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A development of a live-cell observation method
and analyses of the effect of blood molecules on the cell adhesion
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Abstract

Polytetrafluoroethylene (PTFE), a kind of fluoropolymer, is widely used as a
biomaterial for blood-contacting medical devices because of its properties, such as good
biocompatibility, chemical stability and anti-cellular adhesiveness. In blood vessel
prostheses, the anti-platelets adhesiveness and endothelialization on the surface of PTFE
have been studied for the suppression of thrombus formation. Especially, the
endothelialization plays an important role for the longstanding suppression of thrombus
formation, the stability of the endothelial adhesiveness on the PTFE is important for that.
Inverted phase-contrast microscopy is suitable for the chronological observation, which
is needed to estimate the stability of the cellular adhesiveness on the PTFE. However, it
is difficult to observe on the surface of thick PTFE, which have sufficient mechanical
strength for use in biological experiments, by inverted phase-contrast microscopy
because of its low optical transmittance. Although a thin layer of PTFE is likely to have
low optical transmittance sufficient for observation under an inverted phase-contrast
microscope such a thin layer would have insufficient mechanical strength. In the present
study, we developed a PTFE-coated glass with optical transmittance sufficient for
observation under an inverted phase-contrast microscope but with sufficient mechanical
strength for use in biological experiments. The purpose of this thesis is that the
observation of cells under an inverted phase-contrast microscope and the analysis of the
effect of blood molecules on the cell adhesion on the surface of PTFE by using the
PTFE-coated glass. The background of this thesis was explained in the first chapter. The
PTFE-coated glass, which was made by the PTFE coating on the cover glass, was

developed to achieve these opposite properties, the optical transmittance and



mechanical strength, in the second chapter. Rat aortic endothelial cells (RAOECs) were
seeded on the PTFE-coated glass treated with plasma that achieves the cell adhesion to
PTFE. The observation of RAOECs on the PTFE-coated glass was tried by using an
inverted phase-contras microscope and an inverted fluorescence microscope. It was
possible to observe RAOECs on the surface of the PTFE-coated glass by using these
MICroscopes. Any recognizable damage or peeling was recognized in the present study.
These results showed that the PTFE-coated glass has sufficient strength and
transmittance to be used for biological experiments. The PTFE-coated glass enabled
live-cell observation of the PTFE surface using a phase-contrast microscope and also
chronological observation. We estimated the effects of the blood molecules and extra
cellular matrix on the RAOECs adhesion to PTFE, in third chapter. RAOECs or
platelets were seeded on the PTFE-coated glass, which was treated with plasma, serum
or cell adhesion molecules contained in blood and extra cellular matrix. The estimation
of morphology and adhesion of RAOECs and platelets on the PTFE surface showed that
treatment with the fibronectin, laminin, collagen, plasma and serum enhanced the cell
adhesion, and tended to suppress the platelets adhesion. The chronological observation
of RAOECs on the PTFE-coated glass treated with the fibronectin, laminin, collagen or
plasma was performed by using phase-contrast microscopy. RAOECs stably adhered,
proliferated, and covered the PTFE surface within 3 days by treatment with fibronectin
and laminin. The plasma and collagen also enhanced the cell adhesion to the PTFE
surface, however most RAOECs were detached within 7 days. These results suggested
that RAOECs unsteadily adhere to the PTFE synthetic graft implanted via blood
molecules, the speed of endothelialization of the graft is delayed by the detachment of

the endothelial cells from that. It was suggested that the treatment with the fibronectin
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and laminin suppress the thrombus of the PTFE synthetic graft implanted by both the
rapid endothelialization caused by the stably adhesion of endothelial cells and the

suppression of the platelets adhesion.
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Polytetrafluoroethylene (PTFE) & (7 v REIEO—FTH v | ELwE S
(LA ENE, PUMIEEETE DR S D MIREEANEL 0 BRI S < B S
nTwsb, ANLMEIZEWNTE PTFE IXfEH I TR Y, RO D7

(IR PRI N RIS X B I NEBED ST S (NFfk) DR
P TN TW5, PTFE ®A TiE ~OREHIC 7= ke sttt 512i%, Wk
(EBRETH Y | MENMNEOEAE DL EWENEE L 70 %, MldEE D%
PEOFHIIZIZ, AR RBIENKNETHY | £ OMHTITIINAEZBEMEEIC X D
BENRLHELTNDEEEZLND, LML G, PTFE (365 & i
FOBREEAS & B IR 2 EBRIC 43 72 T8 D)8 S TIINAH ZBMEE T DBl

IINBBRPA T TH D, —J7, WK THIINAEBZIIETH D &
TR END S, BRI 3+ TRV, 2T, A TIHOLERE L)
PHIFREE 2 WS S D 7202 7 AR PTFE 2 —7 ¢ > 7% Jiii L 7= PTFE
a— 57 X (PTFE-coated glass) Z{F# L7, PTFE =— s 77 2 &2 HW\ -
PTFE #ifi L OMfa OAAH =B MEESI %23 L O PTFE Rifi~D ML 531 % I°
U 7o Ml # s Db &2 APt o B & Lz,

FB1IETIIINO DA TR BTnaim Uiz, H2ETIE, KT LME
T D IBIBF L EIBRIE 2 TN S 572012, H/3—HFF A FIZ 10 pm LA
TOBED PTFE 22—7 ¢ > 7 % i L7 PTFE 22— s # 7 2 %% L7, PTFE
a— N7 ARENZ ML A 9 Z & T PTFE R ~OHIfasE 2558 L
Z v P RBARIME NI (RAOEC) Z#5H L7z, (CFHZEBAMER K OB
JEEAMEE A MW T, PTFE =2 — M 7 ARmEIIHEE LIzl Lz, 20
fER, PTFE 22— "7 A& HA\W5 2 & T, (AIZTERET & f 37 3OS o
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WTIIZEBWT Y PTFE IS LI-MlaoB BN e Th o7, Tz, &
BRIZ R & RESLHBER R S e o Te, DD LD, MFHETMES
BTy e B R L BRIOBRE &2 FF o> Z LR &z, PTFE 2— 4o
A& AW Z & T, PTFE 85 U7l 2 e IS A 22 BaEisl e+ 5 = &
WHEETH D7, PTFE KEIZHAE LMl AR L2 EMIC OV T H A
DT 5 Z LN ARE L e o7, B 3 ETIX, PTFE i ~OHMIfaEH 28
W, OS5 TROMAE OMfas~ bV 7 203 RIT T REE TN L7,
PTFE = — 7 7 AEmIC M AF-oMifast~ U 7 2ZEEN L5850 7. I
BIOMFIZE 2082 L, RAOEC & L<I¥7 v M/ Z#ER L 7=,
PTFE it OMI O RECBAE M A i@ LT-RR, 747 mx s F v, 7
=y, av—sy . ER L OMES PTFE Rifi~OMiuEE 47845 2
xR L, Eoi/MROEES ZMH T HEM AR Lz, SEWT, 74 7 aRy
Fo. Tz, ag—rrb L EERH A L7z PTFE =2— h 7 7 X
RAOEC ZHEHE L, % HBUCAAHEBMEE CRIE LTz, 7477 F & T3
= %4 L7z PTFE K ~OHEILLE TH 0 M S vIaEIC 722 0 | #6753
~6 AT PTFE £#HONEALRE T Lz, MBI 0=a T —4 4 PTFE £
~ORRESE 2 HE LT, TOEBEIFIALZLETHY, HH6 AZITITFEA
EOWNBMEAFBE L7, 202 b, BiES 7z PTFE #A L& IZBW
T, ZTORMICMHPOBESEST520 LTRSS T2, TOEFIIALE
Thh, BEEEHBEZRIEL, BONEERRZ 5 Z LAVRB I NI, —J,
T4 TR FoRT I =T, MWEWNBMIROLE LT EAEIZ L DR oN
Btz RIREIZ L, ol IMROBE 2425 LW oMo, PTFE AT
IfE DA R 2 #0922 & AR S T,
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7 v BBRITRFERICT v RRTPHME LR ~—Thbd, 7 vHRITER
FEPEREAN 3.98 & &TLHFEF T b @\ o, RFBE# & W ITHIE CTLE L THE
BT D, ZOd, 7y EBIRIIEFROLEENMED TEL . T8 Y e
EOIMIBREINDZENFEAET N, £, 7 v EOBEKEELENEN-
D, 7 FBIE D5 F RIS TR | ZIUTHEWRER I IR kb, Z
NHORER, 7 v FHIEIL. mWEFRYZEME., BN, FEREME. B0 2,
M . fEfgdth & W o T S A o, 7 v ERIRIZ NS ORI S , TR,
EFEAMDPREL 2B TSN TWD, BEE LTH, Bix 2B
mnfh, MEfRME. B MEEMET A EOICHV BN TWS, 7 v ERIESRER
AN T 2 R ALDT 7 r @ W) FIR TR b TR, 7T A4/ 30728
DL R E, MR EOMELIHISED Z LR WRETH D,

7 v FEBIRIZIZN L O OFEERH Y | KFL T v FEOHLNLRD
Polytetrafluoroethylene (PTFE) Z#iZU# & LT, D7 v RIFTDO—E% K
#JF I EH L 7= Polyvinylidene difluoride (PVDF), /X—7 /L4 1 7 /L% )L
LI L 72 Perfluoro alkoxy alkane (PFA) 7¢ C Kk« /e fidH 73 & %5 (Table
Do £, 7 v FEMIEO A TIEEBARENMENZ &b, BEZ2EH
BIC Ko TEZRFURIE R E D, BBARE 2N & WBHE S IBE G b
TTbORfEOLNTWD, ZOXIICT v HRMBNELE —AITIEIZN 5 R g
I Z < OMAEDE, BEANFET L. TOFEMITE L2 DOEED
JUNTTHLIEORRIND Z LiTDRn,

yEBRDOERMEE LT, £ ORI ENED BARA~OZEVEDR &
ZEWTNA, mWE M, FERENED S AR AN A IR TE 5728, Mk



PR IR IR Ch 2 N LE S 7T —7 V72 E3 % b s (Naoum and
Arbid 2012, Roy-Chaudhury et al. 2002, Stephen 1993), A T (217 v
FHE 5B PTFE MEH SN TRV | HEA/NAEDO S DIZHNHER TV D,
L7 L, PTFE ®A T 12380 T b MARTE R NIRAEIE &\ o 72 1 & PAFE D
FEEITRET Sy, TS RS2 FEf e & Ty Ao PTFE N Tl 23
VELINDbOD, MR RE L 72> T2 (Narita et al. 2008, Peck et
al 2012), Z D7, EA 6 mm KO PTFE # A TiE 2 B35 2 &1,
—HREIIZ T2 (Peck et al. 2012, Stegemann et al. 2007), /NAFED A
T/ 2 EH S 572012, MRTEECPIEIEE OB 2405803 s H i
TRY, #ES T, PR, ~XU 2 AV IXT VAT R LDy TNEEE
=7 4 7T L RERHE ST D (Hoshi et al 2013, Mrowcezynski et al.
2014, Schleicher et al. 2012, Wijelath et al 2010, Williams et al. 2011),
25 1% PTFE 8 Tl &~ /MR 08255 2 BEEMHT 5. HH0IE, WK
MR & 5 mAFNBEDOISTS  (WEML) ORMEIC K 2 BER 72 f/ MR ]
(Z & 2 MARTERm 2 HE & L T2, FriC, WEMkIE Ik & NIEIEIE o
ELHIZHLHERTH D, WEALILI MR O Z Bl 5 72D, Ak % 1
fild2EEZLENTNWD (Koveker et al. 1988, Tremoli et al. 1985), F7=.
PTFE # A TM& 23T 2 WEIEE I &EIC R84 L3 <. 24U PTFE
N LB KT 2N DBAENREZE THLTDIZELDEZEZL T
% (P etal 1985), ZD7-%, PTFE £ ~DZE L= E N HIlE OB
RWEEERT Z LA, MEABICAEDIZLEEZ BN,

PTFE A T OFEMIZ1E, PTFE 25| Z4EIX9 2 & CiiZe L2 BHT .
PRI TR 0 1 A i e & % i |l S B 7 B % LU PTFE (expanded

PTFE, ePTFE) 2MEH SN TW5, ZDO7=8, PTFE ®ATIMEIZIIT H0F50



1% ePTFE #F = — 7 % F TR < 4TI T % (Koveker et al. 1988, Koveker
et al. 1991, Wijelath et al 2010, Williams et al 2011), L2>L., A TI%
ONEAIE, & OMMEE, EAEMHERCMEOEELR EREET 570, 20
WRITEMETH D (Boyd et al. 1988, 771 et al 1985, Wl etal 1991), =
D7z, PTFE #A TiE 2 HWiziha . WD 7 v FBIER I~ D8
Bt 72 & O SERER 72 RBA DS BE U, JRRER Z0 BRI, P EFE M 2 VT
ePTFE Ti372 < PTFE Rk T 2 5B B LT 0 LERH DL LB B
5, LinL., MENEMILE PTFE i & O AIERA O, S HIZMikE O
B2 E LT BRI B E S Co L 2 A 2D | BEEDOREMRE
DN BEACICEE 22N IZFT D Ty (Kaibara and Kawamoto 2002,
Grainger et al. 2003),

B2 A W=D 7 WEIRD—> & LT, PTFE OB IRBROK S
MNEZBND, —MRANCEERMAAOBIZTIT, Bl & W 7o AR 22 BRI EE 1
KDBEBIRLATOND, MAHZEBZEORME LT, MinsIRENICESIC
HEBETE LW 2 bl bnd, Mlaoiesisil, Mo, F
&, IS A BEICHN T 57 DICHEERFIETH D, 0, MlaksEo
KT H T ARLKRY AF Lt s EBAEOEWHERHN LR TWND
L7 L PTFE Ti&. (FHZEBIERT DT+ 2@l s o iuien 2 Lk
BBAMEBEIC L DBEMTON TV AT DEHEEZ1T) Z N TE R, F
7o, HESBEMEZ HOIVUTAMROBE b WEETH L & THISND2, H08
WEIZ LD GENRUNETH Y | HIEORBED kBRI W5 2 L ITHEET
&%, PTFE % 10 pm FREE & 7 ¢ L AMRICHEL 5 2 & THA R EEBRITE
b EEBEZLNDN, MEAPRENMES 2o TLEY, EREZLEL TITO
ZENREEETH D E TSN D, TV CE, PTFE 14 0.6~1 mm @



JFEETHWON TR Y Bl R 72 & O Thbh T e (Pu el al 1991,
Grainger et al 2003, Sprague et al. 2005),

Z 2T, KRR TINEIER L YRR R 2 WL S ¥ 57200, BT AEKH
\Z PTFE =—7 v 7 %Ji L7z PTFE =— 77 X (PTFE-coated glass) %
BA% L7=, PTFE =— k& 7 2% H\ T PTFE Fm b Ol oA H ZE B sl
225 LV, PTFE Rt~ M5y % L7l sss & it Uiz,



2. Polytetrafluoroethylene (PTFE) =2— b J 2% M\ 7= PTFE F i D#1%2

2.1. i

PTFE |k M o R I S5 72, PTFE REIIK5T 2 M
FERLDJRIR & 72 D i/ MR EPESC, L NI OBETERFE STV 5,
UL, Bz FV 72 i 2 A Uiz PTFE ~O25 1281 5 N 72 @is
1372 < FARTZIRY TIX 1 #HOATH S (Grainger et al. 2003), Z DK D
—>& LT, PTFE OXFHERDEL I NET b5,

PTFE % 10 pm 2 & 7 4 L LRICHELS §75 2 & THO O ZBERIIEHh
HEBZHLNDHD, MERRENMEL 720 | EBREALEL TTH 2 L3 HEEET
bHoHETREN, METRYTZLRV, 22T, AETILEEER L WA R
FE &N S DH72bIc, BT AKMIC PTFE 2—7 « > 7 % Jii L7z PTFE =2 —
777 A (PTFE-coated glass) ZE#L7-, ZHid—MAICEEEMRICHNS
NDHN—HF 22 10 pm LL FOEED PTFE &332 L=t DT, HAZ 2
A a— MERSHE B IR LIERLL 72, LR, 70 2 U AS
e GRR) &7 7mr e ) y N7 T AR EORELA THREN TV D,
ZHIEFATA RHATZARIZT7 v FEBEa—T ¢ 7 TRV 2152 & T, 1
BDAZA N7 A THEBIREOREREZREICT 2MTH D, ZNbD
=T 4 Y IIFERIMER STV A7), BRI TOBIRIIRATEETH D,
IHIZ, T7RYNIT v BBREOREEZRE LW, PTFE 22V 51T
WANIAHTH S, £, I PTFE =2—7 4 ' ZIZHOW O HBEHT
(T, =ARFURE R EEMEOBIE N EA SN TWD, Zhid, BIEOmAME
) 7 EEigERR b D7 DI WL TR Y | FORGITBEStED ) AT T
ol EOX ) BRBIEN EDOREDHFRETEEN TV DT —HAICER



SNV, ZnbDZ D, PTFE EMEOBEE A B = X AOMHTIZ, TR
D7 v FEEIET— NI T AF#E LTV, —JF, ARFFECTERIL 7= PTFE =
— M7 ZADEENIIE, BENS PTFE UAAORHED A > TWhvignizo, PTFE
LR DOEERS A I = X LDIRNT 24T H Z LN TE B,

A#ETIX, PTFE =— 77 2%\ % Z & T PTFE £mOAMMEZ, (2

FZEBAMBEIT &V B TRE DR LT,



2.2. MEHE TR
2.2.1. FHf

PTFE =2— F & 7 A% 24 mmx24 mm O /3N—H 7 A (C024241, AR Z
A, FEFIH) 12, PTFE % 10pm A FOEECa—F 4 v/ Lz, a—F 4~
ZIEAART I v a— MRS BER) (2. PTFE DA OBHECE R & &
FRWBETKIE L 72, PTFE 7 =2 v 7 [3FE 1 mm @ PTFE-sheet (1-537-01,
T AU URRASEA, KB % 24 mmx24 mm O KX S(CUIKF L CERIL7Z, W
T b 180 °C 90 S [E DEZEMBE 2 I L7z,

2.2.2. YR
PTFE =— + 7 A PTFE 7 1 v 71X, W3t EE Sunrise™ RAINBOW (7
B xRy, JIRE) Z VT 400 nm 225 700 nm OWEYEE A 5 nm [HFE TRl

E LT, MEmRIIBOCEN LU FOFERXL VRN L

YeFim
A= 1%

100/ (102)

=
i

2.2.3. Ml

HEEHIIEIX 7 »~ B KREIRN AR (Rat Aortic Endothelial Cells, RAOEC,
HPERG, KBR) ZfEA L. B CS-C B »v ~ (4Z3-500-R, DS 7 7 —,
WH) & Huiz, HERRRFHICIE CS-C 55 » M z~X=3 VU > % 100 U/ mL,
A MVLT R=A % 100 pg/ mL, 10% 7 VIR RMIE (FBS, S1500, 7+ =2y
A&, ) 2L, 74y =24& L T10em 27 —5 2 typel =2 —

N7 4 w2 (4020-010, AGC JERE T, #) =AW=, MlaoB 30



ZBMEE (IX70, AV o _32katt, ) 2L

MaEE o7 b a— I FO#EY Th 5,

) V7arryirxzrbh (T4 vy a®ERD 80~90%% M- 7k ik
(2 L7= RAOEC % PBS (-) 5 mL T¥if

2)  0.06% kU 7 0.02% EDTA/PBS(-) 0.5 mL & #i0 L 37°CIZHNE

3)  HEBENHI NI DAERFR M 8.5 mL TREB L., £ D 1/3~1/4 %, HHie&E
2 9mL 72 % K DI E L7ToB LWHERRE U RN

4)  HRANE—IZRD LT 4 v 2 B EHNTEES L, 37°C 5%C0: [ZRE

LA o FaX—H—|HE

2.2.4. PTFE o5 il A
PTFE 7 & v 7 PTFE = — 47 2A%£ O PTFE & e U HEREETHIIZ 10%
(w/v) TiRIESH, 37C 5%CO02 5T 24 KEfl A > F = X— s LT PTFE %
2 157-, PTFE B % 0.22 um 7 4 L % — (0250228-SFNY, 7 X
T RS, KPR) TAiE L, RAOEC (2% 2 M tEFE i 2 Cell Counting
Kit-8 (BE&th RUALPAFZEAT, REA) 2 IV Cakil L7,
v ha— /I TFO@EY THh D
) H7arrizr MIELE RAOEC % PBS () 5 mL T
2)  0.05% b U 7> 0.02% EDTA/PBS(-) 0.5 mL Z #1 L 37°CIZANiE
3)  HIRMAFH N HMERE L 8.5 mL TEE L. 100 g T 5 4 fE O
4) Bz BRE . 1 mL OHERE TS
5) RMIR 10 pL ZHERFREH 90 nL THMR L, 0.5% b U /X T —Rik & 1 :
1 OFNIG TR L, MERGHEE A AV CHEfa R B 4 515

6) 4) DORREIKZ 2.0x105 cells/ mL (A L, 100 pL/ well D& T 96 well



7'L— L (TR5003, HARY = X7 ¢ 7 A, HR) [T

7 37C 5%CO2 ITRRE LT=A v 2 _—H —(T 24 BERIERE

8) A FRE, PTFE 2iEHH% 100 pL Nz 37°C 5%CO2 [T E L= A >~
F 2 _N—F— (T 24 BRHHE

9) BHZFRE 1 well H7= 0 HaRFE I 90 pL & Cell Counting Kit-8 10 pL %
WL, 37°C 5%C02 T 30 s34 v % = _X— |k

10) 450 nm OWIE % Sunrise™ RAINBOW % F N CHlll@E

11) Wt %2 PTFE ®EUSINES Uz %3 5 ElE CREfh

2.2.5. HAF~o MmN

RIS 52T OB FEBRIIFRAMARFBMEREZBZOHA KT 41
o THEM L7z OKIRE S 130315-5, 160323),

8~10 W DHET » MY L) R Fu (s St, Ha) 220 b
SN H =)L F R U A E LT 75 mglkg i.p. THRE LIERERE T 7=, GRFREE
TICBWTIER KRR b2t L, SRILE#ZO2Mm S 3.8% 27 = T Y
U L& 91 DHRTRAL, 4°C 1,600 g T30 i L, miEEE-, 2
BITT v MR ISR 2 iic X 288 S8, &b -miEx, -~
THAX0.22um OV Y U7 4 02— (0250228-SFNY, 7 XU RS 4L,
KB) CTHIELTHITHEH L, miEEZ AN 35 mm R AF LT 4 via

(TR4000, AAY =7 4 7 A, HHX) |2, PTFE 22— h 4 7 2B L PTFE
Tny 7 aRESE, 3TCTBAFET 5 Z & T PTFE K~ ML %
1T o7z, MAELE% T PBS () C—[EIVES L, MBS -l v 7,



2.2.6. FAf~O Ml M
35mm R U AF LT ¢ v a (TR4000) (2, HLFLDOH Z X (C024241) .
PTFE =— %7 A, PTFE 7 v v 7 (1-537-01). MG PTFE =2 — ~ 4 <
A, MR PTFE 7 v v 7 22 ZhiE &, RAOEC 8 L7z, Mg
X9 2 MG DR EEZRET D712, MEMIEHEHA R Uz, 24 FEM#%ICHA
#Min%L % Cell Counting Kit-8 W CHH L7,
7'vm ha—) LI To@Ey THh D,
D Y7arrixy hMIELE RAOEC % PBS () 5 mL Tt
2)  0.05% kU 7T 0.02% EDTA/PBS(-) 0.5 mL Z #$1 L 37°CIZANiR
3)  HIRRANHIZN T HERERH 8.5 mL TR L. 100 g T 5 4y filiE D
4)  HEFFETHLA PR E | MEIMIE BT HL CREE
5) REMEK 10 pL & M iERH 90 L THAR L., 0.5% ~ U /80 70—k &
1:1OBIETEML, MERGHREZ W CHITLRE 4 5154
6) 4) DOWREIK % 2.0%x105 cells/ mL AR L. 2 mL/ dish @ & C#EfE
7 37C 5%CO2 IZRRE LTz A v F 2 X— X —|Z 24 FEHFRE
8) HTICHELEZ3SSmm ARY AF LT o v o |TEMEEH 450 pL &
Cell Counting Kit-8 % 50 pL Z{Ef17 %,
9) MREEMELZT v 21X PBS() 1 mL T2 [E¥% L, PTFE 22— k%
T AEDHM M EA R Z FIZ LT 8) OEMICAIL, 37C 5%C02 T
30 Ay Fax—h KURFLUT 4y x|l LI O2ENED
vhmr—n bl L, HMREFBELREWR) AT LT vy akN v I T T
v RE L, PBS THA#%IZ 8) L IA Uik 4 500 pL i L7z,
10) 9) D% 96 well 7L — b (TR5003) (Z 100uL 9" 4 well (2 AL,

450 nm DO % Sunrise™ RAINBOW % W CHIE

10



11) W ZERED o b r— LTk 2 BIE TR

2.2.7. HOLHE

A A2 10 pM @ 5- or 6-(N-succinimidyloxycarbonyl) fluorescein
3,6"-diacetate (CSFE, 341-07401, KRtk [R{ALAATZERT, REA). SEAI
fi% 1 pg/mL @ propidium iodide (PI, 343-07461, #R=X&th R AbS#HF%E
Ar, REAR) THu L., fISZEOCEMEE (DP80, AU v ARk St H) T

B L. ARG L OO BR 2157,

2.2.8. HEHFHOMLER

F—H P EHE RS (S.E) TR L7z, ZEEBBEIT Tl E S
Hr# 12 Scheffe’s #7E TITo72, p<0.05 DL EHHFHINTHETHD EHM L
77,
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3. MiRBLUBE
2.3.1. PTFE =— M ¥ 7 2 D& LOVME

PTFE =— b T A0 % Fig. la llR Lic, B/8—H T ZADE S 13Hk%
No.1 (0.12~0.17 mm) Ot DZEHNT, ZDOXKAEIZ 7T~10 pm O PTFE B
g DY

HR—=HZ A, PTFE 22— h#Z A, PTFE 7' 1 v 7 O4Mgl% Fig. 1b IR L
72 PTFE =2— N 77 ZAXPTFE 7 u v 7 L 38  wEENEHE L TEBY |
TICEN = a2 40 (ARG Ly TS, 1R AR T,
ZDOZENDL PTFE a— b7 A% HW5 Z & T, PTFE RiriOFEE I X
HBENARETH D & Tl ST,

2.3.2. WHART N vds L OV SR AT

— AR OBIERIZIE, BINCBEMEEN A Vb Tns, ZUIEBIE
BEDORIEN S, BEMEEICHWSN D L XTI 8y & OBt 42 < 35 %3
MBHDHZDOTHD, ZO0, BEEERPOAMBOBIZEIIE, ML X
MDAt Z < 572010, MRS L TWD TN OBEAZITH Z &R
TELENIBAMBEZ WD Z ENRE CTH D, ZIUTE BRIV T HIAER
ThbH, 2D, PTFE =2— s T 2% M\ 5 Z & TRISZEAMEEIC Xk 580k
BIEDFRETH LM 572012, PTFE 22— M7 T ZAOWIEAT h v
AT LTZ, S DB ORI ART M YEEE L L PTFE 7 1
v 7 LR LT,

PTFE =— 7 Z A, PTFE 7 v v 7| =717 ZADNEm=x %, WtE
FHaHAWTEME L7z, 4572 400 nm 75 700 nm O EE % Fig. 2 12, %
SEEE D SEHED B KB & FHH L Table 2 128 Lz, Z OfER, PTFE =2— k
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BT ADENAT VL PTFE 7' 1 v 7 & [FAERIZ R I F A O W EE AME LV E
MR &2 R LTS, HBiEFRIZ PTFE 22— N4 7 2 Tl 74.9% ThH > 7=
W2kt L, PTFE 7' 2 v 7 T3 0.8% & 100 fFiE\VW edEim = o m LGRS b i
7o
ZOZ NS PTFE a— M7 2% W5 Z & T MFHEBZROATIE R L,
BISZEAMEE 2 F N C PTFE R ifi O#OCBIZRN AIRBIZ 2 5 & PRIS iz, S 61T,
400 nm~700 nm DOFEFAIZISVTIIFFE DRIPE R Z Rl e, %< D

SWEMMERMARETH D & RIS LD,

2.3.3. MG FEIN R
PTFE =2— N7 A2 &7z PTFE &5, PTFE 7' 1 v 7 &[RRI
N HEFEAN ] A 7R S 72y, PTFE iR{shs i TR U 72 2 (Sl d8c & 34t L 7=,
PTFE [RIBEEH &l i OMERFEE 2 Lol L7 R & Fig. 3 1R LTz, T Ok
XK. PTFE =2— M T 7 XIZHWBNTWA PTFE &KL, PTFE 710 v 7 LA

RIS R4 2 M R 278 S 720 2 L DRI STz,

2.3.4. FHHAEERS FFAM

PTFE A LIMEOFEM & L THWON BB O— D HIla3EESETH 5,
D7, PTFE =— 45 AFEHEN PTFE 7 1 v 7 L REEC, Ml

TR LT,

PTFE 2— h#Z A, PTFE 7 v v 7 | H/3—%4 7 2~0 RAOEC DOl
ERAEZFE L, Fig. 4a R Lz, ZOfEE, PTFE 22— 7 221X PTFE 7
7y 7 EEBRIC, RAOEC ME LA EEE LW LAVRENTz, — . HT A
RIANITMIEE RO bz, £72, PTFE 21— M T AR O BMEBI52

13



IZBW T, RBEMAIIHER SN T,

ZDOZEMNSLPTFE a— "7 RAI R ERSTET T AOWEZRITIT,
PTFE 7o v 7 L[EREICHIFL E FHEAER L CTWAD Z R Sz, 61T
PTFE 22— N 7 AR CTHIBAEESE DNT & A SRR SN2 oo 2 e b,
PTFE =2— + ' F 2D a— MNEEEN PTFE BETEDON TR, Dl &b

MOS8 2 52 DR E SORBEBITIIFE LRV EAVRS L,

2.3.5. PTFE =t— 7 T A~OMIEE T N 5 % 5 58

FATHIZE TITILAEEDS PTFE RENIAET 5 2 & T, MRS EIC R D &
WA SN TS (Grainger et al. 2003), ZAUTMEF O 5T OFFICE D
HETHLLEZONTEY, Bl AN LIE BT 2 AT AL
DOHIENCIBNT, HEREB TH L LEXA DN D, ZODMIAEAEIZRB VT,
PTFE ==— F 7 A~DMAFNELY, PTFE 71 v 7 L ERRO L R )ik
L7,

MAELE 2 J L7 PTFE =— s 77 A, PTFE 7 v v 7 ~® RAOEC Dl
BEAHA ST L. Fig. 4b |0k L=, = OfEH. PTFE o=— h# 5 2|21% PTFE
7wy 7 LR MFELEC LD RAOEC 3 A FIHEIC 2 D Z E RS vTz,

ZOZEND PTFE =2— 7 2K EIZIE, PTFE 7 v v 7 L [ERRIZImEES

DEEDTFDIE L, ENE L THlla»E 5T 5 2 LRI,

2.3.6. PTFE =t— T A F£HE O A EHMEEE 22

BISLEBEMEBEZ W T, PTFE =— U7 2 EOAERIROM A ZBIZ B L0V
M TIRED, MIEALERA L7- PTFE = — % 5 212 RAOEC ##6fE L, 24
IRFFH] 12 L Bl LTz,

14



BINLHEEE O TR L2 B % Fig. 5 1Rz, ZoOfEE, PTFE 22—
T AFKEIE, PTFE 7 ry 7 & BV FEBRAIC L HBENAEETHD Z &
DR S L7z, Fig. bc Tidk, PTFE =2— N7 AR WIS L 2B (LAE 2
BEICL VRSN, S5IT, Fig. 5d TiX Fig. 5c & [AHEF T, d0obe L
7oA Ow g G 2~ LT,

PTFE =2— h 7 2R &HW5 Z & T, PTFE FKmlc#E Lol H 28l
LNARBIZ IR o7 2 LD PTFE 2Rif O A 004235 T HE S0z 2E D 3 73 i
DTHEGI o7z, FRIT, MRS CIREOREIEE & Br 0 RIS X 2 Refi )
BRAS 72N RHIMICER T 2 MBI N RS L 725, PTFE RiiiZ Db DI
ISR EEE LI W &b, Mo hOBES T 20 LIoilasEg sk T
(X ORENEE L 705, JATHFZETIE, PTFE (2835 Lo filadie =2 R
KA v FTOHFHM L Tz (Pu el al 1991, Grainger et al. 2003, Sprague et
al. 2005), AFETIE, fERL L7 PTFE 2— "7 225 Z & T, BHMIC
IS A B L. 2 E TR Ch o7z PTFE K OBE ML DR E
PEZMENT 2 2 E R ATRBIC /2 D 2 EAVUR ST, S DICHIHZEBLEE & e C
HOEBIZE A 1T, CSFE (Aex =496 nm, Aem =516 nm) & PI (Aex =530 nm,
dem=620nm) OELLHLMHARETH L Z R RESNTZ, DD, Zhb
DO FATDVE R FFom e ¥ XV Th bRkttt ¥ v 7 4 (EGFP,
dex =488 nm, Aem =509 nm) & X LRV ER, EOMOENT m—T e L
NI 2 X B ORMIANRIEDIENT 2 EbiETH D & THlEN D, —77.
AT 1% OSSR 12535 L Sbh T 528 (Suckow
et al 2013), ZHUX PTFE =— b 7T A2 WA EAITFHET 2 2 &N T2
VW, ZD7= PTFE 22— 45 A%, PTFE RMmICfHE L5 O ER
& MlaE A B O R 2T A Th D L EBER BN D,
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FoMfaREE 2 O ER TR, I & AR R TR DR A2 B o T 48
PR AL L7223, EERTIZ PTFE = — 77 2@ PTFE BIEIZK X 72503
B2 CIIER SN o Tc, T DD, — AR FERRITIS T D6 I IR
O WREE RO EZ2 65, L, BROICHESOEEL 250 v 7
U = UEE L, PTFE TIZR20 THHN, v 7 by M LIS
RY7rEL T R80~R100 & PTFE LV bV, ZDDAT T vFT v
A DERIZ, RY 7L R TRl Z RBES 5 & PTFE BIEE2 52010 5 7
REMENR D D, ZD72, TDO X5 REBRRIZEW T PTFE B A 55T 720

FEMEHNDZEDMBEL IR HTEA 9,

2.4. fbim

AREOFEBRIZCLY, PTFE 2— s 7 22 f05 2L T, ZhETHRETSH
- 72 PTFE K OMBL O AEZZSAIEIIC KX BN RE L D Z L &2 LT,
R A O BRI OBEEIE L alREL /e o722 £ 2vh, PTFE (28235 LA
JA DL EVEZ DN T ORI 5 Z LR FRETH D,

Fo, BINTEEMETE OB BIERIC bR Lo 2 D, EkF v E
REEHWIREL 2T T —F b A[RRICR D & TSN D,

IN6DZ NS PTFE =2— U7 A& WA Z & T, PTFE (234 % /il
BEBOMT AL L7200 . 2N 26T 2 FEOHIRICOHEERT 5 & b
No, IHITIRRER, PTFE % R H W D IR O R R O U B I K
MWD EEBEZBND,
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3. PTFE i ~DO a5 s O it I L OBEE R Y E OBER

3.1. J¥im

RPIZBAE S L7z PTFE 8N Tl 2 i k3 2 AR RAm i <o P9 SO E5
L, AN LS OAZEOWMANZEN T2, W OO 7T 7 a—F TOMFREN
RENTWD (Koveker et al 1988, Tremoli et al. 1985), IMARTEAMHIF
T, /MR ECTEMAL O N EE L 700 | —J5, NEIRREEEIZ LA
fabes ORESPLRENEE L 25, LnL, ZRETOMRDE  ITAEERA~
DOBFHERR 72 & LRI R I WERE T L& BN clmETH 0 | SERE 72
PTFE LMl OB ICBT 2 ME13% < 2, R, ATMmMEICHEH IS
PTFE F = — 7%, 5lE TS Z & TR FLA BT . BRARAYIREE > 2 251
M7 &2 MAEIZ LV IE-S 7 iEMZ IS PTFE (expanded PTFE, ePTFE) 73
RSN TS, Ll s, ePTFE AT & 0B 5 RS X T O %
Bhie Chk 2 e BRIV G T 57 0OEHE L 72 % (Boyd et al 1988, Narita et al.
2008), EHIZ, ZNFE TR TE L HIC PTFE RFEOAMLOBIEIL, ot
FHBEORENLE L, Z D7, PTFE &K~ i/ MR Bl o5
PSS 2 JLBE R 72 LUV CRENT T 2 729121, £ 7 ePTFE Tid72< PTFE % A
WIEAFZED L TH Y . AFZETHFE L7 PTFE 2 — N7 X2 H\WHZ & T
fEfEICAT ) 2 &N TE D, £ THOLNADEMAZMEN, N LiE % B
JEHBIZRBFEIC R R U, BAEHICERIR L~V TOISIZ ORI H LB b,

AT ONBIIC & B ESTH, DFE 0 NEAILIfL MR DR % Bl L.
AR Z IHI4 5 £ B2 5T\ D (Koveker et al 1988, Tremoli et al.
1985), ePTFE 2B\ TH, WEAL 7 AT E o i/ M amiil zh R s s S

nTnb (Koveker et al 1991), ZD7-% . ePTFE 8 A\ TM&E DN KALZ . $iT
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By <Y AV IARTVATF RREDHAICE a3 =T 4 7T TRET S
FEREE STV (Mrowezynski et al. 2014, Hoshi et al. 2013, Schleicher
etal 2012), L L, TNHEDOGFENTNLEHICLE > TEEYTHY, &
A NI A A =20/ MR 72 EORIER R & S5 (Baroletti and
Goldhaber 2006, Goodyear 2006), —7F, Z®D K 5 7R %Z L TV ePTFE
FATHEIZBNTS, KA THIUXMEPAZEDORNCNEALDNZE T L, ZE
LIZATIE &7ed (A28 etal 1994), 5 2 TR L72@Y | PTFE I3l &
EHEEE T D MEIImD TS Wen . £ OMICImERSROBE 7772 ED3Ir
ETDHZENRETHD, DD, BiESL/z ePTFE A T i Tk <o
JEIPH OB R OA & DR T2, 22E LIZHNBAGIZE G- LT g &Pl
Do ZNHDFIE, EKRAICH &S EFEL TND72®, BNRDOEIEN % 5]
SRRV E TFRIS LD,

MHICFEST D0 FTHDLTNT IR T 4 7 ux s F 72 813 PTFE £
\Zft %35 (Jenney and Anderson 2000), F£7-. ePTFE # A TI%& % M7=
EBRTIX, 7470 F o7 I=vo0a—T7 0 v I PRRIEERET S &
s I TV 5 (Wijelath et al. 2010, Williams et al. 2011) , Grainger © (2003)
(X 1mm JED PTFE 71 v 7 2 HWT, 7 4 7 a7 F & ffEns /s N R
JaDBEZ W REICT D LiE L TWWD, ZD7), M5 5572 PTFE ~O
a2 RET 5 & PRISH DS, ZOMIaEE OZEMICET 2 HiEI3T
&V, NTIMEIZI T 2N REEIE, M8 N EGHIEIC X 2 Flimte
Pea ) Z IR D720, Ml OREMORFHIEZETH D, LrL,
BT BLER DT 72\ e, B O FIEE & B 23860 TRV 7 LTl
ZoTWLO0, HEEPMIZE LRI BRVDn, SF VMg 0L EN%E
P Z L NEEL WY,
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—J7. M OERE S FITM/IMROBAE bFET 5 et H 5, MARTEE O
BRIZBWT, M/ IMROIES X7 E Th % glycoprotein (GP) Tb <A 7 7'V
> amBs ~® von Willebrand Factor (vWW) °7 4 7'V /7L OfEG B LEE L
72% (Stephen 1993), 7 « 7 U / #7%, PTFE & /MR & DS AFET 5
ZERHRE I TS (Safiullin et al. 2015), LocL., 747U 77 UAME
b 747 a0 F b AT 7Y 2 amBslCiEE L9 5728 (Stephen 1993) .
N Bz a2 A ARHE T 5 4y - 3 i/ MR OBERS BARE S 2 AIREMED & 5,

AR TFIAS BT OMEL LT, TAX=-Z U -T AT X R

(RGD) EF—703HV ., ZHADMRREOA T 7Y o EfEET5HI & THM
FaOBEAECTEMEAL M 2 5 (Horton 1999), ZHZFAHL T, RGD £®F—7 D
A ENTF N ThHH RGD-EU > (RGDS) e EE2HWAHAZ LT, AT
70 g LTcfilaBs 2 il Lz . BEsEL T2 2 LA AETH D

(Aguzzi et al. 2010, McDonald et al. 2009, Kottke-Marchant et al 1989),
ARFETITZRGDS 25 Z & T, Mz L7ciilnd PTFE ~DEENA T
U a2 LIebDOhFH L, £ O Zi#tr+25, RGDSI3A 727U &
TA4TURITF T hax g Fr ag—=rr0 T47 ) ) FUORER
FRET Db DD, vWF & GPIb O &1L E L 72V (Horton 1999, Johnson et
al. 1991), Z D 7= RGDS (T ML E N Bl & PTFE OBEHEME O AT I A,
i/ & PTFE OfFATICI3MEH L7z,

PLEOZ M BARE T, MK E 72T mE b ko142 & LT,
PTFE ~O WIS 22 L, oI/ MRS 2 3fl+ 5 05+ 2 %R+
LZEEHHEMIE LT,
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3.2. MBtE Hik
3.2.1. KHt
2.21 LA U PTFE oa— "7 A&fEHA LT,

3.2.2. flussE

2.2.3. LRERIZAT- T2,

3.2.3. HAr~oifE, g

ML X 2.2.5. & [RAERICAT o 7=, 7272 LIEC K 2 ffa~ D HGEEHE D52
B2 <oz, PBS I —MIND AT L,

MIGAERIILL T O FNATIT - 72, 8~10 W DRET » MY L X F Lz~
YR EZ—)LF R AL LT 75 mgl gip. T&G LIRREEZ 25T 7=, 1Rk
B Rz 3BV TR R RE AR & 28 L, 211 C 45 /»f##E L, 4°C 1,600 g T
30 syimls L, MiEEST, @RMAICT v NI LD BRI, H5
N-fiEix, N7 %A X022pm DY P77 4 L% — (0250228-SFNY, 7
AT oAt KRB) TAW LB Lz, G4 A7z 36 mm AU X
FL 7 4 v 2 (TR4000) |2, PTFE =— /T ZAB L PTFE 710 v 7 %
RIEIHE, 3TCT—E&KHET 5 Z & T PTFE RKifii~O MM AT > 7, 1L

TR (13 PBS ()T ZRIGEA L. MR R- AT (T2,

3.2.4. IMAEA I U 7= 5 A o iR b

2.2.6. LRRRICEAE LTz, 7272 L, BEEMRATO7-912, 50 pM @ RGDS
e I I B VAR S, HERRERAERTIC 37°C 5%C02 T 5 A v F 2 X— |
L7,
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3.2.5. HMf~DH LRI Ea—T 4 T

7 v MJEHK 7 « 7ux s 5 (BT2728, 7 Fa v HX&tt, w1, 7
v MIJEHERY 4 hrxs T (GP05, 7 a4t Wa)., 7 v bl
EHERT VT IV (A6272, v/ ~T VKU v F Vv RUARIEME, B, <
7 A EHS WIEHKET 2 = (11243217001, R a X AT T ) AT 4 v A
MRS, BN L Kk~ 7" Ak Type I = 7 — 747 (Cellmatrix Type
I-C, #HHE T FU#klatt, Kk) Z4EMH L7z, Koveker O (1991) &
[FIEEIC 20 pg/ mL SRR L7z % v RV BiE & 3bmm AR U AF LT (v o
(TR4000) (Z AL, PTFE ot— M F 2 Z22iESH, 37TCTBAEHET S Z
& CTPTFE RiEi~DZ XU Ea—7 ¢ TR ZAT o=, WH#%IT PBS ()
TIRIGES L, RS PR O 2

3.2.6. PTFE =t— T ZA~OHl a2 3

2.2.6. LI[RERIZAT- T,

3.2.7. PTFE 22— bk # T A~ I/ M 275 Al

8~10 WEDOHEZ » MY L) XU FNER 2L EX — LT N T AL
LT 75 mg/ kg i.p. TG UIEBIEZ 200 1=, ZREREE FI2 3B\ THEER S KEIRD>
HARRM L, MEAZIZ 3.8%7 =) M) U LAZ M, O X0l MRE
Bz, M/i% 3.2.4 83X 3.25 ® PTFE 22— b4 X (TR L, 37CT 90
Oy EE LTt I /M5 5 & #FMl L 7=, Cytotoxicity LDH Assay Kit-WST
(CK12, BRA&th [RMCAbISERT, REA) ZfEM L TRkl 217 - 7=,

7a ha—) Il Fo@y ThDH
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1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

Mg & 3.8%7 =) MU U L% 9 DILRTRS

23 °C 700 g20 min .0 U, o /M E % (A3

2) % 23C 5,000 g1 min i[> L, EJEZ[FEUL L Platelets-Poor Plasma
(PPP) &¥%

3) DitkEk% 1 mL @ PPP TR L, Platelets-Rich Plasma (PRP) &9

%

PRP10pL % 1 %> = V7T > E="7 A 990 uL. THAR L, MERGH R %

FWTH/ MRIREE 2 515 Uiz, [RIREZ M MRS OMIBEA DS 1% A

ThdIZ Lzl L, FERITHW,

PRP % PPP T 0.5x108 cells/ mL (ZAR L, 2 mL/ well ¥->, PTFE =2—
N TAZEN 3 mm AN ZAF LT oy 2 TR

37TC ITRRE Lo A v F 2 _X— 4 —|Z 90 4y k(s

Fi-ICHE L35 mm R AF LT ¢ v 2TPBS (), Cytotoxicity

LDH Assay Kit-WST ® Working Solution & Lysis Buffer %1% 41310

pL . 100 pL. 10 pL 245,

M/MRZEEE L7727 4 v =X PBS () 1.5 mL T 6 [[3E3% L, PTFE =2 —
N T ZAD MM Z TIZ LT 8) OFRGICAIL, 23 CT 30 43 HA

YXan—h, RUAFLUT 4y vallflLicbozfFgEa bu—

e, MMREFELRWRY ZAF LTy vae s 7T 00 R
& L. PBS Tleif2(2 8) &I Uiz 420 pL i L7z,

9) IZ Cytotoxicity LDH Assay Kit-WST @ Stop Solution % 50 pL 3 >

mL. &%z 96 well 7L — k (TR5003) Z 100 uL 37> 4 well IZ A#L,

490 nm DO % Sunrise™ RAINBOW % FVCTHIE

WG SR 2 AE U o o — LT B B TR
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3.2.8. % HAYBILE
35mm AU AF LT ¢ v o (TR4000) (2, m#E, 74 7axr7F b L
<17 =248 PTFE =— b4 7 2% &%, RAOEC 2 fE L 7=, Mg
(2K D MG OB BET 572012, BIIEE AR U7z, #&FE 24 RE% 20
DITMAIETE A2 FH 8T 572012, G2 STk (HEFFRGH) (Cac# L, &% A
FICAFEZEBEEE (IX70, A4V v - 2ath, ®) 2V iR L,
7'a ha—/VILLT oY) TH D,
1) H7arrixzr hMIELRE RAOEC % PBS () 5 mL Tk
2)  0.06% kU 7 0.02% EDTA/PBS(-) 0.5 mL & #i0 L 37°CIZHNIE
3)  AMRNEI NI S HERF RS 8.5 mL TR L. 100 g T 5 ArfEE L
4)  HEFFETHLA PR E | MEIMIE BT HL CRRE
5) BREIK 10 pL 2 MmiELRSH 90 pL TAHR L., 0.5% b U /80 T—RiR L&
1:10FIETRML, MmERGHRZ H CHITIR B 2 315
6) 4) ORI Z 2.0%105 cells/ mL IZAR L., 2 mL/ dish @& CHEfl
7 8TC 5%CO \ZFETE LIz A ¥ F o _"— & —|Z 24 R §FE

8)  HEFFESHIZAZHA L . % HBYICALAR ZE BRI EE THLEE

3.2.9. MAtFHIILEE
T = 2L EHE RS (S.E) TR U7, ZHEEEHREIE— oAl E S B
Hr#%1Z Scheffe’s i T1T 272, p<0.056 DL ZHFTFHITHETH D LHIWT L

7’9—
—o
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3.3. MiRBLOEL
3.3.1. IMAEE AN U 7= B2 HEAE O fbT

F2ETRLEL DI, MIERNMENEGMILD PTFE ~OHE 2383 5,
FATHIRIC L D &L 74 T a3 s F 0T =70 OGS T- A A N R
f®d PTFE ~DO#:7% e 3 5 L A5 ST b (Wijelath ef al 2010,
Williams et al. 2011), 7 4 70 R 7 F2R°0T I = U7 EOEE S T DN laE s
AHET LB, S S OSSO RGD £F— 7 LHE"Em DA T 7Y
Y DREENMETH L (Horton 1999), ZdD RGD £F—7I3licb V1 b
R F AT =7 I AFET D (Horton 1999, Benoit et al 2012),
ZDO, flilae PTFE OffE%EJr L7#E 1B\ T, RGD £F—7 & FF o8
ENTFHREEGELTWS EFHIL, PTFE =2— bW 7 22 W THRF LT,

RGD &F— 7 OBAMAETF K ThHH RGDS Z#HNT, KUY AF L
B IO PTFE 22— s 7 A RIZT v b KRERN B (RAOEC) % 4%
Tl L 24 W% OH2% % 37 L 7= (Fig. 6), Fig. 6a~d I A BB 2R L,
Fig. 6e (2= QA ML Z R~ LTz, ML PTFE =— k%7 A TiX, RGDS
BUZ LD . < ORMIIEEE TETEL TWe, FilsiilalIERR OB %
AT, HEEMRE OXBINES THDLH, —FH, RIVAFLYT 42T
X, MAELER PTFE 2 — b H 7 2D X 572 RGDS IZ & 5 K& 2 B{LIEEEd b
o tz, BEAEMIEOLES) (Fig. 6e) HATHHZEBEMELE & FkOBImEZ R L
7o HEAEMRRENZ AT PTFE = — F U7 2B W TRAMER T O b i
bOO, MEHFIAEEITRD bR oT

NARZEBIZRIC L AR, PTFE ~0 iz Lo filasgs i, mwiEdho
BAEDTHRGD EF— 720 L CHEEIND ATREMENRIE S LT,
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3.3.2. i KON EEEDEE 73 F DR G-

RGD EF—7%KO7 47 mxsFv, U buaxrFo, 747V 77
REDGTN, Mils PTFE O#EZFET LN EBEAbND, £Z T, 1ML
oMt~ B U 7 ZITEEL, RGD EF—7 2o F & LT, 74 78X
JF U bhaRxsFr 74TV T Ty ad—F U EED,
RAOEC & PTFE KM/ & PTFE D256 ~D B 5% 3l L 7=,

P2y T L7 PTFE = — k7 7 212 RAOEC % #&Ff L 24 B¢ D1
FRZETE S5 2 Fig. 7 TR L. Fig. 8a [CZ DS MI AR LTZ, 74 70 x%
sF, TImv, ag =B EIT o7 PTFE £l ClX, RUAF LT
+4 v a L[AERIC RAOEC MU KT #E T 5 2 E BBl S vz, Mifaid—
XIS, BEE & DA N R & ZITRB ZIRT 208, #EPARRDOLEITIE
e M FVRilET 5, Z0®d PTFE RH~X, 747037 F 0, 73
=, ag—rrEN UTCHIRABFICESET D 2 ENRlEanz, —h5, v
g4 haxrF, T4 TV Iy TT R B ETT 7= PTFE i Tl
R DFEENZ & A EHEFR S o7, PTFE KmCHAE LoMifniix, 7«
TaR g F R EAT oI GERRBEL,. Il ad =S UERBET
»H-o7- (Fig. 8a),

T, BEE ST CREL L7z PTFE =— N J RCEZE LTz i/ % Fig.
8b TR LT, AEAFTENLODT I =V E{T>7 PTFE 22— N7 7 A
RE~OM/IREEIZIZEAEROONT, a7 —F &7 7uxrF 0
HIZRBEORMEEZ R Lz, £72, TAT I VAL, 747V AU e r

[FIRRIZ L/ MREEE B S ME TR &R LT,

IRHOZ NG, MENEMEE PTFE O#5 23R L Olast~ k

U7 AFET HDEESFTHDH, 747 0Rx7F 0, FI=20a7—4
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PMEETHZ ENRENT, EBIZ, Zb045 11X PTFE R~ IE W &
M DHAE ZARtES 205, M/ MROERE TIHI DMV R S, AETH
W7z PTFE &, A LMFICHW B S ePTFE Db A& 1LR—CTh 572,
ZORMIMDBT HHE T OMIEFENRIIFARTH L EHFEXEND, ZO
W, Ta7uxrFr FI=0vaT—r 0%, ePTFE A TMIAEIZBNT
b, LB PN EGIE 2 555 L oo i/ MRS 235 LW o WS, ke
FENGIAFIRECTH D Z XTIz, —J, Tv7 I BTl MR OHEE
RNEHALZIH T2 LS HERH 523 (Kottke-Marchant et al. 1989), 7 «
Taxy Ty, TI=uRea T —F U L T 5 &M & ] L7 E
AR SN, ZDFE, Kottke-Marchant & O (1989) Tk~ v —5fF
T COMBT21T> TWD A, RIEBR T LRI TRITZ1T> T\ 5 Z &2
HBLTwaeBExONS, —EULEOFE T TIET VT I U35 LIRS 1T
Ml SN D0, —ELUFOMETIZT VT I M/ IMIOHE 2R3 AT e
Bz bbb, DFD, BEHZRME T T, 77 I BT M OB & B
fil9 5 2 Lo h . EHIRNTIT I MR OTEEAL Z 3 Liie TR A I Th 5
(Kottke-Marchant et al. 1989), —7J7, MyEA fkik L72S(fETIE, 707 I
(2 & 2 i/ RN 2 59 NEGIIR O#E 23l S5 (Grainger et
al 2003), PEZHIIANZEE L CHERS L7220 A LA ClEiAe i Ao P IR o
UA7 3% % (Tremoli et al. 1985, Koveker et al. 1988, 7R¥] et al 1985),
Zod, 7T 2D PTFE ~OFE T EHI T AT A H TH
B8, BHIMICIIN RS 2 063 2720, MARTEASCHNIRIEED U 2 7 /34
92 "TREMER B %,

3.3.3. It & My O~ 0D B2
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33250747V ) UE, MO PTFE ~O#5 1 El T3 589, i

/RO PTFE ~O#E e oM RSN, —F, 74 7ux7F 0%
D> PTFE ~OHE ZRHE L, /MO PTFE ~O#235 % Il 3~ 2 7 23 7=
SNtc, MFFIZIZT 4TV 27740 7ax 7 FoREBIZEENTND
N, MIEHRIIET7 0 7V 2 G U BEERTIZ, 74707 FURNEEND
(Tsai et al. 2002), ZHHDZ LAb, PTFE i~ M{FLBL ) ML MRS
ZEEI L oo, MENKMROEEEZREL > 2 & THIL, PTFE=2— K77
A % VTR L 7,

MAEH 2 i fE B % i L 7= PTFE =— s 77 A2 RAOEC ##5fE L, 24
RFf % O FE 22 BRI BTG % Fig. 9 TR L7z, MAEH 2 WITMEEHRI L7 v
FOERIZE DT Y03 H 2L DO, IMFHLEE TIIRE & IR HE L -l
MHER STz, —J7, MIEAPETIX, PTFE REIZHEAE L TWAHH0D, 1TE
Ao E ORBRNIA R % TR TV ofz, 825 Liciilasia JIE L Fig. 10 a (2R
Lic, MSEE MBLEiL e bic, WiEay b a— b g UCR RISl S
ZARME L7228, MBS AL 2 0 b MR A B o T,
VT, 1At K OELELZ i L7 PTFE =2 — b 7 7 X285 L7 /v
HafFM L, Fig. 10 b (R L7, MEERHELBITE T, BWiE= s br—L
LR U CAH B/ NREES 200 U7, IS LRI, mARALER X 0 b /MR
BAENDIRVEI T T2, AREITRD N7z,

AEERFE R S M IE QLB T M AEALER X 0 b i VR O3S SR N A VB ) A
ROBI, MENEMIROEERIIARICD R D Z RSN, 2D
D MLELERE, PTFE OMmE NI OBE 2358 L, M/ Mo B 2 il
HHME LTI, ACiEhneBxonit, =1L, /IMEEEEX7 7V

TR T AT I EIT LTS AREMED B U | 5 LB PTFE Tl
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AP EALIL DIGE K 0 & i/ MROTEHEILDS BV ATREMENS B 2 D,
RAOEC DOHEERIT I T MIFALEE A MAELEE L 0 A8 IRl %2R L7 B
KELT. 747V RN 74 7arxyFr b E@BERERRT 57=9 (Pupek et al.
2016, Lemanska-Perek et al 2016) . KERIZBW T O 4 7Y 2 7w
2. PTFE ~OIMBELEL DM TT 4 7V 2 720 7 ¢ 72 F 2O PTFE
REA~OWELEE LTINS 7 4 7V 7 OB RS RE 2 b,
ZOFPR SN, EREWE W F%E o, PTFE 8 A T &E ~DN
BAbiZ7 4 7V VIR ETRZIZ EWIFTRLE =T 2 (5. 1994),

3.3.4. PTFE FKmiZHE LoMilaoft H#i%2

INETORENLG, i, 74 7uxrFr, FI=vBIPas—r
25 PTFE R ~OMBEE ZFHET D DRI, 7470 F U Bk b
AN TH- T, M/MMATEMHGEE TS &7 I=6 PTFE AT Ol
B ES THD EBEZLND, ANLIE~DOIEAEEZD LT, mMENK
MR D2 E R 72 e A O DI RITEE CTh D, LI LR B, e ThiZE Tl
A D PTFE £ COERBENMTHONTE LT, #5 L EMECHTEMEI X
BT 72 2 TR,

Zow, PTFE 22— M7 Az, 74 7uxrFr 7I=2BL0
a7 —5  THPR L  RAOEC A L 72 4 |2 a I SO AR 28BS 2 H v Tl
LB LT, TOMEE Fig. 11 1R Lic, 8 1 BRZITmEE, 7 7wexr7F
FI=rFERFa 77 A U2 PTFE £ Cidk RAOEC MR & ST 855
L7z, 3 HZIZIE, 74 78X F BT I =B Ci3Milass PTFE &
MAE, BHORMMAE 700 7 HEIChZ a7 vy MEHERF LT,
— 7, MFEB I ORa 7 —F BTk, IR 65T, 7 HURNIZIZIEST
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DR FIBE L 72,

INHLDOI NG, 74 70X FUAHEST I =X, PTFE Fmic
BT L MlaEEE O EMEOMIBIE 2 (2T 5 Z LA RS, 2 b PTFE
BATMEICBNCTLEERNEICER D E TSNS, —J7, MSELEEH% O
PTFE RHIZITMRAES T 20D, REETH VEA THBINIZ, REH
THWOLHMNZ PTFE & A TMEICHW SRS ePTFE O 2SN F—TH 5
7o, B S 7z ePTFE A T ICB W THRBEO Z ENRR I~ TnDH E T
Bz, DEY . ePTFE AT I3 M OBE 5+ % L CHLAE P EGH
JANHEET D2 HDD, TOHEIINEZE Th Y NEELR A L—XITHEIT L7220
LEZBND, EE, ES 3cm @ ePTFE A TME BT, NEENTET
TOHET3~6 r ARRENPNDL LOWmELH D (BFH 5. 1994), AFEBRTIL,
PTFE Rii~D 7 4 70 R 7 F AL T I = LB IELEE 1V & Al
BB DREENE N ENRENTZ, D7D, 747 03I FUANHLT
=UAEINZ X . NEABTERO IR EfE S VD AlRetEn o 5, £72, 27—
FURBIE 1 B TIET I = B L IRIERIFEORHE Th o723, 7T HENIZK
T IREVDRD b LT,

3.4. f&wm

AREDEERTIE, PTFE = — 4 5 2% T PTFE % OHIE 2 #% B #912
BlE2 L, TOHEOZENZFHME L=, PTFE RfEi~DMEC=a 7 —57 %4t
LIRS 1L, AN T ThHH 74 7ax 0 F RT3 =0T 5b0L
L TRLETHD Z R hiz, £le. 747V /) 7o OENRES
LR SN, ZOZ LG, BliES V2 PTFE ®A T Tl o5+ %
LT, MERNBMINREE R G L FBEERVIRL, 747 ) 270k
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GBS ShD &, FICHEET L7 4 7 ux s Fradr LTEE Ltk
EVBEZD ., Bor AT THEILEZE TSI EDL EE X DIV,

/o, T4 TR I FURTI=IE, T4 TV I ORBEENSTIC
PTFE & MENEIADOHEIECZ E R BE Z2HE L. & BT/ IMROEEE 241
Hil9 2 REMED R ST, T O MAE PN EGHIE & i MR OEEE OWH D, T A
TRy F T I = RAEEES LT PTFE 8 T & o e ek & #l
T ENFEINT, EREMET NVEHWENRTOT7 1 Tax s F R0
T 2 = ORBAL~DOEF RAPED R S T3, 2 OB 2 M4 PN R AR 0> 22
E LT & M/ MROBEEIHI 2B G- L TV 2 AIREME R STz,
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S
s

ABFFETIEL, H/N—=H T A2 10 pm L FORE T PTFE 22 —7 1 v 7 L7z
PTFE =2— N H T 2 %85 L. Zh £ CWEETH - 7= PTFE £ O FHZEEAR
B A ARRIC L7z, PTFE 22— b H 7 2%, RO THO LTV
PTFE 7 v v 7 L RISOMEEMEEZ~T 2 L2 5, PTFE Rl ~Offut s
BAEOMENTICHIHIRE Ch D Z L n Sz (B 2 8), PTFE KEi~D &N
AR OBEE X, P OEES T THH7 4 T rx 7 F o0, Mt~ Y o
ATHHTI=rRaAT—=FUNFEET LI LRI, 74 70X F R
b @iz R Lz, PTFE RiEi~OM/MOBEZIL, 747 mxr7Fo 73
=v, a7—=r U TRIECEMEZRL, AETIIENNT I = PNiKEZR
L7z, M4Es PTFE i~ M NI OB 2 3538 L, i/ MR 2 il
L7z, PTFE 22— b H T 2% VT, CFHZEBEMEE TR B A 72 1R 0O HE B> H%
BREWETM LT, ZO/RR, 747 axrF 7 I=0 T 7 HREICHE
D, LELT-AEEA R S, PTFE REONEALRE T Li-, —F, M
TR E LMl E 28 &3, 7 HRIZITIZ & A Eofilan PTFE £ ifi
MOHBELT, 202 &b, BiESh/z PTFE ®A TiME TiX, £OREIZ
I P OBEE 120 U RIS EESE T 500, MIEEEIIRLRETH Y, #E L
FIHED VRS Z & T, NI Do D LT Z VRSN, —T7, 7
AT BRI FURT I =%, MENEMIORE LB X D RO
fbZzrlaell L, ol Moss 28+ 2 L v o iifm2s 5, PTFE 8 T
BOMRIERZ T 2 Z N rm@sh (53 %),

ARFFEIC L VB SN PTFE =2 — M7 2%\ % Z & ¢, PTFE Ko
M ONAREBAMEEBLER N A S & i o 72128, fIADZEMIC SN T & B
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FRHT T2 Z & bARECTH D, F/o. EABIRITOMII LI Z &b, #OLk
RGO N S R B IR EE WL T T a—F H AR D & Tl S
b, N6 &G PTFE 2a— M7 225 2 & T, PTFE IZx7 %
HURBEAE AR OFENTC, T AT 2 FEOMEAER T2 2 L 3R S
%o ARWFFE I LRI T ORTHIT U722, A TIE~DISH 288 L%
AT VIS E %2, 7o —F ¥ o N—F 2 W T T 2 LED B D,
ZOHBEITBNTH, Ty o nN—O% A XM ET D47 A PTFE =2 —7 «
v 7% 2 LT, PTFE REOMAHEBENAIREIZEEZOND, ZhbHD
Wr7EA3 . PTFE Z#Z M2 D RN BAERL O RIS D RIZER 5 LB R D
N5,

A LD FBITLLT O S AR LT,
Inukai N., Tanaka K., Takizawa T.: A convenient technique for live-cell
imaging on the surface of polytetrafluoroethylene with a phase-contrast

microscope. Microscopy. in press.
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Table 1 The Structural formulas of the representative
fluoropolymers

PTFE Polytetrafluoroethylene
—(CF, — CF,)),—

PVDF Polyvinylidene difluoride
—(CF, — CH,),—

ETFE Ethylene tetrafluoroethylene

_(CFz - CFZ)m_ (CHz - CHZ)n -

FEP Fluorinated ethylene propylene

—(CF, = CFy)p— (CF, — CF), —
I
CF,

PFA Perfluoro alkoxy alkane

_(CFz - CFz)m_ (CFz - CF)n -
I
O — Rf

PCTFE Polychlorotrifluoroethene

—(CF, — CCl),—

Rf : Perfluoroalkyl groups
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Glass PTFE-coated PTFE block
glass

Fig. 1 (a) Animage of the PTFE-coated glass. (b) The

appearance of each material.
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Fig. 2 The average absorbance spectrum of the PTFE-block, the
PTFE-coated glass, and the glass used.

Table 2 The average of absorbance and optical transmittance of the materials

used from 400 to 700 nm.
PTFE block L 1frrcoated g o
glass
Mean 2.11 0.13 0.03
Absorb
sorbace S.E. 0.01 0.00 0.00
Optical Mean 0.79 74.9 92.6
transmittance S.E. 0.01 0.75 0.07

The data are presented as the mean = standard error (n = 3).
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Fig. 3 The number of RAOEC after incubated for 24 h in the medium
in which each material was previously soaked. The data are presented as
the mean = standard error (n = 4).
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Fig. 4 Adhesion of RAOEC. (a) Adhesion of RAOEC to the surface of bare
materials. (b) Adhesion of RAOEC to the surface of materials treated with
plasma. The data are presented as the mean == standard error (n = 5). Bars
with different letters are significantly different (p < 0.05).
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Fig. 5 A phase-contrast observation of living cells on the surface of PTFE.

(a) A phase-contrast microscopy image of the PTFE-block. (b) A phase-contrast
microscopy image of the PTFE-coated glass. (c) A phase-contrast microscopy image of
RAOEC. (d) A fluorescence microscopy image of RAOEC on the surface of the PTFE-
coated glass. Living cells were stained with CSFE (green), and dead cells were stained with
Pl (red).
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Fig. 6 (a, b) Representative images of the RAOEC on the surface of the
PTFE-coated glass. (c, d) Representative images of the RAOEC on the
surface of polystyrene. (e) Adhesion of RAOEC treated with RGDS to
the surface of materials. The data are presented as the mean = standard
error (n = 4).
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a, polystyrene

¢, albumin S d, fibrinogen

*¢, Vitranectin § = & _ 1 f, collagen

g, laminin. | = h, fibronectin

Fig. 7 (a) A representative image of the RAOEC on the surface of
polystyrene. (b~h) Representative images of the RAOEC on the surface
of the PTFE-coated glass treated with each protein,

(b) PBS, (c) albumin, (d) fibrinogen, (e) vitronectin, (f) collagen,

(9) laminin, (h) fibronectin.
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Fig. 8 (a) Adhesion of RAOEC to the surface of the PTFE-coated glass
treated with each protein. (b) Adhesion of platelets to the surface of the
PTFE-coated glass treated with each protein. The data are presented as
the mean = standard error (n = 4). Bars with different letters are
significantly different (p < 0.05).
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a, polystyreng

C, serum = d,'plasma

Fig. 9 (a) A representative image of the RAOEC on the surface of
polystyrene. (b~d) Representative images of the RAOEC on the
surface of the PTFE-coated glass treated with each solution,

(b) PBS, (c) Serum, (d) Plasma,
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Fig. 10 (a) Adhesion of RAOEC to the surface of the PTFE-coated glass
treated with each solution. (b) Adhesion of platelets to the surface of the
PTFE-coated glass treated with each solution. The data are presented as the
mean = standard error (n = 4). Bars with different letters are significantly
different (p < 0.05).
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Fig. 11 Chronological observation of RAOEC. (a~c) Representative images
of the RAOEC on the surface of polystyrene. (d~I) Representative images
of the RAOEC on the surface of the PTFE-coated glass treated with plasma
or each protein.
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