of an

aluminum electrode and a creek-gap-shaped insulator on a glass substrate, and is capable of
measuring both positive and negative dielectrophoretic forces. In addition, It can measure the
dielectric properties by frequency sweeping.



B X C—19, F—19—1, Z—19 (@)

1. WFEBRGR YA D 5

JitEE X R R AN TH D Z b, ITF, BWICKDETHERKRO Yy 7LD, WEZHN
B d 5. TEBRIEEHAI, M, B, LS ORFEED O lFRE L ik 295823 2/
TH Y, Wl THRERIBIRIE Z1T72 O BROEIEO—> L L TEMFEER STV D, L LR
HEOEIL, EHEBENABREO 1ml O MK MmERRK T2 108~10° HTH D DT L, 1~%K
&l LD Th e, L7e o T, ZOMPICITEREOHINA LI L 702, BITE, KB CfF
AEINTWAHHEEE L LT, CellSearch ¥ AT A(Veridex £L)A3261F 5415 . CellSearch 13,
EpCAM (Epithelial cell adhesion molecule: | HIICHELT 5B AHE) ITXT 2P AR E
— X% RAWT, MR OMERIERESEMIE SBEST 2 Z LR AR TH Y, KETITAE/ KRG
/B SL I 2 L C O BRIRAE I 2VEKRR CRIEIR M ERGR : FDA) SH TV LHHE—DILETH
5. LoL7Zznd s, itk OB IESd % CellSearch Tl L7=%54, CT/PET % Cilmis
B HIVIEG T ORI 70%RETH Y, & <P EIEIZIBV TITRHHRED 30%
FRPE &b T < (Yoneda et al., Ann Surg Oncol 2014), ERARISHICIIRHEE DR AR+ TH D,
ZOFIKE LTIX, FEED XL 9 IC EF~—7—EpCAM ORBLBME, & L < 1% kLW EER R
\ZX > T EpCAM ORIBINBEKT « 1L L, EpCAM HUAL OFEANNTHELZ ENEZ LS.
DT I 7o R BRI IA AR & B 5 72 D121, EpCAM B2 O FEfiE & 4 2 Al HE
IR ORBENVLERA R TH D, ITHE, 20X R EN1E5, EpCAM D X 5 7p~—h—%
B L WRHNEICBI T 2 FE 3R ICiT O TR Y, B GRmMMER) & Huvwi-fay 1 X
DIFEVMT L2578 (Peng Lietal. PNAS 2015, AlAG[EIIN=E : 83%), DEP-FFF % HW\ 7o ik dEketE
DENT L %578 (PR.C.Gascoyne et al., Cancers 2014, #HAREIILER : 70~85%) 2R3 2 #ib08
RENT. LOLARRLWTNOTEL, MoK, RS IC L 2 MiEom et s 5]
K&, ZOMBEITERIL 5% FIcE EE->TWnD.

HEEF L ZAVE TS, FEIKE) & T ERIRE Y AW =2 EEOM S BES, FHEKE O
MEEICBET D217V, b BRI S W - AR oG 2R L=, L LB
RE AU ClY, BRI HBI OB, MIRICAE C D EKENNZNET 2 LENH 50, (1)BEHK
DHIBL D 7 K E SIE N TIRD ML, (2)iF BEIKE) ) O JE I BURER IS 2 KA REf] 2 23 %
WS TZEN H -T2,

2. WHEORM

AL, R¥E)—EBRFTAEL D IFFEUKE(Dielectrophoresis : DEP) | X WNal#zER T T
AL vy bea—T7—vay| ZAGDLELZ LICE - T, FEMEICEDOTIEERE
B OMREEITY Z 2B E T 5. BARMICIE, FFEIKENC LV M o8 BRIE SR AL O 2
RE, =L ben—7—Ta kD HEEEL-MRE Bl S, TEymEAEE ) (2Xbv,
JRD B R AL 2 HEE - RT3 2 2 L2 Ko T, @ OB 72 B o AT A AT D
ZEiZky, FROBEOMREXD.

3. Wik
(1) =7 bre—7— 3 VX DHE—MOFHERIENE R T A ZBI3
FHEREIC X ATERBRIESGME ORI &2 RS 5 —

7=, LI RTZLZ fpue—F—3 g~ A
a7 LA TS ZAEBRET D, TS
FONA ZAFEEL 30 /DA, 727 )LD
oL 7 vou—F7—2 g L EREATLED
O P FEMREM 2 FLE LS T, B—ofMiaos
ERHEMEEARET DS ENARETHD. EEGHa L
LTt b SMaeE (PC-9) 2 AW TYi%T
NAZAOFERMEZFNT 5. ERROT A R, e “

M3 E OFEEKE 27T, MBS RE L, 2500 microwells / 3mmo

AT &> TR R S BRRE SR >T ML FE7hRRTTma s
LEH, w4780 VRNIZRIENFEH>TLED AT VT LA TR A

LWOHORBEERN -T2, FNT, ZThboRMES
iRk 57, =L r hnn—7—ra U ERAWRER~A 7 n T —EMT LA 2R
T5. BARTIT A AOHEXZX 2 177,

(2) MRS —AFBEIKENT A ADBHFS

L/ bpua—7—arERAEIEDZITL, MAEE 9 ETHOTS Lz 4 HORZHREE
ZEIINT 2 BN 508, FFOMAZEZ R 7= £ FJ8E Hdma 2NN T, EEE R
EIWCHMZ AT VW EENRTOND. £ 2T, BHZHRELE THHE—HROFHEER
M2 1 E FTRE 72 Mg AR N — A BIKEN T A A &B% L, Toa A2 5. BT
HTNA AL, K3 OEELTEY, EREERKICEIEROAREZS SR _FTZET



FRKBIAREZRET D ENAERTHY, HExET y P~OBEREF RO T/hSWVo
T, E-AWVWTHOFEKINGRET 2 ENTED. £, FEKBITHEMEE TRAE
AREZR T O SR 5| 24T O T & THBRHENE DS L A TE 5.

Top view
[ Particle or cell
/ \ \
Electrode line (Al) Contact hole Pillar Electrode (Cu)
¥ ¥ Side view
53400 5.00kV x750 SE
| Glass Substrate
(a) X (b) SEM 55

K2 ~A 2705 —EHT LA F A

3. MR — R FHBIKENT /A A DX
4. HF7ERE

(1) #ELIZ= L7 boa—FT—ar~A 270 x/LT LA T84 A2t bl i
B (PC-9) Z8 L7-IAikZ i FL, ~A 7=/ VNSRS Bl E SN2 L2 qdtk, 475
R 4 FHEEZEIINL, M08 28l22U7-. X 4 1T~ 7ay )V NOJEBERIEEMO =
Lrhaa—7 — g A LB EHED R K O O 33 & O J& R s a2 7. 5 &b, AfE
L7eT A AZED, #fE 1 EOFEBIKEVFE B E /JRE CHIZENHER TET-. £, 17
e T —EMRT L AT NARZLDRL A RO %X 6 12T, X 6 Jo~Arahi 3oL
faa—7—a KD EEEL TOD I EA R TE T,

pan

b
— Sat <
107 108
Applied Frequency [Hz]
(4 FAFER, 6 Vip, S0 MHz). 5. PC-9 DFEEHFHE
BT T 2 SRR ([ETHR33 O & B B RFME, 6 Vipp)

6. ~A 7 a T —BMT LA T A AL DR EEEORET-
(BT BE D JERERFE, 6 Vip)



(2) RIELTMfRIR N — A EIKEN T A AT, RIATF Lo~ Aokl T BLI O, —ANE %
IRVE LT ISIR AT T L, s 584k 8s (NF + WF1968) Z MW\, 1 MHz O IE% %
40 Vpp CEIEAN L. 728, K 30h) DS, S, 2ZNENRENME Liz. £/, kitTD
BEF-137 2 2 VS (KEYENCE #: VW-9000) % W CHBIZE 21T -7, M TITRY %
F UKL DEEREN 2% T, BROPOFH~BET D (AOFEKE) BETE25R
TR Y AF LRI EA R R O PR B2 RIE - EORE TBEIT D Z L SRS
niz. £7-, K8IA —A NEOFEEIXINC L 2BEOKEF 4277, K8 X VWIEDHEEK
a2 T A — A FEIZAR U AT Lk 7 L RIS LR L2 Sl CREd 5 2 &
DHER ST,

(a) t=0s. 7 (b)t=10s. 7 (c)t=20s.
7. HEFARN— ZAFHEKENT A AN K DR OBE) (A OFEKE)

(a)t=0s b)t=5s (c)t=10s
8. MufRIRN—AFHEEIKEN T A R L DR OBE) (EDOFEKE))



, , , 141
DNA 2021
C in press
DOI
Hadiyawarman Usami Yuki Kotooka Takumi Azhari Saman Eguchi Masanori Tanaka Hirofumi 60
Performance of Ag?Ag2S core?shell nanoparticle-based random network reservoir computing device 2021

Japanese Journal of Applied Physics

SCCF02  SCCF02

DOl
10.35848/1347-4065/abe206

Hadiyawarman Eguchi Masanori Tanaka Hirofumi

59

Control of the neuromorphic learning behavior based on the aggregation of thiol-protected Ag-
Ag2S core?shell nanoparticles

2019

Japanese Journal of Applied Physics

015001 015001

DOl
10.35848/1347-4065/abe206

Hadiyawarman Usami Yuki Kotooka Takumi Azhari Saman Eguchi Masanori Tanaka Hirofumi

60

Performance of Ag-Ag2S core-shell nanoparticle-based random network reservoir computing device

2021

Japanese Journal of Applied Physics

SCCF02  SCCF02

DOl
10.35848/1347-4065/abe206




Hadiyawarman Eguchi Masanori Tanaka Hirofumi

59

Control of the neuromorphic learning behavior based on the aggregation of thiol-protected Ag-
Ag2S core?shell nanoparticles

2019

Japanese Journal of Applied Physics

015001 015001

DOl
10.7567/1347-4065/ab5c77

Tada Shigeru Eguchi Masanori Okano Kohei 40

Insulator- based dielectrophoresis combined with the isomotive AC electric field and applied to 2019

single cell analysis

ELECTROPHORESIS 1494 1497
DOl

10.1002/elps.201800380

Tada Shigeru Omi Yui Eguchi Masanori 12

Analysis of the dielectrophoretic properties of cells using the isomotive AC electric field 2018

Biomicrofluidics

044103 044103

DOl
10.1063/1.5031054

30 0 17

Kanta Nishibayashia, Seimei Okua , Takahiro Himuroa and Masanori Eguchi

Evaluation of Electrode Design of a Microfluidic Impedance Biosensor for DNase Assay

14th International Symposium on Advances in Technology Education

2021




43

2021

43

2021

2021

2021

Creek-gap

2021

2021




DNA

2021

2021

Kanta Nishibayashi, Seimei Oku , Takahiro Himuro and Masanori Eguchi

Evaluation of Electrode Design of a Microfluidic Impedance Biosensor for DNase Assay

International Symposium on Advances in Technology Education 2021

2021

43

2021

43

2021




2020

Shouta Sora, Futoshi Kuroki, Masanori Eguchi, Takeshi Yamakawa, and Fumihiro Tanaka

Improvement on ldentification Technique of Primary Tumor Using Ring Resonator with Oscillator Circuit at Centimeter
Frequency Bands

2020 IEEE Radio and Wireless Symposium (RWS)

2020

Masaya Sakamoto, Futoshi Kuroki, Masanori Eguchi, Takeshi Yamakawa, Fumihiro Tanaka

Tweezers-Types of Electrodes in Video-assisted Thoracic Surgery for Lung Cancer at High Frequency Bands

2020 IEEE Radio and Wireless Symposium (RWS)

2020

Hadiyawarman, Masanori Eguchi and Hirofumi Tanaka

Short-term and long-term memory of random aggregation device using Ag-Ag2S nanoparticles

66

2019




Shouta Sora, Kousei Kumahara, Futoshi Kuroki, Masanori Eguchi, Takeshi Yamakawa, Fumihiro Tanaka

An Approach to Improve Quality-factor of Lossy Ring-resonator Type of Electrode for Circulating Tumor Cell Detection

2019 49th European Microwave Conference (EuMC)

2019

Yuto Uchida, Kousei Kumahara, Tomoki Sakogawa, Futoshi Kuroki, Masanori Eguchi

An Attempt to Evaluate Potential Hydrogen in Soil Using AM Radio Waves for Agricultural Applications

2019 49th European Microwave Conference (EuMC)

2019

N. Sato, S. Tada, M. Eguchi

Estimation of electric properties of mammalian cells using the creek-gap dielectrophoretic electrode

The 10th Asian-Pacific Conference on Biomechanics

2019

Masaya Sakamoto, Futoshi Kuroki, Masanori Eguchi, Takeshi Yamakawa, and Fumihiro Tanaka

Consideration on Estimation of Lung Cancer Position Using Tweezers-Types of Electrodes in High Frequency Bands

2019 Asia-Pacific Microwave Conference

2019




Shouta Sora, Futoshi Kuroki, Masanori Eguchi, Takeshi Yamakawa, and Fumihiro Tanaka

Improvement on ldentification Accuracy of Primary Tumor Using Ring Resonator Type of Electrode at Centimeter Frequencies

2019 Asia-Pacific Microwave Conference

2019

Shouta Sora, Kousei Kumahara, Futoshi Kuroki, Masanori Eguchi, Hiroko Imasato, Takeshi Yamakawa, Kazue Yoneda, Fumihiro
Tanaka

A Consideration on Detection of Circulating Tumor Cells Using Ring Resonator Type of Electrode

IEEE AP-S and URSI Int. Symp., 2018

2018

2018

Shouta Sora, Kousei Kumahara, Futoshi Kuroki, Masanori Eguchi, Takeshi Yamakawa, and Fumihiro Tanaka

Experimental Investigation on Potentiality for Circulating Tumor Cell Detection Using Ring-resonator-shaped Electrode

6th Smart City Workshop 2018

2018




Shouta Sora, Kousei Kumahara, Masanori Eguchi, Futoshi Kuroki, Takeshi Yamakawa, and Fumihiro Tanaka

Orthogonal ly-face-to-face Type of Micro-electrode with Ring Resonator for Circulating Tumor Cell Detection

2018 Asia-Pacific Microwave Conference

2018

2018

Shouta Sora, Kousei Kumahara, Masanori Eguchi, Futoshi Kuroki, Takeshi Yamakawa, and Fumihiro Tanaka

Numerical and Experimental Investigations on Ring Resonator Type of Electrode for Circulating Tumor Cell Detection

2019 IEEE Radio and Wireless Symposium (RWS)

2019

2019




2019

Masanori Eguchi, Keiichi Horio, Futoshi Kuroki, Hiroko Imasato and Takeshi Yamakawa

Development of Pillar Electrode Array for Electrorotation Analysis of Single Cells

World Automation Congress 2018

2018

Shigeru Tada, Yui Omi, Masanori Eguchi, Noriko Nakai and Akira Tsukamoto

Analysis of Dielectrophoretic Properties of Cells by the Use of the Uniform Field Gradient

World Automation Congress 2018

2018

Keiichi Horio, Koya Matsuyama, Masanori Eguchi and Takeshi Yamakawa

Consideration of Relationship between Shape and Angular Velocity of Particles under Electrorotation

World Automation Congress 2018

2018




Shouta Sora, Kousei Kumahara, Futoshi Kuroki, Masanori Eguchi, Takeshi Yamakawa, and Fumihiro Tanaka

Numerical Investigation of Circulating Tumor Cell Detection Using Resonant Circuits

World Automation Congress 2018

2018




