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Table 1 Correlation among blood test ,

geometric mean and coefficient of variation.
Ts T CV.r n
Glu [mg/dL] -0.26** 0.15 97
HbAlc [%] -0.30%* 0.17 93
A/G ratio [-] 0.24* 0.12 87
CK [IU/L] 0.23* 0.08 80
PLT [10°/uL] 0.22%* 0.02 89
GA [%] -0.13 0.38%* 45
HbA1 [%] -0.17 0.27* 73
PDW [%] 0.05 0.29%* 74

*p<0.05, **p<0.01.

GA OHEINTFE, ZEBRED SN AR 032 5
Az, ZAUL, A3k & 2N B B OIRMERD M
TEL, IR AIRMEREHIC X 0 BEEEEHE
SN MERDEIESDEN AR B D, ZAUT L D IF
TERDOARNENITIZT 7 b L, ZEEMRE SN L7
LEZLND.
4.FELD
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MC % H\W TR ER DR [ g e 45 4 1 E L 7=
TR, el & A/G ratio, CK, PLT & ORIC
IEDOFHEIAY, Glu, HbAlc & DEICADFHRIAZE D
bivle. F£70, EaREis PDW & OIZIEDOFE
B973, GA, HbA1 & ORFIZADHBNFE D bivT.
5. &% ik
(1) Tajikawa T, et. al.: J Biorheology. DOI: 10.1007

/s12573-012-0052-9, Aug 4, 2012.

(2) Fung YC : Biomechanics —Mechanical Properties
of Living Tissue—, 2nd ed. Springer-Verlag, pp.
41-47,1993.
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1) Conrad Pfafferot et al, 1985, Biophys J :695-704

2) Watanabe et al Journal of Biorheol. ($¢f5 )
3) N. Watanabe et,al, 2006, Biophys J, 91 (5):1984-98
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DEVELOPMENT OF MULTI-SCALE SIMULATION BASED ON SPECT DATA

Hao ZHANG*, Masaharu KOBAYASHI*, Shigeki YAMADA* *, Fuyou LIANG °, Shu TAKAGI® ¢,
Marie OSHIMA *
*Institute of Industrial Science, The University of Tokyo [ T 113-8654 7-3-1 Honggo, Bunkyo, Tokyo]
**Department of Neurosurgery, Hamamatsu Rosai Hospital

EDepartment of Naval Architecture and Ocean Engineering, Shanghai Jiao Tong University

‘ EDepau’tment of Mechanical Engineering, The university of Tokyo

1. Introduction

Although many anatomical information, for example
vessel length, vessel radius, aneurysm size and stenosis ratio
can be obtained from the noninvasive imaging techniques, it
is still difficult to obtain the hemodynamic parameters
directly.” The computational fluid dynamics (CFD) is
considered to be a powerful tool to offer us these important
information in details.

The aim of this research is to develop a patient-specific
multi-scale model to provide useful information for
neurosurgeons and patients. In this paper, SPECT data are
incorporated with the patient-specific multi-scale simulation
to estimate appropriate peripheral resistance for individual
patients. The inflow distribution of simulation results is
compared to that of PC-MRI measurement.

2. Method and materials

In our research, the entire cardiovascular system mainly
consists of 87 large arteries, capillaries, veins and heart. The
present cardiovascular system is simulated with the extended
patient-specific 1D model of the cerebrovascular network in
addition to the model by Liang”. The 1D simulation is
conducted on 87 large arteries. The remaining portions of the
circulatory system, for example peripheral arteries, capillaries,
veins and heart are represented by the 0D model. Thus the
entire circulatory system is simulated by the 1D and 0D model.

The essential geometrical information such as, vessel
length, or radius on 55 main arteries are obtained from the
statistic data® while that on 32 cerebrovascular from MRI data.

Adjustment of patient-specific peripheral resistances
between SPECT and simulation is performed at the six
arteries: the anterior cerebral artery (ACA), the middle
cerebral artery (MCA) and the posterior cerebral artery (PCA).

The research objects are two patients who are a 70 years
old male (case 1) with 73% stenosis at left ICA and an 83
years old male (case 2) with 60% stenosis at right ICA. The
patient of case 1 has the carotid artery stenting (CAS) while
that of case 2 has the carotid endarterectomy (CEA).

3. Results

(c.ase. 1) ((;ase; 2)

Fig. 1. Comparison of flow distribution between PC-MRI
measurement and simulation results

Because the total inflow of PC-MRI in the cerebrovascular
system is different from that of the simulation, PC-MRI
measurement cannot be compared to the simulation results
directly. The flow rate are normalized by the total inflow in
the cerebrovascular system as described in Fig. 1.

4 . Discussion

Both two cases show that the flow distribution of the
simulation are quite similar to those of PC-MRI measurement.
Buijis” reported that the blood for brain is supplied by ICAs
and BA with an averaged ratio of 2:2:1 after analyzing 250
adults. However, from the two cases in our research, we can
see the blood distribution of ICAs and BA can be quite
different due to the individual difference.

5. Conclusions

In this research, we combined SPECT measurement data as
well as MRI data with 1D-0D multi-scale cardiovascular
simulation. The reliability of our model has been proved by
comparing the inflow distribution of the simulation results
with PC-MRI data.

Reference

Sherwin, S. J., Alastruey, J.,Lumped Parameter Outflow
Models for 1-D Blood Flow Simulations: Effect on
Pulse Waves and Param- eter Estimation, 1-20

Liang, F., Takagi, S., & Liu, H. (2009). Multi-scale
modeling of the human cardiovascular system with
applications to aortic valvular and arterial
stenoses. Medical & Biological Engineering &
Computing, 47(7), 743-55.

Buijs, C. (n.d.). Neuroradiology Effect of Age on
Cerebral Blood Flow: Measurement with Ungated
Angiography, 667-674.
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Fig.1 The schematic illustration of the adsorption

process of AO molecules. The AO-adsorbed layer

develops toward to the center.
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Fig.2 The theoretical curves for the initial process
(solid curve) and the late process (dashed curve) of
time course of AO concentration in medium. The

experimental data are also shown by open circles.
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3. HEREER

BAREOIRE OFOFE ORI L, Lo
V) X, ARG L O TICEN L
T2 EDORBIZHT20NMETHD EEXT-, K
X DABER D LEE, (bBKY 7o
K Ecogf tBboTnb EEZILND,
= 2 CHH A ORIE E1T o T,

RBHFR H 7 (L e 2-1]

B L Lo L VKOBEREOMEEZM 1 IR
I, BB LT 570 IR A oRine &
BT Lo & 0GR LS, Tl B Cidsm
T OMMAZ R LT, HEfilf 570 FTIE, il
INSWIEE ROV I iR K& <,
PG NS WD AW ) T U T IIVBIRIN BT DI
Lot hEeglEiiodEExonb, — T
fihfy 57° LA ETIE, KM TR ERZ ST
ZER BBV EA U DO, BEBIChE
DEWERE T DO TR EEZBND,

6.0

50 -
-]
E
fm 4.0 —
S
) \
30 | A
= —— .
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Y20 T
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B 1 gfif s TLo& V&l OBEREMEDORR

=7 [Nfeox ) 13, HEBAARGRIIN L TE
ELIZHLATT, BET L EDfENITHD LB R,
N LRZFATACHEK 2 B3 Al U T= 5 DA 35 ) 2 JE
L7z, T DR, 8T OEEEHT K580 EE T~
2o E ] OERMEITEDOSWHREEZR LT,

4. 8

B L7l & 23 & PR & AR AR,
(Lol & I R=D& ] OFNThoyH
H72 B A Rt L7 fE S, A 135t -2 ¥
TEDIRIE T H D8l AIC L 0 RAEMICEL L,
BB IIAE T L R E VB A R LI R iC K
D, KEFERICIIEL L A O N R B Y
HES THDAREMN R STz, %1%, RER
P R T RIS DN T, &SI B 72 if IR0k
BFEFH 21T 2 D ORFT 21T > TV PETH 5,

E 3
ARIWFTE O —EBILFF e w4 GREEE
24700207) OBk AEZITT=H D TY,
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1. #8

TAaPEERELTOLAIE, FEz &KL TH
DI ANRIE LB Ch 0, WERT 7 AF
Y —ZFio. BN RS D RRAME & SRR

DESOFMNBERNE LTOT I AF ¥ — L7253,

A% DFEE R ORI D T 7w, — 75,
B A RERLT D & 7 O TR IR RRAE S
SR 60%E T b2, FERRMEO W
DR O SITRET L L& 2 55 DNHIMETIX
RN, F T, ARRFFETI, & B D ORI
WIPE O FHIEARHED [E X DAL 2T, 7 PR
& ENEMERCT D M RARHE O MMERY 22 BIFRIZ DU
TOMRE/RDZEHHE LT,

2. EBRAE

& Fet% 0-96 el B OB 5, EiEx W
CHIRARME 2 15 7. R IBEEEIC L 2R REE
221X, SPA300HV (SII Nanotechnology Inc.) Zf#
HALTITo7-. T7bb, MERMEEL ST 0
LTEATA RATALRIZHETLT, 2.5%7 /04—
LT VT B RCREE LT PBS ICHIZ L. kW
T, REEOGIFERAHEREOBIEHE T %212 B
FCBIT D7+ —A D=7 EZEIT, KXEH
WCHEMER AR LT-. o, Z-Z,13hF L
NR—DF LiABE m), FIIMEN), kI oF1
N—DRXEF (0.08 N/m, 0.38 N/m), Eix¥>
TODOEMER (Pa), 130 F L= DB &
D250 1 D45, F LT, RT Yy 1£0.5
L7,

—J5, Heth—TERHEIRGE U 7 BRI 2 A 5
MIZIHE->T, 1X1X4 em [ZEIY HIL, 70°CT 20 43fH]
g%, ACTHANL 7. SEHEE ZEEIZ R L TN D,
LA A—%— (UEHR, RE-33055) %7 L— Riff
NHEZ Imm/sec & LT, A3 L CHEE AT
DY DOREZAT Tz

JLRITH SCRCE FRAT 582]

3. EEMER

Btk 6 e B O RRHEL, a2 T ERK
1.68 um EF< 7220, FHHBRBEEZ 5| EiE Z L72IL
HRBBIC ~7-. FE 12 A TIZ a7 E
PR LT79um TH Y, fREHICH 2 L STz,
FEf% 24, 48 B LN 96 FFfHIH DY/ a AT RIL%
I L1.83um, 1.90 um B L VL. 96 pum TH - 72,

W FHIERHE B R DE X D2 b A MR T 512012,
Z DJRFTH 7R L OFYERZPE LTz, L REZ Tl
Z#H3101.6 + 35.6 kPa, I #57361.3 = 21.5 kPa, A
H7366.5 = 18.5 kPa A7 L, Z B03 b i\ iR
R LT-. BBtk 6 T E TIL Z #R2° 166. 8 = 59 kPa,
T #73207.3 = 92.8 kPa, A#7)N148.0 + 67.2 kPa
EUVPR G BV MEA R LT-. FE6% 12 BELIRETIE, W
FIOENL b FFRIOFPGEI L > THMERAME T L=
W HEDE S DFSIECTH 551 b RRROZFE T -
7-.

WIEED 7 a7 7 —EDOIEMEICEID 5 Ca* BN
FRIERRHERERL & » /0 ' DR & T A LA b 5 | &
i 2 U FRHRROMETH I L QD & DA S
%. % 2T, FhIRRRHE A FEEERAYIZ 0. 1 mM CaCl, T 0-96
I U723 B ORI b ARIE LT, L% 96
B £ TITA, THOBIERICE LD AR SN
7pipotz. L, 7 BSOS TR OR%
WP METF L, 96 BRI L7235/, S FRE#
D 1/2 FREDfZR LT,

4. ER

WHOFHAETIE, HARAL R0 hT T D
KRzl a7 7 — BRI B R FEEE L LT
TERT 2 Z B E SN TV, LER-T, Zhb
7aT T —ERHIERMEERT 5 2 & T, Sl
DFEREZ L & & BT, AR R 7o R A 2L
b2 EEBZBNTZ. LG, fhEHRRHE 345
HIR7R 588720 T EA b T B DTl <, MR
HERSE B IRDZE(L & Ca® 12 L B ZROMETH Iz L~ T,
BPERMECE L Q0D AIEMEDNE 2 BTz,

5. &8

AFFETIE, &\ S BREAREIRDE 23, %
DFZHERN T & 2 FHIFHHED SRR A KL A
FLTWDZ EDRIRENT.
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1. #5

BT F U EERIENENEMLD T LAl E L
THWLNTEY, ERENER ST REO T v
EAEKTD. £, EITF U EEBRERETH
LIZLY, WMEOEHmEENL, EEMoT-s

AnEeEns V. BIF L BRIBEZ VO LA
7Y —IZB L CIEBRICZZ < O H 5537, pH
EAFPEIZ DD TIETFE L <R DAL TRV, A
BTIE, BZF v - BREGTI VOV AR Y —I|C
BiIF5 pH ﬁkf ié’uﬁ]’\ﬁ_.

2. ERAE

AEFE LT, ansfesiniPamkrvny
WHLY T F 2 (G-0623K, HrAETF) , X
(Bacto Agar , BD) ZHW\ /. €7 F k0%
WAIL42 THD. WKL LT, pHDOR D 3
¥H D Good F%f# ik (MES, HEPES, CHES) % F\ /-
BAREIR D pH I XENEI 3.5,7.1,10.1 TH 5.

ATV OREUIUT O L H 1T -7-. FERE
BT F U OKIBENZNTILLS %, 8.0 %L 7D
iﬁm,fi%y TR, WA EL, 1 KH

(%C)fﬂﬁéﬁt& W L- ki T

L, 58 @%éﬁt.:@ﬁ?%y-
%Xmm@&%%%b W (4°C) T2 Wi
BTHZLETRAEAVELEZbDE, HIEMRY
Tl LTHWE.

TV OPERAIEIL, # LIAAREIZ L D T 7.
HIEIZI, B 098 mm OO 2T L 2l
Fu—7 %RV AT e — e (LC4001-G120,
A&D) ZAAAIANTE AEOREEZ RV, 7o
WS E 1L Hertz £ /L2 K Ak

E = (1% /(2ad) (1)

Lk kDI 22T, v fadiXERTR, KT
Vo, u— RBMID0ND T, Ta—T7 4%,

TNARENOLOH LIALETH D, AL TIXv=
05 EMRELZ. a7 —7T03 mmEF<
HUAAT ., 7 a—1Chn5b ORI LA
HEL, R(D)ZHWTRREESR B2 R

FEFNoRME R A R

E(#) = E, + (Ey - E,) exp[-(4/7)] (2
TIA YT AT TDHIETED, T
PR E, 2RO 7=, #E 500 nm (281 57 LD

FE (OD) %, AR IR (UVmini-1240,
SHIMADZU) % AW THIE SNz, ZroikR
EIXTNT=EIE 25C) TIT-o7-.

3. BREERE

I T BRIRAET VO LHEIER E, LB
(OD)® pH & 7% Fig. 1 12~d. IREZ VD E,
1L pH IZHIFL, pH 3.5 Cld@<, pH7.1,10.1 T
Ko7, 2L, o= DICHIE L
1.5 %DEXRF NV E 8.0 %DYE T F 7 VTIE, E,
ﬁpHmuﬁthewﬁﬁf,@®@ﬁ%fﬁw

13825 kPa B 7 F 7L TIERI 12kPa TH o 7=
ﬁ%@ﬂnfﬁ BIF c ERKEESZ VTR
RAITK @#i@ﬁﬁ&?é_k#ﬁ%éhfw
%Y ARFFETIE, pH 7.1, 10.1 TIXFEEEDOIHS:
DB SN, pH 3.5 TIXRAIC L 0 BdER)
W 2 BISN A Sz, IRG 7L ® OD I pH
WK F L, pH3.5 TixE<, pH7.1,10.1 TIiHKH
Sfe. ZHUTH L, 1.5 %DOFERTILE 8.0 %DE
FF N TIE, OD L pH ITIE & A EIRTE L7
ST U bEofERE, RES VD E, L OD @ pH
KTFHEICIIMEER S D Z 2R LT 5.

105

0 t : : : 0
2 4 6 8 10 12
pH
Fig. 1 Plots of equilibrium elastic modulus E,,
(circles) and turbidity ODsgo,m (squares) against pH
for the mixed gel of gelatin and agar.

X

1) Fujii, K., Kajita, R. and Kurosawa, M.: J. Texure
Stud., 31, 273-286, 2000.

2) Watase, M. and Nishinari, K.: Rheol. Acta, 19,
220-225, 1980.

3) Clark, A. H., Richardson, R. K., Ross-Murphy, S.
B. and Stubbs, J. M.. Macromolecules, 16,
1367-1374, 1983.

4) Shiinoki, Y. and Yano, T.: Food Hydrocolloids, 1,
153-161, 1986.
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k ALHEE KRR 50 BREEMEER O A7 LB [T 060-8628 JbiEEFLIRHAEX AL 13 576 8 T H]
FHEICHEE KRBT T IEhe BREBEEER o A 7 AT

1. #5
TRIARIMIEERC N Tl 2381 ZiEh 7 v ATl
TR FHRRS RN EE CTH Y, (RFEE e EOREH
PERSIREE RO AR DR BZH LM T 5 2
EWRARTHD. AWIETIE, BB ZRIARL 1
LR, TRIARTIZRINARK -2 NE L7 0 BRIC B D
TERITFRIOF BEAERICEAN = H50 D IR /151
AISTRE A SRD, RFERED KT B A~

2. IEERFRATFIE

2 1 FENFEVAEEIERICED < ERAET
HREPERZ AR 723 L 72 0 BGRICI W T, N {#E

DRiF-Z LB V% V- R IBE R 2

D&, Bt i OB DFMEHEDE— A2k
Vo LRI | SRS 2 B IDE—A v R FPT L

DOEHFILTOL HickEsns V.

N o
Vip+l _ Z ZG5+1,p’+l o F]p’+1 (1)
J=1 p'=0
T To lIT7 MR IR T, pop' ITE
— AL NOUBERL, @ROFT—A NETEETHZ
& ORISR ARSI 5. AT QIR 3T A A
\BOE SN REx Gl L, FEHIThHD. Lizhii> T
(1)@1%‘/wm§“’f"“ VARV e . e 0
Hi9% 2 LOSAIREL 70D, & Z IR AT a4 oD 1
D THOREERIGE L, ZoHEaZE L CGa Ve
2- 2 ¥EOBH  AREAWOMETIL QODRE £
IICREBE LT RN LA TO L 9122 Hivs.

/A 3 4L 3 a;a; i2_s,25 @)
el ¢vala? ; is
T2 THIMAFER, no lTIMAEEL, o 1THRIT- @ D
BThD. (7P IROOFET > VLG oif
TN O—ER T o 553 #7451 (dipole-dipole friction
tensor) D53 THD.

3. BRBIUBE

Q) TEDINTZ L5 R DREE O BGER 0D 224
Pa BRI D720, N=54, p=p' =1 DFMEICE
V2 B HCR DR & RFEE ¢ = 0.01 ~ 0.2 DHiPH
TROZ. BB CTITRTEEIC X DRz %
5T 7DIT 100 /8% — 2 ORI TELEIZ 31T 2 R
DL A R D T, PRAREEE no 1332 BBk
DREEEn L BFER & OBk & Fig.l (2”7, Figl

{213 van der Werff e al.\Z X 5 FZBRFEF 2L LI D
A THZ 55 Einstein OREER V4 i TRT.
I 142y 3)
o 2
ARPETEDNIREILS <0.1 TEBRERERW
—E & IRTN, ¢>0.1 THEERGER & Einstein DX
XOPRNALET S Z ERMERTE 5. XB)idhL
FEFAEER ZZBEE T8N0, FHAEE
HOFEEN IR 72 DIRE DR E WRITIBWTHEER
& OFENBIN D . RFIE TR HIFEAAEH
ZEELTHDN, BURTIE p=p'=1 LT TOEK
DE—AL M EBELTWHDHID, Figl lTREN
LRERNELNTZEEZXOND. LR TER
DFE— A N ETEET D Z & THASERADORE L s
(NAD ZENTEDTD, REDREWRITBNTSH

FIREZ—BT HEBERHND.
25 : T
—Einstein's equation
= X van der Werff et al. (1989)
N O Our results
z2f "
§ X
S
215
>
2 @)
E X
e X X
1 L .
0 0.05 0.15 0.2

0.1
volume fraction ¢

Fig.1 Ri{-(AFER & B BCR ORGEE & DOBIR

4. #8
KiARAREAERNC IS B e 2 T4kt 2
BIE LT HCROREE OB A8 o, RBEERODZ
WUPEARRAE LT AS R, EREMRIR MIg AR MGER 72 £ 0
TilEh 7 1 AN BT REA TN 5 L TR TFE
ThD I ENHBENI ST,

X ™

1) A.J. C. Ladd: Hydrodynamic transIJyort coefficients of
random dispersions of hard spheres, J. Chem. Phys., 93,
3484-3494, 1990

2) J. C. van der Werff and C. G. de Kruif: Hardsphere
Colloidal Dispersions: The Scaling of Rheological
Properties with Particle Size, Volume, and Shear Rate, J.
Rheol., 33, 421-454, 1989

3) A. Einstein: Investigations on the Theory of the
]139rggvnian Movement, R. Furth, ed., Dover, New York,
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1. #&

HEHERE TP OFTR T EN I A RN OB B 5 & B i
T5ETIERFICEEL 2D, Hl2IE, MENED
BHEREZZY 7V ah ) v 7 ANOWILE, M

IR 11

& RO O M ERBENC R & et B e KIET

7V aRy v RIS TR RS FHMIT
L EMRORAMeEEEZ LTS Z ERHG
ZENTWD VA, ZORENEE 2 i~ 2 BE:
DOWFE TIXEERRE O AL EF S A OTAER
ORISR ES] U7 RO EARE LT
Lz ET b Esh, BESHTMOEEREE SN
TZleholz, AR TIEMEDRD Y IZ, HIR
18 D ERTZRL 23 & 511 & BLAIAY I A S0k -
DET N ATz, TAKOZEE M (permeability) &
HERFEIC L - TR, B S o L Ok
HERE DA TRIE S 3 iR

2. HEBOET I LERHESZE
Fig. 1 TRTIBY, GREOR A% z T mICFkR
Iz THIRICAE N, 2D % =ly L 72 HIEHFOTH
SONEIZEEST D Z L THRES L #H3 5k
e AT U L7-. Stokes WIS 0 SE-DO¥fidL
B2 E L, LLF T893 Otomo and Harada 2 & [Fl45
DTFEIZ L VKL JE H D permeability DL H L 7-.
LR DAFIEIC K DR FHIIR 2 Z T 5
Z & N A[HEZR Stokesian dynamics ¥ Y1 F5D & i Eh
GO 21T o 7. ZHEFEBROR RS bzt
IR w R — IR DOHEBEAER ) F & ORI
FREATHIM Z N TIRO L S IcREND.
u=M-F 1)
LI Tz HROEEEZARE T D720, M Ik
L C Ewald D#1-Ff1z &V, 2 FWx, y FI)oH
(AR 2 A L7z > Y. permeability & 1%, Darcy

DIER] u=(kAP/uL)e (7272 U\ K, AP/L V3E AL,

e TN DGR Y Fyé, (DATEIND u
& F EOBRBRMBHEI L.

3. BREIUER

Fig. 2 [ZRI 78 DJE S L & permeability k & DR
fR%& "9, 7272 L permeability I, Sl OAF(E L7
WVEERR SR COFHRFE R ke (0T 2 TR L2 A
M CIRb FRER(=l, B LN )RR s 38O
fERAZ Y. Fig. 2 b, BREL 251250 T
Mmil [ZHRE L TR Y, ERHSITEWGEIC

TBEMENR R EE LD T b hoTz.
~ﬁ J& D3N AT ke 23 1 22 DR Z S

IHZ DB EMAIZ.

TEY, WMEOFEEICE > GEEENRE(LT 5 2
& (end effect)H3 7”2 S 472 (Fig. 2 TIXIERAR LY
BN NS R DR B LN, 2D L
M5, B Tl end effect |2 & 0 JHEITEKAFE LT
FWENEACT 205, BHEL 2D TED
OB NS KR D ZEBHL N E R0 T
KRN R DGEOREE TS L, (a)
LMD, (S JFmp-oF Az ST m O EE)
B/NEUVNEE end effect NFAZF L7725, iU, z
FFIANZRL 238 Tdo H1F L il TR 7Bl 0 B 57
N T D EZEZILND. THUTK L(a) & (c)h
OUX, I, by /NS WAL end effect B/ SN &
DR S A, S O FIFHEIZ K> TH U7z end effect
3 x, y FIANAFIET DM ORI 2E D 3 itih
DRBETHMMIN NS otz LR ST,

@ ®) Q 777777 OI/Z

y ly i V. L
Loo-oh: 979
\ OO

Fig. 1 FRICAWRITFBD(a) x-y il B L O(bx-z *F
M. PRIz FRERE S FicEmT 5.

1.1

1.0 A

0.9 A

0.7 A
06 A
0.5 A
0.4

0.8 16°
X
K>

o (a) Ix/a=ly/a=8.0, Iz/a=4.0
o (b) Ix/a=lyla=8.0, Iz/a=3.0
X (¢) ixla=ly/a=10.0, Iz/a=4.0

Relative permeability A/k;,;

0 20 40 60 80 100
Partcle bed thickness L/a
Fig. 2 S F I ERRTRRICBIT AR TEORES Lia &
permeability k/ki, & D B3R (a 1TRIT7-H-1%)

4. % B
ARIES A+ 20 FEH D permeability P
FREE AT, RN, ESHRhoEmS
M & FNLSDO T ITHE, EOMED end effect
Wt L TR FEGETHZ LRI,
X

1) Arkill, K. P. et al.: Biophys. J., 101, pp.1046-1056, 2011.

2) Otomo, R. and Harada, S.; Particul.Sci.Technol., 29,
pp-2-13, 2011.

3) Brady, J. F. etal.; J. Fluid Mech., 195, pp.257-280, 1988.

4) Harada, S. and Otomo R.; Phys. Rev. E, 80, 066311,
2009.
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MEREMEIZT AMm/MMREEFEDETILIEE
H#g& L1z in vitro EE&

FRERFEAE™, PINIRGE™ ™, LHRE ", R Ta", FHFE", BEERF

* FOER TR E R

TEERFSERE [T 158-8557 B AUARIH: A X F 2 1-28-1]

RURERTORY T

1. #5

FHENARIEE DR ZE & AR T 0 IS ) OBE 2 R 5
WMENELZRENTEY, EELIXKT VSN
TR Z A RERRBLE TH D AR & 5L E
Ral—varTHBTLZEZR-ATNS.
NE TIET VIS T COgEE 2T 5T T v
IR LT, JEMH b MR B2 S 1
% Uk B R DB AR DN EEE RS D T3 L & K &
KEFRTDZENDI-TEY, E b/ IMRIZ
B9 2 mAYIE A BEEE 7 VICER Y iAT Z &8
ARARTHD. LrL, KT 0IEHTFCTlENKL
AR RERE 3 2 I/ MR DUV CE R 72 5 #Hns 1
FTESN TS LIXE WV, & Z TARIFET
I% ADP |2 X 0 fEMEAL U 72 1fin/ MR 00 PR BRI ~ oD Kk
EEBEHAETA7-0I1T in vitro EERZ 1T o7~

2. ERAE

TE bmm, S 0.8mm, £ & 48. 2mm D FHEIE IR B
(u-slide) \IZ7 & KERN K2/l 2 208 & /mm* C
BEREL, Zxl/MokEE o BIEEE Lz, Mg
WIZACD BB L7 # e e vz, Zhz
ADP B 0, 0.5, 1.0, 2.0 uM 725 X 9 IZFR¥E L
TYEWEERIC MK 2457 S H 7 RBE, T 72b bk
FREIZAER 92 30 IS 7153 0Pa OIRFEZ 30 43 i FF
feSH7o. E7o, ADPIREE 1.0 uM ITHBWTIENEL
AICHER 929 0S8 1Pa L7225 K ) ICiE
ZHHE LT 30 e L. BREOEBROKE,
p-slide FABEK TSR L, AZ /—ick
VMRS X OV MR A& 8 E &7z, kA L7z s
WEZFMT 572018, AA —F 2P YefZ i L
Te NG 2 e L, BN S © 2 il MR O
HFE & NEGAR O ERE Chr L7722 RO7-. 2o
L LUF TR L5, 2k, AFEBRITE R
BT RSP BN FEBR IR AR I CHEHL L C i S hui-

3. BRBLUER

Fig. 1 X ADP R 1.0 M, TV ILJ) 0Pa D & &
OWNEZAME OB TH D, NI L AR
FELTWDLZEnN@RDBND. Fi-, Table 1
BN T B R E RN EIRT. ADP DFEE L7
VN Case 1 THRFBRIT 0 L2 B0, iy
% BN EIC ARIEE O ML/ MR AR LT 728

EHEER XL D, ADP JRFEM 0 Tlk7e\u Case2~4 D
PWERIZHEE LI RIEEO /MR D v R &
NTNWDBEEZLNDDT, % Case DIBERILY
Casel OYHEREZ LG WHZIEROHER L&
HRTZENTES., LoT, ENROHERIE
Case2 T 0.43%, Case3 T 0.31%, Cased4 T 0.55%
LB/ x BFEL LD, Case2~4 TIX ADP EEENZE
fELTHEROHERICIRKE 2Z{LITR S/,
—7J7, Caseb TIXT VISINT LV /MR T &
IR SN THAET D MM D7 72D, 1Pa @
PO I F CIEARIEEOIM/MUIFERE L e &
ZBNDDT, PWHER 0.22%% Caseb DIEMDHH
BREBIZTONRZETHY, LTI
LD Case2~4 LT 1/2 705 2/3FETH 5.

Platelet

Fig. 1 Endothelial cells and adhered platelets

Table 1 Conditions and coverage rates

ADP conc. | Shear stress | Coverage rate
[uM] [Pa] [%]
Case 1 0 0 0.30
Case 2 0.5 0 0.73
Case 3 1.0 0 0.61
Case 4 2.0 0 0.85
Case 5 1.0 1 0.22

4. HEER

ARSEBR CIIN B R E T 5 I/ MR OB
RO, TOIESH e LT ADP B EE (2%t
THWEROBLITES ) Th o2, F2, T9
Ji ) 1Pa ZAER S/ 5 LB RITBE L Z 1/2 )
5 2/3 1T L.
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P EGEETF 3 VOB BES DT

EINTET*, AR T, EPFETT,
7KJE$DZ**’ tz%*fj[\****’ i%‘l‘;%%****’ ﬁ':EEI%jJDFE***

* HUURZERZGE  THROT5ER

NAFT D=7 ) o THIE - B TSI

* [T113-3656 HUERSUR XA 7 —3 — 1]
SE N TN PN SN & e S Y AR e o

* sk ok BURUR PR

ERIITER AR G T o —

% ckockok FURERERIRSE  AERPPE T2 ERT

1. ¥#8
MrBE& MR OB AT & A5E 45 = & AV <
MO TWD, FHICBIZE SN EH RN A 22U g

HI725E85R CE D MIREA Tl S D Z L 230,

LOALZRA D, TR ORI T2 Z L2k - T
A U DA AENROAFE FICAED BT 5. £2T
ARFGETIE, AEERNOBREIS Myt (@i, &L
it FAENE) A fEEIC L CE 57 /3 A&BF LT,
BT ZAT > 72, FRTS, St B 7=
& 2 (Ti) \Z IR & PEIZ 472 polyethylene
glycol(PEG) = 7E#5 L 7= PEG-Ti OIfiii@atEs U 7
A WTEBHNTEHG L 72D TIRET 5.

2. ERAE
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FEBRE DR DD Z b o7z, B, 1E
FRMIENERICUT Y H40 DS CRIBRDRER 21T -
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BRISA RN TH DD, KBS0 720 sk <08 B 72 Heft
NULETHY, RO CTOARERNAFET
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HZLEHEBEME LT
2. EEBAHE
KEBRTHHALIZLAA—F (/L7 =R |k
WL Ao o7 A300) 1k, AT L ABRONER X
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RIS & BRI O L 7 R A R
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2, MpEER Yy RU—2 2N LTI ET Y I HEHID
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Fig. 1: RANKL/RANK/OPG signaling
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BEL, Syx) 2358 L72 RANKL 2 dran () &
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Fig. 2: Distribution of surface cells for base model
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VYR al—va VELTG, YOI URERHEN
W DA AT A TR G 2 5 FB OV TRR L
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LARENT. Ak, BEROY IV OmRE R
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X #

(1) Parfitt, A.M., J Cell Biochem, 55: 273-286, 1994.
(2) Suda, T. et al., Endocr Rev, 20: 345-357, 1999.
(3) Yasuda, H. et al., PNAS, 95: 3597-3602, 1998.
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1. #
BT F UL, ad— e Sl k0 AN
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Y, BIFr L ERE IR CRMEG., hAITH L
WZEVIRETS AR OND, ZORE, BREET
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BB Z Y, ZO%ETTF L OT AL 2
EEZLND,

i SiD Wy RV Y NEL R~ N o R
(VUVCD)iX, BT F > D4y FHEiEDEWITHUR T
bV, FORTREEERICE SN TETF DT
IMED LA B Y —EF D Z L RARETH S Y,

AWFETIZ, TIFv « THa—RBEAZRDS
JALBRRIZEB W T, BT F v OEEERIL~DT 7
72— 2D % VUVCD 12 X 0 i~z

2. EBAZE

WS LT MIll-Q KZ WV, BF5F 0 - 7 Hm—=A
BAT N R Ui, BZF L OREIL3.0%, 7HR
—ADREIL0.1 % - 0.5 % ThHD, VUVCD JIEL,

R R SR A5t o % — (BL-15) 128\
THT o712, IRE 7 V% 95C TIRfiE LT- b D % CaF,
DEMIERAIEEZ 2 pm FEEE DRI 7 % AE
H L 7=, VUVCD ZHkGIN T, 7% 60CH
5 10C~2&m L, FE 198 nm (ZBIT HF5H % 0
DR 2 JE Lz,

3. EREREER

R 198 nm (2B 2FME 01X, BT F o1
DO =HEHHABRE BT 5 9, Figl 3B S
NIEFEH R a=(0-0) | 6, DFHZELTH D, ZZ
TOHIX60CIZEITS 0 THD, KFORANL, &
& 60CH 5 10C~2m Lt 2 rd, 74 m
— AR 0.1%IH, T A a— A RE 0.5%TlE a
DRFEIZEALAEN T &R0 o T,

2.5 Gelatin(3.0 %) + Agarose(0.1 %)

38
1 Gelatin(3.0 %) + Agarose(0.5 %)
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0 .ﬁ:‘w" T - .
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Fig 1. Time course of reduced ellipticity o of the
mixed gels of gelatin (3.0 %) and agarose (0.1 %)
(black line) and of gelatin (3.0 %) and agarose
(0.5 %) (gray line).

X M
1) VRIS, Bih A Koo RORI%
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5) Maki, Y., Watabe, S., Dobashi, T. and Matuso, K.,
J. Biorheol., in press.

6) Kiristiansen, J. and Hvidt, Aa., Acta Chem. Scand.,
44, 144-146, 1990.
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DIRFE R % BEE ) & W E ISR T 5,
WVEPERR OB L, WEIC L > T8 kT 5, 2D
ZED, BITRELZHIET S 2 LT BRI
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Figure 1. Time courses of universal function for
expressing dynamics of anisotropic gelation of DNA
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1) Dobashi, T., Furusawa, K., Kita E., Minamisawa,
Y., Yamamoto, T.: DNA liquid-crystalline gel as
adsorbent of carcinogenic agent. Langmuir, 23,
1303-1306, 2007.

2) Furusawa, K., Narazaki, Y., Tomita, N., Dobashi,
T., Sasaki, N., Yamamoto, T.: Effect of pH on
anisotropic gelation of DNA induced by aluminum
cations. J. Phys. Chem. B, 114, 13923-13932,
2010.
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A REMENDEHERBE SRS S D |,
Fio7 oA RREEA v Fa—hT5E, 7
IueA FRTMMETHZ ERMLILTNS, L
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7o X 31X 1 OEF MR Tk L TH L.
VNVHRBREDIE e, 71y FLTZ2b D TH D,
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Fig. 1. Gel-sol transition of amyloid by stress.
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Fig. 2. Sol-gel switching by stress change.

1600

o @]
(@]
1200 |
@ .
= (@]
< 00 . *
[}
e . @ EtOH
.
400 | M A 1-ProOH
.
OMeOH
o ® | | |
0 2000 4000 6000 8000
G' (Pa)

Fig. 3. Stress at the transition plotted against plateau G’
in Fig. 1 for specimens incubated in the three alcohols.
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Fig. 2 Changes of Raman shift of mineral and collagen
of different aged and loading.
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used for hemodynamics simulations.
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TERFIERL [T 464-8603 4540 R4 i = TR X R & 0T
FRR ST AT HE S E 1 -9 8]

()]

Single-stent (90°, PIV)

40 B R R TR
PR R AE KT B
1. #E

TR, IMEEIRIE 6T L C AT > MEEDMILFREE
W RAET A AR5 2 EMEEE L 72> TWA7S, 1L
EFENIIR D /- — AN T, AT > MBI

TR A FE T BN B D AFFE A T CU el .
ARFFETIE, BEEHREODET /U, M4
FEERAT o MEBETIRIC X DI O MR~ D%
BAHYRET D720, AT MEE A LT MEERED
7 VAT R L CORL 1 ] R 3 K B (Particle  Tmage
Velocimetry: PIV)IZ L 271, & CFD fir 21772

2. EBRAE
SRV AN B R iR A A L T IR & K

MENIROAEEDS 90° & 1352 ) AT LA V=, A
T FNORBBIGNT, BTV ORNEENR A5 RN
kL2841 L 7= Single-stent, Single-stent (OMRHENNH AT k
A N7 hORZE U CABIARENK ZREE L7 Y-stent,
FORT o BB U720 Nostent 0D 3 737 —2 (8556
D) & Uiz fEhRNEMKIC ') v ERAE L
HLOEF, TERHIEROBE T — 2 B REh
AT Ui-iifiag s Lz PIV EHEICIY, HiiAc
ez N L—RFZRASE, L— o — Mg
5HZ & ChifERI b L, FHAARBHREZ V- Ciitd~ >
MLVEBEH U=, $72 CFD fiinaidd—>7" ) — A%k
IESREASENT =— K OpenFOAM %V, LES DY 7271+
KRR —VET U ZIE WALE 5 /L% FV -

3. EEARR

JRErPIErE O PIV FHAIK OY CFD TR % Figl
\RT. AR DS 90°DET /LD Single-stent & Y-stent,
KON 135°DFT /L0 Single-stent {233\ CIIFEN K OYE
SHEROVEERRABIZIIFR S Do Tz, — 7,
135°DET VD Y-stent CIIFHATHONEAIKE < 72
0, JEN L OVESHH OBHED RIEI SR LTz, BLEORE
B, CFD TRV T Hadd bz,

4, E£E

ITEEDOMFET, Gao HIE, AMEEIREEZ Y-stent BY &
1177 15 BICEBWT, A7 MR L0 AN A
DM S, MAS R EEDSB S NTHIR L= S 3 L

[T470-1192
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7 y
N : Ve :
Y-stent (90°, CFD) Y-stent (135°, CFD)

Fig. 1 Mean velocity profiles
TWBY ABFFEUIS TS, Y-stent BB CIE, /&0
FAEEDNERT 2 LI R VSRR 61T itz s4
HFHADFRD BT ZALE Y, Y-stent BEE T 2NE
M2 &, BN OYESOTURDIET, Mk bAME
I, Al KOERRA D) < IREM) VR S 47z

5. #£5

AEIDFERTIE, 135°F7/L~D Y-stent ¥ZfE TR
KOS OO PO FRD bz, LIzhio T,
IMEBIREICINT, AT MBS LT Yostent 3
AENTHY , MHEBIIR & ZIAREIRO ARG 5 &
JENFEROERIMEE XD 2 LAVRE ST

X |

1) Gao, Bulang, et al. "Y-Stent Coiling of Basilar Bifurcation
Aneurysms Induces a Dynamic Angular Vascular
Remodeling With Alteration of the Apical Wall Shear
Stress Pattern." Neurosurgery 2013, 72 (4): 617-629.
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fIRIMm{TZE R L-FHRBARR T > FETROIMFRE L

TRVEFNBE DO ARSREL 2| Ik, BPHSAE Y, EEFEERRS Y, AR O
KLk Y, AR, HE)P5E 0
1) BMLAIASERT R AR =27 A N — A7 4 b= AT N—T
{4 15 HRALERAIFZE T — A [T 351-0198  H EIRFEHIAR 2- 1],
2) —EVEERE ARRRANEE E TR v H—
3) A IR AR G B LR T

4) BMLERRGET
5) LA RS
6) AR R o B

1. #8

FHERRAEN AR O PEAZ I 1A PN IR BT (CEA) <0,
MEWNIRED—>THhDH AT MEET (CAS) A3
T7ebivd, T HOIEEITHE, RS %
ELbZEHD, FOvIal—T g0, I
BYLIRTAHEE S EMATI 2 B BT 2 L ERH 5,
B2 Vi O ZEEYZ B & TN IR &2 — E TP
SHBRHEE Y MEb o T\ D, B R ERIE
WFRELS & ZOBEFAGRES @ X, KA
BRI AE T2 LTz L X5 &35,
T, HERZEL R D & mER A AT
%2, F, BT A U ZA0OBREE (CoW) 23F
fEL., RO AZNLME M TE LTER L TWY
D, W32 < Y ERATER LN ERD D,
CEA/CAS 1295 M ZE LD I =2 b —a D
7= OIZ JHFTHIIZ Navier—Stokes DR A AR D
Tix7e<, BHOWEEREZET MEL, CoW DX
A= EEBLEETVERNT D V2L L,

2. RBAX

DUR, PIEODIMAE & & A T2 48 D— IRt %t
TRV, FMETRS, WER, ViR & mEEst
RPN, ZRITHEEITRF 720, ATV TR
Pz R 2 & DIZHHENIE OMERITARD L
THBFHERE A LT, ZAEEREROPZEOA I &
B KRIMENIROD MR 2 S FED CoW 12O ME LT,

3. EEMER

CoW MERITIER SN TOWIUE, BHEROFLE
RO, TR RS D & 200 % OHEMAA D
noGEabbol,

4. ER
FHENIRPEZE DIRRETIL, E OWBET N K E 72
FETHLIN, TENETRTDHZ LIRS TIER

TE A 2 —

Wy VR a2 b= g X DREREIE S D A,
ATRBEW O BEITIX, CoW & D MIFEIf 178 ifi.
EIRBRAE /R SR 2 OER BB E KT L TN 5,

JMENAREE T D =R ITIEIR D> & Navier-Stokes J7
BRAMEL FETIZ, 20Xk 5 RIEWVGEROZL
O OIFEE L, F 2T, REEEM LT,
TG 2 Bl 7 D E 2 R L CRET L=,

BEFRDNS . RFERTR CoW ITmERD Y 27 D—
D& LTHEMENTE 20, ARSI, BiG1E
BRI L CO 2 AIIE, RS EHE L TR Y |
MEFITBEREZECL DLV RTH o7, CoW
DA O EEANE & R E T,

5. #&
FINRSAE ORI R DI 2 S5 O MAE % 5
WNIEETNLTY I 22— 3L CoW DIERAEDN
KRELSFETDHZ LIRS,

X B

1) Harper SL, et al. Arterial and microvascular
contributions to cerebral cortical
autoregulation in rats. Am J Physiol. 1984;
246 (1 Pt 2) :H17-24.

2) Adhiyaman V, Alexander S. Cerebral
hyperperfusion syndrome following carotid
endarterectomy. QJM. 2007; 100(4) :239-244.

3) Tanaka H, et al. Relationship between
variations in the circle of Willis and flow
rates in internal carotid and basilar
arteries determined by means of magnetic
resonance imaging with semiautomated lumen
segmentation: reference data from 125
healthy volunteers. AJNR Am J Neuroradiol.
2006; 27(8) :1770-5

4) Liang F., Fukasaku K., Liu H., Takagi S.
(2011). A computational model study of the
influence of the anatomy of the circle of
Willis on cerebral hyperperfusion following
carotid artery surgery. Biomed. Eng. 10,
84.10. 1186/1475-925X-10-84
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B ENARIE N O I T D& 3R & BB 0D BE AR 5 D B E

ZIMPREE™, TR E™, JIFRA—*", JURGM™ 5% BREEs oA
FRRRHE RS el LSRR [T 162-0072  HURHHTE K RKALR 3-4-1]

TR IR TR FERHE AR W ELER B

B Sl cAhnle SWAY 7 = V2 w11 R 2 S

LR E R B A S

1. ®E

o Eh Ry D HE AR BRI 1T T, BEO JEHEED
WZHEB L, ke ORREBEROMHE BfE L T
%. BUEE TIZ, BEVEIRMENT (CFD) I kv, JE#
& M O/ 2SI IR B B Z & A 6 h
Llpoln. 2 TARMFZETIE, MEhRES N O i i
DIEZEDOH )G U T REBEMR OE W 2 B 5 )Z
THZEEEHME L.

2. EBAE

SRR T kD & N AR R EN RIS 3 i ] % xt
Gl L7z, Iy & BRE R 2 AT 5729
(2, MRS 1T CFD fifhr, JEBEMER DR
PRAS BT I3 e a % JHV N =, CFD AT IS, fdtsr o
— IR A T, BT 21T o 7. — 5,
JRBLHTICIE, FHREICRI LT, ~~ hF Y
Vo F VLB T o, EBIT, MBS
LB EBIMEAIT 72, MRS - FEEZSENIC
ARk A B E L, Sk OMREL, w2 FHl
L, MR 25 Lz, AF2eiE, S faE K
EALJREBERBE D 2 OMBLE B CRR INT
W5,

3. EEER

Fig. 1 {2 1 JEBID CFD MEATHE SR & EL /4G 3
oy, BEEEAMIRT MV EESISAANG, JE
L (A) TITE A (A1), AEJEES (B) Tl IEMTZE
AL (BIEEHT) 25HeRR S 7= (BL) . SR ELT Ol 5,
BT LR A e 2 B DMK < (A2),  FEFRT 2S5 I BE
Jiea 28 8 73 v W& T S AR E T3 A BUCAFAE LT
7= (B2). RIZ, Fig.2 \ZfEZEES, FEMEZEHICR T
% BEAH B B o s R A2 R 9. E LTI 396
cells/mm? FEMZEHEETIX 644 cells/mm® & 720,
22X IR 2250 K 0 BEAIIL 2 FE M 2 & 23
Hnklpotz.

4. EE

BT & FEMET 2R o0 BE M e 28 FE D3E MBI LT
E54 %, Carmeliet HIXERMIANKIZL Y 7 v
N EREZ N TROICHEE S, RRdlsaiT-o7
V. ZofER, RRERGE S & HIC, BENE R N Y
4 DA AR S, MAEBEOEE OWST & BE

%)

m
=]
(=1
=]

Mural cell density (cells / m.

A IIBE R S D = E R E T, PR
DT ELHEEE XD &, WS CILIEHE IS L 0 &
EEDEE OMEITREIE L TW D AREMENE 2 B
7-.
5. #&5

NENIRIEE PN OTEZSEN SIS L 0 b BRI R FE7)
RNZ ERHLNE RS- 2 XY, MROEZEN
BEIR ORI Z 8% 5.2, SR IZBRE L TV A Rf
HEMEDYE 2 DTz,

BN IEA TR PTG (HoA- Rt

—fi%_006) OB X ViTIT-. BIREREICHELIL
HLETS.

X ®

1) Peter, C. and Lieve, M. et al.: Vascular Wound
Healing and Neointima Formation Induced by
Perivascular Electric Injury in Mice. American
Journal of pathology, 1997, 150:761-776.

100pm &

Fig.1 Example of CFD and histological analysis(HE staining)

of unruptured aneurysms

w
(=1
o
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o Qo o o o Qo
o o o © o o

f=1
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[=]

Impingement regions

Non-impingemet regions
Fig.2 Comparison of mural cell density in impingement
regions with non-impingement regions

(78)



A ANSAF LAy — 258

(FEThR) % 28 & 2 2 5 2014 (79)

SRRSO T LB AMIS DD ZEED
o RIEEY, OWDEEE, KE 5L*%, 3

* FTIERFRZER

[T 135-8548 THEMiRGE XM 1 - 33]

ORI SRbE AR

1. &

HIRIMENIR ACA: Al- A2 7> 5 MBS EEIR ACoA ~
DO FAE UT-BRBIZE H L, 2R OERIE
EHREEE T L2 W, With 32 0 e ONWSS D28 2 1
L7 &I, WMERICIT D MEEEC AL D
WSS @ CFD |2 & DiEF A fat Lz,

[l

2. HEROERFGE

SRR 27 VORI & L5 ST
DOFEBRET N%, Figl lZ7-d. ftHEA YV 2ET
V% Fig2 12777 . ACA:Al Diameter dy= Smm,
ACA:A2 Diameter d,= 6mm, ACoA Diameter
d=3mm, ERIZIEHERIL Depth D=12 mm, Neck size
N=6mm, Aspect ratio AR (= D/N) =2.0 TH 5.
fi#HTi, ANSYS CFX14.51Z2 XL Y1772, Min Size:
0.55mm, Max Face Size: 0.55mm, Max Size: 1.1mm,
102926 Nodes, 527061 Elements Cd 5. JaBEs 4%
E= 1.19 MPa, Poisson ratio= 0.4, & & [7 Uik
Aqueous Glycerol, BH5Ev=7.00¥10° m’/s, %%
p=1.15g/lem’ TH 5.

BV A L ZH Re= 435, ERSTHRENL 0=4.0,
JEIH) 0.9s, MR T EIRNE A= 0.68, Re=Ren(1+A
sin ot) C/EFR I N L IERIROMmENTE L, &
724 wt=0, n/2, n, 3n/2 DFERZTY STz,
¥, FNO WSS ITx v 7 E DM A e &L, o A
L L 157 MRRT, T8 L7225 ACA:Al D
(YT DR T XA 2ifiived WSS Thr LR T
b3 5. BER< OEENT L OHR TR OEE

Fig.1 Schema of aneurysm model

Fig.2 Mesh form of aneurysm model
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Fig.3 WSS inside elastic model in pulsatile flow
AJfic7 5 WSS 25 L7,

3. MROHBBIUEE

FEREICIN 9 WSS DOEMIZ L%, Fig3 2R
JEF 7O B e ¥ < TRAMAZRY, K
WS REERS. & ITRRIEER ot=r/2
\HERE B e @ Peak NBEEICH D . KR L7
MHMREEE T L & T 5A, FEEICH O R
WSS DRFH] & OZE MBI 10% K38 S 7z 23,
FHREIZBWTHR L 8% T 5.

L723-C, JEBEDRMT WSS #5250 L, Bt
BEFERT RN S D, S5, ieSEoREA %
P32 Z LERRIB T 5.

X Bk
Okada K., & Yamaguchi R., Flow Structure Pulsatile
Flow in a Model of Elastic Cerebral Aneurysm, J
Biorheology, 35-1(2011);1-7.
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BRXIRFRAENZITHREERE LTAWS
BIARMDERET —FOMEThRELZOHR

ﬁ%ﬁﬂ(ﬁﬂ% 1)2)\ %ﬁﬁﬁj&””\ T’EJ”%DT‘E 4)2)\

BILER D, MR

VAR W 2 ADE Y #— [T461-8673 A RATHKKER—TH 15 20 5]
DB RT: KFGRIES AR ERBr 285, Y s — A RwEbe,
V2 B RIS B RS, Y ) T T v

1. ¥E

iR IR 28 DO FE AT M RN RE,  Hr (T A REE A
Writs /) (wall shear stress, WSS) |[ZEHEETHS.
WSS Z EMEIZRD HI121E, mENMGE~Z b e
MAEBEDNE 2 EMEC RO DMLERH D, MEN
DFRIFAY =IRIT 3 BNEE 25K D 2 B =k
A= o T A MEARIEIGYE (3D cine phase
contrast magnetic resonance imaging, 3D cine PC
MRD) 23& Y, IMEBEDNLE 2 KD % Ik &2
M FRRED —IRTCZ A LA T 7 T A M RaR IS
EHR1% (3D time of flight MR angiography, 3D TOF
MRA) & 2%. LinL, =7V ATHFA O
WREICL Y, WMHEICERIMETNAEL ST
W, WSS & IEMEIZR YD 5 I21% 3D TOF MR
angiogram % 3D cine PC MR Bf(Z LV X f L—¥
3T OMBERHY, ZOHECENEGERT
7 b7 =7 Osirtix DARA > FREIT K HALEFEE
BReZ M+ 2 HER S 5.

A ZE O B IR I IS R /) % (magnetic
resonance fluid dynamics, MRFD)(Z 33\ T Osirix ®
P8 FRFERERE Z I\ C 3D TOF MR angiogram %
3D cine PC MR Hif#IZ L YA b L—3 3 > LT HE
(2, VRS WSS DNIEMEIT KD 51 2 I s % i
77 P ATHREET S L3RS, B T —Z THA
FROLERZATV, TOMREMBT HZ L THD.
2. REBAE

t T — X OBFIEIC OV T, R4 MmmEE
BE0OAREGT.

R 7RSI EHR TR Lo ) = o)
OWNEE3mm O Y FRIZ 7o hab vy arvile
MMIME 7 7 > b A EARPEICHNZ. Zhb®
3T MR #£i& @ 3D TOF MRA & 3D cine PC MRI C
% L, #3547z 3D TOF MR angiogram % Osirix
% JIV>T 3D cine PC MR BIf@IZ LY A R L— g
YU | O TRE G & 3 e =2 — N L7 fi
PR 289~ 2% s Y 7 b Té % Flova %
VY, 3D cine PC MR #7545 5415 rephased
image £721%, VYA b L— 3 VRO 3D TOF
MR angiogram # AR & L, W 3mm DY F-

7 7 b ATIRREEPES b & - WSS, K =~
7 ¥ b A TIEA ME ORFFFER) e & WSS & fif
Brive., 2o OFEHRSER) R - D O AT Elx
2 FVRT DXV FERIE & e L7z, F
7=, WSS OENEIX, Y57 7> b AT
E & e U, iM% 7 7 >k ATl WSS DR Y %
P L 72, B MMME T — % & HV 72 MRFD CId]
£RIZ 3D TOF MR angiogram D LY A hL—3 3
Ai# CALE TIUEIEDO N R A feid L=,

3. EEER

WNEE 3mm O Y T8 7 7 > kN AOREH -

# + WSS 13 3D TOF MR angiogram @ L' A |k L—
va L ANMETVEIEIC XV E L. M
B77V FAIZBWTHLY A M L—va itk
D EERERR RN UGET D & & BT, WSS DZEfH]
B AIEL P A ML —ya VR DB LY B L
—a YETIRY BdES L.

bt NI — & Z2 7= MRFD ClREEEIC 3D
TOF MR angiogram ®O L ¥ A k L—3 3 VEi% T
METIUEIEDO RS WSS THERLZEZ A,
WSS DZEMMISAIZL YA FL—2 3 VETLD
HLURARML—a VETRY PEGEI .

4. BE

3D cine PC MR [#f% & 3D TOF MR angiogram 0>
AT HOIRE & U CElgSs ORI O ELIL, E
RS O IERINE, WER, > —7 v AT HA
BT AR v ay Bt 2 —nbH0
HHEE) , NT A%, RBEIEORRR ENRE R
iz,

3D cine PC MR [Bf&lZ L YA hL—3 3 LT
3D TOF MR angiogram % MRFD (Z I iU, 4
BoORBELEMICKREY, 2z Aun-itEiTR
HFzb Al E B,

5. &8

3D cine PC MR {2 A FL—3 5 L7= 3D
TOF MR angiogram Z JAAEI£IZHV 72 MRFD T, it
P WSS WIEFEIZRO HId Z & AR T& 72,
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RAENFORERL

EETER DY, mNFE DY, mILEE Y, IR, IR, KA 9,
PrIFRERE D, RigE Y
D HBRRYE WME 2 ZADHIEE S Z— [T461-8673 A dEMHRXKER—TH 1% 20 5]
L BRE KRFEBLESRIER MBI, V4 BRI R RS,
V=X R D NS, MRS HET — T v 7, O TR REPRE R TR 2e s
TEMBRBT R, VIR ER RS [ B I e R R,

D% BRI

1. #8

NMEIRIE DI, pliR . BRI FREIRE, i
A& BER AW 77 (wall shear stress, WSS) /3B
mEE AL THY, MR OFHMIIIEZE TH
H. ZWonv AN v BT A MERIERTE D
cine phase contrast magnetic resonance imaging, 3D
cine PC MRI) 1) TR727 — & % FEIZ L7 IS
ARSI (MR fluid dynamics, MRFD) 2)/3AM I i
BEZFHMI T 2 ke LTHRETHD. £,
D BEHRETERFME L ERE DT
(Computational fluid dynamics, CFD)b AL TH 5.
ZNBD®, MRFD OFEFERGE S LT, N 3.1
mm BHE7 72 bAEWIE T 7 b AE N
MRFD D% i Ehig & WSS OFsEERRFEZ AT > 72
2. REBAE

NEEENAR (internal carotid artery, ICA) 75 ik
ANELR (middle cerebral artery, MCA) O I & £ % 5
#EL7ZNEE 3.1 mm HE Y 7 2 b ATHEH K &
R -4 B 2.50 mi/sec O %8 & it T ER S, 3T
® MR ZEi&E % Hvy, 3D cine PC MRI % JififT L 7=.
MEFENT Y 7 & Flova % H T B AL 72 IR ] )
ik, WSS OffffrfEz thZi= ) AV jit&st T
B O IEHE, BT & g L7z,

v T —H OWFFEIZOW TR, RFEAEMMmEEE
BROEKREST-. /£ 1CA, AFiKIKEIR (anterior
cerebral artery, ACA) , /£ MCA, /NSHEWIRE A
i Bh Ik 43 I 0 Bh k9% (internal carotid-posterior
communicating artery aneurysm, IC-PC An) 7572 %
MRIMAE 7 7 > b SR MR & 8 7 i CIEBR S,
3T @ MR ¥ &% VY, 3D time-of-flight (TOF) MR
angiogram # JAAKE % & 3% MRFD #Z JiifT L 7.
Z DR, ICA OWFHEIEIFiEIL 7.59 ml/sec, 4.63
ml/sec, 2.84 ml/sec DEFIE & 725 K IR E LTz,
BB A7 ICA, ACA, MCA D RF[E -3 B o fight
EAREFH THONIERE & i Lz, £/,
et OEEZE R SEMHF L L, 3D TOF MR

-
—

F

1

4

REEFRHEL mRERR S

angiogram ZJEIKIZH W2 CFD 47\, ICA &
IC-PC An \Z81F 5 x Jiml, y FWl, z JFmOjiE
KO 3 #i A REE & WSS Ofi#tTiEZ CFD 72615
DIV FETEE & el L, HHBE RO .

723, MRFD OZIKIZH V= 3D TOF MRA 7 —
213 3D cine PCMR 7 —#|ZL YA hLb—v g v
LTCTHWE.

3. EMER

B 7 7 v b AORFRELEE, WSS OFFxHHER
EITFENEN 4%, 6% TH-o7-.

WMInAE 7 7 > k5D ICA, ACA, MCA D[
Y B O EEZEE 10 %~30% CTdH > 7. ICA I
BT 2 yEd L O 3 diliA piodi B O FH BEFREU T 0.60~
0.94, WSS OFHEIFRERIL 0.68~0.72 THH-7=. —
77, 1C-PC An |27 % Pl e OF 3 #ili A piad B O+
BEFRHEUT 0.58~0.94, WSS DFHBEFR%LIT 0.34~0.63
ThHot-.

4. EE

EE7 7 A LINIME 7 7> h A0 MRFD 128
AT EREEILRAFCH Y, CFD OBERSME Ll
FC& D REMEAVRIR X7z,

5. 5

EEWNIE MKME 7 7 > s 2% HT MRFD
DFEERGEEIT T2 & 25, B EORIERE
IR B A Cdh 7=, £7-, MRED @ WSS OHIE
FEFEITL IC-PC An TIEIRR THHTN, HEZ 72 F A
SOMIMAE 7 7 o LD ICA TIXRAFTH -7

X ®

1) Markl M, Chan FP, Alley MT, et al. Time-resolved
three-dimensional phase-contrast MRI. J Magn
Reson Imaging 17, 499-506, 2003.

Isoda H, Ohkura Y, Kosugi T, et al. Comparison of
hemodynamics of intracranial aneurysms between
MR fluid dynamics using 3D cine phase-contrast
MRI and MR-based computational fluid dynamics.
Neuroradiology 52, 913-20, 2010.
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FRIMBRAD LA O o— L4 BRI

[ELT: = I R}
BIRKFIEF AT

AARN D 4T DRBEHT 3\ CHIED R840 1f -
HERNR ) & AR S 4L 2 10 MIE BR R O GLIR B L
WL > TR, ZOR/MEROBIZEBNT
M & e - FRRAIE & ORI % 22 E D55
PATOND, T OWE DR IPBNER OPERE
WCKREREEYHZ, TOHEORTIZE-T
A IRREN RIS 5, FRIC, MiED Bk ~D
i8OS TEROMEEICE > TR bEAEETH
V. BEFEEONERNSR TN, oWE Otk
EER LIRS THIWNWEF - TRE TIEARW,

RAH ORI 31T 2 WU MEBR TR & DR O
SN R L B IR Tl K & 72 2%, MBIk
SOMEFARGEIRIZ B W T IR DO EEIC L > TR
BN B EER T DI D, Z ORI N>
B IMAESMIBR S 3, RS EAR GBI C I3 & 44 0
5 M N~OILENEE Z 0 | RIS IIC R # AL
INDEEDLND, REOMIEKIZEHIT S Z OfEHR
DENEIE, BMEERSROREERAE, i, SR
MERDOIGBRINGE, M BEDORELLIRAEITIKTE L T
%o AFEHTIL, 2D OEROHFTHRFICHRIL
o LA n O—iME, RMEROERIRE, €L
THRF S & OREMEICIEH U CREMZE 26T
TEIRO—EEHBNT D,

MEDTEENIRT XA 2 DERNTRT EBY
MIRDOREFEN BT D, Z DOIMIK O KEE I R
T HHERNZDERD ThDHRMERDOE (~~v b
70w b)) | RILEKOERE L EERE, MAEDR,
EThsd, ZNHOERIIMAICEELEG> TR
D, MEEREHEORKEZ —SOERIIRKD D Z LI
LW, B, Iz 0 7Y =5 sy
w5 L, MEEREN B L. FRHCIRLERES
PITUHME U C LRG3 5,

IR DOFEER & Bk OBk & ORIfR T, JRiMER
/AT L BRREOEREITIERT L8, kO
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REEE S HE S 72 D (A~ D FE BR LK & N T 5,

TRIMERDEFREDME F 9 4UE, FRILERDOERE LY
HIRWEMMILE COBmENEEIND & &I,
IRILERPNER DR ASG VT & CEESR Dk 238 72
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1) Furusawa, K., Sato, S., Masumoto, J., Hanazaki,
Y., Maki, Y., Dobashi, T., Yamamoto, T., Fukui,
A., Sasaki, N.: Studies on the formation
mechanism and the structure of the anisotropic
collagen gel prepared by dialysis-induced
anisotropic  gelation. Biomacromolecules, 13,
29-39, 2012.
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Figure 1. CSLM image for epithelial Iumen
structures consisted of MDCK cells formed in
MCCQG. Green: Actin, Blue: Nucleus.
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1) Furusawa, K., Sato, S., Masumoto, J., Hanazaki,
Y., Maki, Y., Dobashi, T., Yamamoto, T., Fukui,
A., Sasaki, N.: Studies on the formation
mechanism and the structure of the anisotropic
collagen gel prepared by dialysis-induced
anisotropic  gelation. Biomacromolecules, 13,
29-39, 2012.
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Fig.2 Transmitted light spectrum of blood and thrombus in a
rotary blood pump

Fig.3 Optical imaging of thrombus formation in a rotary
blood pump
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1) Shimizu T, et al.: Polysurgery of cell sheet grafts
overcomes diffusion limits to produce thick,
vascularized myocardial tissues. FASEB J. 20,
392-394

2) Sakaguchi K, et al.. In vitro engineering of
vascularized tissue surrogate. Sci. Rep. 3, 1316,
2013

Figure 1 Vascularized human cardiac cell sheet

from iPS cells on the collagen bed

(86)



HANAF L A ad—%aiE

(FBE1HR) 25 28 & %5 2 5 2014

FREIARFRR T2 RNXA AL T D IN VITRO B RE ST

OfEAMI™, FIAFH", KIGHAI", REGENH", % 30

ENI IR AT IT o X — R TERT N LR ED [T 565-5865

KBRFWR BT E 5 5-7-1]

ENARBRARPIA TR 2 — R ARIREE T

1. #8

Fex i, T2 EOENEMBRELEDS(SA A
U7 7 #—=) 2L THCMHM» 2D BMA % 1F
B9 % 8 L AR N AL AR TE BT (In- body  tissue
architecture technology)% Jixf L, BLIE F TIZKHE)
RFEHH A ANV T, BEXORT VoA A
PNIVT DORRFEEAT- C& 2 DD, 4|, AR
TR & 772 AT M VT ERGE & 2 A
DL LIZEST, MERFHAT > b3 aF
NVT OB EIToT. AR TIE, FRLZA
TV AN AV T OFEREICB L, BRI R
% RNz in vitro BERERTAT 24T - 72

2. RBAX

BppCi% et L7227 > b E AR T 7 U Vbt
EHMAGOEEHNEYXORE FICHIA L. K
—HARKRICHHL, T UVEMERETHZ L
TAT V MIHAHEBNER LT o2 — 7S
BRIz T o —THEEY O R0y B NN S
BIZP VIR LER, RS L ZER K
THIETRAT Y ML AL T (NFE 25 mm)%
157-(Fig.1 (a)).

ERL L= AT > XA A0 TI2ON T, 1)
VA& A2 N T2 in vitro BEREFEMRBR 21T - 72
(Fig.1 (b))?. AT > b3 AL 7 3B A 5
O FliED RS AL B IS B2 L 7=, [B1 3 o fEEh it (1%
3T COAFREIEAKZ V-, FEBRi, MifEsR20
JENARHIKIT 2 AT v F 3 T30 T D FpkRE
B LIRFt &7 o 72,

(b) Pulsatile circulation

(a) Stent-biovalve

Fig. 1 Photograph of stent-biovalve and pulsatile

circulation
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Fig. 2 Valvular function of stent-biovalve
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1) Takewa Y, Yamanami M, Kishimoto Y, Arakawa
M, Kanda K, Matsui Y, Oie T, Ishibashi-Ueda H,
Tajikawa T, Ohba K, Yaku H, Taenaka Y, Tatsumi
E, Nakayama Y., In vivo evaluation of an in-body,
tissue-engineered, completely autologous valved
conduit (biovalve type VI) as an aortic valve in a
goat model., J  Artif Organs. 2013
Jun;16(2):176-84.

2) Mizuno T, Takewa Y, Sumikura H, Ohnuma K,
Moriwaki T, Yamanami M, Oie T, Tatsumi E,
Uechi M, Nakayama Y., Preparation of an
autologous heart valve with a stent (stent-biovalve)
using the stent eversion method., J Biomed Mater
Res B Appl Biomater. 2013 Dec 9. [Epub ahead of
print]

3) Sumikura H, Homma A, Ohnuma K, Taenaka Y,
Takewa Y, Mukaibayashi H, Katano K, Tatsumi E.,
Development and evaluation of endurance test
system for ventricular assist devices, J Artif
Organs 2013 Jun;16(2):138-48
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1) Gotoh M, Yamamoto T, Kato M, Majima T, Toriyama T,
Kamei Y, Hirakawa, A, Mastukawa Y, Funahashi Y
Regenerative treatment of male stress urinary incontinence by
periurethral injection of autologous adipose-derived
regenerative cells: 1-year outcomes in 11 patients Int J Urol.
2013 Mar;21(3):294-300.

2)  Yamamoto T, Gotoh M, Kato M, Majima T, Toriyama T,
Kamei Y, Iwaguro H, Mastukawa Y, Funahashi Y Periurethral
injection of autologous adipose-derived regenerative cells for
the treatment of male stress urinary incontinence: report of 3
initial cases Int J Urol. 2012 Jul;19(7):652-9.

3)  Yamamoto T, Gotoh M Editoial comment to regenerative
therapy, tissue engineering, urology, lower urinary tract , stem

cells IntJ Urol. 2013 Jul;20(7):675.
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Fig.1 Schema of change in fluorescent intensity
distribution (upper) and deformation of glycocalyx
layer of photobleached area (middle and lower) caused
by rightward shear stress.
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1. Introduction

Angiogenesis plays an important role in many
biological and pathological processes ". There are also
reports about the promotional effect of substrate's
topography on angiogenesis ”. Sukmana et al. cultured
endothelial cells in vitro with paralleled fibers made from
polyethylene terephthalate (PET) for stimulating
angiogenesis . It was demonstrated that the PET fibers
served as a geometrical guidance for cell behaviors
towards the formation of tube-like structure. However, as
the diameter of those fibers was the same, it was difficult
to evaluate the effect of the difference in fiber diameters
on the efficacy of the formation of tube-like structures.
Based on that result, this study patterned microstructure
by MEMS technique and investigated the effect of
topographic features on microvascularization as a
geometrical guidance.

2. Materials and method
2.1 Experimental device

First, a silicon mold was made with a pattered
photomask by photolithography. This was followed by a
softlithography process to obtain a PDMS microgroove
structure (Fig. 1). Then, it was attached to the bottom of a
35mm glass-bottom dish.

14mm

Microgroove

14mm

X=50mm (Areal)
100 mm (Area 2)
150 mm (Area 3)
200 mm (Area d)

Fig. 1 Design of the microgroove device.

2.2 Experiment method

Bovine aortic endothelial cells (BAECs) were
cultured in DMEM with 10% FBS in 5% CO, at 37°C.
Microgrooves were coated with pronectin after a plasma
treatment. BAECs under passage 10 were trypsinized into
a cell suspension with a density of 8x10° cells/ml.
Mixture of 0.5 ml of cell suspension, 1 ml of fibrinogen
and 1 ml of thrombin were added into the device. The
device was incubated for 45 min and the formation of
fibrin gel was confirmed. The device was incubated for 4
days. At the end of the incubation, the cells were
fluorescently labeled for actin filament and cell nucleus.

3. Results and discussion

As shown in Fig. 2, after 4 days of culture, BAECs
formed cord-like structures in the microgrooves with
widths of 50 um and 100 pm. In addition, there were cells
in those microgrooves showing branched structures.
These structures were not obviously observed in
microgrooves with a width of 200 pm. Because both
morphological features can be seen as characteristics of
angiogenesis ¥, the result indicated that microgrooves
with a smaller width had a better promotional effect on
new blood vessel formation than wider ones.

Fig. 2 Fluorescence images of BAECs in microgrooves
with the width of (A) 50 pm, (B) 100 um and (C) 200 pm.
Branches were found in microgrooves with width of 100
pm (D). Branching parts are indicated by arrows. Scale
bar: 100 pm in (A), (B) and (C), 50 um in (D).

4. Conclusion

In this study, it was found that cord-like structure
was more formed in microgrooves with smaller width. It
is concluded that a microgroove-patterned topography
can induce the formation of vascular-like structure.
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Fig. 1: Laurdan imaging of ATDCS cells under 0 or 40 MPa
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Fig. 2: Change in laurdan GP in ATDCS cells under pressure
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Fig. 3: Modulation of desaturase gene expression in ATDCS
cells pressurized for 24h.
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AT v b E AW ENRRICB VT, BksE
DEEE 72> T0D. BRZDORREIE, T7/354 A
x5 MRSy D&, RIERIGSTH Y, RIE
BN, A5 PNIPe2E I 78 148 PN BRI T oa 4o mk
B (N snbdEThi<. LTER-T, AT
NPEFR ISR D B D REIE, MRS &
B5 < THumAett ) 38 X ORHIC PN B AL 2 5
% THEAbfEdErE) Th s, TR beEME] 12
B LTI, ARWFZES L —FO%ATsec LY, &
FEMERRMESE AR B FE A 7 (bFGF) BNHERETH D 2
ENHESh TS D,

Z ORI T, Bt E a5 Y
VIRE R Y ~— (MPC) Z#H{K L L7z bFGF A
VAT LEHEZR L, bFGF R & finsett: o Bfg
EHOEMNITHZ EEMEERE L.

2. EBAE
2:1 bFGF&H MPC 74 JLLODEE  bFGF /k
AR (100 pg/mL) & MPC/=% / —)L (5 wt%) 1A%

JEA L 72 bBFGF/MPC ¥4 2 SUS bR B2 50 uL i F L,

KExHZ ) —NEfFERSHE, bFGF &4 MPC (LLF

bFGF/MPC &%) 7 4 )V %&ERLL 7=, bFGF I,

0 ug/mL, 0.1 pg/mL, 1 pug/mL, 10 pg/mL O 4 F&FE L L7=
(LT MPC, bFGF0.1, bFGF1, bFGF10 &9°%).

2 - 2 DbFGF RBENFEEILHER (ELISA &)
bFGF0.1, bFGF1, bFGF10 % U - [igkkfE A A K
(PBS) (TiR{E L, 24 Rff#FHE L7zDH, PBS UL
72. Z® PBS |Z ELISA k% HWTHOREIES 5 =
L2k, bFGF &4 MPC 7 « L L7065 D bFGF #3ik
PR ERL L. ERENT 14 AfEE L7e.

2 - 3 HumietEEHEEER  MPC, bFGFO.1, bFGF1,
bFGF10, & HIZR Y I—ARxr— K (PC) D 5FEfH% 3.0
X 10° cells/uL O I/ MRIATRICIRIE L= (37°C,
CO, 5%, 60 min). Dk, {135 L7l M 2 Bk
2L, WIMRMEREZRNT 22 LT, fuierta T
fliL7z.

3. EBHR - B8
3 * 1 DbFGF #EEEILHER M1 kv,

FNENAABREDK 04%DEBERI BT SN

7=. ¥7z, bFGF10 TiX, I 4 ng/mL OHRAELAH FHE
THY, ZoORE, KiTHE D cERSh
bFGF & [RIFEEDIRE Th 572, WEAKEEIZ+
NEGTLHEBEZOND.

g
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Fig.1 Quantification of the amount of bFGF

32 HmmEMFT@ERERE M21ORL2LD
IZ, bBFGE/MPC 7 4 /L LD /MR E8E, PC %
W& RiEIZAD 72 MER A S B, E£72, bFGF
EABERINC E 720, /M SRS DT iz
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2 400 B
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© 3200
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Fig.2 The number of platelets on sample surface

4.

ABFFECTIE BFGF/MPC 7 4 v L Z/ESLL, bFGF &
EEZ X D IRIERE ATRETH D Z &, bFGF A
Wb 5T, Wit e a5 AL L
72735 7C, MPC % & Bz bFGF IsHEA T > h o A
TLN, FETHHZ EEZHALMNTLT.

BEERARFARTWEIZICIE, 2R TWH %
JEEF LD & AREHN=LET.

X

1) Kitamura, N. et al.: Basic Fibroblast Growth
Factor as a Potential Stent Coating Material
Inducing Endothelial Cell Proliferation. J.
Atheroscler. Thromb., 20, 2013.
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WENEEND. REEZINEIRE OIRR B 721501k
ELT, aALEMENRDTA T TRNEZFED T
JRER LTI NIRES ThN TS, L,
BRSO % v 7 TRIENG A, A VDR DI
BT HRNDB LD THESTERY. —F, Hx
IRy 7 O MEICHET H 2 L TEEIOHE
FITHUEN RS & IR CE DT N A HIR L
T, ZHLEBEI = FAT > FEBFKE LTS,
ZALEE CEIREN ~A D MR &2+ 25 2 &£ T
N TOMBIERIC L > TERENS. MFEEZ W
ICINHIT D B EREIC KR E S BT 720,
A RAMERE FEBR T X 0 Z AL o M il HE O &
Bl Z{T>TW5h. ZRET, Xy ZIENKK
JRERE LV /NS WERRENREET LIZEBNT, 0.1
mm DL O/NMEFLE T 5 Z & TR AR 60%LL F T
ERICEDNTHDZ L EHALNE LY.
ARFZETIE, F v ZENRKRBERI D KE W
B ICB W TCH I NR—RRATV FEEICE - T
JRIERR N FTRE N E D BT, U A Kx v 7 @ik
METVEERL, EHIEEKEREIT 7.

2. EBRAE

FEBRAEE, SFSITBER L RO DA %
BB 5, BHRIIK 60wt VB L KIRIK, BEE
1100 kg/m*, BEIKLEE 4. 4 mn®/s) Z IR 7 THEEL,
Reynolds %% 170-960 O&IFHO E & i CHUME - Bk
EFIUIRA LT, B UMM - FEEEE Eo7-
O 2WTTIRICFEE L L TR Y, Ry ZEHo@EMS 7~
4 Ly ey 70 (W) 228 L2 (K1) .
JIN— RAT v Mk E LT, ZbAT
ATEN (FLERE :0.08 mm, BHIIZR ;31 %) %44

Front View i Side View
10 $10; .
5 [ube PN R1.0 of s | e
Dy -
10.3 13.4
.............. T 1
\ 5
NW=10.3 NW=13.4 NW = 15.9 e

Fig. 1 Schematic diagram of aneurysm models.

ETF oy 7 ERICIEE LT, iRl o Rk
FELTHAmr Ry —2 W, FT N0 A
Nd:YAG L—H TEE 1 mm O — M ERET2
ZETETNVEEEEL, CCD I AT THE L
7o, PIVIZ LD 100 FpAPERE O~ bV %
KDE AR A & R L7z,

3. MEREBE

Fy ZENILL 725 &, Bl OE» b HARICEN
IZOTW e AW EE R e NS~ 8 L,
Ny D3 E e AV RS & e 0 SEER AU BnE EE 1
<Tpofe. LL, WTFOXy Z7RIZEBNTY
LR 2 BT 5 LI A MnNEE X &
AT 1/10 LRI L= (M3) . Kaibara?id,
T AMHHEE 230 1 s BUF Tl AMEE S b
EHAELTEY, VA Ry Z7ERECH L
WEREET L2 L CRERPIIFTELLEEZL
niz.

Re = 580

NwW=10.3

NW=13.4 NW=15.9

Fig. 2 Shear rate distribution in the aneurysm models.
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Fig.3 Average shear rate in aneurysm models.

X |

1) FHHLId, HE B, 79(801), 265-277(2013).
2) Kaibara M. J Biorheol. 23(1), 2-10 (2009).
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SEHBHIRIZBIRBIAREE L D LTI ERALTH Y, JEB
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JRIZRAILE LT T —7 DR EINHEET D,
BRHEMEMRIE ST L C 77— 7 B9 5 &, M
BN TE, MEESEOEERKEBRORK L 25,
%@tb AR T ORISR « THHO R D

B, WEIFOM B F ORI D% < O
#ﬁbﬂf%t”ﬂ

MBI OB D 513 Holzapfel & 72 & Off &
ABRS° Tang O 72 EOFRRERMHT 3T TE
V, EHEDHEREARERMH 2T L CHEE
LTC&E DY, {8 &7 DI L 2N B
ThV, Fiz, BIREELOFRIEIAL TIXRARAFE
—RET, BANC K OMER R DEECH D,
D78, XGREIE ORRR P AR & BT TR
WL ICERNFM AT 2 ENKREITHD.
ARFIETIL, i 5 5] o> SEB AR P AR oD FE
WE %t & U CHE i ERBR 21TV, Bk ki
K DM D BB A iR D AL
2. ERAE

B KFEICET 2 MEEESOAREST,
57185 84 % (CFH4) 704 DB 1) OFKpl%
W CEHENRO B f R 21T > 7. NI A
@77 7 DRFHEMERIRE (63 %2> D 88 7%, 3 AR

%@fﬁ 7 DREHEVERNE (72 7% & 88 7%,

2£%H) TEL-RIABE (63 Wi 88 7%, 3
R ), E ﬁﬁ(Wmm@w4m,9ﬁﬁﬁ)
O 4 FEETHD. ETHMEERAF IR, &)
B o~HEIE, DA EREERE4 mm, 18 1.5 mm
T, B HMENEOERLFmMCED, BT
BRAIWC L TR 1 mm 5 THDH. KR
T OTHFH 10%D TV arT4va=r 70
%, OT B 1%/s T L7z,

3. ERERLER

Fig. 1 ICHE T 7 — 7 ORHEVERRE, 55677 —
7 OREMEMEREIEE, 1EF s O A 725 — O
&%%%%#.ﬁ%@%ﬁmmﬁ&ﬁﬁ%mm%

BE|Z LA TREBMENED LTS, £, &
T—JIXAGT T — 7 ZHART, BRHEERRIE o fif

ZX o TEHE L 7.

, BRHE 2, g
*1jL¢H]i§§j<§éjtﬁéﬁ%ﬁzﬁ*ﬁkji%LEﬁjL$+ [T808-0196 &[] WAL JLM T
, TR KRR TR se R,

AXONE D 2-4]
RGP S e ]

JEMEDA TR EZ V. /) 50 kPa & 0 kPa DO
TAMENMEZWEEOEE L L, TN
—OFTHRERNLRDT-FER, AT T — 7 O
HEMEWRIE, BT T — 7 ORI, BEL
NERAEBE, 1E% fEk O NEIZ FEIEIE 0.064, 0.093,
0.081,0.236 TH - 7=.
EHDOFHBK & RENROMERBLZE Gk 2)
T, BHEMEREREIZ2 7 -7 gL, =7 AT
VBB Iehots. IEWEITEDOH TH T,
FEIC X A MEEOEWITZENZ R L T D

200———— T T
150F i |
< ; ;
o i
=3 ; :
o 100 : :
€N i 3
2 : —— Normal (57M)
2] ---- Fibrous cap
501 ! (yellow) (72M) -
----- Fibrous cap
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0 K
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Fig. 1 Examples of the relationships between nominal
stress and nominal strain in the longitudinal direction

for strip-like specimens of human carotid arteries.

4. #8
ARMFFE T T s linE O F| R B T3 7= SHBH ARV 2 8
S DR BN JIRASE AL R & I BRI SV T R
BRaATVy, ST & OfmEMEARHE L2, £ OR
,ﬁﬁiﬁﬁéﬁfi@%éwﬁ% (A LT
D, FEKOZA L L DOREEMEN R & A7,
ELi2
$ﬂ”@#%iﬁ$$ﬁﬁ@Aﬂ$ﬁ”%ﬁ%A%
HERFZE(C)(23560091)DBIRIZ K 5. Z ZIZHffEA 9
Xﬁ
1) Yamada, H. and Sakata, N.: J. Blorheology 27,
917mmz)mmf ﬁm%ﬁ HEEY, hE
T HAHKERRE SN 67 ML - i
2 pages March 13-14, 2014. 3) Holzapfel, G.A.,
Sommer, G., and Regitnig, P.: J. Biomech. Eng., 126,

657-665, 2004. 4) Tang, D., et al.. Stroke, 40,
3258-6263, 2009.
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X a b—y 3 U CHE LI IR RIS
Bk e LH#ER, BEBRTHY, FEHIVES
NI OLE S 1 DEESZ AL,
B o MERY, mEWRREEY XY B 2R
L, FEHME L e a1T- 72,

3. EERER
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EREEhR, BEEARO M ICB W TERMEI D b
INEUVMEE R LTz (Table. 1), £72, EREIROME

HEERIZISIT D BITHSEFIIIRD 8 D 3 [SFRETH
HEWHRERER LT

Table. 1 SHENRIZISIT 2 ML AH X bRt 5

AT 4 T HRANTG A —H B
FEHIfE Yial—vgyv
HSHBR 8.28 5.55
L RaEh ik 25. 1 7.97
Bk 23. 4 10.1

4. ER

SEOBEFT, YIalb—ra X0 EHE LAM
BTEAT 4y 7RATFEEL Y BIRETH -7
BAEDY I 2L —3 g v T — X IFEHBTHES N
TWb. ¥YIa2b—y g v ko i
Stergiopulos © 23EWZRIGHE A & SIZEHE LS
YU TRERANTEY, SLRIRFPNELEZL
iz, Fio, MERAT v 73 A3 &R OFHBID
HDEMN, HANERHDTD, ANTINT A—2 5 &
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5. &5
ARFZECIE, BEFIC X > CTE 7= ZRE %
W, BHERY I 2L — g 2B A Mg
SUZONWTHIR, BRFEITV, 2RV I b
—varyOUERE R L.

X |

1) WL, AIEE, KFEL. A A—VTH
o Lx=a— . R7T fEERY. OB,
pp199-215. 2011.

2) Stergiopulos N, Young D.F, and Rogge T.R.

of arterial flow with

applications to arterial and aortic stenoses. d.

Biomech, Vol. 25, No.12, pp.1477-1488, 1992.

Computer simulation
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Xz A 72— & LC, Frag-D & BBN| g0
HERERART. FragD ZEEL LB —F 7
IZ BPN gsa @A vV =7 b5 LIRERIFANI S Y
FVBENL, WEORIHE ERP RS, &
51T Frag-D & Frag-NDSK OJITE T H[AEROFER 271
L, HHAEMERAHER Sz, Frag-D & BN 304 DHIE
TIINE 72 7 NVOBINER DA, R
RS N2 o T2, LLEDREFR.S, Frag-D & BN
& OFHEAERICIT BREHO3 15D 56657 HM < [
HLTWAHZ EAVREEE 7.

100pM BB1-66
50pM BB1-66
25uM BB1-66
150 - 12.5pM BB1—-66
6.25pM BB1-66

L st i aad WWKMWWWM

time / sec

SPR resonance curves between Frag-D and BEN| g6 -

E
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“AbEE K FAKIR R S ZE T

1. #g

TA4T7 VT Aa, BB, vy 8HD 3 ARV
RTF REN DRSNS 'K TH Y, BRHE
y BICENEI 2 DOPEENFET DH. 747 Y
VENMTIEZ Fa B OERICE ST, 74 T
VBN TFDT 4T )T F R AFPA)B L
W7 47V ) _XTF K BEPB)BUIMsnbZ &
WCEVWEREIND. —FH, 747V )77 T74F
TMEhr B OERIIRNE ST, 747
V7 KR E ACLLTOMKIRICE 532 212
FoTH MR RZD. 20267 I7A4F47
AR T, FPA & FPB OUIKHIC L VAT % A-a
BLOBb IZRODMENERANGHET LD EE
ZBHND. £, THETONED LREAFEEN 7
4TV UTNIERICREEY 525 Z EBREN,
S OICA A UBREEICRE S ET D LWV RN
Bohi. KEFZETIE, 77437 NVOBRIC K
ETHEGHEE & A A R ORE L KEIRE 7~
A 7 a7 U A(QCM) & W TR L 7.

2. RE

P Ilmg/ml D7 4 7Y 7 (Fib)KIFIEIZZ Y
a3 #—8 L LTPNGaseF % 5U & 10U i L 7=
HDE,37°CT 24 FFfll A Vo F 2 _X—F T HZ LI
X 0B AOIR LT-. = D%, GPC IZ L B k5L A4T
VY, IR 0.2mg/ml 272 D K O IHHTL L, S IBRE
BNERR D ZOOFRE & F &R & L e
2 hr—/LE LT02mg/ml DA %7 I Fib K
Wk L BEEAYIBR LT o0 2 Vg, £H
W T3 5 NaCl 136mM (28T, 25Ch b 2°C
~EHIL, QCM JIE &2 4T - 7=

3. #R

11X GPC IZ L 558421, 4308 4 SDS page IZ
DT TRERTH L. RO TH > THLHALD B
BEEDON FTHY, 2 br—DL—2rOIIC
XL CHEHZ BIER L 72@36 L U@ Tid BB #HITK
T BN KRR TOIHEHLTWBZ EnDb, B
BHUTHED LIZHESHNBIBR S 4172 2 & D3RR C
f:lz_mM@m®ﬁ%%mﬁmE%zc_

TTdE, WTFHOREG 7 47 2 5 OESE
ZE B RVEMN A Uiz, R, BESHYIBRE
BOREVRE Ty b — TR
DD RREN., ZOZ L5, BB EHOPESHTIR
X7 A4 AT NREEET RN H D Z &n
o T BUE, BEBHOIBRIC K DIRMERN RN A 4
BREDELIC LY, PO XD R BEEZIT DO
BMEtLTWn5.

Fig.1 SDS Page of intact fibrinogen (D, SU PNGaseF
treated (@), 10U PNGaseF treated 3.

50

(105)

o intact fibrinogen
Otes8dguo, 5U PNGaseF treated
Yve 4 v 10U PNGaseF treated
= vl A
il_l()o, o oe8offf g gt o
-150 1 v M v v
2200 . . . .
0 5 10 15 20 25 30

elapsed time (min)

Fig2 Time course of the frequency change of QCM

after quenching from 25°C to 2°C.
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FMEkE T4 T) /U EDHEEERRAIZERS
PHE X UVA T UEEDHE

EEET, M5, EHEEE, SMLERT
RER KPR TPE PR BTSRRI [T 376-8515 FERG WM AE i RAHET 1-5-1]

1. #g

b MU RMEKITMER A ED 2> THDH7 17
U 57 AFE FIZR Gl & MR35 a2 4
RERT 5. HEBAWIERRD A B =X LN,
RN A 7 0 7)) 2 7o D88+ 5 Z LIk > TR
RENDHHOEEZLNTE. Lo, Zikidhl
W27 4 7 7 U RS D AR MER DR HHERR S
N5 Z LIC X AEBEARIC L > TR ENDS 5 —

DD A J] = A LDHERE SHRTZIEIITITEE > TR0,

ZDZODRA B =R LOWRTERIDE T, FRIMLERR
747V 7 EOMBEROARICH S, HUEE
BT 47V U DSRIEREEIIN AT 5 Z & 2R
RLELTEY, MEEAITT 4 7Y 2 7 OREITS
FL L2, AWFZECIIARIMEREE R D A 1 = X L fiiiH
ZHIEL, RMERE 7 47V v L OMEERZK
peREN -~ A 7 137 R (QCM) 152 W CEBEN
ET D EaRA. I5IT, HAEMICKIET pH
& A AU TRE DT OV TR

2. ERAE
ywiiEEmE oL, g T f—a— N2
%L, PBS THRIMEKOWHZ 3 [FfT- 72, BEFT%
ORI Ek 2 MES (pHS5.5), PBS(pH7.4), Bicine
(pH8.5) ™ pH D %72 % 3 FEDFEMEIRIZ THEFI &
TR 24TV, B RO Ht O R i BRIV 2 L L
7o PEICIFHLIREEE 9 MHz @ QCM & &
(QCA922, t{1-EG&G) Z MM\ 7=. QCM X7/
7T LT DL AR50 D% O RSB 2 E &2
fLELTLEHLZDILENTEAEETHD. QCM
REV~D7 47V 7 7 ofERIZE, 7K
Kim & #h A T 215 M AL % £F > Dithiobis
Succinimidyl Hexanoate ([F{=Ak#)D B35 % 4
KB SET=2%, 747V X 2IFRIMLT
1ToTe. JARBODOLRE & eRtz, IR MEREREIR
WML, ek EEE kL7 o7V 2 Fr
OB OMEAERZRE Lz, £z, A4 FimfELs
{BIZ X DB EFRDHERICBNTIE, BT b
VO AERII /o B=F M) U LAEAND I L
T, RBEE 290mOs (THERF LT F £ A4 A4 L 5RE
DE2 % PBS L L7, 2NN OEIRIHR L

BRA M &, [RBEIC QCM & W CRMLERE 7
47V 7 OMAEEREZRE L.

3. BRBLUER

X AR I ER 2 FRAN U 72356 o0 MR G 73 J8 i 2
Bl Rm LlzbDTHD. WINo pH BLOA
A UBREEIZ BV T B R OEINNGRD b,

100

500 . . . . . .
0 20 40 60 80 100 120 140
time / min

Typical frequency changes of fibrinogen
coated QCM after the addition of
erythrocytes. The arrows of @, @, and @
indicate the immobilization of fibrinogen on
sensor chip, the washout by the buffer
solution, and the addition of erythrocytes,
respectively.

pH DE72 % 3 FEHOREEIR 2 T2 R TIE, 15
FRIMEKE 7 4 7V 72 L OMEM ML, WTh
O pH IZEBWTHEIMARD b, EE LT
4 7V N7 0 OFRIMERGS N O J8 K N
HEIL pH8S Wi b REL ootz 747V 5
VOEBRNS5S~6 THDHZ L EBETDH L, pHS.S
TIHAEBMNEZLATLH LIRS, £, 44
VEREE DEAVIZH LTI, A A VHEREORINE &
HIZHEEEEMEE b RELS RoTe. 2D ehn
5, RIMERE 7 47V 7 & ORNZEFEN 72 H
HAEHMBHN TV D ATEEMEIFIRVN b D & B X B
Do Ath, FHBIEREEOEBOEALHE L ORMGR
ERRDMENRD D.

ARFSEIE ISPS BHIFE: 23550237 DBIFLIC K W iThh
7z.
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1. ¥5
BHERLETHDHTE RKeo 7 KL AT
> (DHEA) 3R PREE RN A0 B o ALl %)
BENHLN TS, L LR G, T O
HEDRA I =X NT D> TR, £, B A
b U RILEALD BT < BERIFSCENARIE L 72 &
flix DIRBIZBWTRERFTH D, EORWIR
MERIZ I T DHEA 3 Hilg b h S % F¢->72 & DHEA
DFE# IR R OB DFRIAIC D723 D & 2,
RIMERICER{E A b L A &0 2 CHRIMLBREATEIR DK
FEAIES 5 Z & T DHEA D&)A 254fh L 7=.

2. EBAEK

fRERERY A DERE U7 ARIMERI SV 4. B(bA ML
A&INZBT-8 0-1mM FeS0,/0-5mM Ascorbic acid 1
£ T C . DHEA Scf&IEEDY 0-100 p T 72 D K 5 Nz C,
3 7C1RMER L 7=, ik LA v P —aEDW, 1L
ORGSR EER M CHRIE L7z, FRIm kR &
YRIEDOFF =N EOFERITA — L~ KK
(5,5 —dithiobis—2-nitrobenzoic acid; DINB) (2L ¥
HE L. F7-. 2- methyl- 6-p— methoxyphenyl-
ethynyl— imidazopyrazinone (MPEC) {ZiEM#& bk 3% 4N
ZT-EEOAVSIE AR L DHEA OHilR{Lrea a1 L
72, TeB, ARGREHZ W TI VLY U R ESITHER
LT o7z

3. EEER

BIEAR Rk HFOIRTFREDIEDOEMEDHEAOZE

e 1
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= .

B

=]

i

<

S 09

[&]

R

;Lp(

7

¥ 08 ‘
® Control 0 1 10 100

DHEA (uM)
#7221 E UENE

error bar: SD

IR BOR B 454]

BT A ) UERIEABETERME A N L AE A
T2 ARIMERTZMFR OREFE 1M L7z, 87 2Ly
CIEREAL BRI IARIREE (1w M) @ DHEA ZNz 7z
BB KSR OBEIMA IS Xtz L L7es 5 100
uM & DHEA 73 i FE O35 5 1k FE S M o Bl 13 AL
SR inoTz. £, RMERRES LRI EOF A
— VI A P L AEMZ 5 2 & T 1EIT <
DUz ARIREE DHEA YSINCF A — Vv EE b 234
il Z A7z, Loy L7eAs & i BE DHEA VRN -C Il
XN notz.

— B A B LA EINZ 72\ OS50 T DHEA DR
M ERVFGERRE S DR FL % & | (KR DHEA % /N
156 DRE~ORBITFRD Lo 7.

4, B

BT AL E UEREIZ L DL A LA IRIENE
B DRAENERNTELDRNE I 2L — |
LTW5. RILERES o7 B o bEEIC LY
IRMEREFEREAME T LASEEH AR & TV D D1
RIMERD = A 20 72 K DHEREREE LB TH 5.
IS DHEA 23EH & 28ZER b A b L 2%k LB
FICVER L T 8 2 DWW CTRFTI 2. DHEA (2
PR LA ORR e E RIS MR BTE BRI /2 0 o
7. —75C DHEA (F7RIMER DERLIE TR ICEB W TE
Py bR VBRI OBLEEESE 73— R
6 U L ERfi/KERES (G6PD) ZHNifil+ 5 = & TH
LTV, BLA b L 25 LBSEIFIER & L
TIEAJET 2 D3N EREE D DHEA 1% GPD i
Z QEIFRINHIT 5. LA L7222y SRS DHEA Tl
BOFRE U L2edyo 72 2 &5 GEPD &M
I DL E D72 A & D FR{bE TR AE 2 e 7]
BEMER D B .

5. #
DHEA X @i fE CIEEs (b A N L R IZ X BRI EKE
WEHE OO K5 FE RGN 2 4] L 72\, R E CIdigib
EE A B I URSEERIN A2 I 32 2 & A 52
ot

il
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BHEME DD ERHIC L S MENRMEA PKCas EL

R, SRIPHEE, thugAngA T, R AT, TR

* JUMREE REERE TAF

B T R0 [T 819-0395 i i) Uk A o] 17 P8 X e ] 744]

IUNREE OREEBE AR B T

1. BE

A& D ke b PRI AFAE T 2 45 PN B A Z R e
WU, HBEEFT~SEBET 2. ZOBENTX
HRENIAFES D X 2737 T d % Protein Kinase C o
(LA F PKCo)3BES- LT Bz 6nThaY, £z
AR B 2 B IS a3 < B> T 2
EDVFNHIVTNDDS, AIEEERI 21T % PKCo &
N DOBHRZ OV TR 803\, 22T, K
%2 Clx GFP & PKCa DG % v X7 ETh D
pPKCa-AcGFP VT, DX HIlMIC X 2 /lal 4815
% 5.2 T % OFIKEN PKCa AR 237 SH1Z,
JerE A& OBAERZ iV C PKCa 04284k & i i o
BEhEE A L7z,

2. XBAE

7 RENIRE MM (Bovine aortic endothelial
cells: BAECs, HiF#Hh) #FH L, PKCa DB
I% GFP L DA » /378G Tl D pPKCa-AcGFP %
TERL U BHREE R CRIZE LT, @27 ODH T AR—RT
4 v 2 (IWAKID) BICEEE U= N O B —
Al 7 ZEMR A 52, Ml PKCa D2 b4
BlE2 U=, H#EI > FL (05068, NARISHIGE) & T
BREH O N R/L (05014, NARISHIGE) A4
WlevA 7 un~v=a L —F ZHNTHlfe 4 yum O
7T AEMEVTOS, ATEOMIE > Z L TEE
Hxi-. &1z, —EOBHETOOL ZENTEHL)
2, ~f/Zua~v=—a2b L —XDWEh > KLz
Planetary Gear box Set (72001, TAMIYA) & E—# —%
0 AHF, z Bl 160 S —E DR Tl < Mk A ERLL,
<= 2 L—Z Oy Ny E R ERh 2l L7

3. ERRRRBLUEE

PKCa (HEE(ET 2 & MR B9~ 5 2 & 235
ILTCWD 72, PKCo TEMERASETEH 5 PMA (Phorbol
12-myristate 13-acetate) 2 MA@ IZ RN L, &ML L7
PKCo 2SHIMSEA~BEh 20 &8s Uiz, £72, il
*tG:L LT GFP OADHE % Ffo 285 Th D
pcDNA-ACGFP Z3E A L7-#ifalZ & PMA N L
22%1T-7-. PKCa-AcGFP 3 XN AcGFP Z#EA LT~
HIRLZ PMA Z¥RINL, USIRT & ERINEE 30 23 bl
a2 o7z, GFP OAZEN LT-MIIEIc B LT,
PMA Z¥RINL THAMIEANIZI N COREREER KOV oD

IAEAFRD BRI T=DITH L, PKCo-AcGFP %3
A L7-HEClE PMA £faf 30 5081 IR 6 ¢
WEFE D _EF- & MBI T DR O AR S,
PKCo-AcGFP 73 PKCo OPERE ZARFEL T D 2 & AVie
WINT-. H—Ofiialc X fiigE 5278 2 A,
A G- 2 T AR Z B3 D AN I Z 350 T PKCa 23
FIREGHRE & OBEFUEEA T D BIS S GRSz, &5
12, ZOBRITIZ DD 2 DO/RE—UBNEEL, R
MECIIE A, IWEB EEFE L

A A TTHIERS, TR A2 TS L OV o
AIEANIZBWCRIROIEES ER9 5. 20%, %
HIBOUGHE PO BRI & DR AN DB AE S
DEINTENZ PKCa DMEE 5. DI & 36
(HEREIR L, B0 B I SRR T ORI R~ 7=
W BT, IS A L RRRICHIY & 52 ) 7
R X OVE OB EMIEN 2RO N LHT 5.
Dk, B A SITRRY, BB
PKCo 2EA L7212, HEGHRE & o5y
ARRREE L~ & A 28 b S /72, B B bINE
A &[RRI IR & O BERE 38 L, AT
DRRBIZE T, TI7F 74T A b, #NE
DOIRESZ AN CREBROERZITo72 & 2 A, M
FLERIORETICBW T Ll FOINENEESN
7=,

4. %5
H—flalZ B> fEE 525 &, JEAOH
Rl D52 712 X~ C, FEEEAfEERIC PKCa
DEEFIHEIG L, KEIT PKCo 2VEA LTINS
NEAHIE ORI~ & JRE 2B STV BB 2 ©
DISBENRE =M SN, £, KEROFPHT
1% PKCo & AR BAS OB LR e~ Tz,

X ®

1) Sirosh M, et al.: Regulation of Skin Microvasculature
Angiogenesis, Cell Migration, and Permeability by a
Specific Inhibitor of PKCa. Journal of Investigative
Dermatology, 126, 460-467, 2006.
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BRRAZRIFIZE TS5 MERNKMEA PKCo &l EIEDRER

PARANRS ™, SedHER ™, TPug gLt
AR TR E [T819-0395 W UL A i 5 G [X e ] 744]

* JUNKRE:  REFEFE A

e g, T S

FERNREE REFERE TAF0Re B T P

1. ¥#E

M PNEE LI E N A TR S TR Y, Mifkic
K DHAMIES 172 EDOT)FEREITHICES H ST 5.
A& PRSI 238G LB, BEET A&
D1 ORIEANFEEN 5 Z LML TEY, e
WZIXHIEN D & L7327 ' Cdd % PKCa (Protein kinase C
QNG LTWA EEZ BN TWA. PKCa (X ATP
(Adenosine triphosphate) 7 &2 & 0 IEME(L S, 1EE(L
L7z PKCo | FHIIVE . SN A 2 2 b S5
ZEDBEE N TV, SREHIIZ L D PKCo D%y
HEARI T ST, JIAIRKIZ X % PKCo @
TR STV, AHIFZE LIS N RGHIL S

JRFTR72 )RS A - 2 T B8 PKCo DA ZBIEL L,

S BT PKCa & AMRZETAAZEE 53 Db EH & DOBIf%
A LT
2. ERAE

MBI IE, v KRENRESEHMAE (Bovine aortic
endothelial cells: BAECs, Hi¥#G) ZfEHL7-.
PKCa DOBIEZIZIL GFP & DA X X I7EThHD
pPKCo-AcGFP # 1E#L UMIfRNIZRBLIE 5 Z &
THEFN T D PKCa DAL Z fif AT L 7. MRl s 55
A 5.2 5729, ety b (LMS-40611, SIGMA
KOKICO.LTD) #fliH L7z, Afalc v — X aHas S+
vty NCHIEE, K 12 mBEISEL5Z 21
&0 Bl R 7Rs [ E b2 7. ek
v b O L—P—R1% 1064 nm, H)1EX35W & L7z
E—XIHER 2 um DT T v 7 A —X (polybead
carboxylate 2.0 p microsphere, polysciences, Inc.) %fiif
L, Fibronectin (F1141-1MG, SIGMA) Ta—5 1 7
L7z, BE—RI3HIIaICiE M, 2 REA o Fa—X
WNTA o Fa— 52 L THIlICEESE Lz, =D
#, HBSIml T2 [EE4 L, 2 ml © HBS 2L 7=.
BEELILE—X 2Nty TR LBE S, 1
SRS 2 2 & TS RN A - % 7. 5185
W52 721, 10 73 PKCo DJRfEEBIE L=

TIFT 4T A MHFEAIE LT Cytochalasin D,
v INiE DBAEFAI & LT Nocodazole (Sigma Aldrich) %
FAL7=. Cytochalasin D 1% 0.1uM (ZFHLL 1ml #hiL
72t% 5 S3filA 2% =~— |} L7z, Nocodazole |% 10 uM
(R L 1 mlsINL 30 ZoflA v Fa— kL. %

NEHVHBS THEg L721%, [AERO FIE Gl
WaE 521
3. =EER
PKCa-AcGFP %38 A L7-fifldic 8 Lz e — X
Rty bCHiE, BEISE5 I L& THiialc
JRFTHI 22 58RI & 5 %, #IFEPN T PKCa D&
TEOEbEBILE LT, SIERE%E, ©—XEC
HIEDEF T DR DB Sz, BEEG N5,
5 | AR H AT 0> e A JEYE & L Tl o
BEEE &2 143l L=, £72. 3IIERIE O S5
WK DB ETRDT2DIT5] 2R Y R A B2 W)
729 J5m (front) &2~ BREEILS Jim (back) (257

7|55l

JCHER L7z, IR YRR, ©— XJEOHE0E
BREE D EAIIBIR S N72d, HIZ K 5iE 038

RINholz. 61T, FIERY RO PKCa
A ERS & OBSEAZ AT, BRI, T T
T 4T A MHERIDORE T IZRBW T eEED
HAPBIEL SN, B NETHERIOFZE T IR TX
SO R OEIG )N L.
4. 5

I JRATR R s % 5.2 5 &, A0
12 PKCa-AcGFP g3 L7z, ZiuZ LYW PKCa
IR L, R A R 2 e
RSN EREBUNERFEAIZRIN LTSS
PKCo-AcGFP e YRR FRSEAND L= 2 LD,
ANERITE & PKCo OTEPE Ay INE A BhE L T2 FTRE
PEAVRIR X417z,

X W

1) Consuelo M-V et al: The ATP-dependent
Membrane Localization of Protein Kinase C a Is
Regulated by Ca®" Influx and
Phosphatidylinositol 4, 5- Bisphosphate in
Differentiated PC12 Cells. Molecular Biology of
the Cell, 16, 2848-2861, 2005.
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1) BB RFERZGEE T2 [T376-8515  FilATT RAHET 1-5-1]
2) A R R FBEKER FIFERE [T 041-8611]
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1. &5 AFIEFE 6 cm/min C, FHALEIZ X 0 Ao R E

BSE il % & 5T Ic, MHBSEE T F RS afio7-.

& D VIEEIES BB T SRR L L TOFRE 3. R B8

#%i@&ﬁ%%wfm . —HTRBRETT
VKRR DN &> TR BN D 7 VI ILENY)
HAROH O LY HELEAMES FRENRTHN o, R
LNTHEBETORFIHEN TN D, FHEHICHEE
THT 4T ETIXa2T =7 OEMREN L,
ZOKERNOIFOENDETF TV OR R E
Kb eI, KOHEBICHNWONDE
TFUOFMNTE DL EWRBEIND, A5
I, —RRA 7R INENES « TV VALBE TR R < |
BRI L DM XD S VBEDIR N Az 7 L
NTBRO RN T 4 FETERRT T r T
— 7 DIVFERE 21T, 2 OB A
DUVWTHEGET L7,

2. EBRGE

7 4 7 E 7% 1%NaCl, 0.2 M NaOH, 02 M

HCI, Z&RKICIERIZE S, Ky - e A e %
rEL, iz T &7 4 A= —THIN< L
721212, 10 55 0.1 MHCI HIZIREB L, Iwt% 7 ¥
RV EMZ20CTT2h T v it 217
ol B LR Z Bt L . fhiHEZ 1 M NaCl
THAT, L%, BIBUE L. 74 7 BTk
7T ag =g ORI T, Z OREL
Z 45 COTEIRAE T 30 /s L Gl L 7= &

T F KB A LA ORIEIZ W, BhR R
BIEE, JAE%0.1-2.0 Hz, O3 7 0.02, R HiPH
5°C—45°C, FEHE 0.12 C/min TiT o7z, £72,

SCT24hHBHALTHELNIES MZONT, L

UM SR 67 & HHZRHMER 67 (XA EIEFR I
FBWT, Fig.l X5 RE@hZ R LT, HERE
249°CIZBWT, G & G OEN s L, JEH A
FEIERE ] VG ~G~ 0" TEREINTZTZD
(Fig2), ZORE T L H— -
KD NV E LTz, BRROFEBRSEMICKT
ZREWTREE 1 3.0 Nlem?(Z > 78 7 B © 20
mg/mL) Tho7z, ZHEV. 74 7 ETklRE
TFE, RUERSEMHEICBITHHEIZELD FL
DRFEDN 25.1~25.5°C, TEKITREE DS 1.50~2.04
N/em® & OHEN B LB H KL T F o V&
[FIFEEE O S E 2R3 2 EboTz,

UEORRL T s 787 mRT T ra T —
FUMmHBRHBI LB T F i, T LT UL,
LS ELEMWI R RE 7 F o L FRREOW ML
FFOFMLE L TUEHTE L Z RSN,

T VIRV DETE

1000 T AK AA
100 % 2
s 10 mmw L s A
g ;
? 01 R e
2001 %~ ? o :"’/"
&
o001 &00 " o - ="}
0.0001 *0 .D
0 10 20 40 50 i Lr—
T(“G) i)

Fig.1 Storage modulus G’ (#)
and loss modulus G** (<) of
atelocollagen aqueous solution
at 20 mg/mL and measured at
0.1 Hz during heating process.

Fig.2 Storage modulus G’ and loss
modulus G*” of atelocollagen aqueous
solution at 20 mg/mL as a function of
angular frequency measured at 5.8°C
(gel state ,G”: A ,G”: A),24.9C
(critical state , G’ : @ ,G”: O)and
43.0°C(sol state , G’ : W ,G”: ).

SCHR
1) Winter, H. H.. and Chambon, F.: J. Rheol, 30, 367 ,
1986.
2) JAED, Il BASA A Lo Ok,
5527 &, 553 75,2013,
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Fig2 Size dependence of i, (a) and 1, (b)
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1) Furusawa, K., Wakamatu, M., Dobashi., and
Yamamoto, T.: DNA Liquid-Crystalline Gel as
Adsorbent of Carcinogenic Agent. Langmuir, 23,
10081-10087, 2007
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Fig.1 UV-irradiation-time dependence of melting point

b N OMRHEIEMAE (WI-38) & ik L 7=
(WI-38-VA-13) % 70 2 SE4N R B Gt R ] © /Y
LB TF o7y —h ET7 HREEELEZEZD
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UV80 min UV
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Fig.2 Microscopic image of cells,WI-38 and
WI-38-VA-13 cultured for 7 days

1) Dobashi, T. Koike, M. Kobayashi, K.. Maki, Y.
Yamamoto, T.and Tanaka, S.: Progr Colloid Polym. Sci.,
136, 149-154, 2009

2) Yamamoto, T. Koike, M. and Dobashi, T.: Langmuir, 23,
8531-8537,2007
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Figure 1. Shape change of a droplet of DNA solution (1wt%) on agar gel
containing 100 mM AICl;.
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Figure 2. Shape change of a droplet of DNA solution (0.5wt%) on agar gel
containing 100 mM AICl;.
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Figure 3. Shape change of a droplet of DNA solution (0.1wt%) on agar gel
containing 10 mM AICl;.
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Figure 4. Plots of height (H) and halfwidth (W) of DNA gels obtained 24
hours after dripping on the agar gel containing 100 mM AICl; against
DNA concentration Cpya.

3R
1) PERSL © BN Ra 7L oBRs &S,
S—x N —fE, 2007 )
2) LREMR : BT~ A 7 v TR AREIR, A
it Z—, 1987
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1) Tyler C.: Some chemical, physical and
structural properties of Moa egg shells.]J
Polynesian Soc. 66(1) 110-130, 1957.

2) Tennyson A, et al. Moa’ s Ark:Miocene
fossils reveal the great antiquity of Moa in
Zealandia. ] Compilation.Records of the
Australian Museum (2010) 62: 105-114. 2010.
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Fig.1 (a) Schematic diagram of the apparatus. (b) The
velocity of water in the micropipette is plotted as a function
of the water pressure. The solid line in this figure is obtained
by the least square fit.
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1991.

2) Annaka, M. et al.: Dynamic Light Scattering
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7784-7790, 2004.
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Tablel Ten ingredient ratios for Scheffe’s simple

lattice design of the three components

lingredient ratios (Total 100g)
SPI [Soybean| Vinegar and

(X1, Xa  X3) oil water

1, 0, 0) 23 36 41

o, 1, 0) 4 55 41

(o, 0O, 1) 4 36 60

(1/2, 1/2, 0)| 135 455 41

(0, 1/2,1/2)| 4 455 50.5

(172, 0, 1/2)| 135 36 50.5

(1/8, 1/3, 1/3) | 10.4 42.3 47.3

, 1/6, 1/6) [ 16.7 39.1 44.2

(1/6, 2/3, 1/6) | 1.2 48.6 44.2

(1/6, 1/6, 2/3)| 1.2 39.1 53.7

¥ Vinegar: 4.3% Acetic acid solution 5g

\@@@@@@@@@@
S
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