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1.1 BAEREKOEM

TR, iPS MMM S 4L, 2014 FIZIFTFRLIORIREIC M T XL D2, BNt %
Mo BAERFICEDDMIENEAITDN T WD, BAEERO BTN I -> 72
AL RCIRER O A TH Y, HEROIGFIE L B LT, M CRAFRIGHEEEN$Z <
WESHTWH[1-3]. HAEERIE, 1993 4E1C Langer & Vacanti [4]12 & » THB S - H&
Thbh, MILOEEIZ L > TARDOEREL FTREZRIR U IR EF L 72 AP 2 E 2 1B TH
L. R A ORER L RO IEER 2 TR AE T S 1L, MilZ T T, Mlna kT o7

IZIERR S5 Y (scaffold) 33 K OSHIAR DBEFE0 00 70 & D MR Bk B\ 2 8 % ] 191
R 7D 3 BREZMAGDOE DL ZERMELINTND

FAEERIC L 2IRBEOPO—Fl & LT, 1981 412 O’Conner 512 L 0 Wi Sk #
R L D BERE OIREN BT BN 5H[5]. ZORETIE, BEORE S HEE L 7= 5 EH
fZBOE MR L, ARk LRI — b &2 BEICE A U CRYERHE O K 2 15% L7z
ZOBBITERA WS TV R =00 O REBHICA D 2 GO Z 5720 -
RIBEIETH Y, EWIRERENNTEH &z, F72, Galllico H[6]1E 95 %Ll B DR E %
BE TG L 2 A0SR, HREREZHAVTHREZITY, oL EoRREsEETE
TeEMELTWD. ZDXHL, BERLMIBER DA HOWON TV HAEEROD L
DTHY, 1988 FITILT A U 4T Epicel B LI N7z[7]. F7z, HATI 2007 HFic
YN T 4 a7 Y G Jace DL EENTWA[8]. EEERLLSMT Y
1994 412 Brittberg 5[ KLV HEEEEIKFIGHRK (Fig. 1-1) BBRIN. HERERREN
PETIL, BEOIER RWCEEN A HHCE AR L, WE A B L 72%Iic, HoEmH
GET D, WBET LI L THIE LEE M BEICEA L, MRS EE SR W

INTHEBEC L BHAHEL, REOHEELND.

B &SP LM IR S VTV D 0 BFICIRER & DI H D, 2 d Z o058 ix e bl
iPSHIIE 2 W2 IBR T ENER STV 5L iPSHIIE & 13, A T % 6EM: 5 (Induced Pluripotent
Stem) MfLDOWEFTH Y, FEKFO LFIREEE O 70— 7 35T RO TRISZIT %S
L72[10]. iPS #Hfa & 1%, #EEOEET (=& 21E, Oct3/4, Sox2, c-Myc B XU KIfd) #
BAL T LS AT/ TH Y, ZZRIND L Db TREME A HEBLT 2/l CTdh 5. 2007
I, T A3 RE~T 4 Y BED James Thomson Zi52[11] & 5LHER RSO (L ik
HAZ[12]13 b OFMAZ V7= iPS IR O RIS 2 33 LT 5. iPS i o MBI X IRMEEE (ES)



M S LI LTS, LaL, B FOREE L CTRINT 20N H 5 ESHaO X 512, fi
PR 7R EDE T2 2 L, iPS MURASEINE L TRk, HREMi OBFZE LSl e iR %
EFTWD.

Tz & 20X, BRERO 3 EF TIPS MiRa f Rk MR (4 3 b ECHIARIC K 2 ik s BE A D1
WD oD, MBEIARREICHEEL, AEEZA T2 Ch 72D, 5%
BOH AN EORFE 2 RN LT, BEPBELLED L—FIRRER LTl
WA ISR A BETH D, Z D79, iPSHIIC L DIEECHEIND U AT 2
HTX, BRISCHTORHMFES N TWD. 2014 FICHRITEERT T, BE{LFAF%E
FTIZ X0 iPS MR 2 U 7 Din 86 BE 28 M D VR I 03 e S 4L, BUFE I 2 i O B2 3T
PRTWOHIERMTH L. EHIT, MIEL RERICIRREISAF(ET 2 AN LR S iPS
fiw 2 N 7o F AR BRI O B IR S S A THFZE M T it T d . 2L E THKOIRRIZIL,
HZEO DR GRS — 2R L CTBET 2 HIERER TH 7. LrL, B
R L7 ARSI S SE RN IT AR LR AT, OB IN 01 LTFIcE EEHZ L b %<,
EWIR 2RI Z RiATe 2 & 13# L [14]). 2o FEICRD D Hi7 e Fik L LT iPS Mifd bk
DN AR 2 W TZVEBE[15]5F B &4y, faEFEER(C iPS M B >k oo M E R/ e o ik
FUEITERARIG AT CH 5

Lesion

Periosteal flap
sutured over
lesion

Periosteal flap
taken from
medial tibia

" :
K///‘a‘; |

Biopsy of healthy ' ‘\,”% \& i n Jeccr:g):d%g;l;ired
/ ‘ Cartilage and “/ ) ‘ VJ under ﬂap into
/ enzymatic digestion |/ ‘ lesion
s/ Trypsin treatment
Cultivation for » and suspension of
11 - 21 days 2.6 — 5 x 106 cells

Fig. 1-1 Imaged of chondrocyte transplantation in the right femoral condyle.



S 512, iPS AT OIS 2 AEERICB W THBIERNEE > TV D, KT, iPS ##
A E Sk D D R MR 2 T T B AR D AR MRS 1L, TR A 72 R — R O % f % 2 EE L
REOIEFICBNT, ME—DOREERE L CHifFEN T D, Lo, (DlEIC iPS Mk ik
DM Z NS =113 < OREZ 2 TWA[16]. BARBITIE, KED LI D 5%
DLETHLZ &L, ROEMIETERICRETILERHDLZ L THDS. B ML
1.0 x 10° 2L EDRER A2 DI HHER S TR Y, BRI b R IR 2 il 2 /2 &
T5. o7, iPS M DIERICHIER REOMIAE 2 BR 2 720121F, EZRRITD
EWFEAMBE L 2D, ZOMBEERRT D0, RITTEAEYF—T7 T 23z 3
WICHEEIE 1T ToN TV D, ZOFETHE, MlazEROBICEET 2 2 L T, HL
EEREDZVIZE OMARBEECELRER DS, L, MlsxEsts LMl
TEICEAMORENER DO, IEERSEOREICIILDENELCTLEY 2L, &
RN RE 22D LAIRRE QAR FEE 2L - LHEERE LSETLTLEI SV IR
SR HDH. D OMEERRTHEDICTA T g H o THIRBEO K& &%/
S HERF[18]L T, EARENELR VI IICTHREDO T RPMITHON TS, £/, iPS Hll
el D FARA LA ASHAIZ M EFFE T D &, WL O ORSEMIEA T LT L E W 100%57
bT 252 &N TERY. ZOERF LRSI AT D ERIEEZ A L TV DH 720,
RAACAIND &2 75847 S E7IRRE COBR B OIIRICHEM 2 Z LT3 TE V. 2ok, 4
LRI 2 R 5T oMb 21T © 23 % . Tohyama [19]5 1%, Kokl &
DAL D AT BRI R B R OBENEZFIH L7 L a— X7 L& I LIRS H
Z AT 98.7% % DAl & T oMU ENEA B R L. TR O OZEICL Y, iPSMldmh
K DU AR 2 FD O T IR R IR 2 AZER RIS ST S\ TR 0, TRIRIEOMENLIT K & 22
RMFELNL TN D.

PLEIZIR AT K91, BARFICHT 2 HFFIIMmO TE <, Fig 1-2 1737 X 912 2030
FEITIX 2012 FDFY 100 f512H 725 1 JEM 2B Z 5 HEHENC /2 2 & FRR20]S N TV S.
DX, BEERIIASBROER CROUFHFIN T DIHZRIERIED—2THD. L
2L, TRETHHALEZEL I, W 2ERIETHME RS TEE L, 1RRICLER
BT D E CHIRZEAIE L 70 ARNMNETHS. BURTIE, 295 LicaiEiEo X
B IEFERICL VTN TV S [21125, FIEHKIC L 2k & T, SdFE O FEDER
NAEW I AR ENRBAETHZ ENDH Y, RE LI MO F i Cd TR TH 5.
ZD, FAEEROERITIE, EROBEEFTERDDIEEFIEOWNLNEE L ST
W5,
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Fig. 1-2 Market size of tissue engineering and regenerative medicine in the future (Japan)

1.2 FfEEERICHEAD 3 KRER

Langer & Vacanti (2 &V #28 S N7 FAERO 72D OMIBEF #2121, Moz, Hifaz
RFFT DI EEN D s (scaffold) 35 K ONHIIE D HEFEC /010 72 £ Ol il = 12 52 %88
ERETEIE T O 3 BREMAEDEDL ZERBETHS. UTFE, ZbDHERITH
WTEHATS.

1.2.1 Hija

G V3 P M & S PRI R T & 5. VMR I T@ s, A IS EE TR
sy, EFLTWS. MENOIRME, AMmER, /i3t cds. Znb
OFFEEMIIFEE, S FVEIZ X0 iR EiE 2 fik L TR+ 5 A v —7 7 2 = (Fig.
1-3a) ZHWTHEET 5. — 77, BEEMMRIL, BHICHEET D2 L TlER, HiEd 5729,



HIgohi#& 7 7 22 (Fig. 1-3b) R T v o ECHET L.

PEETEMIRIC XS T 5720 DY, (scaffold) 3B TH 5. Fig. 1-4 ([ZEEAMMIE &
GCHAET A AN = L% T, MlRZEE L2 252 8m 3 5 & (Fig. 1-4a) , &%
N OMEsN~ Y v 7 2 (ECM) EMEENRD X X7 BN RSG5 5 (Fig. 1-4b) .
Z D%, HIIX ECM 24 L CRGICHEMT 2% (Fig. 1-4c) . ECM Z &% L 7=l ECM
2o TIREZ RS CTHEET S (Fig. 1-4d) . IREZMIT L THEE L7k, Mlaidnk
£ L, W% B4A7 5[22]. Kanchanwong ©[23]1%, ECM DAL & > /X7 8 % 8 fiF 15 a2 G BR
MEIC L W BIE L7-. Fig. -5 18T L9218, MRIZA > T 7 ) SRE\BEENDHEL DX
NI ENLTECM IZEE LTS, Zhb0H w3 BISMIaEEFT S 7 o 87 B[24]
EREEI, BATH X ORI E RN T H I & TSRS D O SV EZR LT,
MIROBENCTERED L L, HRIBEREEIT) ZENFARETHD.

Fig. 1-3 Image of (a) spinner and (b) monolayer flask.



Suspended cells

(a) Suspended extra (b)
cellular matrix

= 4v Trapped extra
: lul tri
— cellular matrix
\Qv§
Scaffold
Contacted cells
©) (d) Adhered cells

=

Fig. 1-4 Schematic illustration of cell adhesion sequence. (a) Medium within cells
are spread on a scaffold. (b) ECM is trapped to scaffold. (c) Cell contacts on a
scaffold through ECM. (d) Cell extends its filopodium to adhere to the scaffold.

0 Integrin =@ FAK © Paxillin
Z Talin ¢ Vinculin @ Zyxin
o VASP « a-actin ¢ Actin

'//(///

Fig. 1-5 Intracellular anchor proteins composed of focal adhesion.



RKNTIE, B2 PRI MARE 10 ECM & EWCIEH 2 238 L7 3 B, SLIRIICHES L
TWb., —F, RATT v v a7 2alICkViEInE X1, KNTOMI
CIXERRDFEHEZRT. ZOBRRIIMMEE TN TR Y, Al 2 IXRE ML TS kI
£V ECM WEENPME T+ 2R VI, HEMMERTR L1252 LRGN TWDH[25]. i
BT, BEEMMIRET v a7 7 Aa b THEEET UM, F—F Ao
T= NI ED3IRILRGE MW 3 RIEERE BITONA TV D, 3RTCEL THESN
T AR X R G SN R AE T 5720, ZTOFE)IL, HBERE LGS LKL T
RN TOMIIZE S ZENMHBNTWD. Fig. 1-6 ICHBR X3 RtEE 21T & &
DAL DO HEAE DOFEF 2 AR T, —RAICHER R T 2 S Mok LT, £
FEMEDNA BT 5. — 5T, 3 ot T 5 L MAIT IR EE 2 HERE, EHEL, ECM 4rilHE
H O LB DR £, OMIuE A OBREM D M L3 5.

(@) Medlum Scaffold

B Q;%w%:%\

Adherent ceIIs

Fig. 1-6 Comparison of cells adhered to (a) two dimension and (b) three
dimension scaffold.



1.2.2 235 (Scaffold)

12,1 Tl XD AR A EEE T 2720121, 25 (Scaffold) BUETHD.
E<IT, HERET 27208 CE LB EM AR T 2 0ENH SH. 1907 F
(2, Harrison[26] & IXMfMELE A T A BT T 2 LCREFR L, APRAEIE O RHIR 22 o iR %
B L. ZHIT MR T TALOREEEM 2 I TRl O RS8R ISR Y L72F7ETdh 5
pﬂ.:@i5Kﬁﬁzﬁﬂﬁﬁ<#%mm%hf%kﬁﬁﬁﬁfﬁb,%@%%ﬁéﬁm
HE RO BIEATREL 75, 7 AMEHIMATEE A& <, —BIIC%E L LT
LWHTETH DA — N7 L—7WE (121 °C, 2 KJE, 20 7)) CHEJKE (180 °C, 60
) EATOZENTED. -, £< OHIRITEOEW -0, W@E O FERBEHMEECI3E
BT HTENTERY. D7D, MMILORRFBIZII I AR ZAZBMEE 2 5. (2 AH 2280
WHLIX, BT EEL L OMEEZEE LI AT D AN E T 28R % F
LTBIETH2HMEECTH D, 7 AMBHIEEMER m W28, A ZEBMETIC L 0 Mk
ERRRFBIZERRE CH D, LL, HI7AMBHIMIN#E L, L= T4y vakl
AR 23 A 72 RS LSMC U ES 2 Z L IR iR Th 5.

R AT 7 A BB DM bk 4 7o b E TR SN T 5. BIEMIEEE R Ik b A < H
WHENTWDLDIEE T TFMEITCHD. KR, RYAF L A3E< OEEEMICHNHT
B, EEEMEONMES 2T O ERZ 77 A~ AAHEIC X0 BRI T.[28]
LR AF L B(OBREM B ZHIRsN TS, R AFLATREINL LD
o TR ORERIEMITEEBRIER SV, MAHEBEMEIC L ABENES ThD. £, &
DTMEHIEMERE CORIENE S CRMTH L7, I AEMIIRDVIES HWH
L8927 o02[21]. LavL, @ FEMIZ—MKENICA T X & ik U TR, 4 —
R L—TRECHBRET 2 2 ENTERVWEALZ V. 20k, L 0ES iR
FxFLoAdFH A RAARLEFRICLVBEINATWS. LnL, =FLodFx¥ AR
AT EHE AT ATH D, £z, EFROFMIIZERZ2E FINEHEES LETH
L. 2O, ZbOWREFIETRERL I T LMERTE T, @oFROSEEIMIX
B T8 CHAMTRNC A LB G S 4, 74 AR—F 78 LTHWLND Z ERE
W

H T ARLE T MBI A A~T VT e L TC—BICHWL R TW A EIE LT
SRVBBHDL. @BIFA T T M E LTRWVELZRED, ooz b EEHERIZH Y
BTV DE7 NS A~T YT e LTRBOELEZZRET TS, AT U L AHO—FET
&5 SUS3IOL T ¥ v (fiTF ¥ v B L OF X 64 13AKEEEORWEEMEE LT
HMBITWD. SUS3IOLIFMIAES TH Y, RiEITIEK S5 REYREHIIC X 2 @it



PEDTDIZH S DOARA 7T FPHOMEIE LTHWOR TS, LaL, FHUE
T 5 L AMEIER S, BUETIHBBR®RICRET 2 2 L a2RiHE L L —RikA 77
 MMEFE LTHWS R TWA[29]. F# 0% SUS 316L & RIERIC AR A MO @\ OB T
& 503, SUS3I6L UL EDOMEMELZ L, Sblictved AT/ L —varBigzsbl e
Nh, BIETERESOA 7Ty MCFZURAVWLN TS, oyt v T 7 L—
var&iFF s s EHMBEN OGRS — KL 5BI% TH Y, Branemark (Z& D FER
[30]&M7=. Fig. 1-7 XA v BAA T/ —a v DAD =R LERT. FX U E2KAIC
AT DL, KERTF 2 L BEOMAENTT (Fig. 1-7a) . 20Ok, FFMICLY HWS
N1 Bag—FoR0F AT A AN Bk ) BN T AOFERTZ D
HICTER S D (Fig. 1-7b) . BB, BEENTFZ o EBOMISEK S D (Fig. 1-7¢) .
ERMEIOFTH YA T 7L —2a U BREIDDIIT X OHRTHY, FXLE
CHEESHEDLZLEEEMNET AT T MMEIE LTEESRTWD. £DOKIE, s
HROEISRY T ROES D, MIRELKREM IR TT, BIOBRREATLRE
O TMLAEEL <, IMLa R MR T D2 00 REAEITITMNR.

COXORMEER LT X VICRELE LT Z & TF & O#ELT RO DM 1NEZL
CHEINTWD. BIEOBINIY A YHEEMTIC L Y REIN L LT & 235 & RO
Z e U CE Mo E S L5 2 LA RE L T\WAD. F72, Jayaraman 5[32]
Ty R7 72 MBI » F o JALER, SN LA L 7= 2 o Bobf TR L 7o B M
R OBGEME R ET A2 L 2HmE LTS, YU RT IR Ny F U T EMAED
7= LB 515 % Sand-blasted Large-grit Acid-etched (SLA) ZLEE & FEOY, SLA ALER % Jifi L 7= 5
R TR U 7o MR O B2 VECHE AR 3 1\ B 5 T S ATV B [33, 34].
2, FH UMM A 595 2 & CHRIME OB MR & f] S 5 A
HATHONTWS., EHOBSIIMKI v —=7" (FPP) ML¥[36-38]IC & ¥ Ti-6Al-4V &4:\Z
A 2 5 L, O TR L7z 1929 Mild OBE M & MM B FCHaE L7/
faltbig LT EL7zZ &2 WA LTS,

UbED Xz, EREMIIAAA~T VT AELTESHNLNTWD, Kby o
MARARZIA T PHBTHY, T E THIIROREEEM & L UI—RIIIHV S
TR,
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e

(@) Interstitial fluid Bone

e

AN i A
AN

Titanium

(b) Osteoblast
/

Calcium phosphate

U

(c) Neonatal bone

A

/\/\/\/\

70 2\

Fig. 1-7 Mechanism of osseointegration generated between osteoblast and titanium.
(a) Interspace between bone and titanium become filled with interstitial fluid. (b)
Calcium phosphate nanocrystals deposit on surface of titanium and osteoblast gets
active. (c) A neonatal bone is formed between bone and titanium.
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1.2.3 HFERF

AR X 512, HEMMEAZERT 5720100, MEREET L2004 EHT 5
VENRSH L. UL, BEICHEE LM REESBE, b 5720120E, A A
VRMER TR EDOZ R B RV LTS DO X7 BEITHE O SR O O
EOTHY, ZhHIIMEEZEETIEDICHREATHD. Z0RD, FESEE AL
EFRIEN D BRI — RIS STV 5. BRI, @E OB TiEy v SIEH
IS ZimiE (FBS) % 10%RERMNT 5.

IS EN DM OH T Mgl Ca I3RS L B BRICH 5. Ohnuma
BR39ITIE T > Mg* & Ca¥ D EAFMIT S 2 LT, MRS A ME L=, Fig 1-8 15
T X 91T, MgZ DTMER D22 WA ITITMME & ECM #8859 E 1, MBI 5 %4
GHCHBEL, Ca” DIRMEBEND 22 NBA TR E AT 0, MR LAEEEPIcy
YINENLNORETEMICESET D ERE LTS,

Single cells, Attach Cell sheet, Attach

B
Single cell = Ccﬂl sheet
AN ) .
[ ] [ ]
Cell-ECM binding Scaffold Cell-cell binding
Cell-Cell binding Ca?*
(@]
Single cells, Detach '% Cell sheet, Detach
=
s <;>
O
Q000 & o=
[ ] % [ ]
(@]

Fig. 1-8 Schematic illustration of cell adhesion behavior of with or without Mg?* and Ca?".
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AHNOMAILE FEEITDI2H2Y, kxRl ZZ T WD, flziE, Badids
Z L CHUE IR I AR A 2, AT 2 & ORI RIS BRI A = T, R A
WALDH Z & Tl E NI ARG A 5. 2D ORI, BER L TR HIK
EIHEN D . BERI I LA AR TR VN b OO, IRFICHER T O~ LWV 5.
Z ORI 2 R T 5 2 & T, MIOEFENESS ECM OFEARE )23 m E L, /e
REIND. RESME0ITT T =5 F A TEN U 7o i 2EHI R JE 10 722 fi R i & £+ 5-5°
52T, B EMG LT WML & i UC, AT L D IUE ) AN 5
TEERELTVS.

PLED X 90z, BERER T30 TR 22 il 0~ & Bl ) 7o i TRk & 7o il - =9 5.

1.3 EEMHMROEE o X

ZHETIS, MM Z 8T 2 - OICHA &R 5 RGO ER 2708 L7z, KIZ,
BEAEMEMOREE Y 22 2OV THBT 5. Fig. 1-9 ICMlas % 7 v+ 2 2 X0I0oRT.
MR O 7 7 2 a7 4 v v 2 | oML A #fE (Fig. 1-92) L, £ v F2X—
XN TH#& (Fig. 1-9b) 3°5%. CO, ¥ 5% TIJE 37 °C OMIHEREE IC I\ T, Br i iohs
& LT AR EGE N 2 W0 L 72 85 e C, ISR HEE L TR I RRIZIEA D X 9 ITHEH
T5., Z0LE, MROREHRGLEREY ZPERT 572012, LB U TH O 2
179 . REBHEMICHE LIoMBROBEEN —ELL B2 5 &, Mia o i TmimIc % b,
BRENCIRSEIR T 5. = OBIG I EEfkES  (Contact inhibition) [40]& MEIENLD. Z D7,

AR FL AT SIS U 72 5L ORI A LB E S 5 ATIE, — EE e & HIEE (Fig. 1-9¢)
LML (Fig. 1-9d) U, (KB CHERRM, HETOILERDH L. 2 OEEIT BRIk
REFHINTERY, TOMEELHRVIRTZ LT, rEOMEEELERT 5.

SR L7c k91T, MR ITRE DN FEEICLIVITbATWD . FERED B CITER
WD T 72207 4 v v all —EHOMI L B EFANEEOLTHY, HHROBEET
FEMEISE LTI T RAART v ¥ a2 OEEEICHES LT 2 Md B0k 88 & (7 AH 72 B
BICEVBIZET LT TRV, L, MIaOREEE BULOERE T, JEHEEEL 0T
LT 5. Tl zIE, R HREZETHOYONTWD X VN T H iR I L Do
HIBE L [EUTIE, 2 o7 B RIEHR 2 im 3 2N Miaz U ik E A s Atk (PBS)
THHET 5. ZuE, BHICEENDMIERZ N RBEREZLET 5720 Th 5.
Veifrte, 2 VB MRERZEAM LT, BOMA FaX—FRNICHET D, Minz o
FEBMEEIC I VBIE LT, LBEISCTHRE HSREXy T 4 7 &81T5 2 L THRAEE:
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T DFHBET 5. FEE LML E EINE, A2z CHREZEET 5. 0%k, Mk
DI Z Y HT 7 DI LSBT T, EBARRERERTL. FE, Kz iRl Gl
TEENNT D Z & T, MBS L OENROEENTE T T 5. 20X 91T, HMiuoHEE
RN OIERITERE S EBOMEE L LT, ZLOEXEEZNLE LT L. 20, 2
HIx—a YISRAET HAEBILHEE, BEULOEETICELDZENZWV. DLEDOZ &h
5, MRz m ESEDL0IE, FHlEls L OENO G EZSETLILERHD.

1.4 FHfG D FEE & B
AREITIL, — P72 HEEE TR O FIEE L B H WS D X v X7 By fREESE D —

FCTHDH N T E2IT U0, MMoBEFECRER 2 V720 THlla %2 FBE, [T 2 k%
TS .

(d)

Cell culture
process

Fig. 1-9 Cell culture process in case of adhered cells. (a) Cells are spread on a
cell culture dish/flask. (b) Cells adhere to a substrate of the cell culture dish/
flask. After that, (c) enzyme are spread to adhered cells and these cells are
pipetted. (d) Cells are collected and rinsed in a centrifuge tube.
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1.4.1 EERLHEZBEWZHE

—ARA IR AR O EIICIE, MIEOBRE 23T D7D F ) Ty 2T Lo LTH -
NI ESREBEEP N TN S, UTIC— RIS o 2R R~ 2.

(i) rY T

FR L7z L 51, b U T B 2 B 28 CHE A YRR s o0 B, [T IR
SHEHINTWDHIETH L. Mz FHBET 272D121E b U 73 U REED 0.025~0.050%
@ Trypsin-EDTA ([ZHI 2 B RIRIE L, IR E YRy T 4 745 2 L Tl & JEtf
DHFEESED. ZOBRBICBWNT, ZU RV ENRBEHETHD b T T M
A& LT OARE Z 33 2R3 503, Mz X CHBEET 2720I1X MY 72
X DR T TEARATSTHD. 2Ok, HEEOMBIE LTRE Sy T
4 7 EOMERN AR ETIA TS, ek, M) U ERAVLGEICE, HBHcE
D MR Ca¥ e ED ABDBA A B REEFEOBEA L LTEL 72, NU T
YEHVDENC ISR AE RS T O20ERDD. 2O Y T AR, RGO R
ERINDJFEE L TAL — B HW STV S, Unegaki H[42)1E b U 7 ¥ AL C &
LM ORBEET 5L, FR ML FBEFTRE T 525, — 7 TR OB AINE 2 K = &
HERELTWD., — N7 X OBFEIRN DARSNHEERTHD N v id, 2l
THBREM P OO E A RTS8 bmv. LirL, YUV BERRERETHD
N U ARG R X0 MR 2 H8 A5 D faBRME AN & 5 [43-45]. Revel [46] 513 R U
TV A ORI & AT E TS (SEM) I X VB L, Mo EICEET S
ECM 7217 T2 <, MlE b oS ng 2 L 2R Liz. %7, Hirai [47]HIXE RO
U VBRI KD, RIS RS D £ CIC BT 2RI T 5 L@ LT D,
ZOEE, MV oMEITMRICESGEE KT ENESNBBEINTND.

(i) 2777 —%

TSP —BEECAT =S ENMTIMECTHY, 27 5B OMEEIT b
UZFL R bR THD. £, aF 8 F—BIE R For LiEN Mg Cat i
D ZADRGA A BREAIE LTI 2 WHEE NG, SRS L THWH Z N TE
L. INHOWEND, a7 =BT — KIS HIIE &2 i S BB 2 72 oIt v b
AL 548, 49]. Kloskowski H[50]1E 7 B DA R EE A2 HEET 5 72 DI 872
% 4 FEOMIEEE T EE R WL 2 A, NI TV Ik HBEL iR L Ca T ) —
I LD HBHIZ < OAMBEAREINTE L EHMELTWD. LrLl, 277 —8iX
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a7 —F U DNRERENELS, MU TV AL B VERED S R E DI SR
DI ENDRECEFERIEM 2 b O OFIBEE - AUV B TRV,

(iii) 74 A—F

T A ANR—BIIMAEHROBEERETHY, N T XD S OMBRESCHE D XD
IR SN2 VR BREER T D . X NI D IRBFERC IR T, T 4 AN
— BT B A & oo e 42 8 0 SR R 2 MR ) A BB LT Y — b o
WRE CREE M > DHIBE[S1, 52] T A 720 L TS, Ml — M, 11 HTH
L7 &7 EOMBZ R T 2 L ZICHW O, MilaE L3S L-IRETH S,
ZOD, MIEEEIT ERICELTEY, ZOREBTIZIZEA B LR WD, M
IS5 BRIZITH W S 72w,

1.4.2 BN R FIE

N Ty oRad st —8, 74 ARX—E EORMELIE, MloRECEBO X
NIE RSBl RBET 5. T2bb, BRAHZOMBORECELOZ N
BTSN TLEY, BEROZ NI ENOET D, 207, o m<HEH
DY R EEDT AT, BERLEIC X0 M2 28, EI 252 Si3®EE LL
R, BUNRTENEE LRI ) ITWEMICHBET 2 2 ENEE LY. BETY —TY
HECHBEET 2 5L LT, B 7 L= —RICHNOR TS, LR L—3
IXEER 2 O REBEA R BILEBE S EOO L S THD. BAART L— RO SEICIT T A
DRV TEY, HEEHAEDS Z L THRZYEICHEET 5. Mll~OWIE 7
Pl L0, BAR 7 L— i3l 2 85 U ISR F0FER[53, 5412 5 S 2720,
R D 72D DML D FIBEZ TN B TUVZRW.

1.4.3 fLZEWRFIE

MRz A5 TUC R EM 2 D RIBE, BT 25768 LT, MR 7 U —TOMBEORIEE -

BN GEDR RO 5N TWD . MIROEHO % X7 B2 ffed, oz s

(A 2 RIEE Y D ik E LT, ALEMICHERIOREEZ LS ELHERSH D, LLTICZ
NETICHE SN TWD HELZHAT 5.
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G) BEISEMERY ~ &2 H W2k

LF 2 FEE BN A L— RPN CRER 7 ) — Tl 2 T 2 2 & T 2 05k
ELTREISEMNRY < OFHANHE SN TWD. IBEIREMERY <13, BEZEICEL
DAY~ OREEIRNEAT D80 M CTH 5. Fig. 1-10 ITREREER Y ~ %2 v
RO REE e A2 RT. 32 °C UL EOEETIXMBEAESE T S poly
(N-isopropylacrylamide (nIPAAm))23 s L T % (Fig. 1-10a) . L2sL, Ei#iEi% 32 °C
K VIKIRIZT 5 & poly (nIPAAm)MIET 5 Z & Tl 23 #BES 5 (Fig. 1-10b) . F&4F
FENIEEISEMER Y ~ 2 EMiT 5 Z 2128V, AROMEE 2 v CHIKE O35 % #E
FFL7ZIRBE TR 2 ECM Z & RIEfE L, MR 2 > — MIRICRIIN[55-571F D 2 &N T&E 5.
IO, BEGEER)~E2a—T 0 v F LIEBEEMZH D Z LT, BREHV
B2 LR A BREM D OEINT D Z LN TE S, BEREERY ~ 032 A
TEBB[S8]° L Z[59], AE[60]72 & D bR — F 2T DA RE ST
W5, IHIZ, My — hEEKERD Z & TEEOMBMEE ERK61, 62175 Z &2
TX2%. Ngo H[63NE, IREISEMEARY I X VIR LI-Z@EROFGHEY — Mo By
— h&EQT, AENITEVIREO MR Z kL <, Minffkorsizg Lz
ZO X ITIREISEERY < 1T — N &R T 27200 Fike LTEIE, K< AW
HBNTWD., oL, MildzRId 5 E TIZ30 5 EMETH D720, KR OIREK
Tk oMlaoBRERRES ATV D.

(it) @-F A — VUi & VT2 ik

RESZEMERY ~D X HICEFE 7 Y — TRl 2 RIgE, FUNTE 5 H5ikE LTe&-F4—
WIS L D RBER B 5. Zhid, AEMEZEEMICHML TH Y IXT7F FNgix ekt
M BIRTTEET 2 SO & WV THEE M 2 FIBE = & 2 HiETh D 64]. BARAIITIE,
ZOAY ITFF NE (CGGGKEKEKEK[65]) 1E, &EMEHICHKEET 0D AT
A EH (C) , T T A =B ML S T2 A S EdS] (KEKEKEK) |,
e 2759 5 72O OFF] (GRGDSP) MOk SN T\ 5. AEMEZAIMTHZ LT
GEME AT A VEIIOFEE R UM S, AV AT TF REE LISl SRR
EOHBET 2BRENEE D, ZORBEHIEIL 5 /R TR A 2R 2 & HIEERTAE T
5. Kageyama H[66](F 1ML E 1S & MIAEMRN IO T 272012, &4 v X&hiL7-&
JERPRIC M N R A 2 1528 U, IR N Ca-TF 4 — VOGS & 5 FIE % O C s N
B 2 Futes & FIBE L CIAEMMRZ TR LTc. 2 OFETHBEC LB R RN FE <,
M ZRETTICHEET 2 2N TE S, LvL, BEREMICEA vy X 2T LERD
D, BEEMDPEIZPESND LVWIRERDH L. Thbb, EMPEEE LR
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(@)
Adhered cells

Shrunken poly ECM
O L NN

—

e = =
SEasainsninsnsnsninsninsnty

{

(b) Detached cells

Extended poly

(nIPAAM) Detached ECM

Fig. 1-10 Schematic illustration of cell detachment sequence by using temperature-
responsive polymer. (a) ECM and cell adhere to poly (nIPAAm), when poly (nI[PAAm) is
shrunken above 32 °C. (b) ECM and cell detach from poly (nIPAAm) when poly (nIPAAm)
extends below 32 °C .

O, MARZEBRMEZ ML 2N TS TRFBIENINETHD. £, @M+ 52
b, TAAR—FTA-GIFIIT L2 LbaX MaNrbRETHL LV D.

1.5 MR OZHFE/L

PEAEVEMII 2 KRBT S B 2 72010, B8 M T HE3E Lo o 2 I, (R0 L C
FERRRE, R TOMMNEENLETH D, ML MRS BfiE O FIEEIC L v 5, fk
RENDN, BAEEROBERICHONDHAICE, ERAEOMBEKNR L ThiEe sk
V. 20, BEREEV AT AR SN DR S AT LADORE M THhIL TN 5S.
AREITIE, 6 OMIEEE S AT JZOWTRENT 5.
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1.5.1 HEMREBEES AT A

AR 2 FF AR R OIRRICH WD T2 O IT S RS LB L 70 5. — AV A EIRIC
iPS Ml 2 FI VN B BRICIE, 107206 100 D% E L= MO MG SRR R TH H[17]. 20
£, REOMWAZEST H-DICHIHMEEE Y AT LR EAICHEINLTND.
Thomas ©[67]X° Nakajima &[68]iX2 7R~ hoy REFIH LB 2 BEilati S o A7
L& BAE LT, Fig. 1-11 (2 Nakajima 5 235A% L 72 B #5578 > A 7 A (Auto Culture, Kawasaki
Heavy Industries, Tokyo, Japan) Z /<9, Z O HENEHE S A7 & (2200 x 1400 x 2100 mm) T
1T 0 MR EBEOPLAMEITE WA, FEELZ Ry F7 —AIBE ST IS,
EENERELTLE S MENDH 5. Fig. -2 ICHBEIEE Y AT 22 AV Bicitbh s —
HOEETH LM oBILE, Mo, MRoMRRICEST L2 7 e 2 2R3. Milnofl
LB M D AZHUT B BE O BMAR 7 m A TITH Z &N TE 508, MIOMKRITITEHE
TR ANBETHL. ZO7D, Mz oolidtke RifEznEE L, &<
(SO RBEZAT 5 72 DI — KB BB R O A7 AT TRERIRE S WA L
TWa. T72b5, MOFBESLEIEZ EOMROBEMR T X 2Ry MBS E
L2 ENEBEBOBERIZSIEEHITHRORERERENVZ D,

Fig. 1-11 Image of Auto Culture made by Kawasaki Heavy Industries. Human
silhouette as control is 180 cm (https://www.khi.co.jp/auto_culture/).
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(a) and (b) Observing process
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<:| Phase contrast
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(f) — (0) Subculture process

Incubator ) PBS
37 °C, CO, 5 % Pipette
[/ o [/ el
medium olololo
(f) (9) (h)

{

Trypsin
/ ﬂ-
e Cells within
medium | |

0
Centrifuge @

ﬁ\mll

L

/
Shaker

&

-

Centrifuge &
tube

|:=>

(m) ( (k)

Fig. 1-12 Each operation processes in cell culture by using auto cell culture machine. (a) and (b)
are processes for observing cells on cell culture dish. (¢) — (e) are processes for changing old
medium to fresh medium every a few days. (f) — (o) are processes for subculture when cell
density comes closer to confluent. (a), (c) and (f) are shown cell culture phase in incubator (37
°C, CO, 5 %). (d) and (g) are shown that old medium is sucked out by a Pasteur pipette. (e) is
adding fresh medium. (h) Cells are washed by Phosphate-buffered saline (PBS). (i) is adding
trypsin. (j) Cells are shaken by orbital shaker to detach. (k) Cells are retrieved by a pipette and
(1) moved to a centrifuge tube. (n) Periodically cell suspensions need centrifugation to increase
the concentration of cells. (m) Medium are removed by a Pasteur pipette. (o) A part of cells in (p)
are speeded to new flasks.
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1.5.2 FOMoMBEEEY XRT L

HEGIIREE S 2T A LSMC bl R 2 2 R(ET 272D DEEBRIHZ S BRENTE
D, ZHHDOMEIZHOWTHHATS.

() hzEhEya—1

HEEE D AT LONMMEZHIRL, BE(LT 287 n b X 28 & BEICRET
HZEICEVEERV AT LAO/NELER D Z ENTE D, F2ERE Y 2 —/L[69]1F/ N
BIZRE LT EE O —FlTh D, HZERE Y 2 — /LT Fig. 1-13 OBEKXKITRT X5
ISR T O 2 — b, BHOR B b, Ko7, W ASSHEN DR ST\ 5. Ml
BEY 2= /VETEY 2= VNIZEHOHRZERZEVKLETWS., 2Ly, Miasn
HZERITHEE Y, AR S RIS MmN TICEY 2 — VNI ES. 20
Lol mAEIER T 5 2 & T, Bttt A MR L, SRR oOEEE AL 2L
MNTEDH., Flo, BFHAERL TCRPALTWDLZ G, a2 ZIx—va DU &
7 HARH T X 5. Housler H[70]i%3&E M (HSC) miBEMIEZ 28 R2E Y 2 — /L CTh;
L, BHZERSELZ L TRAETIHEAMISHICE Vil b2 RESE-Z &
EWEL TS, L, FEEEERUIFEETITORINERLT, SHICh2EkE
Vo — /UIT K B EEYERI OB 38 CIEMAL DS HR 22 R 1T HE A0 < T2 D ISR 2 SEIBfE,  [E1UY
TLHZENRE L. D7, FFEMERIISCHEME D5 W EE MERIRL 72 2 k5 & LT
RN TWD.

(. N/ 2\
Pump
[ 1]
S D
Medium
%_ y _—z
L 7 L

Hollow fiber module
Fig. 1-13 Illustration of hollow fiber cell culture module.
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(i) A¥F—77 22

AEF—7F 22 (Fig. 1-4a) (306K, FHEEMBEOEZRINICHW LTV, L
L, FLTiXiPS MiflaZ X U & - 288 MEMa D KERE~DIGHE LTAEY ) —7
7 AN K HEAEVEMIBOFERRTL, 218 HER S T0nd. 206, ot
AVF—T7 T 2aN TR ZER L TS 5. 72720, 2o OIS i
ThV, 77 AEEICHESE SETITHEMPZELOE LILERDH LH720, B2 T A
BT HMEN DD, ZOHFETIE, BEEEMEE 3 RTHICEETH LN TE DT
0, FERIZ 3 D548 T & 2 MR OFIG S — M) 22 B BE AR L bl U CIREERY I )
EL, ShRMICERETDIZERAETH S, L, MRS KREL 2512250 T, M
R B8 00 Hh LA ORI I T A8 R R [ 73] 0l R E 414 5 S 2772, BEERICHW
5T 7722 (Fig. 1-4b) XV b OHEGEMECIEMEME T 5. 26 ORI A iRk
THEDIZL LI TERELEL IS, FA a7 4V 2> THiBE A /N & < HEFF[18]
LT, BEERELARNEIICTEREDTRIPTOA TS, MKBEO A& S
O CEREICIZODENECTLE I DI, H—ofiluziiid 52 LIIREETH
5. F£77, MlaE B TEIL L2 WESAI2E, MR 25385 Uz Miasls oMz —
OFTOICHEES D Z L ITEE L <, ZhRAVICHEE L oMl 2 BT D 2 EATE TV,

1.6 FIBEEERIZBT3BFHESR OIS

MU 7o dk WG O FIBE, BINCFIE T, MR A RS L, MR o7 ME 2 AR S
TTLEY. BEEEEZIZILD T HMORERERIZIE, BREELES LRWHIIROH
fiE, EITERRO BN TS, LnL, BHEY U —TRINTE 2iREISEER Y < 0&-
F A=V OG & -T2 RIBE VA1, M 2 R5 28 9 2 RE 8 FEAT I Rr Bk 22 A 8L 2 O 2 e ZE 73
HY, —EEOIATORL TV DR FIEICEAT L Z L IRETHD. £ 2 TR TIT,
MiazHEET 27200 iEE L THEERIRENCER Lz, AW LF0N0E TIE, H<nrb
A ZEE LT DNA X U7 a3 57000k (V=r—2a[74) L LTHE
FIHRE 2 TV D28, AR & AR IS S IR 2 R 5 2 ST e L v
RATHD. AT, ZHE THIBICHO S TE EBERIRBIHEMTIC W THIT 5.
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1.6.1 BEFHEA~DILH

Vo=l—va I b N LB ERIRENMEBERKIC Yy BT — v a VERAESET,
MRAEBET L. Fry 7 —3a b, BERIRIHICKV AKTIZENENAET, FHEFH
WZIEDOFRAELHEEPERZ ABRTHL. Z0L X, BETIHEANPRETLHZ EITLY, B
MK E REREE NN ET L. PR EEET S2RKTH L. EHETIE, ZoF
Y ET—va VEBBFEANIGHT 2 HIESHENL S .

BAR AT iPS ML ORI IR AT 5 To DI E R BN Th 5. ek, BI5T
BANILV R A NART T ) UANVRIZEVITOILTERLD, ZALITERTFERICK
LMD DI AR T A NV ZEG K DM O U X7 I 7R TE . 2D
ZEnn, BEEZMHALEZY /A L—Ta iz B E A (Fig 1-14) PR S
iz, YR —rarTiE, $yET7—2a VKON REERESET, ThEMM
RS2 2 & TR R A 22T, E IO BBTEEANT L HIETH DTS5, 76]. =
DI, F¥ET—va OB ZEINCHIET S Z & THldZ RS T, BT
EANIZHWD Z ENTE 5.

1.6.2 MiREHOR E~DGH

BN ORBRBICE VEETITEEFRRESH O )20 L <, MROEEICHNS
NTND. ER~OBFRIRBOISASEE LT, 1990 ER70 5 BERIEBILEITRRICE
HTh D EWME IR TZ. Heckman ©[77)1 3 S IREN 2 U -5 2 & TREUNEE & Mk
L CHEE OB HTIaiR 2T 2 e 238 37.8%%F04E L 7o & s LT 5. 72, Kristiansen ©[78]
T E RS 2 RN 35 2 & TRIBGHEE & Il U T O B ITaRICE T 2 R 23 37.7%
HRESNIZEMELTVD. Ty ET—va oA LRWEE A OBER LA
(LIPUS) ZH#r oI iz, LIPUS Z B rifioIi S+ 2 L ieg ol Mt ST
WM OBERN R E D 2 ENREINTWDH[T9]. ZOEFEF R, BETIIERAET
b IRBUE IS TR Y, Fig. 1-15a (SR H OB 5 IR IR B RN 48 T 5 5 SAFHS (SAFHS”
4000J, TEIJIN Limited., Osaka, Japan) b IlR52 ST\ 5.

ZUZAFRE L C, Fig. 1-15b (2783 K 512 LIPUS % W 7= B I o fF M 2 1) | & 2 BF
FENEE < ME SN TVD. & <IUT, HEMIK[B0]H M8, 821 DU T, HEFEMR
a7 =7 U OIS~ N v 7 ZADEARR NN BT L2 ERRESNTNDS. A
S RLEIA S TROND, B E B HRE) AN HCE MRS B 20 R e 831 & L CTEA L
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TR THD EVnbh TIN5,

1.6.3 Mli~=tal—Tar~0DxH

I, fild~v=tal—arOhEE LT, ¥4 71734 ANITBERIRS % iz
LC, AR A B5 48 2 S A IS B 3 2 AFSE[84-87] 2 s S LTV 5. BFIRIRE ) &
FBAETHEFEBRICIHM~= 2L —3 3 [88, 89lIXZLDUOEDTHD. Hiz1E Friend
O OWIE 7 V—T7TlE, FEMERER (SAW) 12X 2 FEi 2 DTN TF v 7 L O
NIz F A S, B AWIG I K 0B -oYe K 2 i o H L THEREE S 2 H417[90-92]
WIS L, Al 2 AR S HFSE[93-96] & A L TV 5.

Transducer

7

Cell membrane

Cell nucleus

Cavitation babble

Plasmid DNA

Fig. 1-14 Schematic illustration of transgenics by using sonoporation.
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(b)

Cells in scaffold Medium 24 well plate

] 1 / n n] ]

\
o)==

LIPUS generator

Fig. 1-15 Application of low-intensity pulsed ultrasound (LIPUS). (a) Fracture-hearing
equipment: SAFUS. (b) An experimental procedure exposing LIPUS to cells (http://
medical.teijin-pharma.co.jp/zaitaku/product/saths4000j/).

FTo, BERUSMCE, EERTICHIRE SN CEAIRE D SR AT 5 EER 2 W TR
fak~A7n7L—h EiZv=tal— 53 THhI T 5. Wiklund 5[97, 98] D4
R N—T T, REEFALDBEFRERICL 2 v=Yal—YarsHnT~Arn”
L—hED 100D Y = v ORI ENZ D EOMIACK 2B E Lz, 2 b Dk,
FYET—va URBELRVWERET TEBEFEEDHZEHR L TBY, MinzBg ST
~v=bEal—yalrEaREE LTWn5.

UED X5z, BERBESZHET S 2L THIRZERIETIC, MazEcE o8
M HEE S TN D,
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1.7 AMEOEHB

ARETIE, FAEEROBIR MRS OOV TGRRZ, 1L 1ETE, TEOF
AR OFRITBAE Lo Mass B HiR oA L, 2hic e b 5 @R REE RN %
N5 EOMBEMEEZFA L. SIS, L2HTIE, MEEZEETDLZDICKHAED 3K
BRICHOWTER L. £/, L3IHITIE, MREOKBE e AREKICOWTHBIL, 20
G bR OREE & B O HIEICESEZ S T, L4 S CIREERUICHO STV 5l
DHBEHETH L M) T & 2 DOMORIBET L L2 FHMICR <72, 1.5 T, MiaEEo
PR AHE L LTHESNEZEBERS AT L2100 E LEERY AT AICOW T
L7, BBV ATLAEMVDERICY, MEICKDFEE, FIREIT->TEY, ZOHER
WREEDLRWEWR D, T2bL, EEEMBORBENRZE ESEOI2IE, Mg
OFIBE, EUGEZSGE L THOEEZAMERF T2 2 eNEETHD. 20w, Mz
HEET 2 5 E U OBERIRENCER L, 1.6 fi CITMn LRIk WS T E ol ERH
IR OWTHl A7z, koM L5006, BEERIRE) 2 @64 5 2 & CTiin z 58
WSETIT, MIREBEEZITO 2N TEDLZ L Z2MENDT

UboZ &nb, MlaOEML R L TR LR 2 7203l o FIEE, BN GED
WENLETHY, ThEEBTDDICARPZE TR, EMITx L TORMICIRE 2 34
TEHEARBICER LTz, T72bb, AMEOENZ, EEEMOBARE LR T
DAMfaEE R T N 22 BB L L, BE RO EARENC LV Mz RS 5 FiEE LT
52 & & L. BRI, X UDICEAREZBIHIRT 5 720 OR % M OB O E %
ATV, HEREEFEPE BN TR m 2 REEICZ VIR L, Thvad HniciilakzEasz i
E325 QFE) . oFZ, EAEEHE N Iy rz2llAaabE T, BR2IEREOEARE%
iR L7 BR OO RN 25 3 FE) . S5\, EMOBHFIE# 277 —E LM
B THAE ML ORI 2 372, MO BIERORIEE, FUX L 72 a0 BT 2 B 6
DTS () . Fio, BMRICKOMIOBELERT S0, EARE) L IR Z 72
HOE TR 7 ) —COHRBELRL, MEOEINEAZHE DS (5 F) . LLEOFREND,
M T0mA L LT, MZ2HEET 270 BERLMEEZRFIL, S 5ITHEBRTH0Mm
RELT, @MRICHRZBETLEOOREEZRDD. ZNHLDOMAZE LD T, 6 FEIZ
i A Y.
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2 SRR MREEERS

ARENL, BREAMICRICEARB 2R T oMlafsRsizfET o2 Lz AL
15, BARRICIE, EPEEEME LT, REZROEN MBI O TS A RE AT E
NIMB @ E L, BE LS REMICREAI 2 3. T ORI O L ThHE L7l
JLDWGFENE & 25 BB OV TRES L, RS ML OFEEI KT T B LMD 5.
D%, T MW THilagRG L2 /R EL, JUE L oMo Zas O A2 N D 5.

2.1 EEEMOMBORE

AWFFETIE, MRORBED - DICHEEEMICEAIRS ZIRT 5 2 L 2RET 5. FEHEA
RE 2 =R K <RS2 72 DI I3BEMRY Q 1 (Quality factor) D \WATEIAMENL TV D, 1
BRHY Q I & 13,

Q= oy "

TERINHIBERITHCTHD. 22T, 0y 0, o I FZTNETNHEY — 7 TOIRE WL,
IR — 7 oM RBEEEM) ICBWTREI= R L F—03 R E— 27 Ol & 72 5 JH K
e, WIRY — 27 o0 (FEEEMAD 2B W TR = R F—0 1L R D EEBTH 5.
—MRENS, SBMEHT, T AMERCE S TR R LT Q 3 <, IREZFRIEN
MBI CHD LV D. ZO, AR TIXERME & B MO BB IR ET
HZEELT.

L2.2 CHBALTEE D1, " A~T U7 e LTABIZHN SN TW D&M EHT A
T U A (SUS3I6L) 0T & L7 W 203, AWFETIL, HAY Al Tl LI IC AL 7z
SUS316L & Vv % Z & & L7=. SUS316L Db 7 hk 5y % Table 2-1 (233 . #E VML D HE 4%
EMET DD, BET 4y aRT7 7 A3 TR E INCEAEEMIL L R%EOIEMEL
AT OMIZREEBCEDEEMEAELILEN DD, —fRNRERT v a7 7 A2
7R EDEEREMTIE, 1.2.2 1R L X ICHIOBEE R EZ S 572D ORESE D i S 4L
THY, MROIERZMERFT 52N TE 5. RUFETHW 582 RIERICHI O 15 M
AR T D7D DORBEM THLIVER S 5.
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Table2-1 Chemical composition of stainless steel alloy 316L (wt %).

C Si Mn P S Ni Cr Mo Fe
0.018 0.28 1.25 0.037 0.023 12 16.25 2 Bal.

2.2 BEEEMOREBRE

GRFEM ORESEITIL, Har e HERSD. 72L& 21F, Abdal-hay 5[99] IRV I 7w
727 b (PCL) &RV I (PLA) A Lo AN L2 F % v Rl a—7 17 L,
Z O ECHFME (MC3T3-El) ZRi&$ 5 & MmO IR LI & i L Cm B35
TEERELTWS. LhL, ZOEGHMERO 2 —T ¢ 721X, FF# U EMIZ PLA B
ik & PCL Wik 2 ¥ Anth, 12 Wifi] 37 °C KR T CHIBRSELMLERHDH. DX I, &
DFREEBBEREMICa—T 4 7T LHHIETIE, QT o 288 ETHY, Fi
Minba—7 4 7 LEREPHBET 2 2 ERBEIND. LER-T, ZOXHRGiEx
AN Z e, MlaORERE L TOEMBERORmFMEZ M L SE 5 FIEOMHNLNSE
ELEXOND.

EM B ROREREZ B ESEDTFED 1 20, MR BEE T 2 EMICMME2 T4 %
RENHE SN TS, 728 21F, Lee H[100[IF=y F U 7L VMIEEZM T Li-T &% U8
TR LT MHOROMAL A B U CHEGENE & o (LRE D AR L 72, T OREE, R
METFAIR O HEFEPEA M -2 2 & &, B BEREVE AR & S AR B AE 2F A0 i o 2E I~ 0 53
IEFENMEEESND Z L2 HELTWDS. ZRLSMT S, =y F 271101, 102197 A ¥k
BINTL[31], > R 7T A M0 K 0 @@ A ML 2 L U 7= i CHERE & 217 9 &,
B M OMIMITKAE LRI OIEMED A L2 2 MG STV 5.

AWFFETIE, MIOEEEM OREAFEFiLEL LT, fifERTrEATHY b, fHx
DR EHT HMME RSN L TE DMk v —=27 (FPP) WHICIERET5Z &L L
7z LB [36]1% Ti-6Al-4V M IZ =@ b & o 7 AT R et LTIy &2 4 L7 ik
BRR &% L, 20 LTt MiRERHEME (KM102) A 85# L C LDH I&ME 2 | L7z
FESL, MM AT U2 J5h TR U7l o B (73RS RAVER R CHE 2 L7l & e L C
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MELEZZEE@®E LTS, E5I2, BHDO[B3511F, Ti-6A1-4V A ITHRL 72 #45F L T
Wiz A LIz lBr 2 80 L, ~ U A BSRIRHEZERIID (L929) Z 54 L CRlfa B
P& HEEVE 2 M L7z, & RS, FPP LB Z i L 7= 552855 i - CRR 28 L 7o fliin o2 5 M
SOMEFEME S BRI & i U 7255 E O LR s i LT B Ls 2 b 2
LCWa. LLED XSz, 88T FPP B2 HE L, M™% N T U7oR58 56 ik,
fa OHEHEMELHEEVER M BT 5 2 e hMmESNTNWD., 2ok, 2.1 HiTEELL
SUS316L Jff THrZ& L 7o i &Moo m) B4 HAYIZ, SUS316L 3k i O &K i lZ FPP ALEE %
B LC, 0 L THE LA MO 28 2 S L 7.

2.2.1 kv —=127 (FPP) WL % H L7 EMDORIE

FEMITIE, Jeik L7z SUS316L # vz, 7 ¢ 274Kk (ERE 15 mm, JEE 4 mm) (CHHE
A OIS (HS-45AC 7 7 A By b, SER7 7 = klatt, #5)l, BA) 20T
HEARIN T U 72 RId 0 — 05 Dt &4, = A U —i#k (#240~#1200) Z HWTHIE L=, £ D%,
KifE 20~50 um BBED U H (Si0y) ki (HT7 A —X, AZ8ER, HOL, AAR) &
TS (ALO;) kit (7vXF, RTEYERT, HO, AA) 2T —=r 7 3E (=
2=« 7T AL —, RAZEUWERT, B, AA) (XY FPPALELANE L7-. Fig 2-1 (&R
R T-BAMSE (SEM) (S-4700, MRASHANNAT 7 /v v—X, B, BA) 2LV El
SR UTBAPRL 2R3, F 72 FPP ALBEG 4% Table 2-2 1" T, ZOHRMICT, U ki1
ZAWTRE L7 (S) BLOT I FRF a2 W TR U723 BR A (S) % 4Efii L
o, ETo, HEOOICHEERICHIE L-RBRA (S,) b HER L7z

€ 0=/ LW "N %
Fig. 2-1 Typical features of (a) SiO, and (b) Al,O; particles.
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Table 2-2 Condition of FPP treatment.

Peening pressure, MPa 0.6
Peening time, s 30
Nozzle distance, mm 100
Shot particle Si0,, Al,O4
Particle supply rate, g/s 1

Electroless nickel plating

Cutting surface

A

Specimen

Fig. 2-2 Schematic illustration of tapered section method.

2.2.2 EM oMMy

HRBT ORI S 2 L— VBB (VK-9710, X &tEF—o %, KK, AA) Ik
DRE L, EMEREISERSNZMMORIES SEM LR FEMSE (GXS1, 4 U 2732k
Aeth, i, BA) 2HWTHEELE. 2B, JCREMEC X588 TIE, KRic=y
VA X ERL, EMEREOMNZRE L%, RLOOIE (B 15°) IS X Y Wrimz
Hefi (Fig.2-2) LC@IZE LT

Fig. 2-3 ICKRB A OFH A FEM S (Ra) % L—VBMEE (VK-X120, HEXSthF—>
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2, KPR, BA) X0 HE L RE =T, FR» S S DML S, DM, & bk LT K
TN Enbod. 72, K30 T RET SEM I L Y B2 LRk R & Fig. 24
IR L, EFRBAMEIIC L B L= RE T EORER A Wia % Fig. 2-5 12”7, ZhboX e
AR FOJE (Fig. 2-1) 2D, PRI AT L TRIO R 2 MM AR S D Z &2
g, BARRIZIE, Sq ORMEITEAIZ2 D 6072 IRKEH OMMM BRI TVWD Z &,
Sa CIEHLH A ) JE L A2 AR M SRR STV D Z & 3D 5. Fig. 2-6 12 Z OFk 1245
AR T . [RARICIEIFE AR 77— TERERL OB S #iiuTEB 0, ki 7 DR A iR
FEEINd X0 MMBEREND ZEaRmLTN5.

—_
o

——

Surface roughness, Ra (um)
o
(@]

-

S

a

Fig. 2-3 Surface roughness of specimen treated by FPP with silica,

S, and alumina, S,, particles, and polished mechanically, S,

31



2% jRRaRE RS

Fig. 2-4 Typical feature of specimen’s surface. Note that (a) and (b) are the
images of FPP treated surface by using SiO, particles, (c) and (d) are the

images of FPP treated surface by using Al,O; particles, and (e) and (f) are
the images of polished surface.

Plating

Specimen Specimen

Fig. 2-5 Optical microscopic images of FPP treated surface by
using (a) SiO, and (b) Al,O; particles.
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Si particle

(a) (D/
M

Substrate

(b) Al particle

o

100 um

Fig. 2-6 Schematic surface roughness of FPP treated
substrate with (a) Si and (b) Al particles.

2.3 HIfBESESMOFEMES D FE
2.3.1 ¥Em (EM) O#EE

2.2. 11 Z/R L7 FPP LB 20 L 7-RBR OIS EE 2 VEiH 3 572012, =& J —/VIZRIE L
THE®REE L. 0%, — 7 L—7 (121°C, 2%/E, 204y) (LBS-245, TOMY,

W, BAR) ICXVIEE L. SR ERH L7 — 0 RXUOFNTHRE LR 25
BIXET, 2477 L— hOJEHICEE L7-.
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2.3.2 MR YEfE

ARFEBRCIIBAE ML O —F T h HE Mz vz, e MiEA% 4-6 HEOF Y
L OBREE GRR Uz, BESOFENSHEMME 1 mm® O v — ROMERT ISR
L, #fh %7 v HkimiE (FBS) (Fetal Bovine Serum, Sigma-Aldrich, MO, US) % 10 %
MMATZE Ny 3G EA — 7 VEEH RFBIREG Y F-12 2/~ 2 (D-MEM/Ham's F-12 with
L-glutamine, phenol red, FIOEHIEE T3NS, Ht, BAR) BLXOHUAEMEZ RN L8
HIZ—BpiE T 2. 20, U CERREAB AR (PBS) (#0754 Akliatt, WH,
AAR) CUE#E, Mo iE, LIFEOMIC 015% =27 7 —8 (¥4 7 1) (C0130,
Sigma-Aldrich, MO, US) #Mx T, 4 vFaX—%KN (37°C) (CPE-2601, #h\&tthe 7
BT, HR, HAR) TI6HMD- ) L L, WM L7ZIEEZ 10um OF A 1 Ay
v =7 4 V% — (Cell strainers, Corning, NY, US) (2@ L, RAF LA ZREL. X
I, AERE A OB K0 BRI O HUEE L, PBS T 2 [\ITTWEL Z oMl & B R
W (NN Tp—, BRY =T 4 v 7 ARAEH, B, BA) BB L, T4 —77
U —4 (-80°C) (My Bio, National Health Fund, Warszawa, Poland) PN 1 HRTFE L7=%%&,
REEFRPICHBIRGT Lz, REBRTIE, ZOmERE L-Minz i, 3 Bic—FE, 3
[EEAS U2 Bl S B2 dg Ml 2 o 7o MR A2 5538 5 720 O R Hicix FBS %
10 %A To Z Ny ABEA — 7 VEEHIRBIR G F-12 ~ D a2 iz, fildoRsE1% 75
cm® 7 A 21 (90075, TPP Techno Plastic Products AG, Trasadingen, Switzerland) & FIV N TAT\Y,
7T A LTcAlaAE PBS T2 EREL, MU (0.05w/v% Trypsin-0.53mmol/l
EDTA * 4Na Solution with Phenol Red, FIYEHiHE T34, Kk, AA) ZHfi LT3
A v F a_X—% (37°C, CO;5%) (CPE-2600, Bk &the 74U, Ha, HA) AT
HELEZOL, Xy T4 THEIRLT, #REIT-o7.

2.3.3 HfRo M ER

R oM Z2 AT 23 B A L CTHE LIciE Ml OTEM 2~ 572012, Mo st
ZRERR LTc. HAGENE 2 MRS T 2 72 O ORFEABR OFR T % Fig. 2-7 IR T . 24 U =L
7L — hOERICEE SR BA (S, S, Sp) O ECHluEHRRBREIT 7. BiEED
FEAMIE, B EIC 1S x 10MEOBCE M Z B L, 1 v % 2 —4 NT 72 BERR#%IC
RN 72z 3 MHRIE Lctk, B3y T ¢ v 7 TRl & I8k, B L C i EkEH 5 (Alte,
T AT RS, R, BA) ISk v lEERET S L TITo 7.
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2.3.4 BEMEIC X DBE
IR DBERE DT 2T 572012, SEM & #GBEMEEIC L MO 2 BE LT-

(i) AAEBEFMSEIC X 2o RE OB

KHETEAR OIENP ML OHE HEBN KT TRBICHOWTEHE T 572018, B IS
JARHEE LTV DR F 2 e B RE FEMEE (SEM) ICR VB L. &bk, BIEOD
OMFAFEE 2 E D 72 DI AE H2 A [104] % V2. BRI, BB B 24 RERTE
B LI E 2.5% 7 V2 LT VT e RKEER (Fneilis TRUS4E, 10, AA)
1220 S3FENRIE T 5 2 & CREE L7k, =& 7 —/L KR (20, 50, 80%) (215 437
ORIE L THRAIHA L. 100%T % / — /LT L%, 100%T 5 J —/ 2 30 43
BE LT, ZRICBAK L. Z0%, -7 F AT a— (HE bR TR S, B,
HA) IC1549MRBIELEZDOL, LWt FAT b a— L@ L TR L7,
FERoHE U723k 2 +-BuOH MG (VED-21S, #RASHEZET S %, Kk, AAR)
ICE D AESE LSSz, 20%, A AI VL3 —%— (HPC-1S, A&t
LIET N A, B, AAR) X0 ARAI T AEMlakHca—7 127 LT, SEM T
B LT, Zpds, MMEEEL 2.0kV ITRE LTz,

24 well plate

Modified
surface

Specimen

Fig. 2-7 Schematic illustration of cell assay composed of FPP treated surfaces.
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(i) BOLBMSIIC X oM T 7 F 7 4T A v F OB
R ~DOHBL DOBEE R R DT2DIZ, T F 7 47 A M EwatBEmsiic Ly
B L7, MRZBIET57-00RMLELE LT, BIET2MaEEET 72D, Mg
% 25% 7 VE VT VT e RIKEIRIZ 20 3 HRIE L, Mild 2 522 BE L 72 % ISR TE
P Triton X-100 (Sigma-Aldrich, MO, US) T 15 pflIRIE L 72, £ D%, PBSIZ 1.0%
U UMIEHRT VT X CEHE (RROEREE TR, at, AA) & 0.1%Tween 20
(Sigma-Aldrich, MO, US), 0.02%7 PfbF b U © A (FOGMSE TR, B,
AAR) ZWINL CARL L7z BSA-PBST (2 30 pRIE L7z, 7ed8, 22 F CTOITREITM
FC B AIRZ IR E S DD T TH L. T EIT - oMEiE 2 v — 4 3
Ve TZyuA YUK (568 7 7 A ¥, Thermo Fisher Science, MA, US) (T 1 F§fE]
RIELCT 7 F 747 A2 baYett L, BSA-PBST # AW Ttk L. ks, #
2 b R R I A L S22 K 9 12 BSA-PBST (2i2 L 72.

2.3.6 Mo E)MHEER

PEEVERIRE, AMIRRE sl L72BRICIE, EFSAZE S RVWE S ICERSZ & E
BET TRENT H[105]. Z OBELND, HIALOTEMH-CHEFEMEICELZ KT T D EEX LN,
Z 2 CARMFIETIX, R DML % H\C FPP AP fiE L 7= 5k i 2 i O W O3E O3,
AR OBEID LS S KX THRBIZOWTEHE L7=. BRRYIZIL, Fig. 2-8alZRT L oIz
Ya—2 AT 247 =)7L —F (92024, Techno Plastic Products AG, Trasadingen,
Switzerland) O 7 = /LPIZAEEI Y 2RV, FIEIHSE &P 2 H0E (A4 mm) (ZRE L7
WHECMIRZ R L7z, HOMICHES L VD iilng 2 BEfA o F a2 _X—FNTHE LT

, U a— T AZEY AL (Fig. 2-8b), 72 BEfE] A > 3% = _— X N TH;# L 7= (Fig. 2-8¢).

=

=N

O, wNHEMEE AT, RBRAEREHOFIN TOMBOAEELBER L. /28, Fig.
2-917, WCEAMEEIC LB L EToORPNEZ 7T, RROBLMHEE (0.16 mm?) (28]
ETX MO ERE L, Flh S o ERE LS ko BI% % 370 L7-
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(a) (b) ()

Silicone rubber
tube

N———— medium

) o

Specimen

Fig. 2-8 Schematic illustration of the steps involved in cell migration assay.

Specimen
Observed area

Fig. 2-9 Schematic illustration of observed areas.

2.3.7 TAR =DM EE

AR L TV A BRIZIE, MR OBEAME BT 572100 T <, Mo 5ind 53 A
FNIA TR, TR (M) DMlCFFEINLARERHD. TR M=
AP E DDENEMERT D720, FlBi i 1T 72 K5 L 72 #ifld 2 FAM-FILICA in
vitro Apoptosis Detection (FAM-XXX-FMK Kit, == AFE « /XA FHEAEH, FHg, BAR) %
AT L, SOtBEmMetic Lo BlgEL.
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2.4 MfRERSEOTFMEERBIUOELE
2.4.1 FREOMEHHM L EEFEICRIETTMMOEE

2.3.3 THA7=HEEHWT, Mgt %2 <7, Fig.2-10 12, &akBkh L CeE
fuZ 72 RefIREAE U, BN L 7o fifas 2 JE LR e nd . RKE D, RIS L
T AR L 0 B U7 MBS LTV D 2 BN b s, ZHuE, SUS3I6L FEiZE W
THCE MRS T2 2 27T b0 TS, £i2, RBAEHICMMEET D S &S, T
I, BEECRICHIEE L7- S, &Il U TR A EICSHM L TnWb Z & nbnd. LaL,
Sy & S, ORI b MBI HE 2 ENED BN D. T HUEEESE N TH 2 8E Mg X5
A EDOMIYDOREOE N K o THEFEMENEL LTclod Ll S D .

MDA 3o TEFEME L L2 BRI O W TR D 729012, 2.3.4 T2 HiE%
FWT SEM IZ X 0 B Ml O L7-2%E (E) OREE2EZL LI/ E% Fig 2-11
(R, AN, FPPALEEZ i L7z Sg & S, EOZERDMEDS, S, o823 LM & {h
BT DRI LU THER I ERDLND. &<IT, HWIHEN R L EW S, ICHA LM

8.0
M *k 1
6.0 | - —
& —— * —
2 T
x 40 | T
= T -
=
20 |
ek aeEEEl EEEEEEE CEEEE! EEE LR ---| Ng
0
S S S

Fig. 2-10 Comparison of the number of proliferated cells, N,. Cells are
seeded to the specimens and cultured for 72 hr, and then collected by

trypsination and measured by haemocytometer. The number of seeded cells
is 1.5 x 10%, N, (mean + SD, n = 10, *: p < 0.05, **: p <0.01).
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Fig. 2-11 Chondrocytes on substrate are imaged by SEM. Note that (a)
and (b) are the images of cells adhered to S, (c) and (d) are the images of
cells adhered to S,, and (¢) and (f) are the images of cells adhered to S,,.

DZEFOFITM O & Lol U T I2Z W ((¢), (d)). M SR L7z 28 E D5 1
M35 &, MEOIEMECHEFMEN M ET 5 2 & NG SN TWAH[106, 107]. T74bb, =
AU S ICHEFE S AL MBI OTEMEDS Sy S, LI L T EL TWA Z L2 R-THDTH D.
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2.4.2 MRBENIZRIETMMORE

— A 7oA, HERE LA S L EHAR D Z L AT AT, HEWICERR D N
BB OMEEA L TERY, MM 2L MR LS T L 2 DRV E S ICBET
5108, 109]. AMALASFEE) T X 22 VORI T ClE, BEARREE A U TR O T [110]%°,
A RNIARRWESNDEZ LX), TRV ANPBEZDLZENRALNTND. T
DIz, AREBRTRIELZRBA ECbEMEELRT 5 L5 ISMIIBEI 5 b0 L
HEND., 22T, 2.3.50FEEZMNT, MENSBE L% OS2~ 7.

Fig. 2-12 12, BB OHF LS OEEE S F OALEIZBIT D a2 RE LR 2R
721, Fig. 2-12a F OSBRI ZBRE LZBOBEREZ R LTS, ThbbiEHE
BATIT AR L 0 R OO W IR O AR 23825 L T\ 5. Fig. 2-12a 128\ C,
R OHFLESICERT S L, Sy OMIEN S, B LS, LI L ThRnZ LR b»D.
Z i, Fig. 2-6a (2 LIZAREE O MMM HlaoBE 2 05 L, ZoE, [T ias
EREED, #EELEILEIENREREZELOND. S HIT, MIRERFRE L 7 fHik
B P05 2 mm) £V HAMUINCBEE) LoMifaic DWW Tt 572912, Fig.
2-12b 12, BERSTHOLA D 2.5 mm 3 KOV 3.0 mm fHE OMARECE JE LR R AT A
KV, S BEUV S, TRV THEAE L 72 fEl O AMAl CRIZE S - Mifla ¥k, S, LIbir L TH
BIZZ N2 enbnd. T, EEKOMMEZAT 5 S & i U<, &EEOMY,
AT D S, RO FIBEZHT D S, CHRABE LT W EE2RRTLHDOTHS.

JRATBC MRS FE AN L 72 R A2 R D 7o 1T, 72 FEEI R R IR BT RicEg L7
Mg DT 72 F 7 4T A b OBEZHECBMEIC LY 2. 3. 4 [TRTHIETITo72. 20
FER, ScOEGEITIL, RPN EE L TV L EIAERD bz (Fig. 2-13a). — 5T,
So EOMIBEIE—E DORIBEZ > X 5 1Zi Bk o35 L <z (Fig. 2-13b). Fig. 2-13a D &
MBS FATRNC FAE L CREBR T ICHES LTEBRIS, TR b=V A &5 & 2402 Mt
THDIZ, 2.3.6 DHEEZHO TR LZ. TO/RE, T XTORBAICBWTT R h—
VANRHFEIND Z L ARTREDFICIIBIE SN o7, Lo T, Fig. 2-12 12" L
To MR DD D JFEENE, My ORRICER L ClilaRd /TR ar 7oy by,
T DY CTHAEE 23 E L THIEMENME T Lc7cn & FE 2 b b.
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Fig. 2-12 Relationship between number of cells, N, and distance
from center of substrate, /. Cell distribution on (a) the whole
substrate and (b) 2.5 / 3.0 mm away from the center of substrate.
Cell density is the number of cells, N, / observation area, 4 (mean
+£SD,n=28, **: p<0.01).
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b

,‘_',h‘. " a 4 B 3
< 5’,/, ¥ %

Actin filtament g

s %)0 um

Fig. 2-13 Fluorescent micrographs of cytoskeleton actin filaments staining. Cells
adhered on the FPP treated substrate by using (a) SiO, and (b) Al,O particles.

2.4.3 HMREBRZENEHBEFE—=V JAEEREHDORE

PLER AR TERERICESNT, B2R5MMNE AT 5B L THAE LT 5 Ml
DT ERRBITR L2 O3 Fig. 2-14 TH D, [T, HijE L BRh ZE o MoK
EEINEBEOF A XEFAr— L TG EN TS, S, DEAITITMImOBE N LS\
W, BENA TN MNIRDETHIEZMHR YR, ZACK LT, S DHEICE, K
JEFE OMMOMESCTREIIC 2y 7y MR DT DHEHEENE T T2 &2 65,
Al ORI L O OB E) DO EER NS, Ml EEE LT <, Rfficar 7rxz
N Z STICRBA 2RICBEIT 2 2 8N TE D S, IIAMIEDOH TiE, MlnztE®d 5
ECRLENCRELETETHY, ZTAUBRITERAHEFEL LT S, 2 W THilaos:
BEMZRUET 2L LT 5.
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(@) Adhered cells (®) Adhered cells
N\@y\w Wm
N B
Substrate Substrate

A few hours letter

A few hours letter
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Fig. 2-14 Schematic illustration of cell proliferation sequence to (a) S; and to (b) S, after
seeding. (a) Cells concentrate locally and proliferation become lower due to contact
inhibition. (b) Cells spread to the whole specimen and proliferation is maintained.

2.5 S RBRRMmEEZOBEL X OV MM

SUS316L A7 > L A4 (2.1 HiT&E) 127V I Fki 7% v 7= FPP ALER (2.3 i ¢
E) AL, MPAEEEEMAERWEL, Z ORELEME RO CHaRs RS RIET B,
2.5.1 &RBMEEESRORE

Fig. 2-15 [ZHUE L7 &R BT B 2~ 97, ARRTEE 4L FPP ALBR A B L 7= &8 5561,

YU a—r dARE SRE, VU a— IdAENLERINTWS., SEBEMBLOSE
X, UAVYICENTE (MGW-IL, #RSHE 7 7 4 2 8UER, BT, AAR) 2T
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Silicone rubber cover
/

Metal top cover
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Metal cell cultivation
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Fig. 2-15 The diagram of cell culture device composed a metal cultivation
substrate, a silicone rubber wall, a metal top plate, and a silicone rubber cover.

JEX 1 mm @ SUS316L SO 2L L CRAEL 7= (Fig. 2-16). 7z, U a—rTLE
mnld, SFMAREL TR L7z, 7272 L, SRR 7o mi B & I SE AP ds K OV O s e
EMPEZfE A 7oA Y =—=F A TR (PED #ff§ (=7 bwr PEL, 7AFZ7 2 hARY N
APy NS, BRHES, BA) 28 EE LT, NC 2 —V 7/~ (MODELA Proll
MDX-540, m—7 > F D. G. Bk &tt, #E, BA) (X0 EEL 2. REL -8
(22U a— Al (KE-1316, b TS, BOUES, RA), 28464 (10 % (wiw))
(CAT-1316, ERULZETREMRASE, R, BA), v rJ— (15% (ww)) (RTV-2
T, Eb TS, B, BAR) &3 LiAZ, 30 23[E 150 °C DA —7 > Tht
L7z, SYELZY Y a—r A% Fig. 2-17 1R T. SUWEL =&, v a—r
TLEE, BBEEAT LV ARONASSI AL LTy FTEBIATL Z & THRETF v N
— B L. AR R DR T v LR — DR E X R T 4 v v a (B

44



2% jRRaRE RS

(a) (b)
- 40 S
4)7 '97 &
o N O 5
=,
() % ()
<t <t
%)
D
145 Q o o©

Fig. 2-16 Dimension of (a) the cell cultivation substrate and (b) the metal top cover.
All dimensions are in mm.
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Fig. 2-17 Dimension of (a) the silicone rubber wall and (b) the silicone rubber cover.
All dimensions are in mm.
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#T v U N—EZ 11 mm, [E£40mm) (93040, TPP Techno Plastic Products AG, Trasadingen,
Switzerland) & [FARD YA XL T 572012, AN TIEHFEGORBET v o\ —DEAE L
40 mm, ESZ 1l mm & L7z, FAFBWHEOH LY a—r IAERHEHROELTHZ L
T, BEBGHNOTALZHEPAETHD.

2.5.2 &R BUHR B & % O M i = AR O 05 ik

RUE U - &8 SO st & 45 O I s R RN 217 © 72912, K538 L /oMl o BEFR M 2 — ik
FHZHWS N D E54# T ¢ v & = (93040, Techno Plastic Products AG, Trasadingen, Switzerland)
LRl UCRH L. SR AR L BRI T v = IS B 15 x 107 {8 O #li A RE TR
L, 12 BEEBR L. 2ok, )7Vl 3 RRELEE, By T 4 v 7 THlldz
FIBE, RN LT EREH AR K0 A E L.

2.5.3 &BRRMREREROMBELETMEORERE

2.5. 2 \RTHE TR M RS O M EMERHE 21T - 72 SRR & — MKk
MR T 4 v ¥ = D 72 BRI OISR % bk U 7= f5 5 % Fig. 2-18 (2. R XY, 72
Ip R 1% DM BUZ A B R ENTRD DN LD D. 20 Z LiE, SUS3I6L #
M FPP B Z i Z L2k 0, filRO&EmD FHEM ERFEOEERNEATHI AL
TW5.
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N, (x 105)
N

Fig. 2-18 Comparison of number of proliferated cells, N, on the conventional cell culture
dish with polymer substrate, S, and the device with metal substrate, S,. Cells were
cultured for 72 hr (mean + SD, n = 3). The number of seeded cells is 1.5 x 10°, N,.

2.6 /¥R

B2 3% HAT O B A R B 2 I AT 53 5 72 D IR BV MR I B 7= SR AR © 4B UM M B
BEHZFUELZ, 1T UDIS, EREGECEN @B E L LT SUS3I6L 2@ E Lz, »
T, MMREEICENERE 2R T 5720, Mk —=2>72 (FPP) MHIC XV &
T ALER 2 i U 7o BB & WG L C, MR OB R OB A BIZ LT, 20k, Zo0
EREZHN TS BRI RGEZEEL, MROEHMEL IO ZORE, Lo
TR

o FPP ALPRIZ LY SUS316L WOEFEEM EEIZM AT e, &EPR i3 Y o
ETNIFERWTE. U IR A G U R T R R 72 5D B D T KA B oo Y
GRS 4L, 7V X IR 2 55 U 7 B2 1 3 PR & JRL R 2R R A T AN T Rl S
7.

o FPPALERIZ XV Mt {15 U= K53 i CH 2% L 7oA77 v HOoRECE ML, i 7=o
(ZHEf U785 - CREER LM L b, BEME S A RIS B LT Z O EIRIE,
M2 5 U7 RE R m I c s Lo, S Lo LoMia & g L TiiE 2 %
SHEBELEEZDTHS.
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o FPPALEEDHTH T /L R % Febd U TN, 2 FE Rk U 72356, L o g
Db L. ORI, ERZRD SR ARE R O MM AR S vz > U kL
F ARSI IR RETRIC a7 b AR LT E &
D DT LT, FRlse il s i e 2 A B MM S TR RR S T2 77 v X TR 2 e L 7o 55
R TITMENREET LABE L CRFTNRa L 7rzr FESTEDTHS.

o AFHMED B B LTE TV X R A A LR M A AT SR A2 VT
BBRBIERA AR L, M2 R LoRER, BREIEITEE oM RO T 4 v v
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3 MUV EEAREIC K DML R B

ARETE, 2ETRIE L@ RRERBOREEM ZIRE) & L THRL, )7y a
L MAE DY THIRAREETE 20 B2 MR T 5. BRRICIE, 85885 oA g
&7, TOMRRESZICHEBEMZRE 7L U THIRT 5. 0%, KEEMORES
Frte2ET 2 & & bi, MU 7o v SEAIRENC K M0 RBED A 2, F ZOHIEE,
FRAT LTI OIS M & it 3 5.

3.1 27k

1. 4 Hi Tl 72 X 2 I — IO/ TIE, Y 7 & W CHIEE A FIBE L TR
T5. BAERICE, M) FUUICRELTERSHA X2 NTHE L2, RE S
RERy T 4752 L THIlRAHBETS. MRIX M) 7V CRESEDETTY,
REOIREXRN YT 4 7T HETTHIEEALHEE, FNT L LiETES, M T
BIMRE SREXRy T 4 VT OMGRMETHL. N T OHBENRIKET D &,
MRS T 2B NN DZ D, N TR EMZ S OMIEEFIBET 572012,
REOIRERYT 4 7 R0 BRBEINROBN T HIENRLETHD.

ZOROARETE, BEAMOBEGREICER L. BARNICE, &RRMaSEERS -
THEINIZMICR LT, M) Ty EEMOBERRB A MAGDECHBT 22 L %
BEL, TOAMEEMS. TR0 5, Fig 3-11IR-T X912, HIRRAEE Lo E M
(Fig. 3-1a) I[CRADBED N 7y 28 L CEARE 2 iR L, fikzFEEd 5 (Fig.
3-1b). ZOHBEL =Ml AR T S Z & & L7z (Fig 3-1c).

3.2 EERSZRIBEREREERORF & RE

3.2.1 BEREMOBEAEAEN

BB EMICIRE 2 RICE L SEL DI EMOERIRBIZHWS 2 s L. 20
7o, ARREFREIC L D EAEENT 2 A0 TR EM OBEFIRET— RE T Lz, 5BE
EM ORI, —RECHNON TV DEET 1 v 2 LRARORE SOEFRT v v —
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(a)

Cell cultivation Adhered cell

substrate
\ & EZX

(b) ‘Q

Resonance
vibration d

Trypsin

Detached cell

R

Fig. 3-1 The cell detachment process using trypsin and resonance vibration. (a) Cells adhere
to the cell cultivation substrate. (b) Trypsin is spread, and resonance vibration of the cell

cultivation substrate is excited. (c) Cells in medium may be collected by pipetting.
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Fig. 3-2 Dimension of the cell cultivation substrate:
elevational and plan view. All dimensions are in mm.

Table 3-1 Physical properties used in eigenvalue analysis.

Stainless steel Piezoelectric ceramic plate  Adhesion layer
Young's modulus (N/m?) 19.3 x 10'° 3.56 x 107 2.5 %10
Poisson's ratio 0.3 0.29 0.4
Density (kg/m®) 7.98 x 10° 7.6 x 10° 2.3 x10°

(E£ 40 mm) ZfERT D729, 1H48mm, BIT48mm, JES Imm & L7z (Fig. 3-2).
B HAM IR S 2 mAMRENE — N2 A REFEMT Y 7 b (ANSYS 15.0, ¥ 3% > b
A, R, BAR) Z AW CEA MBI L RO, BTV WMEE % Table 3-1
(R, EAAERENTIC X VSN EA R T — RO —f#l% Fig. 3-3 (289, 72720, BER
SfFiE, Eb 4 BBICEE LAV MO R ZEENRE Lz, FR»L, b ERKIE
g L2k ofi2 —o>F T 5 HEMEBT— FE I OHLEH L L+ TFRoH 2 —oh
T HHEAMEE T — FBE(ET D 2 L35, RIS TIHEBIEROEEHT— N Th 5
INLOEIMEBIT— FE2HWDZ L L L. BREMISEBIR ORI L 7
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10 mm

-0.67 0.16 1 -1 0 1

Fig. 3-3 Out-of-plane vibration mode obtained by eigenvalue analysis using
ANSYS. The color bars indicate the normalized displacement in the out-off-

plane direction by the maximum value. (a) A nodal circle is produced on the
substrate at 17.3 kHz, while (b) a nodal cross is produced at 11.5kHz.

WKOBEAREE— FEZFHRT 272012, REFIHRICHWDEER FORRBS L WEEHE T
RKECHLET 2EM NS — ZEUNTIRET DHERH L. DF D, R LW EAIRE)
T— FOBEOEHEICE T, JEEHZ T2V CEARBIIHE L EHN R 00 a %
EIFDLHZLITE-T, RMICHTEOEAREIE— FLRTE 5. 2079, Fig. 3-4
DX, B HRIIamEi, WiElCEBREES L. 4 DOEHIEOEER 2 ET
HZEEZEZT., ZTOERFEOEESR T (15mm x 15mm, t=05mm) ZEEEMTHD
SUS316L D E:#E M & SO O mic g L, J& S 5 mIC A0 7 &2 i & U4 LT s
DOEAIREE— RBIES N D.

COEBRTOEEDOZLEEZRFTT 272012, M 4 BRICEGE LR v MRS H O R
ZEEN & L, AIREFEIEIC K D EE- G E i 217 - 7o, - E i (2 v
Te M B O PEAE Z Table 3.1~3.4 (24, JE&EFE T OFEMIZEIINT 2 52 EEDO ATIE
B, BLOFEM~OMNELEDONFAZEZZ S, FHE SN D EABRET— 2R
L7-. Fig 3-4 OEEICHW\T, FEEEFOBEMICFENMNAHOEEZEM LIz 22— 1

, B A & D ZFMAEIL, ZHACX L TCEMB & C 2 FEIC L CTEELZRIML 7234
— 2 21TxF LT L7z, Zeds, AIEIEIX 10V & U, BITICITA IRESRMENT >V 7 ~ ANSYS
15.0 & v 7. ffdr ik B % Fig. 3-5 107, R KD, % —> 1IZJERER 18.3 kHz DA
BEEZANT D EMROFEZFFOBEAIREE— RORRRIND Z Enbrd. £, ¥
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Fig. 3-4 Dimension of the cell cultivation substrate with piezoelectric ceramic
squares. The cell cultivation substrate and the piezoelectric ceramic squares are
bonded by epoxy adhesive that has a thickness of 0.05 mm. All dimensions are in
mm. Four piezoelectric ceramic squares are defined as A, B, C and D, respectively.

Table 3-2 Dielectric matrix of piezoelectric ceramic plate

Dielectric matrix F/m
€11 3.50 x 107
€0 3.50 x 107
€33 3.56 x 10”?

53



3 MU v EEAERENC L D MEO R EE

Table 3-3 Piezoelectric matrix of piezoelectric ceramic plate

X (C/m?) Y (C/m?) Z (C/m?)
X 0 0 -9.297
Y 0 0 -9.297
Z 0 0 28.681
Xy 0 0 0
YZ 0 17.632 0
zX 17.632 0 0

Table 3-4 Anisotropic elasticity matrix of piezoelectric ceramic plate

X (N/m?) Y (N/m?) Z (N/m?) XY (N/m?) YZ (N/m?) ZX (N/m?)
X 10.35 x 10 5.09 x 10" 5.09 x 10" 0 0 0
Y 5.09 x 101 10.35 x 10 5.09 x 10" 0 0 0
Z 5.09 x 10" 5.09 x 10" 10.35 x 10'° 0 0 0
Xy 0 0 0 2.63 x 10" 0 0
YZ 0 0 0 0 2.63 x 10'° 0
0 0 0 0 0 2.63 x 10"
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(a) '\'—/‘ J &
| &0

- - ‘ 10 mm
1 -0.24 0.46

Fig. 3-5 Results of the piezoelectric-structural harmonic analysis using ANSYS.
The nodal circle is (a) present in harmonic analysis as driven by the piezoelectric

elements at 10V, and 18.3 kHz, as is (b) the nodal cross at 10 V and 12.0 kHz.

In the former case, all elements are driven in phase (pattern 1), while for the latter
adjacent elements are driven out of phase with respect of each other (pattern 2). The
color bars indicate the normalized displacement in the out-off-plane direction by the
maximum value.

— 2 2 AR E 12.0 kHz DG EE %2 A9 5 & A54R O fi 4 £5o B A IRE & — Rk
INDZ ENbnDd. Fig 3-5 DIIESAAIL Fig. 3-3 L +3HBILTWDL Z b, &L
TEERFOBREIC L > TEMICHMEOFEAIREIET— FZMR T 5 L0102 5.

UL EORFEHRERICESE, EER B LOEM N Y — 2 O % Fig. 3-4 D X 5 IZHE L
7-.

3.2.2 RBEBOBE

Fig. 3-6 (s g & 2R, AREHEEL3.2. 1 TR LEEEBEZRZ A2V T 724808
BRI L 2. 5. 1 TRUYEL- V) a— v IR, &K, vV a—rENOMERESNT
W5, Rk, EEEmIX2.5.1 ERERICT VX R A2 Wk F v — =27 (FPP) ALEL
ZiEL T\, JEEHR T (C213, ELET I v/ X, i, AAR) LEBEEMOEEIC
2MRIRA = ARF VREER (7T /VH A F AR-S30, N> Y~ - Uy R UK ETE, SE,
AAR) v, BEEMEEER -2 TN IEL THEE L. ok, IESRMX
JEH % 3N/m> & L, MEMMZ 1280 E Lz, 2V a— T ARIRREM B L OSES
DO 4 KOFXTERAWTHEAATLZ LICX > TR SR TV D, BRI L) a—
TLBECHERSNDOBET v U N—OERIL40 mm THY, HEONOLEBEE TOMS
X1l mm TH5.
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(c) 5!
Lead

Fig. 3-6 Cell culture device with piezoelectric ceramic plates. (a) Structure of the
device, (b) back side of the device, (c) and (d) are actual views of fabricated cell
culture device.

3.2.3 BEEREMOBEBERME

RUVE U7 R A OIRBMFE 2 HE L. Aeds, EAREIOBIRICIE, Fig 3-7 177 &
INHEREC 7 77 va vy Vo Rxb—4 (WF-1946B, =X =7 [RIEEHFT 7y 7, ik
JI, BA) g (HSA 4011, =X = 7RG 7 my 7, ), BA) ZHWTHE
AR LT, L—% Ky 7 I7E@F (LV-1800, /NEFRIZE, #E), AA) LAvn=za
—7 (Wave Surfer 454, Teledyne LeCroy, B, HA) % HU TR A O IR 8N B % J E
L, T0Ot%, IRENEE)OIREAFHHE L.
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Fig. 3-7 Schematic illustration of experimental setup for
characterizing resonance vibration. The vibration of the cell
culturing device is measured by the laser Doppler vibrometer.

B EMICHRR, + RO Z FFOBARET— R E2 R L 7B 8 RERE % i1~
Thebb, EERTFOEBMICZRELEL AL, gL ZElI TR0 bR EM ETIR
B3 K & 72 A7 CORBNRIEZJE L. 723, HUNEEILS0V & L. Fig. 3-8 2%
NENIRIE A R & 72 2 (L E T OIRBYIRIE O RER R 2R, BKOIRIEZ R I50T1E
MR O 2 RS EAIREE— FZ iR L2 BRICITEERoFLTH Y, +5IROH & Fo
EAREE— R bR L 72T R O S5 A L2 14 mm OE TH L. RN, M
WOE & FOEAIREE — FOFAIREIEKT 15.9 kHz, +FIROHE % R0 FE A IREIT— KD
EAIREIEIL 13.5kHz THDHZ LR D

OXIZ, EERCICHMTL2EIEEZ—EEL L, 005387 RS O IRIE % 1l &
L7-. BARMIZIE, ANBEOERE A 159 8L W 13.5kHz & LC, Fig.3-9a, 3-10a (2%
NZEIURT LD IR EM O .00 B REIFAIC 2 mm [# R CHRIE 2 & L7z, Fig. 3-9b,
3-10b ([CHIERS R 2T 7ok, FUNEREIIEEEEM ORKOIRIEL 1 pm L7225 K512
fiL7z. Fig.3-9 &V, MIROHiZ2F>EAREE— N 2Bk L72BRI2iE, FBEAM of.L
DIRKIRIEE 70D Z bbb, £, 005 12 mm LL BN A7 E TOREN 2 0T
DEFHE WA TH DL Z 06, HIROEZ 1| >AT 2 EAIRESE— FARHESN TN D
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Fig. 3-8 Relationship between the vibration amplitude, 4,, and the driving frequency, f;,
with driving voltage of 50 V. (a) The nodal circle and (b) the nodal cross modes are
excited.

ZEWbnn. —J7, Fig 3-10 £V, +FROEZFEOBEAEEE — R 2R L2,
FER M O LD DR IS 14 mm BEILATE S R KIRIG & 72 D 2 E bbb, iz,
FLL2r B 18 mm OALE £ THUL TOREY & WA & 725 2 L3 72 <, JIE L7 4R0E O Al
AT ORER L —H L TWE Z b +TROHE 1 SAT 5 EAEST— FBEIESH
TWbHZENRLDd. LLEDZ b RE L ERITIITLOEAIKRE € — R RHRS
NTNDZ LR TEL.
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Fig. 3-9 Amplitude distribution. (a) The measurement direction of vibration amplitude. (b)
The experimental results normalized by maximum amplitude, 4, at 18.3 kHz, and the
analysis results normalized by maximum amplitude, 4, are provided at the computed
resonance of 15.9 kHz.
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Fig. 3-10 Amplitude distribution. (a) The measurement direction of vibration amplitude. (b)

The experimental results, 4,, at 12.0 kHz, and the analysis results normalized maximum
amplitude, 4, are provided at the computed resonance of 13.5 kHz.
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3.3 MUV U LEHARDICK2MIBFHBEER O HE

AETIL, MAEEEBOERBIORNY 7o u b EARENIC X 2 MIaREE T E2 v
T-BE DA ZWME & BN U 72 MR O 5 HEORE 28 b 125 A7 U 7 M O 15 & FEAl 3~ 5 51EIC D
W9 5.

3.3.1 BEEBO

BUE LR BSR 2 W T ) 7o S EARIIC X 5 FBERBR 21T O 720121F, RS
ZWHEHT DMERD D, HBEGEMANLTDHENS, Y a—rdnkE gRE, v a—
vEXA— 7 L—7 (121°C, 2 RJE, 20747) (LBS-245, TOMY, Hil, AA) ITXVH
BN UOWE Lz, —F, HBEEMIIEEICEER 7% 2 WBEG = R¥ v REER CHE
LTRY, 4= 7 L—T7mBR R 72 & OREL 2RI T 20 71k TiE, Bk
MEEBRTOBIRERNRKELS BARD 0D, MATORERM EEELETORE S
MR DERTE LT, BEEMNOEER TR —HHANATLES. Thbb, &
FERAL AR 2 W A A U 72 % O 8538 B CIEh R 2 B A IRE O FhEA T & 220,
o7, BEEME T2 ) — VICRE L CEERET L, R0 2 UV BE T T
W ESHT. 2ok, BERE (729 A 8, 37 vlat, KB, BAR) 1215 5/R
[EL, PBS THApllitifrd 2 2 & Tl Lz

3.3.2 Mmoo YEfE

ARETYH, HiE&FERICTF Y CHROWEMIZ AWz, (77 v OREEiHRIL -
HOE AR DICE M 2 BB L, —EEmmOR E L&, MR L TRBICH WD 720125
FL. 3R, 3EHER Lot S Eosem ez v, Miaz g o7
D OREHIZIX FBS (Fetal Bovine Serum, Sigma-Aldrich, MO, US) % 10%1 X 72 % /Ly 2
WA — 7 IVEEH /S ZIRA Y F-12 7/~ 2 (D-MEM/Ham's F-12 with L-glutamine, phenol red,
FOEHSE TR, B, AAR) Z2HW-. MROE®EIL 75 om® 7 7 2 3 &2 HVWTIT
VY, 7T AT LIcMildz PBS (20 7 34 Ak tt, WE, AAR) T2 EWwEL,
NY T 2B AT LT 3 A v F aN—& (37°C, CO,5%) (CPE-2601, tklzxtte 7
BU, B, BAR) NTEHELEOL, BEXy T ¢ 7 THIEE, BIRL T, #E1T7o7
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WO (1.5 x 10°f8) % 3.3.1 TIRE L7552 L, 24 FRfA % 2 _— & N
TEFE LTZ. TO%, FEEEMICHES L Q0 2Mia% 52 o 5k CHIEE L 7-

3.3.3 MR FIBEETIE

HHPE O FIBEFZER 1213 Table 3-5 I2RT 5 DD HEEH W=, U TICEFDOFEEZFAT .

1.

MU (0.05%) & EARE (FRROHD) 12 &2 FIEE

0.05%® ~ U 73> -EDTA (0.05% Trypsin-0.53 mmol/l EDTA - 4Na Solution with Phenol
Red, FOOGMEE TRMAUSAE, B, AAR) [SMldZREL, B A 159kHz & L
THROHE % 1 SRR A IRE % 3 /MR U CRIBE L 7= %, MRS IR 4 [0 L7z,
MUy (0.05%) & EARE (5RO 12 X2 Rk

0.05%? b U 7L 2 -EDTA ([ZHI 2218 L, JE#%k% 13.5kHz & LT HFROE % 1
DFEOREAIRE A 3 MR L CRHIBEL 72, 2o, MAERER Z R L 7z
MUy (0.025%) & EARE (FHMROH) (2 X 2 FIEE

0.025%? kU 7'* L -EDTA I[ZHifa 2218 L, A4 15.9 kHz & L CHROHEiI % 1
DOFEOREAIRE A 3 MR L CRHIBEL 2. Z o, MAERER Z R L7z

MU T (0.025%) & EAIRE) (FIROH) 12 &2 I

0.025%? kU 7 -EDTA Il 2298 L, JE#EA 13.5 kHz & L THROHiIZ 1
DOFFOMEAGIRE A 3 R L CRHIBEL 72, 2ok, MAEREIR Z R L 7z
FUZ 2 (0.05%) LBy T 4 o 72K DHBE (ERFIE)

0.05%® ~ U 7L -EDTA (ZHllld Z 3 3 fRliRIE L 72, E Xy 7 1 702 K0 FIEE,
FUX L7z, 7ok, EXyT 4 U ZICEDELOEFH KT L7201, ©XvT 1
WX, 1000 pm BNy X — O el & B AR OREMm N ZT-O ), BE IR 2 s
DELEIICENyT 4 7% 10 T T2,

3.3.4 BRIRBIOEEFEL-MEEOH E S

[EUN L 7= M 0¥ 2 BIE T 5 72012, 3.3.3 1R L2 5 DO E TR IS HES L=/l
B HIBE U7 %%, RIBE L 72 M0 2 55 Hh 2 & [ L 7=, [ L 7= SREIRIC b U <0 7 b— (Trypan
Blue Solution, 0.4%, Thermo Fisher Scientific, MA, US) % 1: 1 OFEG TIRML7=1%, B
B ST SERIIL 2 BRSO LT, Ao 2 & mERGHRAE (A116, 7 XD VRS, B,
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Table 3-5 Cell detachment experiments with 5 different conditions

Trypsin concentration ., . Nodal L
(%) Vibration (um) shape Pipetting
Trypsin and circle resoance 0.05 0.2,04,0.6,08 Circle ;
vibration
Trypsin and cross resoance 0.05 0.2,04,06,0.8  Cross :
vibration
Half trypsin and circle 0.025 02,04,06,08 Circle i
resonance Vlbratlon
Half trypsin and cross 0.025 0.2,04,06,0.8  Cross :
resonance vibration
Trypsin and pipetting 0.05 - - v

HA) Ik vz,

BRI FRAT Lo M B b B L 7= fiia & [RERICHIE 35 72912, 3.3.3 1R L= 5D
DIFIECTREB TG U7 & RIBE U724, RIBE L 7oMifie 2 854 2 & [ L 7=, [El
DR % 3 8] PBS TYEyE U721, K~ VU 7L 2 -EDTA (0.05%) % &AL, 10 531 > %
2 _R—HNICERE LT, ZO%, EXyT 4 U7X 0 EREMICESF LI g 2R
B, AL L7z, [\ L2 BBHEIC R U S T b—% 1 1 OBIATHRINLE%, Reasn-
MM 2 BRAN LT, Ao &2 mERGHRARIC L K x 7-

3.3.5 EEAERSZHEL-BRICEETIEELZMRO S

A IRE 2 D CRIBE L 72 R ICER R ISR D Maonm a2 Bt 57201, Mt
WYt LB EAREN Z R L CEIN L, BRma dOrBEmMsE cBg L. ok, M
FaDYeta iz v A o (C1430, Thermo Fisher Scientific, MA, US) % M7=, HltA
TN E RIS T E D ERIEREAOTUATH D, JLOpicailE e LT, M@HE
OFEHIH & M JHEE M B L CA 2% 2 _—Z NT 30 /o EFE L=, £ Dk, #ifld % PBS
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ICR DS, EMIEETHIC 0.1%DERBIRE CHNR LIz vt S U2 RIML, 4 Fax
— X WNT30 EFRE L. 20%, RARDBIEOBEGREZIE L%, Mz Y 7
T3 pMEREL, By T 0 IS0 FHEE, B L 72 ARG O R AR A OB
WEECEER Ls. BT L SR ARRITIIC 6 mm BIFE TV, BEEMICEE LTV
ML & AL E T ORB OIRIE 2 ik LT

3.3.6 BIRBIOEEL-MKROHEMHEMEER D FIE

MR OTEMEZ TR D721, ZORED 1 > Th 5O BT DU TR O Hii
ZRAWTHE LTz, 5 DOHGETEI L-/Miaz 24 7=/ 7L — K (92024, TPP Techno
Plastic Products AG, Trasadingen, Switzerland) |Z 1.5 x 10* [E#EFE L, flifa % 72 BERE B8 L 7.
ZDH%, M) T 3 pERIEL, BNy T 4 U7 R0 A R, B L7z, [\
L7CBRBIRIC U N7 —% 101 OFIGTEINL 2%, eItz Brit LT,
A % I BR G RLAR IS K0 H R T

EIY L7l D AT, BIF LMW T HMROIEEZ 5 72D IRt 217
ST, EBRTEE Fig 3-111I5R7T. FRO KL 912, (a) MIEEEERIC 5.0 x 10°HOME %
FERELC, 24 RefEER T 5. 20k, (b) MU 7y L EGHRENC X0 ML 2 FIEE, =Y
L, (e) —HSOEFRAORIRE IR LM a2 MET 5. WIE L7 ek o 2 E % 5%
FLoMlas e LT, (o) g LT R o XyT 0 702 L0 Bk, [\ L7
Mz (g) e CTHIELEZBZTHERESTS. M) 7y r EEARIC LD FIHE L -%IC5E
FLIEMEBION N e By T 4 7K DRI L 72 ha 2 PR EERR AR L 7= /e %
HE L7o. B 2 BRI OMME N Xyt ey T o oK DAL, ERE AR
RV A RE (f h) LThiLx
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Cell subculture device

= = — — — ==
—— == — = == ==
(a) 5.0 x 10° cells are seeded and cells cultured for 24 hr
Q % Pipetting
Trypsin Trypsin
QTT ¥ oo et T“?‘ﬁ = =
T F r; ? F; [&=| ? ’I =] ? Y o ¥
(b) Cells are collected by trypsin and (c) Cells are collected by
vibration treatment with single nodal circle trypsin and pipetting method
% Pipetting
Trypsin ]
Using the average
P - number of cells as oo
P @?@?@
a reference O
—r £—3 o9
rer ot Detached cells
Remaining cells are counted are counted
(e) All cells are collected by trypsin
and pipetting method to be counted
To% o e e
.%o e e
(d) Remaining cells continue (9) The same number of cells as (f)
to be cultured for 72 hr are reseeded and cultured for 72 hr

@ Pipetting @ Pipetting
Trypsin / Trypiig /

= = e e
— = = =
Cells are counted Cells are counted
(f) All cells are collected by trypsin (h) All cells are collected by trypsin
and pipetting method to be counted and pipetting method to be counted

Fig. 3-11 The experimental procedure for comparing the cell proliferation performance between
trypsin and resonance vibration with single nodal circle (vibration amplitude of 0.6 um) and trypsin
and pipetting method. Experimental procedures of trypsin and vibration treatment are (a), (b), (d)
and (f), and experimental procedures of controlled trypsin and pipetting treatment are (a), (¢), (g)
and (h). (e) is just for ensuring the number of remaining cells with trypsin and vibration method.
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33 NV TV U LEHABRBIICXAMBHBEERORER
BlXOELE

3.4.1 BIRBIOEEFEL-HMEEO LR

3.3.3 TR EEZ W2 FIBE L 72, 3.3.4 TR EEZ WV TRIEERS L O
Fefr LI Miasca JIE L7z, Fig. 3-12 IR OHi 2 FF OB A IREIE— K2 H\W T, #7725 k
U7y RIS L, $7e 2 IREHRIE CEA RS A bR L 72 BRI IS K ORAFE L 7=/
N o i R 2 oR"d. E 72, Fig. 3-13 (2 RO 2 RO EAIREIE— F2 VT, %872
M) TV REICREL, R D IREHRE A FHE L 72 BRICEIES K OERAE L - Mifa s o
R AR T, o OfREND, FHET 5 BEARBOREA BN LRI, BT
DAME D M LT D 2 bbb, ZO/RRIE, RRLSEAREE—F, B M) T
VIREEZHWESAICOREOMAEZ R L TEBY, BEAREOREOKE SITEF L TH
HE, [P TE DMREBNENT D22 B LN ERoT.

1.3 Hi TRt L7z X 9 (SRR DGR D FePED &, 7R A7 L 7o M O ¥E S ME 2 FEAl 3 5 BRI
IR L L SICHREICHEE L TV OMROBENERETHLH. T7obb, FINE X
OFRAT LTI O &5 LT, BRAF LTI OB & 2T Z E N EE L. 22E,
W OB CIXBEEEMRZ R T 288, BT 2MaoE 4 24850 12.5% (1/8)
FHERI1E 722 X 9 IR T2 Z & %0,

Fig. 3-12,0858 06, b 7T U REZ 0.025%E L, MIROEZ Fe oA IRE) & ik L
TZBRIZIE, HRIEAY 0.6 pm O & X TFRAFT DMK DB O FIG AN & R AF L 7o fiia oA
FD 147%TH D, F£72, Fig. 3-13 OFERNS, RU TV UREE 0.025%E L, FFERO
i 2 FE O [ A IR E 2 B IR L 72 BRICiE, HRIEAY 0.4 um O & X (CEAFT 5O P O EE
AN & 7T LI O A7 D 14.6%ThH 5. 2 b O5MIE, REROF Gl OMiuE:
BT HBRICHBERET 225G (12.5%) ICRHITWI ERbN5.
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Fig. 3-12 Ratio of the collected or remaining cells to the number of collected cells by
trypsin and pipetting method. The number of collected cells, N,, or remaining cells, N,,
by using trypsin and resonance vibration are normalized by the number of collected cells,
Niy» by using trypsin and pipetting method. (a) Collected by full-trypsin and circle
resonance vibration. (b) Collected by half-trypsin and circle resonance vibration. Cells
are seeded to the cell subculture device and cultured for 24hr, and then collected by the
nodal circle (mean = SD, n = 4).

67



3 MU v EEAERENC L D MEO R EE

@ 45
NS Ny TON/Ny
F10 | rE =
=
+
205 | HF
0
0.2 0.4 0.6 0.8
Maximum vibration amplitude (um)
(b) 1.5
EANINyy,  CTON/N,,
210 | ES =
Z —E
=z
+ =
\2/0 0.5
0
0.2 0.4 0.6 0.8

Maximum vibration amplitude (um)

Fig. 3-13 Ratio of the collected or remaining cells to the number of collected cells by
trypsin and pipetting. The number of collected cells, N,, or remaining cells, V,, by using
trypsin and resonance vibration are normalized by the number of collected cells, N, by
using trypsin and pipetting method. (a) Collected by full-trypsin and cross resonance
vibration. (b) Collected by half-trypsin and cross resonance vibration. Cells are seeded to
the cell subculture device and cultured for 24hr, and then collected by the nodal cross

(mean £ SD, n=4).
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3.4.2 EEREBZEEL-ZBICEREGDICEELZHBRO S

3.4 1ORERLY, N TUVBEL 0.025%E L2, MIROEZRFoEGED
i 0.6 pm) &, +FUROHIAFFOEAIRE) (RiF 0.4 pm) Z bR LTI Z RIBE L 72 0
BRI ABET LI Liz. 7B, 3.3.5 10 HikE AV TBIE L, Mo szl
7= Fig. 3-14 (ZFPIR O Fi 2 R0 [E A7 #2802 Jihidik L CMifa 2 [BI0 L 7= 1% O 8588 w1 7% A7 L 7=
Ml OHOL G R %, Fig. 3-15 I TR O Hi 2 Fr o [EAA RE) 4 Jih ik U Tl 2 B L 725 o 3%
BN LICMOEC T HZRT. 260G, MIREEE LICEFTL2 &
Db, £, Fig 3-16 [ITHIS A0 L IRE DA 2 ~d . FMNG, FRROHE 2 £ B A%
B 2 fhik L7 BRICiE, MO AFE & R\ O KR E SITKBIORBERIZH 5 Z L n3bind
—J7C, +FIROE A R [E A RED Z R L 72 BR I, @IS K D Mo %7 o 24 BRI
MR O fi & RO E A IREN & b L7356 & e LT/ &, Z ol FANICITE &
ROFEMOFLTH-> T, BEARBZIELZERICTITRE L TLE 5 (Fig. 3-10) 729
ThHdrEEZDLND. 2D, HFEROHEZ AW, fibicHilzfFrsEs 2

EMHEETH Y, MO FIEE S IRENOIRIE Z i3 2 32 iT@E L cunw iy, Loz &
T, SEOFEBRTIIFROH 2 FF oA RE) 2 H W TR O RBE, BEINEZITS 2L &
L7-.

3.4.3 [BEINE X OEFE LM OHEHE M

3.3. 6\ T HEE W THIBERS X ORI U 7= il o sEFE M 2 82 7=. Fig. 3-17a, b 12,

HIBE L 7o M 2 72 e RS A8 L 722 OIS A R 7. 7236, Fig. 3-17a 121X, BV 72 2 (0.05%)
EMROFIZ FFOFEARE) (R KIEWE 0.6 um) (CX O FHEEL =M@l ko hY 7o
(0.05%) L EXyT I X0 FIBEL MR A el L72fE SR AR L, Fig. 3-17b 12, b
U7 (0.025%) &MPROE 2RO BARE) (RRIEIE 0.6 pm) (& &0 FIEE L 72 &
PERD R U T (0.05%) & BT 0 7LD HIEE LA g U7 R A R LT
Fig. 3-17a KV, KO NV T b ¥Ry T 4 VKD FBEREE Y 7o v L EAER
B AW HBEGE T, BIRGOMBOBEENFRE TS D Z ERNbnd. £z, Fig
3-17b K0, ARVWIRED MU 7L & VTR 2 [ U 72 BRI, [0 ol i oD HE 5 14
DAREICHM ELTWDZ RN o0d. LLEORRENG, EARESZHWZERICH, BEUXL
AR OIEMEIFIR T LW Z EnB ot eolc. 61T, BWRED MY 7 &2 Hn
THIEE, [P U 72BRISIE, MIOBEIEMERIERD N ) T b BNy T 4 T K DTk
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Fig. 3-14 The cell distribution after the half-trypsin and circle resonance vibration. The
maximum amplitude of resonance vibration was selected to be 0.6 um. They are
fluorescent microscopy images of calcein-stained cells. (a) Center of the substrate, (b) 6
mm from center of the substrate, (¢) 12 mm from center of the substrate and (d) 18 mm
from center of the substrate.

Fig. 3-15 The cell distribution after the half-trypsin and cross resonance vibration. The
maximum amplitude of resonance vibration was selected to be 0.4 pum. They are
fluorescent microscopy images of calcein-stained cells. (a) Center of the substrate, (b) 6
mm from center of the substrate, (¢) 12 mm from center of the substrate and (d) 18 mm
from center of the substrate.
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Fig. 3-16 The number of remaining cells, N,, excited by (a) circle resonance
vibration, and (b) cross resonance vibration per initial state, N,. Absolute value of
vibration amplitudes, |4|, are compared with number of the cells remaining on
the cell cultivation substrate after the subculture process (mean + SD, n = 4).
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THIEE LMD L VERTWDE Z ENbNd. ZhiE, N 7V OREERED
5L THIROBEZRB L0 EEZOND. Thbb, HEEDREOFH O EESRZEE
REEMAEDEDLZ LT, NI TV Xy T 0 v T AWk )ik & il L Cm
I U 7o MR OVEPEA A B35 2 & AR ST

FIEE L 7= DTl <, BAE LT-HIIC DWW T b & OB 2 3l 5 729, 3.3.6
IR EE RO CEG LM OMEFEMEZ 7=, Fig. 3-18a, b 12, U 7L v L EARE)
Z I CHIBE L 7o 2 SRR T AR AF L 7o Ml & 72 IRpfE S48 L 72 oMl dcx:, ko b Y
TNy T o 7T HEE, B L CHEERERE LT 72 BB R L% oMtk E
el Lk R a2 R T, B, P FU ey T o k0 FIBE, B L CEE R
L7k b U 7o o EEA RS2 AV CRIEE L 72 5 S B2 S AR AT L 7o ik & [k
(RS L=, iR o RIEEIZIE, Fig. 3-18a Tl b U 77 (0.05%) & FIROH & £l A R
B (JEME 0.6 um) 2D Z & & L. F7=, Fig 3-18b TIX b U 7 v (0.025%) & FIk
Oz FOEAIRE (B 0.6 pm) ZHWAZ L L. &EbIC, BR2BBEDONY 7
> L EARRENC &0 M A R L 7RIS, BRI R A L oM O HE SR & LR L TR
%% Fig. 3-18¢ (279", Fig.3-18a & Fig. 3-18b L v, F U 7L v LEAIRENC LV HEE L7~
BB EM ICEE LMk N 7o b By T 0 702 X0 B L 7= &
e L CHBICEEMEICEND Z 03 bd. Z0Z LD, [EARE)Z kR L7
BRIC, RERIEICERFT ML, kO M) T Xy T o 72 X0 HEE, B L
oA & U CEVEE AR L T D B X b D, E7, Fig 3-18c LV, RU T
YOREREDD LT, HREMICEAET DMAOMEENR N LTS 2 ERbnd.
D LMD, HROFHOEREZEARE L MATDE D Z LT, BREMICETT 5K
OIEENR N T b Xy T 4 TR NIk FIE L R LT ET 5 Z RS
7-.
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Fig. 3-17 Comparison of number of proliferated cells, N, after collection using trypsin and circle
resonance vibration. (a) Comparison of number of proliferated cells, N,, by using full-trypsin and
circle resonance vibration method to trypsin and pipetting method. (b) Comparison of number of
proliferated cells, N,, by using half-trypsin and circle resonance vibration method to trypsin and
pipetting method. Cells were cultured for 72 hr (mean = SD, n = 4, *: p < 0.05, **: p < 0.01). The
number of cells is normalized by that with trypsin and pipetting method, V. The number of cells in
the initial state is 1.5 x 10%.
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Fig. 3-18 Comparison of number of proliferated cells, N,. Cells were cultured for 72 hr. The number
of cells is normalized by that with each trypsin and pipetting method, N,,. (mean + SD, n =4, *: p <
0.05, **: p <0.01). (a) Comparison of number of proliferated cells, N, by using full-trypsin and circle
resonance vibration method to trypsin and pipetting method. The number of cells in the initial state,
N,, is 5.33 x 10% (b) Comparison of number of proliferated cells, N,, by using half-trypsin and circle

1
resonance vibration method to trypsin and pipetting method. The number of cells in the initial state,

N, is 5.75 x 104,

1
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Fig. 4-1 The cell detachment process using collagenase and resonance vibration. (a) Cells
adhere to the cell cultivation substrate. (b) Collagenase is spread, and resonance vibration of
the cell cultivation substrate is excited. (c) Cells in medium may be collected by pipetting.

7 SUS316L #e & IV 7=, KRF T, 3 OB R M2 Fk (7 L 7Zfliia & IRBhIRIE O B4R (Fig. 3-16)
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WOFEEREE— FEFHET 27-D121%, ZOBEAREE— REIET 2720 OEER T
ORLEZEUNIRET D2HERH L. T7206, MIROH 2 FFOBEAIREIE— N2 iR
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Fig. 4-2 Dimension of the cell cultivation substrate with a
piezoelectric ceramic disk. The cell cultivation substrate and the
piezoelectric ceramic disk are bonded by epoxy adhesive which have
a thickness of 0.05 mm. There are elevational and plan views. All
dimensions are in mm.
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Fig. 4-3 Result of the piezoelectric-structural analysis using ANSYS. The
vibration mode shape excited with 19.1 kHz AC input. The color bars
indicate the normalized displacement in the out-off-plane direction by the
maximum value.
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Fig. 4-4 Schematic illustration of a cell culture device with a piezoelectric ceramic disk.
(a) Structure of the device, (b) back side of the device and (c) photograph of fabricated
cell culture device.
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Fig. 4-5 Relationship between the vibration amplitude, 4,, and the driving
frequency, f;, with driving voltage of 10 V.

DB EHE U7 BE R EA L COIRBNRIE A2 R T, RS, R L 72 B AR — Ko E
AIREEIT 172kHz THDH Z EBD0D.

OXZ, EBFRTICHMT2EEE —EL L, HEAMOEIREOSAEZIEL,
BEMIRT 2IREE— FE&MER L. BRI, ADEEOREEEA 172 kHz & L
T, Fig. 4-6a |2/~ 9 X 9 ITEEEREM O F.00 6 KA T AIZ 2 mm [EBE CHEME 2 J7E L 7=, Fig.
4-6b ([ZHIER R 2R3, pds, FIINEEIFTREREM O OLOIRIEA 1 um & 7225 X 5 IZFHE
L7c. &Y, BEEMOPONEKIREE 252 X315, £z, 0005 12 mm
VL BB 7oL C OB A O TORE LWAHTH D Z L avh, RO &R E AR
BE— RBRFHE SN CNDZ ERNbnd. BLEDZ &b RUYEL 2RI EZ oA
E#TE— FBES TS Z ERHRTE L
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Fig. 4-6 Amplitude distribution. (a) The measurement direction of vibration
amplitude. (b) The experimental results, A,, are at 17.2 kHz; the analysis
results, 4, are provided at the computed resonance of 19.1 kHz.
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4.2.4 EEEMOEBEEZE

BAREZ RS 5 &, =X AX—DHRICEVIRE L TV AR/ EM D LA T 5
AREMENR S S LD, MIRIZEAOREOIREICHE TH Y, 44°C 2 HEBREE T T
THEEFTDHIENHELWV[12]. 2O, EAREZEHE L 7B 0552 m o1 % H)
E LT, 728, BRIEMOREZLOWEILA »F2X—% (37°C, CO,5%) (CPE-2601,
A2ttt 79U, B, BHAR) OFTITolk. BEEOEEOWEIZIE K Bt
(103JT-025, SEMITEC #kl&4t, HAt, HA) ZMHWT, REIO BRI MF 2/ fa 55 2% 52 5R
& RRR D JE e 17.2 kHz, B RIRIE | um, JHRIERH % 3 29 & L7z,

Fig. 4-7 \CH B E ORE R E R+, FR LY, E#EMCKE RBEEIEGED b
V. 2O END, REBRICHWDIREIORMRSMTIX, MROEEICEEL KT T
DRI N L DFEND BTz,

4.3 a9 F—BLEBREIC I IMBHBEEER D FIE

A TIE, MIBEEROERS 2 77— & EARE &2 Cllilia 2 KIBES 5 9715
DA, EU L 72 Il ORRKE, 3 KO OTEMEZ Rl 2 FIEICHOW T 5.
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Fig. 4-7 Relationship between the substrate temperature of the cell
culture device and time.
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4.3.1 EERBO

BUIE LR RA KRB CHEMT 527 7 —P L EARSIC L 5 HEEERICH NS 720
2, BEERSERWE T OLEND L. WEOFIELS. 3.1 LR TH DA, LLTICEEKR
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WLz, —J7, BEAMI 2 ) — L TBEREHL, UV P TR misEz. 20
%, @EEEE (7S A R, Y7 PsRat, KB, BA) 1215 45 HIRIEL, PBS TH4IC
P95 2 & TP L.

4.3.2 AR YESE

AEOFERTYH, 2, 3 BELEERIF Y VHROKEMEZ HWe, (77 > OB S
BREL 72 8RB AR DIRE MR A BB L, — R ERIRTE LIS, MR L CERICHWS
TeDITHEE LT3 BIC—E DM Z 3EIH 0 IR L, +530 ik S E 7k a2 7.
B, MREEET S0 OE#IZIE FBS (Fetal Bovine Serum, Sigma-Aldrich, MO, US)
Z 10% MR T XNy aidEA — 7 VES /SR IR G4 F-12 /~ 2 (D-MEM/Ham's F-12 with
L-glutamine, phenol red, FIEHIEE T3S, B, AAR) &2 M7, MMOEEIT 75 cm®
77 AazANTTY, 7T AT LIEMIEE PBS (X7 34 AR at, BAE,
AAR) T2HE®REL, M) T UM LT3 NHEA v FaX—% (37°C, CO,5%) WNT
i L7zDb, ©Xy T ¢ 7 CHIEE, [BUXL T, #REITo72

WM (1.5 x 10°f8) % 4.3. 1 CIHE L BREMICERL, 24 BEfA % 2 N—2 K
THAE LTz, T O, HREMICESE L 02 MiaxfEx o ik CHIEEL -

4.3.3 Mg FIBETE

MR 0> RN B FEBRIZIE Table 4-1 127”7 6 DD HiEA Wiz, LUTFIZENEND FIEE T
(AT 5.
1. a7 57— LEAEREICE D HEE
0.10%0D =17 7 F—+F (274 F—+F Type I, Sigma-Aldrich, MO, US) (Tl % =
EL, BEAREZ 3 MR L CHBEL-. Tk, MREEIKZEIL 7
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2. RUT vl ERoT 4TI XD HIBE
0.05%® K U 73> -EDTA (0.05% Trypsin-0.53 mmol/l EDTA - 4Na Solution with Phenol
Red, FOGHISE MRS, B, AAR) [CHilaz 3 pRIELZE, EXy T4
YK FIEE, B L.

3. MU LEARENC K D R
0.05%D YV 72 -EDTA ISMla 2 iZIE L, BEAKRE Z 3 /rHER U CRIBEL 7=
D%, HIRIREIR % [ L 7.

4, aFFF—BLEXyT ¢ 7 X DR
0.10% D = 7 7 —BITMilaz 3 pFRE L&, EXy 7 4 70280 FEE, B
L7z.

5. a7 —8IT LD HBE

iz =7 7 —8IC 3 pRNRIE L CRIBE L 7212, MRS 2 [E L7z,

E A IRENC X 2 FI5E

A IRE) 2 3 Sy bR U CHife 2 FIBE L 72 1%, MBI 4 I L7z,

@

Table 4-1 Cell detachment experiments with 6 different conditions

Collagepase Tryps.in Vibration Pipetting
concentration (%)  concentration (%) (pm)

reg(())rlllzilngce: ﬁlirz{[li((l)n 0.10 ) 1.0 )
Trypsin and pipetting - 0.05 - v
Trypsitz] i'c‘lbrig;z;onance i 0.05 i i
Collagenase and pipetting 0.10 - - v
Collagenase 0.10 - - -
Resonance vibration - - 1.0 -
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Trasadingen, Switzerland) |2 1.5 x 10" E#EFE L, flil0 2 1 > 3% = ~— 2 N T 72 B L7-.
FOH%, RT3 HERIELERICER YT 4 IR A EI L, B L7
BRI Y R T v—% 1 1 OFIGTIRIN L%, Y SnizsEiiiaz ot LC, i
o> 7 MLEREHRAR I L0 $ex 7.

4.3.6 BEWMEBIZ L AEEFE

[ U 7oA 2 AT 3 2 7812, RIBE L 72 filfie 2 BRIRERIC L v BlZZ L 7e.

() o FEREAMREEC X 2 e OB 42

AT =B EEAERBBLIOMNERDO N T Ry T ¢ U CHIBE L TR O
REDHEEOENEZFIRDH -0, MlOKE SZFHME L. K& SOREDT, 035 £
#7 4 v = (3000-035, AGC T2 / 7T A, Wi, BAR) \[caF /7 —8 & EA K,
BIORERDO MY T b€y T 0 7 THIBEL, B L 72 % 202 iRk
LT, Mo FibgmsE (ECLIPSE TS100, #hlltt== 2, W, HA) THIZ L 7-Hil
DRRKEBE LB L. Thbb, MO THREME CRE LMD TEN) S Image J
(National Institutes of Health, MD, US) Z AW CHilaDR KimfEL2HEL, 277 —
B LEAKRD), BXON) TRy T 0 70k 0 B, B Lo KRE S
ZERMIC R L.
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(it) HOLBMEIC L 5MlaD e ¥ =2 ) oflgE
LA 4. 3. 3 IZ/RT HIETHIBE L7212, B5RmEICHIaNRFET D200 e nilib 7=
DOIZ, HABWEIC LV T2 ) o288 L. XD, BIET D0 OMRE
AU L7, BT 5MIAEEET 572012 2. 3. 4 LRBRIS, BRI IcH L= Ml
% 25% 7 VE VT VT e RIKEIRIZ 20 3 HRIE L, Mild 2 522 BE L 72 & ISR TE
P Triton X-100 (Sigma-Aldrich, MO, US) T 15 pflIRIE L 72, £ D%, PBSIZ 1.0%
U MR T VT X R (RS T3St B, HA) & 0.1%Tween 20
(Sigma-Aldrich, MO, US), 0.02%7 ZfkF b U © A (FOGMiSE TS, B,
HA) Z¥IN L CTAERK L7 BSA-PBST (2 30 pAIRIE L7z, 7238, T 2 E TOITREITM
NP RE ST LD THEFTH D, FTHMEITo - Mlaakl 2 e+
2 U UHUAYRIE (42H89L44, Thermo Fisher Science, MA, US) (2 1 BFERIE L CE > &
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72\ 912 BSA-PBST I2{% L 7Z.

(iii) EAAE T PEAMSIC L 2 MinR i o852

AR ORE ICEAE X /N7 ETI2T T <, FIBE L 72 ORRFE 2 35 I~ 5 72D
(2, AERREE O & EERE M (SEM) ICk Bl L. a7 /B LEA
Wl), BIOERDO MY T vXy T 0 7 CHIBEL, BURLIZMILE 035 BT
4y allHFERELT,3OMBLIO2EMA v a_X—FNTHEEL-MRZHE L.
7¥, 3 mEA T 2N FNICEE Lo TS EZ OMRO R DR %, 2
RERTRHE L 72 & 0138 L TR ISR Uiz M O R E O T % Ll 5 72 0 I HEfi L
7o 2.3 4R LTe B EFERIS, 2.5% 7 V2T VT b RAKEKR (Fioeiigk T3Ep
Sfk, HR, BA) 1220 RIRET D 2 & THEE LRI, =& 7 — VKR (20, 50,
80%) T 15 /39 DiR{E L CTHR& ICBAK L7, 100%T= % / — /L T Lz, 100%T %
J =30 S RRE LT, BaeIkALEZ. 20%, 7 FATa— (KT
ERRRSAE, HE, BA) ICISOMRELEZDOL, LWt F AT a— LI ERL
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Fig. 4-8 Comparison of number of collected cells, N,

Chondrocytes were seeded into the cell culture device and cultured
for 24 hr. Cells were then collected by either collagenase and
resonance vibration, and trypsin and pipetting method (mean + SD,

n=_8).

4.4 a5 —VBLEEEREEC L SMEFBEERD
BREBIUOEE
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4.3.4 THRARZFEEZHWNT, a7 7 —BLEAED, BN 7o XyT g
XD FEEL, BN L7 At A X7, Fig. 4-8 (CEIY L7z Mtk Z2 4. R LY,
a7 =R L EAGRIICEDRHEEHIETHE, kO N T Xy T4 TICLD
FIE TR & A Ok B CE 5 2 N bhD. £, Fig 4-9 ICEUL L 7% O R
IZHEE L TCVDHDMIEOE Y X2 U v 4. 3. 6 TR LBMSEIc K W Bl LR 2R
T 7ok, W UCEUETOBEM R LR, FKE D, BEUENICHAEESE LT\ D
WREOREFm Lo e % 2V > (Fig. 4-9¢) LR LT, 27 47— L EA KRS (Fig. 4-9a),
BIOMNI T Xy T o7 (Fig.4-9) L HIZIFEAEE T U URFEEL T
RN Enbns. LI, a7 —8 L EAREIC X D REES LA B Gl A [RHIY
LIERBE CEE 2 ) VLR ERELEBO OV, oz &nb, a7 577
— B L BRI L DRBETIEIL, RO N T Xy T g U KD HIBE L
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FIZEOHMIORBERE DB H D L N2 5.

Fig. 4-9 Vinculin fluorescent microscope images of chondrocytes on substrate after
detaching cells by each method. (a) Collagenase and resonance vibration method,

(b) trypsin and pipetting method. (¢) Reference: before collecting process.
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Fig. 4-10 Comparison of the number of proliferated cells, N,. Cells were
cultured for 72 hr after collection using collagenase and resonance vibration
method, and trypsin and pipetting method. The number of reseeded cells, N,, is

1.5 x 10* (mean + SD, n =8, **: p < 0.01).
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4.3.5 CTHRARZFEEZHNT, a7 7P —BLEAEHBLORNY) 7t EXy T o
WKV FBEL, B L 7Moo HEhEME A4 Fhik L7-. Fig. 4-10 ([ZHIEE L 72 Miffn 2 24 © = v
T — b BT 72 RS EE Lt oMtk A R T WKLY, 275 — B L EAREICL
D FIEE, B LM 72 REREIER R OMIELL, Y TV ERy T 4 IR FH
e, [EUX L 7-ABRad bl L CHE BRI (144%5) Lz, ZoZeénn, adr5r—8L
E A IRENC Z 0 FIBE L 720 EErEE, Y 7 E By T 0 I LD HIBE L 72
fa &bl LTl B L7z 2 &N DTz,

4.4.2 [EIX L 7= # D ik 4

4.3. 6 THRATZHEZANT, B L 72 HAR 2 0500 FRRBAMEE T8IZE L7z, Fig. 4-11a, b
WZaZ =B EEARE), BLXOMN) Xy T 0 7T FHEE, B L 72

Collagenase and Trypsin and
resonance vibration pipetting

Fig. 4-11 Modulation contrast microscope images of chondrocyte collected using
(a) collagenase and resonance vibration method, and (b) trypsin and pipetting
method. (¢) Comparison of the maximum area of cells collected, 4 (mean + SD, n =
15, **: p<0.01).
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Fig. 4-12 Scanning electron microscope images of chondrocyte on dish.
These cells were collected by collagenase and resonance vibration (a), (b),

(e) and (f) and, trypsin and pipetting (c), (d), (g) and (h) method. Reseeded
cells were cultured for 3 min (a) - (d) and 2 hr (e) - (h).
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Fig. 4-13 Schematic illustration of cell collecting sequence by (a-c) collagenase
and resonance vibration method and by (d-f) trypsin and pipetting method. (a)
Collagenase breaks down extra cellular matrix, (b) cell is detached from substrate
by vibration, (c) cell membrane is not damaged. (d) Trypsin breaks down extra
cellular matrix and cell membrane, (e) cell is detached from substrate by water
pressure, (f) cell membrane is damaged.
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Fig. 4-14 Comparison of the number of (a) collected cells, N, and (b) proliferated cells, N,,.
(a) Cells are seeded into cell culturing device and cultured for 24 hr, and then collected by
either collagenase and resonance vibration method, trypsin and resonance vibration method,
and resonance vibration method. (b) Chondrocytes were reseeded after collected by either
collagenase and resonance vibration method, trypsin and resonance vibration method, and
resonance vibration method and cultured for 72 hr. The number of reseeded cells, N,, was
1.5 x 10* (mean = SD, n = 4, **: p <0.01).
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Fig. 4-15 Comparison of the number of (a) collected cells, N, and (b) proliferated cells, N,,.
(a) Cells are seeded into cell culturing device and cultured for 24 hr, and then collected by
either collagenase and resonance vibration method, collagenase and pipetting method, and
collagenase method. (b) Chondrocytes were reseeded after collected by either collagenase
and resonance vibration method, collagenase and pipetting method, and collagenase
method and cultured for 72 hr. The number of reseeded cells, N,, was 1.5 x 10* (mean +
SD, n=4, **: p <0.01).
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MR Z 7 —B A EARE) & ASbE THIMEENC AW . T72bh, SRR
PORRE SRS LcMialic = 77— 28 U, 58I EA RS2 kiR L Ciinz
FIBE L7z, REBRICLY 2755 —8 L EAREIC K DM R BEOA M & FIBE L 7= Hi
DIEVELCEEFEZ A T=. ZOREE, LLTOmMmE %157,

o AT —ELEARENC LV EERE O HEE L 2oL, ko ) Tl
EXRy T 4 KD HBEL M RETH D Z LB N bV, £z, [FIX
BOMBWE MRS v V2 B L CHET D &, a7 7 —F LEFE#IC
0 FIEE L7 MR OBETENEDS, TERD N Y Ty By T 0 7T K0 FEE L 7
OHEFHME L I L CHEWCIA L35 2 L2 LN LT,

o FIEEL - MR ORI ZBIZE LIRS, 27 7 — B L EARENC XV RIEE L 7k
N T Xy T ¢ IS KD HBEL MR L bl L CRE <, ERma M
ZEEMER L. ZDZLinD, ZURTHESRETIO®mW R T E W BRI
BET MR, & o7 BOMREN DR\ 7 —8 L EARENC X 0
L7ZBRITITHEE LW Z E RN L.

97



5% JRAEAITR & A IRENC K 5 Al o Ik

5 JEEERIT & EARENC K 5 MR D R

ARETIE, 3 ETHRIE L 2@l =S 2 VT, IR & 5528 A o [E A IR 8) 4 K 7
EOETHMEOFEEZRAA S, BARNIZIE, KEI7 L& U TR LR RGO R L
MR R 24 53 272012, GRMEERGZEERHM 5227 MCRET S, &8
R RGOBRmN M A LN O EARE 2R L, $RmICHEE Loila 2 iEd 5.
ZDOt%, FEEL oM A R L, B S U7z s 2 RE U CHia o RIEE o A 2P 2 s
+5.

51 27k

IR E OZALICBURTH 0, ATHFE CIRER (WHE) 25252 LT, fl
DOPEBEMENMET T2 ZEBRMESNTWD. 7= & 21, Rico H[11411%, flix OIRFEIKT (24,
16 °C) 231 5 CHO Ml OBAE A, WE ORI (37 °C) THFE Lol o#s
fEIR E LT L, EENIDK T TSI EEHEL TS, E72, Sagvolden 5[115]
1%, 23°C DILEE N THZE U775 SEE IS 08235 1173, 1@H O822I THZE L7l
Rl L TR F T2 2 & 2HE LTS, X561, Juliano H[116]1, 11 °C OIRE N TH;
7% L 72 CHO MifiaAs 33 °C THi# L7- il & Lhiie U CHIIBEE 35 & TIT B3 2 R A3 N
T5Z L, EHIT4°C OIRE T TIX CHO MUITEMICHEE LRV La®mE LTS, =
DOERE LT, BRIRENMETTHI LT, MEAEMICERSE L CWDHPICHEET L
YNTBEO—FETHLT 4 TR FUDREBNRTT L2 ERHEINTWAD[L17].

ML EowEIE, MROEEENMREIKFELTETHZ 27T HDOTHDL. 2D
¥, Fig. 5-1ITRT X518, REREEZ AW CHlaORESE 2K FIE T, HBEEMICES
RENVZ RS 5 2 & THIBEZME L, BERZMEH LW HIRIBEE L HET 5.
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(a)

Cell cultivation Adhered cell

substrate
\ G\ EX

(b)R Temperature
esonance modulation

vibration

Detached cell

@ @

Fig. 5-1 The cell detachment process using resonance vibration with temperature
modulation. (a) Cells adhere to the culture base. (b) Resonance vibration of the
culture base is excited, and temperature of the culture base is lowered. (c) Cells in
medium may be collected by pipetting.

5.2 BEREMETXT A

5.2.1 BEREMET AT AORME

& B SRR I ME T 2 B A RE 2 15 eV K 91, SRR R IR R % 59
5ol 3 BECRYE L7 EM OB H OEBR 10388 L TV W@ B o IR
ENETHZLELE. 0D, BWELEEREMO S S, KERTIZIEEREONMN 5
AT O I RE SR TED 3 BETHWEESROEBHEF% 4 S8 L8 k%
EMEHnsZ L L.

Fig. 5-2a |\ZHUE L IRERIINAT 52 2 T L& BRI 2 2 iR & L - %, Fig. 5-2b
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IZFEDGELZ Y. WREREA 5 AT MIEEKR, ~VvF =FEF (TEC1-12706, HAT
7 JBRREHE, W, HA), E— bR r 0Bk EnTEY, b— 7 OB
K27 — 7 — (Sky Water 330L, Larkooler Technology, &%) (Z LV IT-o7-. @MH FIZs%
B L& R C K BUEE S (103JT-025, SEMITEC #RX&th, Hal, HA) 284
L, ~ATF =H#HFIZ P ZAT 5 72 ORI 2 #0k L=, £7=, Fig. 5-3 I[QIRERM % 5
T O E K REE ORENE LTS, BEEM CHEROBEEE LT 5700, B
I & SHAR O BN IT AR G EN = 7 ) B —)r (17029-00, BISILFikAatt,
FL, HAR) Z2&AiLi.

(@) Cell cultivation device
/ ... Copper base

Thermistor

Peltier ./
element L/ PI controller
Heat sink Water cooling systerln
]
(b) Cell cultivation device

Peltier element
Heat sink

Fig. 5-2 Cell cultivation device with piezoelectric ceramic plates on

temperature modulation system. (a) Schematic illustration and (b) photograph
of the fabricated device.
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Piezoelectric ceramic plates
1 | 4

X

\ i —t=
© \ o]
\ <
g l: 1 I
Temperature
0 modulation area
//
O O
\
N
15 Thermistor
48

Fig. 5-3 Bottom view of the cell cultivation device with temperature
modulation and piezoelectric ceramic plates.

5.2.2 EEREMOBEHIHEOFIE

BREM OREIT VT =F 1 & K BEEX % Arduino (Arduino Duemilanove, Arduino
SRL, Turin, Italy) (Z#&%¢ L C, Proportional-integral (PI) #l#lZH\C=2> ha— L7,
PI fIfHNC WS [AIEE O 7 v v 7 X % Fig. 5-4 (279, 723, Arduino 2> 5 DE & ~ULTF =
FFIZAT T D7D Fig. 5-5 (2R3 BT A A~ [\EE 2 RE L, KRB ) 5 15 72 165 1
% Arduino (27 4 — R/3 v 79572 IC Fig. 5-6 (23 3 mlg 2 fEL /-,
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—_— — — — Arduino — — — —

: —>‘ Kif:_dt(Ts—Tc)dt :

Tsl WM Driver Peltier |
| eltier
i+>k K (T -T.) O—’—)[ circuit ]_)[ element |
| C |Vout S

ensor
|

Fig 5-4 Block diagram of temperature feedback control. Tg, T and V, are
defined as set temperature, current temperature and output voltage, respectively.

16V, 4 A
0.1 uF
5V }—l
0.1 uF . 2 0.1 uF
2 1
- & Bridge Driver ——OUT 1
IN 1 ) L6203 1 OUT 2
IN 2 7 0.1WF
10 | |_< F:]
'[. J_6 <

Figure 5-5 Schematic illustration of Peltier device driver circuit.
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Inverter (LTC 1144)

Voltage Regulator Dual Op-Amp
(LM385-2.5) (NJM 2119)

10uF2l 17C
1144

Fig. 5-6 Schematic illustration of thermal sensor circuit.

5.2.3 BEREST B R T AOEHHEFME

BUE U2 IRERNEAT 52 27 5O mERHEZ 50 L 7. Fig. 5-7a 2 BARIRAE % 0 °C IZ%
ELTZBEOSEEORERIEZ RS, RN, KEEEOIREILS °CITERT L2 L b
N5, ZhiE, SN F2BLLOSORBEE— b 7B IOKE 7 — T — N E I EN
T&ERWEDTH D, —J7, Fig. 5-7Tb I HEZIRE 2 10 °C [Z5%E L =B > 5528 1 o> 15 Jig ik
Y. [FMD, BREOEEIT 10°C ZMRFTE 5208 b0n5s. DEoZ ens,
fa SR CHW SR A 10, 20, 30°C & L7z,

5.3 EERE L EFRHIC K DMK EERRDGIE

AT, M 5 2 SRR oD YRR SO RE T & S A IR EN IS & D Al oo RT3 L O
FIFEST RO A IEDO TN TIEIZ SV TEHAT 5.
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20 r

10

Temperature (°C)

0 1 1 1
0 400 800 1200 1600
Time (s)

Temperature (°C)

0 200 400 600 800 1000
Time (s)

Fig. 5-7 Thermal history of the cell culture device. (a) The limitation of temperature of
the cell culture device. (b) Thermal history of the cell culture device controlled to 10 °C.
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5.3.1 IBEBOEEM

BUVE U 74 B S AR 20 4 AR B CAT O IR & B A R BHIC & 2 M fa I BRI W 5 72
DI, SRMEERZEETI2LERD D, WEOFIEIL3. 3. 1 LFRET, BUFICEE
T . GBS RRAMANTOHANS, v a—rFLBE SEE, v a—rHX
F—hrZ7 L—7 (121°C, 2&5/E, 2043) (LBS-245, TOMY, Hi, HA) X H50L
OWHE LTz, —J5, BEEEMIL, =% ) —/VZRIE L CEERESE L, UV BERIREETLL
WX, 2ok, BEE (7 A R, 7 vsAH, KK, BA) 1215 SRRE
L, 858 EM % PBS CHOWICWET 5 2 & CIRE L.

5.3.2 BRI B EHFIEREORM

ARERRTIE, 3.2.2 TRUELIERBEMAVS Z L & Lin. [EEH T2 EREM ORME|C
B LIRRIC 777y ary Y=L —4 (WF-1946B, =X T 7[RE#E 70 v 7,
MR, BAR) LHIESE (HSA 4011, =X = 7RIEHE 7 vy 7, M), BAR) ZHn
THRE Z iR L7z, BRI 2EAEET— K& 3 T CTHWMIROHS & R E A R 8t —
K& b7, ANNEBEOEM KA 159kHz & L=, 7238, Fig. 5-8 \CHUINEE & RS
% [EAIRE O e KIBIE O BR 289, RS, FUMEEZED T, HKIEEE 3 pm 2
T (®K2.7 um) ICNHET D Enbnd. Z0kd, KERTHWHIERAZ 1, 2 pm &
L7-.

5.3.3 Mmoo XENHE

AREBRTIE, ZRETEHERLTIUAEICEATEMAZGLD, 2~4 BLRRV <D
RO ML (C2C12) 2 MWz, C2C12 1IZ' AT A Th Y, WY 72 s B 4 e Ff
THZETHERELETDZENARANA AT V=T U 7 OIE TS K LT
WHHIITH D, BULEFRFT OB 7 b C2C12 Mlak 2 i A L, MR & Semlik it
L7ctk, HFEMENNZE U7 BEBE Tl 2 i sl fR Ay L7z, i siGIEL, Ml 2 MR ek (k
WX T —, ZRTNAA FRASH, B, AAR) CBBL, 744—77 U —¥% (-80 °C)
(My Bio, National Health Fund, Warszawa, Poland) WNC 1 HERAF L7=%%, IKZEFEHIZLR
fF L7z, REBRTIE, ZOmERFELIEMEZFR%E, 8Fl a7y MR BT
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MR LR L, HIEMENZET 2 2 & 2R Lo Minz vz, ek, #iflnz 552
T HODOEEMIZIE Y Bk (FBS) (Fetal Bovine Serum, Sigma-Aldrich, MO, US)
10 %A T Z Ay aBEA — 7 VESHRIRIR G F-12 .~ 4 (D-MEM/Ham's F-12 with
L-glutamine, phenol red, FIGHIEE T3S, At AA) 2 MW7, MIBOE#IE 75 com®
7 Z A2 (90075, TPP Techno Plastic Products AG, Trasadingen, Switzerland) % FHV»TITW),
7T A LTcAlaAE PBS T2 EREL, MU (0.05w/v% Trypsin-0.53mmol/l
EDTA - 4Na Solution with Phenol Red, FOGHISE T3 S4E, Kk, RA) 28m LTS5
A ¥ a_X—% (37°C, CO;5%) (CPE-2600, kX &the 74U, Ha, HA) NT
HELEDL, EXyT v 7 THEE FILLT, ML

3
OoooOOOOOO
= @]
3 (@)
2
5 o
<17
O
0 1 1 1
0 200 400 600 800

Input voltage (V)

Fig. 5-8 The limitation of vibration amplitude of the cell culture device.
Relationship between input voltage and vibration amplitude. Note that the
vibration amplitudes were measured at the center of the cell culture base.
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5.3.4 Mo FBE S B

AR 0> FIBfEFEBRIZIE Table 5-1 (2R 2 DD HiExE Wz, LUTFICENEND FIEE T
(AT 5.
1 IREEHE E EARENC X 5 HIBE
10, 20, 30 °C ORI Z M4 592 & RIRFZ iR KIRIE 1, 2 pm O F A IRE) %
10 >[I U CHIBEL 72, =%, MRS Z [EIL L7
2. RUT vl ERoT 4TI XD HIBE
0.05%D YV 7 -EDTA (Ml z 5 pFRIE L72ik, ©Xy 7 1 702 K0 FIEE,
[F L7z,

5.3.5 BN L 7=/ o B E 5k

EEAIRE (5.0 x 10° ) A5 L, 24 BRI A > % 2 N— XN THE#R L. 5.3.4
R LTe 2 DOFIET, HBEmICHEE LMz #EEL, BT L EIL 2. B L 728
#IRIZ Y X7 b— (Trypan Blue Solution, 0.4%, Thermo Fisher Scientific, MA, US) %
1:1 OFEGTHRIML 2%, REaINEMBERRSL T, Ao s % mERGHREARIC LV
Bzl

Table 5-1 Cell detachment conditions.

Vibration amplitude Temperature Trypsin
(pm) °O) concentration (%)
Temperature modulat.lon 1.2 10, 20, 30 i
and resonance vibration
Trypsin and pipetting - - 0.05
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5.3.6 [EIINL7-MEDEFEEERDFE

AR DIEVEZ T2 7212, [EIUNE OFEMEZMRFT L2, 5.3.4 1R L2 2 DO HIETHE
I U7 Al % 060 ffELG#E T « » v = (3000-035, AGC 77 / 7T A, Hit, HA) I1Z1.0
x 10° JEHERE L, fifaZ A > %2 _—ZNT REFHEE®R L. 20%, ) 72 3 40
REL, EXy 74 ZICX R EEI L, B LBRERIC N Y N7 —%21:1 0
FIE TR L 7%, Yo S 73/ broh LT, Afiao 4% mERGHEAEIC L0 Bz -

5.3.7 EINLZMBEZEEBLIOBELZBROEBEHEERD FiE

Ml A2 B2 T 2BRICIE, RIRL Mz 3 SICEET 256 & — S IRIF L2 & ICif
WL THERETL2HENDLH. 207D, Wi, L 7BOMBOEEZHR~S Z & b
JRER 2T -OIIIEETH D, Z 0, W, RE% DMK I 2 M L.
5.3. 41 L= 25O ETEUL L7280 (1.0 x 10° /ml) Z BASRAEHE (£ L3> 51— CBO013,
B T34 AR SE, WHE, BA) [ZREL, -80°C DT 4 —7 7 U —H% (VT-78, /A
FAT 4 NP A A, HA, BAR) NT 1 HEE L7otk, IRZE R HIRIF A (Biocane
20, Thermo Scientific, MA, US) WIZBEIL, 1 HMMRGE LZ. Ok, fif L CHluo
FEVEZ BEA L7, o35 Mifuk5#E T « v v = (3000-035, AGC 77 / /'Z A, HIX, HAR) I
3.0 x 10MEIEREL, Mlaz AL FaX—ZNTREMBEELE. 20%, M7 Uil3
SRNREL, BNy T 4 7KVl zEIR L, B L 728BEIRIC F Y N7 —% 1
1 DFIEG TR L%, S a bR LC, Ao 44 mEkEH RIS L0 iz
7z

5.3.8 TEEEIC XA MIROBIE

MDD 2T~ D 7201, AARZEBMEE & EANE FIBMEEIC Lz @i L

(i) PEABZEFEMSEEIC X 2 M D 2 DO BlER

IREEHI L EAEESB L OO M) o xRy T ¢ o 7 CHIBE L - RO E

DEGOENEM D201, Mz LA ABRMET S L OVERE TS (SEM) (2
FOBIE LT, MCAAEBMET T, IR EARE), BIWMEko by Tl
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NyT 4 S THIBEL, FUN L7 035 55587 ¢ v = (3000-035, AGC T2 /7
TR, W, AAR) ICFENTHEERME L C, (\FHEBEMSE (ECLIPSE TS100, #R=AH:
=y, HIK, HA) TEHZEL L

(i) AEARE FHMSIC X 2 Mo % m o B4

EBEMEFHMSEE (SEM) TiX, WERME BEARSE, sIXMeko ) Fvrer
NyT S THEEL, BULL7ZMINAE 035 BT 0 v v 2 IBREL T, 5 A ¥
2 _N— 2 NTHE L2 Mia O #8 B% OML O DR F 2 kT 57D E
L7z, 2.3. 4R LI HIELE RIRRIS, 25% 7 NV H LT IVT e R (R T3k
K&tk B, BAR) 120 pHHRIET 2 Z & CTHEE Liztkic, =& 7 — /KB (20,
50, 80%) (2 15 3T DRIEL THRAIZHAKLZ. 100%T % / —/L T L7, 100%
TH )=V 30 EHRIE L T, ERICHAK L. 20k, +7FATva—L G
CEEEMGUS, L, AAR) 15 oMBEELZOL, LW 7 F T va—LilE
Ha U COlURE e U7, SRSz U723kl & -BuOH MUREREMERE (VED-21S, BRaAthmE e
TN A, K, BAR) Tk ST Clas RS g, 20%, FAIvLa—
% — (HPC-1S, BRASHEZET A X, KL, BA) [CR VM2 4 A I 0 La—

T 427 LT, SEM THIZ L7z, 72k, MAEHEEIL 2.0kV IZRE LT

5.3.9 MifBOREH X7 EBDOHIE

HIBE L 72 HIRIC B END X NI BEFRRD DI, BRIKBEIToTLBICT 2 A Z
Tuav T 4TIk xR ERIE L. BARMIZIE, Sodium dodecyl sulfate-7R U 77 7
U7 I RTVEZRVKSE) (SDS-PAGE) DOf%fE R (250 ul/2.5 x 104 cells, 50 mM Tris-HCI1 (pH
6.8)/75 mM dithiothreitol/2% SDS/10% glycerol/0.001% bromophenol blue) (Tl % A% L,
70 °C T 5 oy [EIN#EA L7=. SDS-PAGE I[ZIfE LT-fifad % o R BaR) 7 b =Y 7
DAL T VARG LIz, A7 Ly hfk e OIFFRREE LTI, AT Ly
% Blocking One (Nacali Tesque, FU#S, HA) (2 30 2r[iiRiE L7=. & D1%, Tris Buffered Saline

(TBS) H' 5% @ Blocking One |Z 2 pg/mL @ mouse anti-chicken myosin heavy chain (MHC)
monoclonal antibody (MF20 ; R&D systems, Minneapolis, MN, US), 0.4 pg/mL ¢ rabbit
anti-human leukemia inhibitory factor receptor (LIFR) polyclonal antibody (22779-1-AP ;
Proteintech, Rosemont, IL, US), 2 pg/mL @ rabbit anti-human integrin o7 polyclonal antibody

(ab203254 ; Abcam, Cambridge, MA, US), S HiZr—F 4> 7 ar hua—/,L& LT 1000
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f& A7 L 7= rabbit anti-mouse B-actin polyclonal antibody (#4967 ; Cell signaling technology,
Boston, MA, US) ZMMA T, 12 KL, —RIBRISSEL. ZhbD X v I g
ZBIN U 7-H AL, MHC 2SN D # > /87 T 5 DIk LT, LIFR & Integrin o7
FHIREREDO S 7 EATH L. ZO, MRORMBETIEIZEY ZhbD sy 7 HIC
EDX BB EC 20 BIRT L2 L THIBOEXRHEDOBEGELMET LN TED. £
D%, 0.05%3% £ D Tween 20 & TBS (21 % 72 TBST T3[R L, L~ 7 A 1gG (Sigma-Aldrich,
St. Louis, MO, US) B L OHL7 ¥ X IgG (Perkin-Elmer, Waltham, MA, US) %Z-~L A%
S —1E T 10000 FEIZAIR L7209 T 30 /oyt L, “RGUAROS S 872, TBST (& Tl
%, 1R Y = AKX AR HRP 2E (Millipore, Billerica, MA, US) % W,
FluorChem Q image analyzer (ProteinSimple, San Jose, CA, US) I[ZX VD Z L XIEDNV R
DEG DR L T 21T o 72, BN FOREL B-actin /N FIZX DV IEHL, MU 7
YEERy T4 IR FBELICMlaD 2 N R a RREL Lc, vk, ke LT
TR L—X (Cell Spatula, TPP Techno Plastic Products AG, Trasadingen, Switzerland)
(&0 K, [P LM Z o B A RE L.

5.4 EERIE L BEFREIC X DR EERRORER
BLUOZE

5.4.1 REZRZEERBZME LB Lo/

iR 2 IREMRIE A [EE L, 5.3.4 TR HEEZHWT, Mildz #EEL, B L 72H

A ~T2. Fig. 5-9 \ZHRORIRME 2 pm O A HRE) & iR L, 570 2RI (10, 20, 30 °C)
A LEREE, BXORNY For BT 4 v 7 W HBEC X0 EI L7 L
Zad. FMEY, 5T 2REAEOBEREAZIKTIEL51FZE, HBET 280 m
EFazenbnrd. LI, 5T 5REMMA 10°C & LIZBRICIE, AEBRTHWZIR
EMGEEEOF TROMBBZFITELZ R D05, ZOZ b, (5T HIREE
BTFESELZ LT, MBRAHEELLT S RDZENHLMN LT
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Fig. 5-9 Comparison of number of cells. Cells were seeded into the
cell culture device and cultured for 24 hr and then detached using
temperature modulation and resonance vibration, and trypsin and
pipetting as a control. Vibration amplitude was 2 um, and targeted
temperatures were 10, 20 and 30 °C. The number of seeded cells
were 5.0 x 10° (mean + SD, n =4, *: p <0.05, **: p <0.01).

5.4.2 RZ25REOEFREZ IR L 2 BRICHEME L 7o M

53 2R R A EE L, 5.3.4 TR GEZ AW, Milaz #iEL, [\ L 7=
a7, Fig. 5-10 12659 H2IREHEAZ 10°C & L, FRAe2EE (1, 2 pum) OFAR
AR L7 RBE, BELORMN) T Xy T 0 72 HOWTHBEC X0 B L 7- /M
¥ard. RKEY, FHET2EARBORELENSE512E, FEEST 2 Makkim -
THZEnbing. LI, HET 2EA RS ORKIERE 2 um & LZBRIZIE, iR 2
EARE DR AIRIEZ 1 pm D & & LB L THEICZ  OMiflaia RN T, M) v
LRy T 4 T BT RHBERIED 8% DA EINTED. 2D Enb, RT
LEARBORBAZEMEESZ & T, HRAKBELST S R ERHLNE T
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5
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IE_\ 4 B ,— *k —l
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Fig. 5-10 Comparison of number of cells. Cells were seeded into the
cell culture device and cultured for 24 hr and then detached using
temperature modulation and resonance vibration, and trypsin and
pipetting as a control. Vibration amplitude was 1 and 2 pm with a
temperature of 10 °C. The number of seeded cells were 5.0 x 10°
(mean £ SD, n =4, **: p <0.01).
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5.4.3 AN U 7= /0K o HE 5l M

5.3.6 \TR T iEA W CHIBE, B L 72 il DM 2 i ~7c. 7eds, IREERI & EA
BENC L0 M Z BT 2B E, RbMEZEIRT 2 2 N TE LM TH 2 BIZIRE
10 °C, HAKIEME 2 um & U CHIAE 2 FIBE, [0 L7z, Fig. 5-1112, FIBE L 72 Mifa % 72 e
Fide LR OME A R, Fig. 5-11 KV, ko MY Fo vy T 0 o 71T L 2 FI8
D7k LR AN & B A IREN A O T R T, B OO BEEME SRR TH D
ENRbMNDL. ZOHERKE LT, WEKTICE 2MEEAFEMECIKTAE 2 5415, Underhill
511811 HeLa M2 10 °C OIRLEE T C 24 RfEE#9 5 Z & T, 37°C OILE T T2 LTz
Lia Ll UCHIEMER B2 Ly LT b, £72, Kaufmann O[119)IXE5%REE %
37°C 775 30°CIZZ b &5 Z & C, BMENME T T2 2 L aME LT D, 2o X9 Ig,
JABHORENME T T 52 & T, MIROMEEITIKTFLTCLE Y. —FH T, MlnoRpER:SR
ZRWTICHAL A2 FIBE L 7272012, MiloREITHEEGETICHROEES RSz, B
EozZEps, BERKTICE Y MEOEMEEIIK T2 5T, MitoXimSEEETIC
EMEDRMEFF S NI Z & T, BRE 7 U —ORBETIETIERD N Ty Xy T o7k
FEOMBTEEZER LB bND.

6
; T
4 1 |
=
X
= 2
______________________________________ N,
0
Temperature modulation and  Trypsin and
resonance vibration pipetting

Fig. 5-11 Comparison of the number of proliferated cells, N,. Cells were
cultured for 72 hr after collection using temperature modulation and resonance
vibration method, and trypsin and pipetting method. The number of reseeded
cells, N, is 1.0 x 103 (mean + SD, n = 8).
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5.4.4 [EINL7ZMERZEER XOMBE L% oBEEE

5.3. T\ T HiEZ W THIEE, B L 72 s, MfE L 7% OBArE 2 i ~7-. 72
P, WMEEAIE L EARENC XV M2 RBET S BRITIE, 5.4.3 L RERICR bR A BT S
ZENTELRMETH D AR 10 °C, fRIRME 2 pm & U CMllla 2 #I8E, B L7, Fig.
5-1212, FIBE U 7= AIa 2 wRAS, MR L C 72 BEfETRE R L% O Ml $ % 7~k 9. Fig. 5-12 L0,
RO RNY T bRy T ¢ U7 K D HIBES 5 & e U CIR R & A IRE 4 v
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Fig. 5-12 Comparison of the number of proliferated cells, N,. Cells were cultured
for 72 hr after collection using temperature modulation and resonance vibration
method, and trypsin and pipetting method and then freezing and thawing. The
number of reseeded cells, N,, is 3.0 x 10* (mean + SD, n =8, *: p < 0.05).
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Fig. 5-13 Comparison of cell shapes and surfaces. Cell images taken by (a) and (b) a phase contrast
microscope and (c) - (f) a scanning electron microscope (SEM). Cells seeded after detachment by
(a), (c) and (e) the temperature modulation and resonance vibration, and (b), (d) and (f) trypsin and
pipetting.
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Fig. 5-14 Comparison of protein quantities in cells. Cells collected by the temperature modulation
and resonance vibration proposed method, Mg, trypsin and pipetting, M, and the scraper
method, M, were lysed in SDS-PAGE sample buffer, and the proteins were analyzed using
western blotting with the following antibodies (a): anti-myosin heavy chain (MHC, first panel),
anti-leukemia inhibitory factor receptor (LIFR, second panel), anti-integrin a7 (third panel), and
anti-B-actin (fourth panel). Arrows indicate the target bands. Relative protein quantities (Q) of
MHC (b), LIFR (c), and integrin a7 (d) were measured using their band densities on western

blotting. Protein quantities were normalized to the band density of f-actin. The data are expressed
as means with SD (n =4, *: p <0.05, **: p <0.01).

118



5% JRAEAITR & A IRENC K 5 Al o Ik

5.5 /hfE

4T, aZ 5B R EARE LMAEDE D I L THIBOIEEZ MR L REETO

Mg OFEEAL FB L2, LirL, MIAOFBECITEKRE LTEEELHEHA LTS, KET
X, MROBEEZ & BITIRRT 572012, BET Y —ORBEFIEOMEL BIEL, EFR
B L RER A S DY THIRRIEEL R 7. bbb, &RREEROEERICIEE
A L, R E GRS A 5538 m iR L CHIia &2 Rl L 7=, Cof5R, IR o4
Rtz

o SAF2FTEMNT, @BMERHFICEENHEZNETE VAT A28 ELE
RKUAT LB ND L THEEMOBREL 8 °C ETHRTIELZLNTEDS. £
7z, BUE L 7o B REE R R RO 2 RO BEAIREE — N2 iR L 72BE 0K KRR
1L 2.7 um £ TET D ENBMEND BT,

o JREERI (BAHEEE 10°0) &EARST (RAIEE 2 um) 205 2 LT, ko b
U7 BT 4 7% VTl a A FIBE U 72 B0 78% il B 2 1B, (214X T
LT EDBHEND BT

o[BI L7= M OBEEME IR D VU T b Ry T 0 I LY U LA &
F%ETHDHZ ERMEND DI, ZOFERKE LT, WK T K2 MaEmMEOK T
D AREPEDS R S 47z

o (AHZEFMEIR L OVERAREB FHEMSICL 2By A Ty T 4 7Tk
D8 Ry BT ORERN D, IR & FEAIRENC £ B U 7o M o 3R 28
HPICRED X R TEVRGET D22 RN LN, Thbb, BREHWTIC
FHEES 2 2 L TR m 2B EETICEITE 225, RE T 2O T 2 5]
S Lo, MIaOBEEMEIIER L% L o7,

119



6 5 @

ABFFE T, B A B O BEAIRE) & iR © X 2 MiuEs & T A A2 BBYL L, BEEROEA
RENC XV MRz RBET 2 FELAML L, MIRERBES 2720 B R EHFERFT L L E L
7. BAREIIZIE, SUS316L ftr 2 uvwic & midifukias 2 fEL, EAKREE MY 7oy, =
757 —ERB L CRERBEZ MG DE T, B0 OIEED &ML Z 2RI HBES 2 Fiks
fESE L, FIBE L 7o OB A Bl52 L7z

XU, TSR % H T FPPALER A i L 7 8548 Jop & W T4 B A fu ks 2 4 2 B4
L, ZoaBEiasmas Mol #ic —mmcHw o TW S Ema FROMEEET 1 v =
OB Z R T 2 AR L. SIS XY, AROFZE CTRAE L 7248 R s 480
WRDOERT 4 v 2 LRFOMIBEEENEZA L TBY, MlagERs LTAITHLIZ L
wLTC.

OFN, GRS ERICIEERTFEZREM LIRS L, ZNZHNWT NI TP EER
IRENC X0 ML 2 RIBE, L7z, ZofR, R 5IREIRIE CEA RS ZMIRT52 LT, #
Bt VARG T DA REI TE 5 2 L ANRENTZ. £, BEZED - HEED RO b
U7vr (%) CEARBZHAGDEDLZET, BFEOBREDO N Ty bt XyT 47
Z W TEPER 1L & g U ClRlIES K OS8R F T DMl OiEM DS M B2 2 &0, R
FEOHEN MY T2 WTCBITE, FEE R LCMaOIEMED & bICHER S D 2 & AR
Sz,

FU v L EARENC L DM RBEO MRS, MlaE RBES 272 DICHWLEEHR D & N
B RREN 5O H 2 L TR AZBESTICEARENC X 0 A REEC X DA REMENR S
Niz. O, DR Py LT X TEO RN DIRWEEDO O ESTH D 2
T — R a2 EAIRE) &G DY T, AT T U SRECE R A R L, [\ L7 MR A E L
ZOWIEMAZFTM L7z, aZ 5 — B L EAREIC K 2RBES L, M) ey T v
TN R DPEROFIBEITIE & ol U TR OMIE 2 B FTREToH v, [BIINER O Mfd O A M XA
S BT DN DI, ZORREND, Z T B REE T OROEESE 2 [E A RS &
MABEDLEDL LT, NI TT Xy T 0 U I X DHEROFEE L i LT, MiaoiE
PENEVIRRE TR T A Z ENARETHAH Z 2R LTz,

AT, IR T A 8E LR BOEMIEEIC VT = FE I X VIRERMZ 53 5720
IREERMA 5 A7 A& BUWEL, IREERN & BEAREIC &0 Moz RIEE L, B U 7258 252 1)
B LTz, ZORER, BEAEHETICERERRE BARBI O TSRO N 7o BxXy T g

T X DHBERIETEINTE Ao L2 s BloAMmoBINAZFZB Lz, £72, M)
rEENRy T 4 IR0 HBE LT & TR AR, IR & EAAIRENC K YL 7 A

120



BIIHEEGE TS, REOX VANV EPEGET L LRPbnE ol

LLED X5\, RIFRTIEREEMOBEAIREZ ) Tvr, aZ 75—, IRERT & A
AW THNZ HIEET 2 HIEEBEL, TOAMEEZR LIz, £z, Mz R 2 B3R
RO EE R 722 & DML DR D 2 IR 2 FBED & - 20T & EAREI D & 5 (M
W72l A2 52 5 2 & TIEME A HERF L7OIREECla 2 #IBE, BT 52 LN TE D Z & B3 MDD
btz L<IZ, HEEDE o DNFIZH LRI B R RE TSI OHE AR T & 2 H51E QRE
) ZHWD Z & THIRZBEEFICEILTE 5 2 LR ENT.

Z S ORI O FHEE & FISUZ B 5 IO R &R #4179 ECEHETH Y, AU T
FLizaZ b —8 L EAREIC X 2R EE, % OMIRBEIENIERD R Y T B
VT 4 I K D MBARBE S L B L CHEEIC B L 2 &0 D REREEA~OISH BT
5. £, BEARIRECEERMAMHAGDED L, BERET Y — CYRRY 7RI O A CHER %
B, BT 252 &N TED. ZOFBESFETIE, BEKTIC X 2METEMEOK T 28R Sz
0, SHBITRERBOMN 554 E2 & SICFHMICHRETT 5 2 & THEMZ @ iR LR CRER &
FAWFIT M 2 R T & 2 rTREMED B 5.

121



A

AFFEEHED DICHT-Y, ZRAeDTHRE, ZTHEE2BY £ L BRERBRSE T35 A
WHEBSHEBIR D LV EH OB AR LET. MAHEBERICIE, BIRICET 2 ZERET TRJ,
WEE L LCOMEY FREBEAL LTORE, SHIIIHBEEL L TORBRRLE, 2 OHEER
THEELHY E L.

AFGEICxT 2 ZBE L &b, HEHIVZ K22 TIHE2 W2 & £ L BEERBRRFHT
TS NS TEEER, EHBEEBRICL XV EH W LET. KRCOFEREICIS W CEIE
EBOTWEEE, xR THE L THEA WS £ L RMBIEER, B LRSI
< EGHH L PR

LR COMRAEREICENC, HERBEE) —T 477 vl 7 00— RTHDH 7 r—N
WEBRBEV AT DY — =70l T AhbE R IXEEZITE L. LI, BERSBRFEIET
IR —F 4 = — RAMAERICIE, Tur T hEETTHETELOTHER TS
WX, DEVEHCZLET. £, RYn 77 20RIEFEROMREEED HIZHTZY, %
KDOTHPER THBE WD WIBREEE MFE AME —FHTAEEI IR SR L L ET. &
bz, A7a 77 LA0EBE N —=0ZICTITRBEWEZEE, Z0% bk ZhEWnzZn
TeHNT F =T RFEY T 4 =T James Friend Bz 120 L 0 BILH L EIF £ 9.

FARL D AL 72 0T FIEP SRR E TEL O TSR0 THEL WLV IR K FE T
HWOE A R, FREBBUCES EH#P L LT ET. £, 7 20RG 6 /IE,
FEROTEETEZL DIMELZ W EE LEBERBR Y ~=T 7 7 FaT7 VI &—,
B BR T, HEMCRILEERE, T/ Y —k X — DR EOHERITL L 0 IREIN T L ET.

WA BATTHICHIZ 0, BFENRZEEZ VW, BARRINRERS, MNATEIEAN B A
A STIRKERE, BEFMREBR D OO VRHIFEE  (FIF - AEAS) OBRE OBRKIZITL X
DTN LET.

BEEFGFATILITIE & U 7 B IE S B P LB Lo B TR F IR 2R 7 & ONT/ IR AR 78 2
OFEIET, FE, BEFE RSB LET. 2, MRGEEEZET 720 THA
W, AT E B, W HAFEE, B EMREOFZAEREICL LV EHC - LET

BRI, AEOATEZ X TSN FEBEIT LN LIRS E# L ET.

2016 4F 10 H#FZE=RI1C T

R EK

122



AHFFICBY D EE

A3 A

e

(1]

(2]

(3]

Al

ffty 3C

BEMER, IEBHE, HHEE, NERHE, NMUTVE, “BiRmMh AT AT LA
MR E BT DT T HRRE M OB L R’ T v v 2 ~DIEH,) AASEFR
7%, vol. 78, no. 4, pp. 170-176, 2014, DOIL: 10.2320/jinstmet.J2013070.

Yuta Kurashina, Kenjiro Takemura, Shogo Miyata, Jun Komotori and Tadayoshi Koyama,
“Effective cell collection method using collagenase and ultrasonic vibration,” Biomicrofluidics,
vol. 8, no. 054118, pp. 1-16, 2014, DOI: 10.1063/1.4899054.

Yuta Kurashina, Kenjiro Takemura, James Friend, Shogo Miyata and Jun Komotori, “Efficient
subculture process for adherent cells by selective collection using cultivation substrate vibration,”

IEEFE Trans. Biomed. Eng.,2016/05/03 [in press], DOI: 10.1109/TBME.2016.2567647.

EERS®&

(1]

(2]

(3]

(4]

(OYuta Kurashina, Shogo Miyata, Jun Komotori and Tadayoshi Koyama, “Proliferation and
adhesion of L929 fibroblasts on surfaces with different microtopographies,” MRS Fall Meeting &
Exhibit, Boston, US, 2013/12/06, Oral presentation.

OYuta Kurashina, Kenjiro Takemura, Shogo Miyata, Jun Komotori and Tadayoshi Koyama,
“Cytodetachment technique using ultrasonic vibration,” EMBS Micro and Nanotechnology in
Medicine Conference, Oahu, US, 2014/12/08, Poster presentation.

OYuta Kurashina, Iza Husna Mohamad Hashim, Kenjiro Takemura, Shogo Miyata, Jun Komotori
and Tadayoshi Koyama, “A novel cell collection method using natural vibration and temperature
modulation of cultivation base,” ASME 2015 International Mechanical Engineering Congress &
Exposition, Houston, US, 2015/11/17, Oral presentation.

OYuta Kurashina, Iza Husna Mohamad Hashim, Kenjiro Takemura, Shogo Miyata and Jun
Komotori, “Resonance vibration and temperature modulation enhances cell detachment from

cultivation substrate,” Society-Wide Micro and Nano technology Forum at ASME 2015

123



(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

International Mechanical Engineering Congress & Exposition, Houston, US, 2015/11/17, Poster

presentation.

OFRHMAKR, FrHkE, = HEME, /NS, <o fino Bt 2 &I 34 8 JEs 8% 550 0
FEMER DO 5F 60 #1 H A BN S BRSNS, Bk, 2011/10/15, R A X
—FE 3.

OfBHMEX, FakE, BHEE, /INEEH, NNUFZE, “BappMihEGTHAT L AR
S 3T D #E M O Bk & 25 58, 5 61 #1H AM Bl iiaE s, i,
2012/05/26, HEAZEE.

OEEFHE, BRHAX, =W EE, /NS, /NUFE, “8UE e o BT &[RRI &
EERERIEORE 61 B B AR RS B RSGH FEN AR S, B, 2012/10/13, &
ALY —FEFK.

OB BHER, 1 AES, PrABHEES, & HEE, NRSHE, ANLTE, B AR R 2 F
M U720 o B b RERE M O B G E OGS 5 12 B HAFEER SRS, R,
2013/03/21, KA X —%%.

ORERE, BRMAEK, BHEE, NRSHE, NMLTFHE, “fF v o h Rk B ETRCE Ml i oo B 5 i
& N #IT AT IR LRI DR 5 62 W1 H AR B2 sk 2, 2013/05/19, HEA%E
*.
ORBHMAN, BB, NGRS, =HEE, R, NUTHE, &8 T IRk
Fdm L L2 v SRR I O sGAG FEAERE S OFFAM,” B A BEHEHF 2 VR 24 4E
AR K2, BT, 2013/06/08, HFATEE.
OlRBHE, ARHMAEK, BHEE, NRSHE, NLTFHE, <& E£HE ThE L7 U & hkIk
B A O R R0 A AT SRR O 8, 5 63 W B AM B AR RS, MR,
2014/05/18, MEHFEF.
O AR MEARES, I E, AFHMEK, Iza Husna M.Hashim, ‘& [ 215, /NG, /LT,
URLPERIBLC K 0 B A S BN UMM O BEFENE, " A AL B2 156 MRS S,
BT, 2015/03/20, MEHIEE.
BRHEKR, OAWEA, VIAHHEER, B HEE, ANESHE, NUFE, “mEIMREE — FA )
R PTRE 72 B5 B4R IC L D@ Y 2 Ml 85 48 0 A ARBEA 2 2015 FEFR KRS, dbiffiE,
2015/09/15, MIBEFEFR.

124



[10] OF&KEEKES, BRAKR, EHEL, MTARES, /NEETE, “SUS316L FKif CTH & L 7=

ATDCS Mifa DOE 73 L BE D REAM,” 5 65 ¥ 0 AR B2 F ki s, &1, 2016/05/29, HEA
K.

H

[1] AFRHEX, Bt
2013-255483.
[2] EHHE, BRHMAKR, BEHEE, /N, /NS iR G, 5B 2015-216868.

HRIE, = HEEE, MAAHGES, RS, N LSRR g, B

s

K

H

[11 BRMEK, AEEESESHREE, BAMEYS (8 61 M HAME 222 HS) |
2012/05/26.

2] BRMAEN, FHEEERKSE FREE, AAMERES (AARMER SRRV 24 422215
FKZ) , 2013/06/08.

[3] Yuta Kurashina, Iza Husna M. Hashim, Kenjiro Takemura, Shogo Miyata and Jun Komotori, Best
paper award, Society-Wide Micro and Nano technolog Forum (2015 ASME International
Mechanical Engineering Congress & Exposition), 2015/11/17.

i L A 3T

[1] /NERME, BRHEXR, MF—E, 5 HEE, MHTHERS, /NUFHE, “hi v —=271C &
2 AR ORI L DL BRI 2, vol. 57, n0.6, pp. 349-352, 2013.

125



Z D th D F i 35 T

(1]

(2]

Masayoshi Mizutani, Ryo Honda, Yuta Kurashina, Jun Komotori and Hitoshi Ohmori, “Improved
cytocompatibility of nanosecond-pulsed laser-treated commercially pure Ti surfaces,” Int. J. Autom.

Tech., vol. 8, no. 1, pp. 102-109, 2013.

/INRACHEE, BEMAR, PIFRIHERS, M IE—, B —5, “BR I % AV 72 Droplet nTAS
D= DWRFIRAT /3 A ADBAF,” HAHEW 7= im X, vol. 80, no. 819, pp. 1-11, 2014, DOI:
10.1299/transjsme.2014mn0332.

126



2% Uk

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

H. G. Chambers, “Osteochondral autologous transplantation was more effective than
microfracture for osteochondritis dissecans in children younger than eighteen years,” J.
Bone Joint Surg. Am., vol. 92, no. 10, p. 1998, 2010.

L. A. Fortier, H. G. Potter, E. J. Rickey, L. V. Schnabel, L. F. Foo, L. R. Chong, T. Stokol,
J. Cheetham, and A. J. Nixon, “Concentrated bone marrow aspirate improves full-thickness
cartilage repair compared with microfracture in the equine model.,” J. Bone Joint Surg.
Am., vol. 92, no. 10, pp. 1927-1937, 2010.

S.-W. Kang, L. P. Bada, C.-S. Kang, J.-S. Lee, C.-H. Kim, J.-H. Park, and B.-S. Kim,
“Articular cartilage regeneration with microfracture and hyaluronic acid,” Biotechnol. Lett.,
vol. 30, no. 3, pp. 435-439, 2007.

Langer, R., and Vacanti, J. P., “Tissue Engineering,” Science, vol. 260, no. 5, pp. 920-926,
1993.

N. O'Connor, J. Mulliken, S. Banks-Schlegel, O. Kehinde, and H. Green, 1981, “Grafting
of burns with cultured epithelium prepared from autologous epidermal cells,” The Lancet,
vol. 317, no. 8211, pp. 75-78, 1981.

G. G. Gallico, N. E. OConnor, C. C. Compton, O. Kehinde, and H. Green, “Permanent
coverage of large burn wounds with autologous cultured human epithelium,” N. Engl. J.
Med., vol. 311, no. 7, pp. 448-451, 1984.

D. M. Supp, and S. T. Boyce, “Engineered skin substitutes: practices and potentials,” Clin.
Dermatol., vol. 23, no. 4, pp. 403-412, 2005.

FEFARA, NI, B FIGEERI - BAEEROMERE R L RIR) [ A AR
FHEGE vol. 137, no. 3, pp. 150-153, 2011.

M. Brittberg, A. Lindahl, A. Nilsson, C. Ohlsson, O. Isaksson, and L. Peterson, “Treatment
of deep cartilage defects in the knee with autologous chondrocyte transplantation,” N. Engl.
J. Med., vol. 331, no. 14, pp. 889-895, 1994.

K. Takahashi, and S. Yamanaka, “Induction of pluripotent stem cells from mouse
embryonic and adult fibroblast cultures by defined factors,” Cell, vol. 126, no. 4, pp.
663-676, 2006.

127



[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

(20]

(21]

[22]
(23]

J. Yu, M. A. Vodyanik, K. Smuga-Otto, J. Antosiewicz-Bourget, J. L. Frane, S. Tian, J.
Nie, G. A. Jonsdottir, V. Ruotti, R. Stewart, I. I. Slukvin, and J. A. Thomson, “Induced
pluripotent stem cell lines derived from human somatic cells,” Science, vol. 318, no. 5858,
pp. 1917-1920, 2007.

K. Takahashi, K. Tanabe, M. Ohnuki, M. Narita, T. Ichisaka, K. Tomoda, and S.
Yamanaka, “Induction of pluripotent stem cells from adult human fibroblasts by defined
factors,” Cell, vol. 131, no. 5, pp. 861-872, 2007.

SEARBETR, “IPSHIIL 2 FH 7o N S BE 2SR B O BRIRAIFZE,”  H K 1Y BE 72338, vol.
27, pp. 32-34, 2015.

FINZER, KB#Z, “b b iPS Ml HFAERERRR L CRAFIFE~DISH O BLK &
J&Z2,” BRAIN and NERVE, vol. 64, no. 1, pp. 47-57, 2012.

e —, “AEOFAEER,” FER, vol. 68, no. 7, pp. 929-934, 2014.

Y, R E A, “iPSHINE Z2 F W 7o Dl AR ERR O FIR & IRVE,” [EFED D A,
vol. 251, no. 3, pp. 250-255, 2014.

IS, “SREMERAIIA D3R TC K BEEE > AT L. £ L2586, vol. 92, no. 9,
pp. 483-486, 2014.

T. G. Otsuji, J. Bin, A. Yoshimura, M. Tomura, D. Tateyama, I. Minami, Y. Yoshikawa, K.
Aiba, J. E. Heuser, T. Nishino, K. Hasegawa, and N. Nakatsuji, “A 3D sphere culture
system containing functional polymers for large-scale human pluripotent stem cell
production,” Stem Cell Rep., vol. 2, no. 5, pp. 734-745, 2014.

S. Tohyama, J. Fujita, T. Hishiki, T. Matsuura, F. Hattori, R. Ohno, H. Kanazawa, T. Seki,
K. Nakajima, Y. Kishino, M. Okada, A. Hirano, T. Kuroda, S. Yasuda, Y. Sato, S. Yuasa,
M. Sano, M. Suematsu, and K. Fukuda, “Glutamine oxidation is indispensable for survival
of human pluripotent stem cells,” Cell Metab., vol. 23, pp. 663-674, 2016.

Mty — R - 7T =0 7 SERRAEE fUMeRESRE (A ER O FEM
b« BEZEAIC/R DA FHSE) 7 pp. 1-90, 2013.

R. I. Freshney, “Culture of animal cells: a manual of basic technique and specialized
applications”, Wiley-Blackwell (Hoboken, N. J.), 2010.

H. Lodich, “/7 F- i A=9)7% 55, pp. 169-211, 2005.

P. Kanchanawong, G. Shtengel, A. M. Pasapera, E. B. Ramko, M. W. Davidson, H. F.
Hess, and C. M. Waterman, “Nanoscale architecture of integrin-based cell adhesions,”

Nature, vol. 468, no. 7323, pp. 580-584, 2010.

128



(24]

[25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

ARRFCSE, “HUIRBEHL S 7 F v O GRS B 59~ 28 IR 4% & o 7 I
BI3- B9, HAREZ(LF25E, vol. 77, no. 10, pp. 968-973, 2003.

P. Galéra, F. Rédini, D. Vivien, J. Bonaventure, H. Penfornis, G. Loyau, and J. P. Pujol,
“Effect of transforming growth factor-beta 1 (TGF-beta 1) on matrix synthesis by
monolayer cultures of rabbit articular chondrocytes during the dedifferentiation process,”
Exp. Cell Res., vol. 200, no. 2, pp. 379-392, 1992.

R. G. Harrison, M. J. Greenman, and F. P. Mall, “Observations of the living developing
nerve fiber,” Anat. Rec., vol. 1, no. 5, pp. 116-128, 1907.

J. Maienschein, “Ross Granville Harrison (1870-1959) and perspectives on regeneration,”
J. Exp. Zool., vol. 314B, no. §, pp. 607-615, 2010.

A. S. Curtis, J. V. Forrester, C. Mclnnes, and F. Lawrie, “Adhesion of cells to polystyrene
surfaces,” J. Cell Biol., vol. 97, no. 5, pt. 1, pp. 1500-1506, 1983.

VR, )1 d, BFHEA, PASRE, A4 ~7 U 7 LA E—RIER & %2
APk FILELE, pp. 12-19, 1998.

R. Adell, U. Lekholm, B. Rockler, P.-I. Branemark, J. Lindhe, B. Eriksson, and L.
Sbordone, “Marginal tissue reactions at osseointegrated titanium,” Int. J. Oral Maxillofac.
Surg., vol. 15, no. 1, pp. 39-52, 1986.

WG N, EME, R, 200, 1995, “Rigo Ui REBRERT L5
Y EE ETORFMREMIL O EE,” G F A E - 47K, vol. 14, no. 1, pp.
136-141, 1995.

M. Jayaraman, U. Meyer, M. Biihner, U. Joos, and H.-P. Wiesmann, “Influence of titanium
surfaces on attachment of osteoblast-like cells in vitro,” Biomaterials, vol. 25, no. 4, pp.
625-631,2004.

W.-C. Chen, Y.-S. Chen, C.-L. Ko, Y. Lin, T.-H. Kuo, and H.-N. Kuo, “Interaction of
progenitor bone cells with different surface modifications of titanium implant,” Mater. Sci.
Eng. C,vol. 37, pp. 305-313, 2014.

R. A. Gittens, T. McLachlan, R. Olivares-Navarrete, Y. Cai, S. Berner, R. Tannenbaum, Z.
Schwartz, K. H. Sandhage, and B. D. Boyan, “The effects of combined
micron-/submicron-scale surface roughness and nanoscale features on cell proliferation and
differentiation,” Biomaterials, vol. 32, no. 13, pp. 3395-3403, 2011.

RIE, BHEE, AR, NS, NREZIT, HEEE], ANLIIE, “L929
TR 2 HAAE 0D HE SN & B2 AE PRI M T FE A R 1t OGN TRAR D R H KB
P2 XLEAME, vol. 77, no. 775, pp. 544-551, 2011.

129



[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

BIlikER, AN RS, IEEN, “BRLf ' — = 7B A 2 AR O Al
B RN L A58, vol. 49, no. 2, pp. 86-89, 2005.

NS, BilE g, C“FPBALEED ER AR ~DISH,” FE 726, vol. 72, no. 9,
pp. 1083-1086, 2006.

S. Kikuchi, Y. Kameyama, M. Mizutani, and J. Komotori, “Effects of fine particle peening
on oxidation behavior of nickel-titanium shape memory alloy,” Mater. Trans., vol. 55, no.
1, pp. 176-181, 2014.

K. Ohnuma, A. Fujiki, K. Yanagihara, S. Tachikawa, Y. Hayashi, Y. Ito, Y. Onuma, T.
Chan, T. Michiue, M. K. Furue, and M. Asashima, “Enzyme-free passage of human
pluripotent stem cells by controlling divalent cations,” Sci. Rep., vol. 4, p. 4646, 2014.
AREA, R —, PR, SFEAE, BB, FHEE, FEE], B R
D72 ORI AR BT D TR, £ E T5, vol. 47, no. 2, pp. 231-236,
20009.

A. Puliafito, L. Hufnagel, P. Neveu, S. Streichan, A. Sigal, D. K. Fygenson, D. K., and B. L.
Shraiman, “Collective and single cell behavior in epithelial contact inhibition,” Proc Nat!
Acad Sci USA, vol. 109, no. 3, pp. 739-744, 2012.

R. Umegaki, M. Kino-oka, and M. Taya, “Assessment of cell detachment and growth
potential of human keratinocyte based on observed changes in individual cell area during
trypsinization,” Biochem. Eng. J., vol. 17, no. 1, pp. 49-55, 2004.

Y. Wu, J. Wu, D. Y. Lee, A. Yee, L. Cao, Y. Zhang, C. Kiani, and B. B. Yang, “Versican
protects cells from oxidative stress-induced apoptosis,” Matrix Biol., vol. 24, no. 1, pp.
3-13,2005.

K. T. Piercy, R. L. Donnell, S. S. Kirkpatrick, B. L. Mundy, S. L. Stevens, M. B. Freeman,
and M. H. Goldman, “Effect of harvesting and sorting on B-1 integrin in canine
microvascular cells,” J. Surg. Res., vol. 100, no. 2, pp. 211-216, 2001.

R. Gridbner, U. Till, and R. Heller, “Flow cytometric determination of E-selectin, vascular
cell adhesion molecule-1, and intercellular cell adhesion molecule-1 in formaldehyde-fixed
endothelial cell monolayers,” Cytometry, vol. 40, no. 3, pp. 238-244, 2000.

J. P. Revel, P. Hoch, and D. Ho, “Adhesion of culture cells to their substratum,” Exp. Cell
Res., vol. 84, no. 1, pp. 207-218, 1974.

H. Hirai, R. Umegaki, M. Kino-oka, and M. Taya, “Characterization of cellular motions
through direct observation of individual cells at early stage in anchorage-dependent

culture.,” J. Biosci. Bioeng., vol. 94, no. 4, pp. 351-356, 2001.

130



(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

A. H. Reshak, M. M. Shahimin, and F. Buang, “Progress in biophysics and molecular
biology,” Prog. Biophys. Mol. Biol., vol. 113, no. 2, pp. 295-298, 2013.

K. Yonenaga, S. Nishizawa, Y. Fujihara, Y. Asawa, K. Sanshiro, S. Nagata, T. Takato, and
K. Hoshi, “The optimal conditions of chondrocyte isolation and its seeding in the
preparation for cartilage tissue engineering,” Tissue Eng. Part C Methods, vol. 16, no. 6,
pp. 1461-1469, 2010.

T. Kloskowski, M. Uzarska, N. Gurtowska, J. Olkowska, R. Joachimiak, A. Bajek, M.
Gagat, A. Grzanka, M. Bodnar, A. Marszatek, and T. Drewa, T., “How to isolate urothelial
cells? Comparison of four different methods and literature review,” Hum. Cell, vol. 27, no.
2, pp. 85-93, 2013.

H. Green, O. Kehinde, and J. Thomas, “Growth of cultured human epidermal-cells into
multiple epithelia suitable for grafting,” Proc. Natl. Acad. Sci. USA, vol. 76, no. 11, pp.
5665-5668, 1979.

A. Ito, Y. Takizawa, M. Shinkai, H. Honda, K. Hata, M. Ueda, N. Kuno, A. Itakura, and T.
Kobayashi, “Proliferation and stratification of keratinocyte on cultured amniotic epithelial
cells for tissue engineering,” J. Biosci. Bioeng., vol. 95, no. 6, pp. 589-593, 2003.

B. C. Heng, H. Liu, Z. Ge, and T. Cao, “Mechanical dissociation of human embryonic
stem cell colonies by manual scraping after collagenase treatment is much more
detrimental to cellular viability than is trypsinization with gentle pipetting,” Biotechnol.
Appl. Biochem., vol. 47, no. 1, pp. 33-37, 2007.

P. L. McNeil, R. F. Murphy, F. Lanni, and D. L. Taylor, “A method for incorporating
macromolecules into adherent cells,” J. Cell Biol., vol. 98, no. 4, pp. 1556-1564, 1984.

M. A. Ward, and T. K. Georgiou, “Thermoresponsive polymers for biomedical
applications,” Polymers, vol. 3, no. 4, pp. 1215-1242, 2011.

E. L. Lee, and H. A. von Recum, “Cell culture platform with mechanical conditioning and
nondamaging cellular detachment,” J. Biomed. Mater. Res. A, vol. 93A, no. 2, pp. 411-418,
2010.

Y. Kumashiro, M. Yamato, and T. Okano, “Cell attachment-detachment control on
temperature-responsive thin surfaces for novel tissue engineering,” Ann. Biomed. Eng., vol.
38, no. 6, pp. 1977-1988, 2010.

A. Kushida, M. Yamato, and A. Kikuchi, “Two-dimensional manipulation of differentiated

Madin-Darby canine kidney (MDCK) cell sheets: The noninvasive harvest from

131



[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

temperature-responsive culture dishes and transfer to other surfaces,” J. Biomed. Mater.
Res., vol. 54, pp. 37-46, 2001.

M. Kanzaki, M. Yamato, H. Hatakeyama, C. Kohno, J. Yang, T. Umemoto, A. Kikuchi, T.
Okano, and T. Onuki, “Tissue engineered epithelial cell sheets for the creation of a
bioartificial trachea,” Tissue Eng., vol. 12, no. 5, pp. 1275-1283, 2006.

T. Kobayashi, K. Kan, K. Nishida, M. Yamato, and T. Okano, “Corneal regeneration by
transplantation of corneal epithelial cell sheets fabricated with automated cell culture
system in rabbit model,” Biomaterials, vol. 34, no. 36, pp. 9010-9017, 2013.

KA, #AC/ TIERE, JEKER, MEPER, “Hiflds — b iATRR %2 g % BBk
T RTUL T AT LK) HARE KR E HBHE 77258, vol. 37, no. 2, pp. 1-5, 2012.

E. Nagamori, T. X. Ngo, Y. Takezawa, A. Saito, Y. Sawa, T. Shimizu, T. Okano, M. Taya,
and M. Kino-oka, “Network formation through active migration of human vascular
endothelial cells in a multilayered skeletal myoblast sheet,” Biomaterials, vol. 34, no. 3, pp.
662-668, 2013.

T. X. Ngo, E. Nagamori, T. Kikuchi, T. Shimizu, T. Okano, M. Taya, and M. Kino-oka,
“Endothelial cell behavior inside myoblast sheets with different thickness,” Biotechnol.
Lett., vol. 35, no. 7, pp. 1001-1008, 2013.

S. -H. Yoon, and M. R. K. Mofrad, “Cell adhesion and detachment on gold surfaces
modified with a thiol-functionalized RGD peptide,” Biomaterials, vol. 32, no. 30, pp.
7286-7296, 2011.

T. Kakegawa, N. Mochizuki, N. Sadr, H. Suzuki, and J. Fukuda, “Cell-adhesive and
cell-repulsive zwitterionic oligopeptides for micropatterning and rapid electrochemical
detachment of cells,” Tissue Eng. Part A, vol. 19, no. 1-2, pp. 290-298, 2013.

T. Kageyama, T. Kakegawa, T. Osaki, J. Enomoto, T. Ito, T. Nittami, and J. Fukuda,
“Rapid engineering of endothelial cell-lined vascular-like structures in in situcrosslinkable
hydrogels,” Biofabrication, vol. 6, no. 025006, pp. 1-11, 2014.

R. Thomas, A. Chandra, P. Hourd, and D. Williams, “Cell culture automation and quality
engineering: A necessary partnership to develop optimized manufacturing processes for
cell-based therapies,” J. Lab. Autom., vol. 13, no. 3, pp. 152-158, 2008.

T C, SRHN, moARE, WEdhie, FAR, B PEIe o B B 225 E o Bl
&, Inflamm. Regen., vol. 29, no. 2, pp. 131-134, 2009.

E. Torok, J.-M. Pollok, P. X. Ma, C. Vogel, M. Dandri, J. Petersen, M. R. Burda, P. M.

Kaufmann, D. Kluth, and X. Rogiers, “Hepatic tissue engineering on 3-dimensional

132



[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

[78]

biodegradable polymers within a pulsatile flow bioreactor,” Dig. Surg., vol. 18, no. 3, pp.
196-203, 2001.

G. J. Housler, T. Miki, E. Schmelzer, C. Pekor, X. Zhang, L. Kang, V. Voskinarian-Berse,
S. Abbot, K. Zeilinger, and J. C. Gerlach, “Compartmental hollow fiber capillary
membrane-based bioreactor technology for in vitroStudies on red blood cell lineage
direction of hematopoietic stem cells,” Tissue Eng. Part C Methods, vol. 18, no. 2, pp.
133-142, 2012.

J. Bardy, A. K. Chen, Y. M. Lim, S. Wu, S. Wei, H. Weiping, K. Chan, S. Reuveny, and S.
K.W. Oh, “Microcarrier suspension cultures for high-density expansion and differentiation
of human pluripotent stem cells to neural progenitor cells,” Tissue Eng Part C, vol. 19, no.
2, pp. 166-180, 2013.

Y. Haraguchi, K. Matsuura, T. Shimizu, M. Yamato and T. Okano, “Simple suspension
culture system of human iPS cells maintaining their pluripotency for cardiac cell sheet
engineering,” J. Tissue Eng. Regen. Med., vol. 9, pp. 1363-1375, 2013.

R.-Z. Lin, and H.-Y. Chang, “Recent advances in three-dimensional multicellular spheroid
culture for biomedical research,” Biotechnol. J., vol. 3, no. 9-10, pp. 1172-1184, 2008.

M. Q. Deng, and D. O. Cliver, “Rapid DNA extraction methods and new primers for
randomly amplified polymorphic DNA analysis of Giardia duodenalis,” J. Microbiol.
Methods, vol. 37, no. 2, pp. 193-200, 1999.

D. Carugo, D. N. Ankrett, P. Glynne-Jones, L. Capretto, R. J. Boltryk, X. Zhang, P. A.
Townsend, and M. Hill, “Contrast agent-free sonoporation: The use of an ultrasonic
standing wave microfluidic system for the delivery of pharmaceutical agents,”
Biomicrofluidics, vol. 5, no. 044108, pp. 1-15, 2011.

L. Meng, F. Cai, P. Jiang, Z. Deng, F. Li, L. Niu, Y. Chen, J. Wu, and H. Zheng, “On-chip
targeted single cell sonoporation with microbubble destruction excited by surface acoustic
waves,” Appl. Phys. Lett., vol. 104, no. 073701, pp. 1-5, 2014.

J. D. Heckman, J. P. Ryaby, J. McCabe, J. J. Frey, and R. F. Kilcoyne, “Acceleration of
tibial fracture-healing by non-invasive, low-intensity pulsed ultrasound,” J. Bone Joint
Surg. Am., vol. 76, no. 1, pp. 26-34, 1994.

T. K. Kristiansen, J. P. Ryaby, J. McCabe, J. J. Frey, and L. R. Roe, “Accelerated healing
of distal radial fractures with the use of specific, low-intensity ultrasound; A multicenter,
prospective, randomized, double-blind, placebo-controlled study,” J. Bone Joint Surg. Am,.

vol. 79, no. 7, pp. 961-973, 1997.

133



[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

G. Guo, L. Lu, H. Ji, Y. Ma, R. Dong, J. Tu, X. Guo, Y. Qiu, J. Wu, and D. Zhang, “Low
intensity pulse ultrasound stimulate chondrocytes growth in a 3-D alginate scaffold through
improved porosity and permeability,” Ultrasonics, vol. 58, pp. 43-52, 2015.

HA®REZ, & TME, =0+, MR, 5T, M1, 3o EikE i
V2%t 5 SRR DS, H ARHEW 722, vol. 7, no. 8, 2007.

S.-H. Chen, C.-Y. Chiu, and S.-H.Wang, “The growth of osteoblasts stimulated by various
time duration of low intensity pulsed ultrasounds,” IEEE Int. Ultrason. Symp., pp. 365-368,
20009.

S.-G. Yan, L.-Y. Huang, and X.-Z. Cai, “Low-intensity pulsed ultrasound: A potential
non-invasive therapy for femoral head osteonecrosis,” Med. Hypotheses, vol. 76, no. 1, pp.
4-7,2011.

FEZINE, EEFICRIT D3R+, HAHF26E, vol. 117, no. 1142, pp.
12-15, 2014.
A. L. Bernassau, C.-K. Ong, Y. Ma, P. G. A. MacPherson, C. R. P. Courtney, M. Riehle, B.
W. Drinkwater, and D. R. S. Cumming, “Two-dimensional manipulation of micro particles
by acoustic radiation pressure in a heptagon cell,” IEEE Trans Ultrason. Ferroelectr. Freq.
Control, vol. 58, no. 10, pp. 2132-2138, 2011.

F. Gesellchen, A. L. Bernassau, T. Déjardin, D. R. S. Cumming, and M. O. Riehle, “Cell
patterning with a heptagon acoustic tweezer-application in neurite guidance,” Lab Chip,
vol. 14, pp. 2266-2275, 2014.

M. Hoyos, and A. Castro, “Controlling the acoustic streaming by pulsed ultrasounds.,”
Ultrasonics, vol. 53, no. 1, pp. 70-76, 2013.

S. A. Seah, B. W. Drinkwater, T. Carter, R. Malkin, and S. Subramanian, “Dexterous
ultrasonic levitation of millimeter-sized objects in air,” IEEE Trans. Ultrason., Ferroelectr.
Freq. Control, vol. 61, no. 7, pp. 1233-1236, 2014.

X. Shi, R. W. Martin, S. Vaezy, and L. A. Crum, “Quantitative investigation of acoustic
streaming in blood,” J. Acoust. Soc. Am., vol. 111, no. 2, pp. 1110-1121, 2002.

J. Lee, J. S. Jeong, and K. K. Shung, “Microfluidic acoustic trapping force and stiffness
measurement using viscous drag effect,” Ultrasonics, vol. 53, no. 1, pp. 249-254, 2013.

H. Li, J. R. Friend, and L. Y. Yeo, “Surface acoustic wave concentration of particle and

bioparticle suspensions,” Biomed Microdevices, vol. 9, no. 5, pp. 647-656, 2007.

134



[91]

[92]

(93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

R. Shilton, M. K. Tan, L. Y. Yeo, and J. R. Friend, “Particle concentration and mixing in
microdrops driven by focused surface acoustic waves,” J. Appl. Phys., vol. 104, no. 014910,
pp. 1-9, 2008.

P. R. Rogers, J. R. Friend, and L. Y. Yeo, “Exploitation of surface acoustic waves to drive
size-dependent microparticle concentration within a droplet,” Lab Chip, vol. 10, no. 21, pp.
2979-2985, 2010.

J. Blamey, L. Y. Yeo, and J. R. Friend, “Microscale capillary wave turbulence excited by
high frequency vibration,” Langmuir, vol. 29, no. 11, pp. 3835-3845, 2013.

M. Alvarez, J. R. Friend, and L. Y. Yeo, “Surface vibration induced spatial ordering of
periodic polymer patterns on a substrate,” Langmuir, vol. 24, no. 19, pp. 10629-10632,
2008.

H. Li, J. R. Friend, and L. Y. Yeo, “Microfluidic colloidal island formation and erasure
induced by surface acoustic wave radviation,” Phys. Rev. Lett., vol. 101, no, 084502, pp.
1-4, 2008.

M. Bok, H. Li, L. Y. Yeo, and J. R. Friend, “The dynamics of surface acoustic wave-driven
scaffold cell seeding,” Biotechnol. Bioeng., vol. 103, no. 2, pp. 387-401, 2009.

O. Manneberg, J. Svennebring, H. M. Hertz, and M. Wiklund, 2008, “Wedge transducer
design for two-dimensional ultrasonic manipulation in a microfluidic chip,” J. Micromech.
Microeng., vol. 18, no. 095025, pp. 1-9, 2008.

B. Vanherberghen, O. Manneberg, A. Christakou, T. Frisk, M. Ohlin, H. M. Hertz, B.
Onfelt, and M. Wiklund, “Ultrasound-controlled cell aggregation in a multi-well chip,”
Lab Chip, vol. 10, no. 20, pp. 2727-2732, 2010.

A. Abdal-hay, M.-G. Hwang, and J. K. Lim, 2012, “In vitro bioactivity of titanium implants
coated with bicomponent hybrid biodegradable polymers,” J. Sol-Gel Sci. Technol., vol. 64, no.
3, pp. 756-764, 2012.

M. H. Lee, J. H. Kang, and S. W. Lee, “The significance of differential expression of genes and
proteins in human primary cells caused by microgrooved biomaterial substrata.,” Biomaterials,
vol. 33, no. 11, pp. 3216-3234, 2012.

T. P. Kunzler, T. Drobek, M. Schuler, and N. D. Spencer, “Systematic study of osteoblast and
fibroblast response to roughness by means of surface-morphology gradients,” Biomaterials, vol.

28, no. 13, pp. 2175-2182, 2007.

135



[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

L. Ramaglia, L. Postiglione, G. D. Spigna, G. Capece, S. Salzano, and G. Rossi,
“Sandblasted-acid-etched titanium surface influences in vitro the biologicalbehavior of SaOS-2
human osteoblast-like cells,” Dent. Mater. J., vol. 30, no. 2, pp. 183-192, 2011.

H.F.Li, Y. B. Wang, Y. F. Zheng, and J. P. Lin, “Osteoblast response on Ti- and Zr-based bulk
metallic glass surfaces after sand blasting modification,” J. Biomed. Mater. Res., vol. 100, no. 7,
pp. 1721-1728, 2012.

T. Inoue, and H. Osatake, “A new drying method of biological specimens for scanning electron
microscopy: the t-butyl alcohol freeze-drying method,” Arch. Histol. Cytol., vol. 51, no. 1, pp.
53-59, 1988.

M. Abercrombie, and J. E. Heaysman, “Observations on the social behaviour of cells in tissue
culture. II. Monolayering of fibroblasts.,” Exp. Cell. Res., vol. 6, no. 2, pp. 293-306, 1954.

L. Yang, V. Chinthapenta, Q. Li, D. Stout, A. Liang, B. W. Sheldon, and T. J. Webster,
“Understanding osteoblast responses to stiff nanotopographies through experiments and
computational simulations,” J. Biomed. Mater. Res. A, vol. 97, no. 4, pp. 375-382, 2011.
LR, MR, ket, BN, SHldsg~A 7 n g —= 7 LT 7 F
A OB R R — A& AW R R ESE ORA,) H AR PR
i, vol. 31, no. 2, pp. 78-82, 2004.

R. J. Wieser, D. Renauer, A. Schéfer, R. Heck, R. Engel, S. Schiitz, and F. Oesch, “Growth
control in mammalian cells by cell-cell contacts,” Environ. Health Perspect., vol. 88, pp.
251-253, 1990.

A. Puliafito, L. Hufnagel, P. Neveu, S. Streichan, A. Sigal, D. K. Fygenson, and B. I. Shraiman,
“Collective and single cell behavior in epithelial contact inhibition,” Proc. Natl. Acad. Sci. USA,
vol. 109, no. 3, pp. 739-744, 2012.

Y. Lee, L. V. Mclntire, and K. Zygourakis, “Analysis of endothelial cell locomotion:
Differential effects of motility and contact inhibition,” Biotechnol. Bioeng., vol. 43, no. 7, pp.
622-634, 1994.

M. Fiore, and F. Degrassi, 1999, “Dimethyl sulfoxide restores contact inhibition-induced
growth arrest and inhibits cell density-dependent apoptosis in hamster cells,” Exp. Cell Res., vol.
251, no. 1, pp. 102-110, 1999.

M. N. Rylander, K. R. Diller, S. Wang, and S. J. Aggarwal, “Correlation of HSP70 expression
and cell viability following thermal stimulation of bovine aortic endothelial cells,” J. Biomech.

Eng., vol. 127, pp. 751-757, 2005.

136



[113]

[114]

[115]

[116]

[117]

[118]

[119]

I. Machida Sano, Y. Matsuda, and H. Namiki, “A novel harvesting method for cultured cells
using iron-cross-linked alginate films as culture substrates,” Biotechnol. Appl. Biochem., vol. 55,
pp. 1-8, 2010.

F. Rico, C. Chu, M. H. Abdulreda, Y. Qin, and V. T. Moy, “Temperature modulation of
integrin-mediated cell adhesion,” Biophys. J., vol. 99, no. 5, pp. 1387-1396, 2010.

G. Sagvolden, 1. Giaever, E. O. Pettersen, and J. Feder, “Cell adhesion force microscopy,”
Proc. Natl. Acad. Sci. USA, vol. 96, pp. 471-476, 1999.

R. L. Juliano, and E. Gagalang, “The adhesion of Chinese hamster cells. 1. Effects of
temperature, metabolic inhibitors and proteolytic dissection of cell surface
macromolecules,” J. Cell Physiol., vol. 92, pp. 209-220, 1977.

S. D. Marlin, T. A. Springer, “Purified intercellular adhesion molecule-1 (ICAM-1) is a
ligand for lymphocyte function-associated antigen 1 (LFA-1),” Cell, vol. 51, no. 5, pp.
813-819, 1987.

M. F. Underhill, and C. M. Smales, “The cold-shock response in mammalian cells:
investigating the HelLa cell cold-shock proteome,” Cyrotechnology, vol. 53, pp. 47-53,
2007.

H. Kaufmann, X. Mazur, M. Fussenegger, and J. E. Bailey, “Influence of low temperature
on productivity, proteome and protein phosphorylation of CHO cells,” Biotechnol. Bioeng.,

vol. 63, no. 5, pp. 573-582, 1999.

137





