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3-in-1 chip mimicking in vivo microenvironment was developed to

simultaneously control oxygen tension and mechanical and chemical stimuli to cells. The microfluidic

chip enabled to generate a uniform oxygen state down to 0.3% or a linear oxygen gradient within 15
minutes by supplying gas mixtures into the gas channels in the chip. Behavior of the human breast
cancer cells suspended in type | collagen gel were then observed while controlling oxygen tension
using the developed chip. As the results, 1t was revealed that the hypoxic environment promoted the
proliferation and migration of the cancer cells. Moreover, the hypoxic response of breast cancer
cells was changed by cell-cell interaction when co-cultured with vascular endothelial cells.
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7 b7 =7 (MetaMorph, Molecular Devices, USA) ZHWWCTHIfRD 3RITT b7 v o 7 &4TV,
BIEZ OO WEEEHLZ KO-, = 2T, BRIIOMMEZEB EIC PIV (Particle Image
Velocimetry) AT 24T > CTHEBTIZAE LT A 2OTHIZ L 2BEN B4 KD, MlnoiEEE
BEA M IE L7z, ERIIFBERMEICONWTT A 2% 34 HHWTIT- 72,



4. WFFERR R

(1) 3-in-1 ZERELHE T~ 7 O Wi 35 12 FE Hl AP E GE OO MRk S B s 3L

TNA ANICHE R RAE, KEEFIRAE, MERRIREE, MBREAEZ AL L, EFIREICE
L7 XD NVRBENOREZ Y Vo 7= X0 E% K 2 1277, FRIZBWT, Bk
WROHDLVER G L TWDHDIE, BEE—XORFMZHICL 260 THS, £, BHEE
YU T E=REa T U FVIRET HHEER SV . eI I EE D 2 LK
T o772, PDMS DF:DOUTEICEB W TRATANCIERENH S 7> TW A NI SN,
FITEER R IR L TR L L, EBEREBICBO TRbRF <, BEEREICBWLCTRBIHAD
WV, MEREAROERIZEWTIE, FAMEOLESE THIEO D SICHERZDRENTZ, 2
DE T, BEEREERSDHBEL VT E— XD, BRREMENEMETIZBWT
BRIES B3 D 2 L SHER CE o, IRBESM L BEREARSEEIZHOWT, EFRIEICEBIT S
BB A 2 X 3 IR T, BRFE LT=T /31 A X0, (KEEFE LM T TlE. 0.3%0 —kE 72 Kmg
FREREAAERT D ENTE R, iz, B0 T AREICEEFRIEEE 0%5DIRA T A, Al AT A
TRHCERRIRE 21%DIRAE N A 248 L2 BA X, ZFAVSEION T 392005 17%FE TOBFED
MeBIRE AR AR T D 2 ENTER, T OFHEE FRIXBNAT » 725 fE R L B < —
B LT, 735 ANOEEFERE T T ATREE AT 2 0 A Z BRI 0%DIRA A A28 0 B %
T2 AB TR L, 16 1% ICIXFR B RE 0. 3% D T HFARBEIZE Lz, WERDT XA AT, W8
FIREZ AT D EDRNETH Y | EFIRAEISET D F TICEIFHZZE L T\ Dkt
L. BB LT v 7 CIIBERE D L ~L &R0 S CRE SRR HIEERE S M) B L=,

Normoxia Hypoxia

Anoxia Gradient

o s I ——

0 e
-600 -300 0 300 600

x [um]
3 ZAREIC AR S D BRI A, HO I
e ——— L RV ot e R A S
B2 BRE e T B XAOROEOB g 6 iasho A FEICHRIBIE 0 21%
BBy, AT ARE200 un R A R E E N LA E R

(2) FLS A D 2 Bh O Fe PR FEAR AT T B3 2 SEBR S T

BB TOARAMIE ¥ A 5T T ABILE L, AFROHEMER, WEEERE 2 L CF
i L7z, FAMMIDOAETFROBEFZREIH T HEFEMEIZ R O 7 h, BEINER &fEdER
IR FREEICRB VT L7 (K 4), FRIZ, BRRIRE 5% — k7 IKER SR AB I 3\ CHEN
R EWEFEIIMKEEZ R L, AFERICB T 2BBESRMEDOS L, ZOMBANAMIZIZE > T
HE LD WRRIBE CHD Z ENRB I, —HERBEBIREEZ AR LIZGAIE. AT 4 7T
AT 2 VR O WA O FEIIC B WD TRIBES L 0 L=, —J5. T35 ANICIRHER
AR A AR LTS E0E, VR oEEkic sy, e X B4 2@ m N s,
i, BEEEAR FIZBT2HANAMBOEEEF R OZBLEZ KL TS EEZBND,
bbb, I AHIIIE S VIR OIKER R IRER U MAl (ZER)) 75 B EEFRIREED J71h (A1)
~EET DEB AR L, B, VTR RIS AR S B D R E TR B o fEIR 2 h) i CliE
ELIZEEBEZONTZ, ZOZ NG, ANAMIRITHBREBREOZEMELEZRHT IR D
T ENURBRENT, BREREE AR L S ERICB WL, T, AT BIRA T A
DERFIRE DB E > THLA AL OWEEFHFE N LTz, R EmBBIREL R LS
Ay WEEREIIRZ D Uiz, ZhUck L, (KEEEIREE A RFF L2 6 . IEEH T — HiE
MU7T=%%, 12 FERZUIBRICIR 2 ITIR T LTz, SRS S AN B O s R
PRANL UNETHETICERMA2ET L Z L &, JAMOBREREITHRA IHEIGT D 2 &R
% X7z,

LN AR 2 A8 PR R R & JEAFEE 38 L CAT o 72 BTl T35 ANICEEETE R 0. 3% £ 72
1% %D —HR7MKEESRIRAE & F RTINS (BBRIRIE 21%) Z ARk L, FL2s A 03 A A2 Fi ~ 7=,
AR & ST H N A% T5 2 LIC X0, FEEEREICBIT DI A0 iEE
WA XN U7, BRsRiRE DY DIKERFRIRIEIC B W TIL, IR AMIEZ B — 558 L CfT - 7235
R L L ClEEEEITIEE A B Lo T, —T7, TRRIEEE 0. 3%DIRFEFILREIZ 51T
B LA AN D W A TR B 1T ML N AN & e fE 53895 2 & TIR T L7z, JLfFREss T ofesie



w
sy
o

3 300 = T .
€2 =
: T
3 39 F
£ e "
wl > 1 |®
2 101 L]
o L
g j! Sy
o 0 1 1 1 1 1 i 1
L MR L MR LMR L MR HO H1 H3 H5 H10 N G

HO H5 N G Oxygen condition

K4 HFEEFRMICET 2B AMIEOE NS & fEEH . H IXKEEE S, N ITw RS,
GIIMEF AR 2R L, BET DTN ARG LIZIBA NV AT ORFRIEKE 2 /RT.
ERFO L, M, RIZZIVIREZREWT$ 2 FIICHEICHE L L &Ml - i - HRloE
BAOHETHLZ LarnT. GHOFOTEHO ETHiL o0 & 10 8—k 2 AL, HDE
TURIL 75 & 25 N—k L H AL, FROBUIFREEZFEL, T uy MIEHHEERT.

FE0.3%E BRDIKEEFIRIEZ AR LTz & & O AMI O LA R EIZITIE L A EER D
ST, ZIT, MAANEMIE AT ¢ TIRIBICEERE LI035 — 4 U A VNO BRI % 3
B U722, WAEERICK2MBREOHIFBEI N o7, ThbL, MERETICEND
THEISE S NN AMROBEEEE OZbIX, MENEMROBREOHEEICERT 5 O TR
WEEZONTZ, TNHDZ Enn, I AMIE L AN MO ILFEE T Tk, Mo
MAERICL Y . AR AMIEOFEB OREEREKFENEALT 5 Z LN LN T,

< 5| HI3THk >

(D Kenichi Funamoto, Ioannis K. Zervantonakis, Yuchun Liu, Christopher J. Ochs. Choong
Kim, Roger D. Kamm., A novel microfluidic platform for high-resolution imaging of a
three—dimensional cell culture under a controlled hypoxic environment, Lab on a Chip,
Vol. 12, No. 22, 2012, pp. 4855-4863

5. FERFEKimE
GEatams) 1P
(D Yoshino Daisuke. Funamoto Kenichi. Oxygen—dependent contraction and degradation of
the extracellular matrix mediated by interaction between tumor and endothelial cells,
ATP Advances, #@ifi. Vol.9, 045215, 2019
DOI:10.1063/1. 5089772

(F¥R] Gr8fh)

O fiaARf—, HFEREH, BNAMNRET » 7 KX ABFERESE T oMiast~ Y 7 20%E
OB, BRI TRE 3L RIS A= U=7 Y v 7HE, 2018

@ Yugo Tabata, Daisuke Yoshino, Kiyoe Funamoto. Rei Koens. Kenichi Funamoto, Influence
of hypoxic environment on vascular endothelial cell migration, The 15th International
Conference on Flow Dynamics (ICFD2018). 2018

@3 Rei Koens. Yugo Tabata, Daisuke Yoshino. Kenichi Funamoto. Breast cancer cell migration
under controlled oxygen tensions, The 15th International Conference on Flow Dynamics
(ICFD2018), 2018

@ MupEEs, FIP AR, AR o—x 0 XtL, AR ~ A 7 vk T A 2B AW
P FE I T O M8 PN BRI B D3 A ORI, H AEEIR P56 29 BIANA AT v T 4 TR
e, 2018

® a—= AL, HImEE, EF5RE, Roger D. Kamm, fRAE— FLIRANAMINLOWEE &1
FHOMERKAFME, H A ESH 29 BIANA A7 0 o7 ¢ T ages, 2018

©® MaAfE—, HEROEAIT, HAWR TR 29 [BANA 47w 7 ¢ TRk, 2018

(@ Kenichi Funamoto, Daisuke Yoshino, Microfluidic device for co—culture under controlled
oxygen tension, The 3rd International Symposium on Mechanobiology (ISMB2017). 2017

® a—= XqL, HIREE, EBRE. Roger D. Kamm, A —. AEARPKIRHEIRE 4 HEL
TH~A 7 afilhT S A AORFEREFIEMERED M) B, B A 25 28 BINA 471 v
T4 TR, 2017




6. HWFFERHR

(1) WH5EH /17
WRBAERA : 75 7D —
T —<FK4 : (KAMM, Roger)

DA VAR T GIPN |
17—~ 5 K4 : (YOSHINO, Daisuke)

KB C K D058, FEZ DO AR L FEICBOTEET 25D TY, £D7d, RO EMOVIER D AKEFIC
SWTIE, HOZRFEFIZE S GO TR TONFEERICET S RASEMEL, MEEEACRE S ET,



