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1. Introduction

Platelet aggregation and adhesion, both of which play
critical roles in hemostasis and thrombosis at sites of vascular
injury occur through complex signaling mechanisms
associated with vascular subendothelial matrix proteins (i.e.,
collagen), biochemical activators in blood (i.e., thrombin,
adenosine diphosphate [ADP], and von Willebrand factor
[VWF]), and hemodynamic factors (i.e., shear stress and
shear rate).6-8 Among these factors, shear stress influences
all processes directly or indirectly and therefore should be
accounted for in any in vitro platelet analysis. This has long
presented a challenge in the development of new testing
methods for examining platelet function.

In this study, we developed a microfluidic system
that provides a simple and rapid assay for
shear-induced platelet aggregation and adhesion. As a
proof of principle, we demonstrated shear-dependent
platelet aggregation and adhesion by measuring the
difference in migration distance (MD) of blood
samples in a 2-channel microchip. The system
performance was evaluated and optimized at room
temperature and vacuum pressure using varying
agonist concentrations and stirrer rotation speeds.

2. Methods

The present study adopts a microfluidic system with
rotating-stirrer for the platelet function assay. The
system consists of a micro-chamber coated with ADP,
entrance microchannels coated with collagen, the main
microchannel section, a solenoid vale, and a syringe
pump. The ADP-coated microchamber includes a
stirrer that can be remotely rotated by a magnet
mounted on a rotor. The rotating speed of the stirrer,
which is carefully controlled by the motor, ranges from
700 to 3500 rpm (the corresponding shear rates are
9004500 s-1). Because of the characteristics of a
rotating stirrer, the generated shear rates are
intermittently applied on platelets. Therefore, the
stirring time is extended to 3 min so that all platelets
are fully exposed to each shear rate and activated.

3. Results

We demonstrated migration distance (MD) with
varying rotational speed. The present results show the
shear-dependence of platelet activation and adhesion
via the MD through the microchannel. MDs for blood
exposed to various shear rates between 0 and 4500 s-1
were monitored results. As the shear rate increased
from 0 to 1800 s-1, MD rapidly decreased until it
reached an asymptotic value between 1800 and 3600
s-1. Further increase in shear rate resulted in an
increase in MD.

4. Discussion

The shear-dependent characteristics of MD can be
delineated with degree of platelet activation. In other
words, extent of platelet activation may be
proportional to the magnitude of shear rates, in which
case, the gradual decrease in MR would be due to the
intrinsic shear-dependence of the platelets. This
hypothesis was verified with FACS analysis with
counting activated platelets. Thus, the present rotating
stirrer in a microchamber generated shear rates, which
can effectively activate platelets. Also, activated
platelets were adhered and aggregated on the
collagen-coated surface and resulted in
shear-dependent migration distance.
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Kazuo Tanishita*, Ryo Sudo**, Yoshinori Abe** and Mariko Ikeda**

* Institute for Nanoscience and Nanotechnology,Waseda University, [Shinjyuku-ku, Tokyo, 162-0041,JAPAN]
** faculty of science and technology, Keio University,[ Kohoku-ku, Yokohama, 223-8522, JAPAN]

1. Introduction

The vessel network formation is essentially
required to achieve the function of reconstructed 3D
cellular structure. Here we focused on the procedure of
the tube formation of blood vessels induced with
biomechanical environments, including the external
mechanical stimuli to the cells and mechanical
surroundings such as the mechanical properties of
ECM. Thus we clarified the effect of shear stress
stimulus on three-dimensional microvessel formation
in vitro. Furthermore we focused on the effects of the
mechanical properties of collagen gel on the formation
of 3D capillary-like networks within these gels.

2. Methods
Bovine pulmonary microvascular endothelial

cells (ECs) were seeded onto collagen gels to make a
microvessel formation model. The shear stress was
applied on the surface of confluent layer of ECs and
3D structure of microvessel formation was observed
by the phase-contrast microscopy, confocal laser
scanning microscopy and electron microscopy.
Furthermore bovine pulmonary microvacular ECs
were cultured on a series of collagen gels of different
stiffness but the same collagen concentration. The 3D
structures of the networks were examined using
confocal laser scanning microscopy.

3. Results and Discussion
The results show that cells invaded the collagen

gel and reconstructed the tubular structures, containing
a clearly defined lumen consisting of multiple cells.
Furthermore the shear stress applied to the surfaces of
endothelial cells on collagen gel promotes the growth

of microvessel network formation in the gel and

expands the network because of repeated bifurcation
and elongation. We also found that spatial distribution
of lamellipodia formed in the tip of the 3-D networks
promoted the network extension under the influence of
shear stress applied.

Imaging technique revealed that cells cultured in
rigid and flexible gels formed 3D networks via
different processes. In the flexible gel, most cells
invaded the gel beneath the cell monolayer and formed
thin dense networks. In contrast, cells in the rigid gel
invaded into the gel as clumps and formed thick
networks that were sparsely distributed. Cells in the
rigid gel formed much deeper networks than those
formed in the flexible gel, with some reaching about
120 um beneath the gel surface.

Cross-sections of the networks revealed that
those formed within the rigid gel had large lumens
composed of multiple cells, whereas those formed
within the flexible gel had small, intracellular vacuoles.
Our results indicate that the mechanical properties of
adhesion substrates play an important role in
regulating 3D network formation in vitro. In particular,
our findings are important when ECs are cultured with
other cells types such as hepatocytes and
cardiovascular cells in 3-D substrates.
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1. Introduction

Red blood cell (RBC) aggregation is major determinant
of whole blood viscosity at a low shear rate. Increased
aggregation of RBC is associated with many vascular
diseases [1]. To understand RBC aggregation mechanism
and its physiological importance, a variety of indexes have
been proposed. Recently, critical shear stress (CSS) by
simultaneous of electrical impedance,
capacitance and light backscattering has developed, and is
suggested as an index of RBC aggregability [2]. CSS is
defined as either the minimum shear-stress required
dispersing the aggregates. Therefore, we hypothesized that
higher value of CSS might be associated increased
thrombosis in ACS. The objective of this study is to
investigate CSS and other hemorheologic parameters in
ACS and to evaluate the correlation with usual biomarkers
for atherosclerosis such as fibrinogen, hs-CRP, and ESR.

measurement

2. Methods

Subjects presenting with typical angina who were
scheduled coronary angiography. Patients were diagnosed
with stable angina (SA), unstable angina (UA) and acute
myocardial infarction (AMI) based on the clinical
presentation, specific electrocardiogram (ECG) alterations
and serum cardiac enzyme levels. 392 subjects were finally
enrolled this study consisted of 169 SA, 153 UA and 70
AMI subjects.

3. Results

Compared to the stable angina group, laboratory results
revealed elevated systemic inflammatory markers in ACS:
(1) White blood cell counts (WBC) were 19.4% higher in
AMI subjects (p < 0.001); (2) hs-CRP values were 2.6-fold
greater in the UA and 3.7-fold higher in the AMI group. So,
WBY is much higher in ACS than SA.

CSS, in unit of mPa, was 25.7% higher in ACS
(333.8+147.8) than in SA (265.4+149.9) (p < 0.001).

Interestingly, CSS between UA and AMI were not
significantly different. Mean value of ESR in patients groups
were not significantly different, but showed increasing
tendency having the rank order of AMI > UA > SA.

CSS was analyzed the correlation with all available
clinical laboratory variables. CSS was highly correlated with
inflammatory biomarkers, such as, WBC, hs-CRP, and the
parameters related RBC aggregation, such as, fibrinogen,
ESR

4. Discussion

The results of this study strongly support the
hypothesis of a linkage between ACS and RBC
aggregation indices, such as CSS, ESR, and low shear
viscosity. And, those aggregation indices are strongly
correlated with widely accepted risk factors for
coronary artery disease, such as WBC, fibrinogen.

CSS which can be directly measured by the present
transient, microfluidic aggregometer, were higher
value in ACS than SA. CSS might provide the useful
information on the characteristics of RBC
aggregation-disaggregation and hemorheological risk
for CAD. The CSS may be used in clinicalfield as an
easily measurable novel risk marker for ACS.
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1. Introduction

Vascular endothelial cells (ECs) change their
morphology, function and gene expression in response to
shear stress generated by flowing blood, and although their
responses play important roles not only in the homeostasis of
the circulatory system but in blood-flow-dependent
phenomena such as anigogenesis, aneurysm formation and
atherosclerosis, how ECs recognize shear stress and transmit
signals into the cell interior is poorly understood. Our
previous studies demonstrated that ATP-mediated calcium
signaling is crucial to shear stress mechanotransduction.*
Shear stress evokes a rapid, dose-dependent increase in
intracellular calcium concentration by causing an influx of
extracellular calcium through ATP-operated P2X4 ion
channels. P2X4 activation requires ATP, which is supplied
in the form of endogenous ATP released by ECs. In
addition, our study in P2X4-knockout mice revealed that the
absence of the calcium signaling triggered by shear stress
leads to a reduction in endothelial NO production and
impairs vascular functions in vivo, such as control of blood
pressure, flow-induced vasodilation, and flow-mediated
vascular remodeling? The mechanism of ATP release as
an early resopnse to shear stress, however, is still unknown.
To analyze the dynamics of ATP release, we developed a
novel chemiluminescence imaging method by using
cell-surface attached firefly luciferase and a CCD camera.?

2. Methods

The biotin-luciferase protein produced using a genetic
engineering method was attached to the biotinylated cell
surface of cultured human pulmonary artery ECs with
streptavidin. The cells were placed in a parallel-plate-type
flow chamber, and the flow chamber was placed on the stage
of an inverted microscope. The ATP-free PicaGene reagent
was perfused at a constant flow rate through the chamber as
a luciferase substrate solution. Luminescence emitted as a
result of the ATP-triggered luciferase breakdown of luciferin
was detected with a water-cooling electron multiplier CCD
camera, and extracellular ATP levels at the cell surface were
visualized by using the Aguacosmos software program.
The same cells were subjected to Ca?* imaging. Cells were
loaded with the Ca**-sensitive dye Fluo-4 and changes in
intracellular Ca®* concentration under shear stress were
monitored with a CCD camera.

3. Results and discussion

As soon as the cells were exposed to shear stress,
ATP was released from the entire surface of the cell
membrane, and the ATP signals were particularly
strong at localized regions at the edge of the cell,
thereby indicating the existence of two distinct

manners of ATP release, a diffuse manner and a highly
concentrated, localized manner. The ATP
concentration reached more than 10 uM in the
localized ATP release, but it remained below 1 uM in
the diffuse ATP release.

Immunostaining of cells with an antibody to
caveolin-1, a marker protein for caveolae, revealed that
the localized ATP release occurred at caveolin-1-rich
regions of the cell membrane. Caveolin-1
knockdown with siRNA markedly suppressed the
localized ATP release, indicating involvement of
caveolae in localized ATP release.

Ca®* imaging combined with ATP imaging showed that
shear stress evoked a rapid increase in Ca?" concentration
and the subsequent Ca?* wave that originated from the same
site as the localized ATP release. Comparison between the
start of localized ATP release and increase in Ca®
concentration showed that ATP release always preceded the
Ca® increase. Treatment of cells with angiostatin, a known
blocker of ATP release, almost completely abolished both
the shear-stress-induced ATP release and Ca®* increase.
These results suggest that the localized release of ATP at
caveolae triggers the increase in Ca?" concentration by
activating nearby purinoceptors.

4. Conclusions

The novel ATP imaging method allowed us to
visualize ATP release at the cell surface in real time,
and demonstrated that exposure of cells to shear stress
causes the ATP to be released in two distinct ways:
diffusely and in a highly localized pattern. This
localized ATP release occurs in caveolin-1-rich
regions of the membrane and ATP release at caveolae
results in a rapid increase in intracellular Ca®*
concentration at these specific locations and
propagation of this signal throughout the cell in form
of a Ca®* wave. Clarification of the mechanisms of
ATP release should lead to a better understanding of
the mechanotransduction of shear stress.
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Fig.1. Schematic picture of the sample cell with a round frame ,
side view (left) and front view (right).

3. EBRRRBLUBE

AU AF U ORI T — BRI E Il W T T
FUEENE LN ST X AR RA~EE LT
B, REAR TTIET I UoERE L) HIRIE
MI~ERB L7z, X 2 \ZIREAR T2 2 ki1

DR B BTz, ARE DR R T Ok
D x FA~OBENEEE L £ OBE AR LT, FEff
(IAORE - D= BE 53 A1 BEEK

1 X — X
f(x)= o exp[— ( )2 J ...(2)

2Dt

DITA T LTI EoTEHELNZLDTHD,
X IBEEEEOEIE, ol 3EERETH D,
UAF LRI T AGAADTIRE R T2 E
FOMDOE— 7 TR~ T N Uz, F kL
FD x J7M~OF BYEBERE TR AR K F L
7einolz, LT X FFM~OPRL - -2 s
FEIRIREE A B Le, ZORENG

J=v=-D;VT ...(3)
PNESI., 2LV ERY RAF L ki 0ORWE
YRS D, ZHHT 2 FNTETL, ZInbY L—

NRHERHESNT D37 A—2Tdh D Y L—155S, M
Soniz,

N
o
o

Hot Side Cold Side

=
o
o

number,nx

0,
- 30

0 0 10 20
displacement, Ax(um)
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Figure 1. Side view of Beam Bending method. Laser pass | =20 mm,
distance between sample and detector L = 180 - 450 mm, and thickness of
sample (AT-direction)d = 1.5 mm.
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Figure 2. (a) Typical results of Beam Bending signals of 45.0 wt% Ci,Es
agqueous solution at 235 °C for various temperature gradients. (b) The
developed concentration difference as a function of temperature difference for
various concentrations of C1,E5 aqueous solutions.
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Fig. 1 Picture of pulsatile circulation circuit.
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9
S
26
Z 3
?:.( |
B3
4
2
o
Biovalve Mechanicalvalve  Biologicalvalve
Fig. 2 Regurgitation rate of each valve
(Heart rate = 70 bpm).
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1) Yamanami M, Yahata Y, Uechi M, Fujiwara M,
Ishibashi-Ueda H, Kanda K, Watanabe T,
Tajikawa T, Ohba K, Yaku H, Nakayama Y.:
Development of a completely autologous valved
conduit with the sinus of Valsalva using in-body
tissue architecture technology: a pilot study in
pulmonary valve replacement in a beagle model,
Circulation 2010;122(11 Suppl):S100-6.

2) 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 Feb 12. [Epub ahead of print]
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Fig. 1 Cell growth in various culture conditions.

Fig. 2 Changes in cell number during serial
passages in suspension culture.
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Figure 1 (A): Optical photograph of Calcified
MCCG (CMCCQG). (B)-(D): Fluorescence
micrographs of MC3T3-E1-CMCCG composite.
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Figure 1: Schematic for frictional testing

apparatus.
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Figure 2: Time evolutions of friction coefficient

for the gels with various (a) radii and (b)

thickness.

5. &8

AMFZETIE, FHED PVA 7 Z kb CEER S 15
FEREATIR 9 Z LT, ™A Ra by VORI )
DI ENTE . ABKRTIE, BREZTERT D
Hambbb¥ ERTDHIZEICE ST, AH=X
LSRR 7 NV AIFLC DWW CiEm AT ) TET
B5.

X

1) J. P. Gong, Soft Matter, 2, 544-552 (2006).

2) S. Yarimitsu, K. Nakashima, Y. Sawae, T.
Murakami, 7ribo. Int., 42, 1615-1623
(2009).

3) V. C. Mow, A. Ratcliffe, S.L-Y. Woo, eds.,
“Biomechanics of Diarthrodial Joints” ,
Vol. 1, Springer-Verlag (1990).

4) N. Sakai, Y. Hagihara, T. Furusawa, N. Hosoda,
Y. Sawae, T. Murakami, 7rib. Int., 46,
225-236 (2012).

5) T. Murakami, S. Yarimitsu, K. Nakashima, Y.
Sawae, N. Sakai, T. Araki, A. Suzuki, Proc.
6th International Biotribology Forum, 65-68
(2011).
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Figure 1(a) AFM image and cross-section profile of
DOPC vesicle on mica substrate. (b) Schematics of the
flattened DOPC unilamellar liposome and the expected
structure of the folded and doubled membranes.

Figure 2 Deformation of DOPC vesicles after 30 min of
exposure to MES buffers with (a) pH 7.5; ionic strength
0.1, (b) pH 7.5; ionic strength 0.001, and pH 5.5; ionic
strength 0.001.
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1) Kuroda, O., Seto, H., Narita, T., Yamanaka, M., and
Oishi, Y.: Liposome Deformation by Imbalance of pH
and lonic Strength Across the Membrane. Progr. Colloid
Polym. Sci, 138, 49-54, 2011.
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Fig. 1 Storage modulus G’ of gelatin gels (APH-150) as a
function of helix concentration cy for ¢ = 3.0 wt% at 9.0 °C
(O) and 5.0 °C (A) and for ¢ = 5.0 wt% at 9.0 °C (<) and
5.0 °C (), respectively.
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Figure 1. The opcical photograph of the MCCG films
fabricated at 10 °C.
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Figure 1. AFM image of DNA-CTA film.
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Fig.1 Geometry of the Model: Sputum Plug Embedded in Respiratory System
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THHEPE R L. ZSEBENELTSZ LT
Bk LS5 EAEEROREL LT HZ LTk
S TR N G oxt LRAET 2 E| N EL LIz
LEZONS. Dbz & X RiEolEEIcEs
WU, HERRBENERICALE T 5 MR 7= 72| )
PR T 57200 T2 R X OMWEA b [RIRFIZ
HLTRY, FMREES ) EREBINICELS
BN bER LD EEZBND.

5. #8&
AT, MBI D5 5| /) FHR e
PRF A A FANT, WIS, TRieZs L
B SO DHNET S = LI L.

MOt
AWFGEO—ENE,  BAFHRELE " E At
[EWFZE (F-=Ah707) , SCRIPERIIFE RS B (24300157)
B L OWRERAORZERIGE (25560187) OfEBh 232 1) 7-.
AL THEEZET 5.

X #

1) Doran, M.R., Mills, R.J., Parker, A.J., Landmanc, K.A.,
and Cooper-White, J.J.: A cell migration device that
maintains a defined surface with no cellular damage
during wound edge generation, Lab on a Chip, 9,
2364-2369, 2009.

Fig. 1 Multichannel device equipped with micropillars.
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AFM ZHWET7I9F 2745 A2 FOBMBEKRFNL
ARP2/3 £ DHEEBEERZEILAIE

wEORCKE,  ARE AR, 2
* ESKT BEEREIIERT [T 606-8507

1. #%E

TIFT 4T A MM E R D AR
AETHY, RN - FMREEZRITR L CTHEISHIIC
HEEREECHEG R EOEKRD R v b U — 7 G
2RV, MAOEECHERRE X2 TWD. T
7T xy MU — T i, 77%/747%/
FeT I FURER L 7 E OFBEERIC
HE I, ﬁ%%@%%ék%%.¥@%@%x
F, FOMEEER AT v I bEsETVw 0.
TIFEAT I AOERENLFHINIAE &
WROAEMITE 2 BT 572D DI I EE 2
ThD. AW CIIIR M 188 (Atomic Force
Microscopy: AFM)H L4y F-+8 AL AR & 159 & F1 1
LT 0 F T4 T A NET I FUMEEEARE
OMEERMNEEZRHWDZ EICXY, 77T
74T A NOWMRIKTER 7 Arp2/3 & O EAER
ZEALGHH 2 7P T

2. RBHE

AFM #£# % 3-Aminopropyltriethoxysilane T 7
ML, ZEAITH D Sulfo-EMCS % H W\,
Arp2/3 ZALZEMI L=, 74 MU VT T T 4 —|C
AR 7o B AR & P A Rl LT, &
NENRBILT T 7 = ZWESETIRETHEAS S
VT 7 F 7 407 A NELFENM LT,
Arp2/3 [EEL AFM Rt & T 7 F 7 4T A b
B EL~ A BIEREHNTT 4+ —AART ha A
aAV—EfTol. BoNTET A —AB—T b,
Ap2I3 LT U F T 4T A NOREEIEW %
EL, TOERA NS T AEER LI

3. ERERPLUEE

TP A DA 12400 pN/s (Z35\ TR AR & S
BRI L TERONE T 4+ — A —T hbENEho
WEOTWT DO 2 NS AEER L. Bhhi-t A
N TR L TCH T AT 4 T 4 T EIT, ef]
v —7 O ERDT-(Fig. 1). Ap2i3 &7 7 F 7
o T A2 D OFERIKT O, TR OSS
433+ 98 pN THDHDITH LT, WeRIAETIL526 +
19.4pN ThH-7-.

- 61

R’IB
AR T A2 X B FE BT 53]

FEA BT ONEEIENE, AR T LTRSS
DEFE 10 pN FREE BA- U, EVERZE SRR O 5723
RKEWL Zpodz. ZORERIZEY, TI7F 74T A
v RE AP2B DFENERE, 77 F T 4T A RO
HIRI RT3 5 2 LR ST

Fig. 1. Rupture forces histogram of actin filament/Arp2/3
complex interaction on normal and wave-like substrate using
AFM.

4. ¥
AWFFETIE, AFM Z VT, i & ek ik

B SNI=T 7 F 7 4T A b E Arp2/3
EOMENMERGFNEZIT 72, ZORE, 77F
74T A MO LT Ap2/3 & OFEAEAE
NS D 2 ENphotz. 5%, 7T7F 7
4 T A hOhER BN ORISR EZ E RIS
WTsTETH D,

E
AWFFEIE, —i, BARFHMERS [Hchh
WFFEBRSE S 7 1 75 ) (LROIT)IC X 2B 252

/NN

X

1) Risca, V. I. et. al.,: Actin filament curvature biases
branching direction. PNAS, 109, 2913-2918, 2012.

2) Han, S. W. et. al.,: Probing actin filament and
binding protein interaction using an atomic force
microscopy. J. Nanosci. Nanotechnol., In press.

(89)

IF7=.



HANA I LA n o —2205E

(BAH) F2718 F25 2013

MDD < Y OfiE LT/ BED NFRIHIE

HAERS, mHFR?

FERER °, PERRIERT !

YL B4R LERFIER T ) AT 4 VU RS [T 466-8555 4 i B T I AN X AE AR ATT]
2 g b R AR R
STHALREE TR e Rl 3 D22 st

K THRRIER - TR 7ER

1. 8

MO ERET LN TEL~A 7 s
H— 0%, MIFROBREE IS 5 5 2 TEHERY
— Lo TS, BlZIE, MO T R K
— RN HEROMRIE 2, RS L B DR
3 H ~ A7 aE— N Lo T ANAWICHYE -
HE T ENHALNER-STND, —FH,
JakgRED £ < 13, M D~ 7 a7 Re 721 Cal
AN OBEBEIAEH T 21O R E SITHIK
HLTWBZERSND 5o 5% UL, Hla
DO~ ufghel, BEEROT ) A2 M A
BREL Cilig OB 5 Z IR DR L £
DRI TR, KERIIZOZH>OWEE %
NENTIFINTHIE CE 2 EBRAR, BLOZENIZ
roThHELND ERERETT,

2. RBAHE

v a—raAh (PDMS) v— b EIZ#/NCHE
N7 U DF (BUNE) E1ED, 7272 L Z 0%
AN R R D R A IR E U BN LAAL O fE T
WICT 5, ZORERM/NERERZ S CHia A
TEHEIICRPFMICE T Fra— &2475, =
ONED U O JE#IT R K% 300 2> 5 600nm D
T, FEZIE 75 25 200nm OFuPE CHAE
ARETH Y,  ZICHEERE T DBEHO Y A4 X
EHIET 52 &N TE D, £, MUNED RTEE
BOH A XL % JH U RO TEHE & il i) © =
b, ZOW/NEMNE~ A 7 a2 — R
fakk ATr5 flifa 2 5548 L, Miflno~ 7 o fghE & Hias
BED M ZMNAHIH LT, 7= XA T DEWN
NI,

3. EBRERLER

ATr5 MRS 2 B R X 23589 25um O & H Rk~ A
ganNg—r BIZEE L, S6ICEDO~A 71
N — U NIZRUINEZAE D | HEEBE O J5 0] % il
L7, UNEDR N~ A 7 aZ—r BT, #
EBHBLIORRA ML AT A NRN—REHFE~A 71
WNE—vOEMBGAICHEE L (K1 E), £/,
<A T ARG — ORI RIIUINE WA T b
TZHFBROEm A BRI N, — ., MNEE

BURAL KR P PR 7 v o7 ¢ TR

<A T aRE— 2 ORI TR R T2 E TR
FEo T ANCHEERE E A MLV AT 7 A N— 338
T AN 0 IR JE P BEEE 7 R R DR B 22
Ehfe (K1TF) . EDBRKEEd Racl DFELE
FNZE D Zof gl s s 2 & e Lz,
ZOLDICw 7 i iREENFE LT, #ER
DHM%E QR EEZDLE B2 D T ) B AT HE
NHZERNDLMN-STZ, ZOHF LW~ A7 a/F—
S, HIEA 7 — VB X OREERE « A ML AT 7
A NN—=DoyF A lr— )L &9 Hrp B g DIEE M
MDRIZTEENERAL 2 2 LWERRES X5,

X

1) Pitaval, A. et al., Cell shape and contractility
regulate ciliogenesis in cell cycle—arrested cells. J.
Cell Biol. 191, 303-312, 2010.

2) Théry, M. et al., Experimental and theoretical
study of mitotic spindle orientation. Nature 447,
493-496, 2007.

3) Deguchi, S. et al., The position and size of
individual focal adhesions are determined by
intracellular stress-dependent positive regulation.
Cytoskeleton 68, 639-651, 2011.

4) FRiEE, i, A0SR BRI REAE S0 T D FEE Ll
R PNEE ) DBAfR 122\ CL 5 25 [B /S F
V=TV VS, 2013

1

1 “FEO~A 7 asE— ok LT
B (F-actin &R &Yeth) . RED : fUINED FHn).

_62_

(90)



HANA I LA n o —2205E

(BAH) F2718 F25 2013

MERMEICKLS 3RTMERY FT— DR

FIERIERL . BT —Je* ™, ZHk™
*REREFS N TS AT AT YA LR [T223-8522 #0431 IRAR I BEILIX B & 3-14-1]
Q=N T cE N s Y 5

1. 8

FAREROBRBICIE, MEHAEORENEET
HD. KR, MEFEOHBKNTE LT, %0
K7 (M, EAWS ) &AL (VEGF
) BUMERRRTHD. ITHE, RS 3 %Ko
ETFAEH, 3 WILER >y T — 7 BEKIZ &
ET B E VEGF OIS EH SLihH T
WY UL, BERMFZE VT R RV T o i
TAEFRAISRME 280 HIZ0NTHE L, TE OB
RNy MU — 7 BRI RIF TR BIIAATH
5. Fv bU—Z BRI E AW ORE ST
FET 5720 9, BUEWRICE LTS REED ATREMED
5. 2 CTARIFETIE, ~A 27 miikT
NA ZAEHNT, 3 RElERy MU — 7RI
FAE TRV O K & SHRIFHE &~ 7

2. EBRAZE

2 ODO~A Y ufiig L EOMCa T —F U N E
TH~A 7 aiihT A A E LT (Fig. 1A) . IfL
BN A% Lower channel IZFEFE L, 24~48 K41
a7 MIELTZ. RIZ, Upper channel 725 3
DO HRE IOMEN (0.07,0.71,4.29 pm/s) % 5
AfIAm L7z (Fig. 1B) . H5EE#KIC1% 20 ng/ml VEGF
AU U7z, RVERANT 5 BEICHIIOREIE, HtY
AT, HEAL—P SR LY 3 %oty B
U — 27 Off&E T Lz (Fig. 1C) .

Fig. 1 Schematic of a microfluidic device. Scale bar = 300 pm.

3. EERER

MEAR 5 B, BRI/ 3®kary bV
— 7 DESREE, NIEOER, *v hU—71R
JETO T NVEIEOEFE I REVE IO K & SITRIFE L
7o AW T, ABEMSEMEICR DUV 0.71um/s
WCBWTEE LRy N —27 B S,

4. B

Xy NI =V BB BER O K E SITEfF LT
IR E LT, MEROKE XL VEGF it &R
REPT=. ARG THWZE T 429 pm/s 13,
0.71 um/s D 6 {FEDOKRE I D7=8, VEGF JRENE
LWzl fitie S D VEGF D& 6 15 & 72
L. FIZT, ARFFETIE 429 pm/s & 0.71 um/s 12
BT VEGF i N E LWSRMEZHE L, ME
A ERE 5 HWfr~7=. Lo L, VEGF fitis
EPE L THREROKRE SRR NIL, B

(91)

SNTZF Yy U= HEGRRD Z Loz,

L7eWoT, Xy MT—27JBRRICIE, BERO KR
& & & VEGF i ROMAADENEETH 5.

5. &5

3 WtF v b U — 2 ERITRERO K E SITRFEL
TRY, AHMNZRBEROREICEWTHEREN
KOLELS R ENbhol.

E
ARFZE13 ISPS BHFE: 22680037 DBIRLZ521T7- 6 D
THD.

X

1) Song, JW. and Munn, LL.: Fluid forces control
endothelial sprouting. Proc Natl Acad Sci USA,
108, 15342-15347, 2011.

2) Chary, SR. and Jain, RK.: Direct measurement of
interstitial convection and diffusion of albumin in
normal and neoplastic tissues by fluorescence
photobleaching. Proc Natl Acad Sci USA, 86,
5385-5389, 1989.

3) Kang, H. Bayless, KJ. and Kaunas, R.: Fluid shear
stress modulates endothelial cell invasion into
three-dimensional collagen matrices. Am J Physiol
Heart Circ Physiol. 295, H2087-H2097, 2008.
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ERRBETCTO-2—OVERENNOE~NEZ 5EE

SEHHEE T, ViRt TRRLE
IR EF R TR B D58 [T 819-0396 3 i) Wk 4w [ T V8 (X T[] 744 2 Hh)
S TERFERERE BT Mk T 0 [T 135-8548  HURTHRIT M X E- 9l 3-7-5]
FEEFUINRZRERE TR Mk TP [ T 819-0396 48 i) W4 [l 77 76 X 5T o] 744 25t ]

1. #

R OHBR L IR RE 2 MR 3 D 7o b = R L3
SRMEDSEODS, Al B IRIC R VAT AN T & A L7
Wb, (EERFRERBEICEMND &, SRITHEREAMK T
T50, [EEFRIRRENNE < = & THIET B IRmEHME
I PEAMIE (Hypoxic ischemic encephalopathy) (342 KM
FEZREL, R iiiusel K - Cakisae
MEEAT X 3O, 2o DIREEREREL) ORI
BB Bt E OBFIEHED BTN S.

TR L3RRI (= = — 1 L) & U TR &
0, =a—n U AIMOMREER ZHE, fhid=a2—n
VTR LMHIN A AT E T L CE R sEE S
T TG, =a—u s SRR D HFEI
ISR TR DIFFEEEA TV 523, RIS
BT H50 372 <, KN EIAFHET H=a—1
DIEMALDSIKIMAF OFELZ & D L 5 7p5B5% fIF LT
WD NN TR S,

AT, REERERERICBIT D KM E Ch==a
— 1 & NI OFSRER R D IZOWTHHE L, @
WIERIRE T & NAR7MRREREREE T C, ERAEHT
MTFEE O CRINEE D= 2 —1 V&R S,
TSR COMMMEROZA L BT 2 TR 2 4%
L, 2 00O FCOMmEROEZ R L.

2. RBAEE
2. 1 EREVRURRS 1 AOERAZ

3-4 [iiRo> Wistar 7~ ORfEZ FRFMZ T BEE L,
s L7, LA 74 —2 VW B X
300 um DA T A A ZAERLL 7=
2. 2 ERAEBFHRHK

=2 — 1 OBNIGE ROk TR BN [ &
HEIE 2R(CEZ-3100, NIHON KOHDEN) 2 L, /A
T A BB BN AR & FeiH S &, WholeCell
Patchclamp 1% VW CRigk L 7.
2. 3 BEERAW

(ERESE AT 95 % 0, 5% CO, T/37 Y 7 LT-iE
H#0D aCSF 725 75% N, , 20% O,, 5% CO, DIEAH AT
aCSF & LRSI uI v B 2, 1-2ml/min T
HHFIN TR = & IR A AT LT
2. 4 Synapse JETELRIEK

- 64

IHEEFREREL N LRERERE Mokl o =a—n
DIEMARITPE D MAEROEA LA BIEZT D512, KK
EIVIEIZ aCSF % Feli U 7-flasMis NG & A ke 2%
EL, EIANSEEEIZ LY = o —a ATk L CTHiE
B2 TER ST DR CTdr D Synapse 1M LT 218
Fediirln | & RIEREREE MZkW\WTEnZnG-2 72,

3. EEBRER
3. 1 {BERRIRIRFF(D Synapse FEHHERIAA I EREIC
5X588

IERAEEREEIC T D = 2 — 1 o DIEMEALASIMIL B4
(B RATT I ETR D80, WFTEREREE &N
FERETDOZ NI T Synapse IEHHALHRLIZ X 0
Za—0 AR S B SA OME R 2B L.
Fig. 1 & 0 i@% EAEER S (Normoxia) FlZis\\C, &R
IR & & 12 Contorol 7>5H#9 88%IHE L7-. —77,
(K 1% 35 BR BE (Hypoxia) T (2 38\ TRl — o M A& 221,
Contorol 7> 106% 253 L 7= (Fig.1).

Fig.l WBWIERERIE T & IRMBRERE T COMMER
DAL (**P<0.01: Normoxia vs Hypoxia, Control vs
Normoxia. *P<0.05 Control vs Hypoxia.)

4. BE

—a—aUNEMET D 2 ST K0 IRAE T o
FRERBE T CIINE L, (KRB F Itk &
PHERTE 1=, —a—u r OIEMEAINIE R D2,
WAL T, BERIREDEWNC L Y B p 8% 5.2 C
WA Z ERIBS .

X ®

1) Calvert , JW., Yin \W., Patel, M., BadrA,
Mychaskiw,G.,Parent,AD.,Zhang,JH.,: Hyperbaric
oxygenation prevented brain injury induced by
hypoxia-ischemia in a neonatal rat model.Brain
Research, Vol. 951, pp.1-8, 2002
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FEMROEEICE TS NFRAE ZEEOBEEE
RTS8 TUE, TR

TN KRR
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1. #E

JFEMIE TR FET 2 /e Th Y, T
CEERMEDY ZFEO LB L, FEEDOERC
VX JE BH O PR 7> © JEAE ST L I S 0 A 203 3 A 3
BT ENHESATOS Y IR O
JRIK & 72 DSk~ R U 7 A7 EOWE EEA L
TWBT® 2, RIEERAL~O TR A O W E 1T
HAOEICESBEEGE LWL EEx 6D, fit
e, FEAIFNEKIC X 2 EMIE Ol I OV TIE
BEENTWDER Y, iz Lo E>TAEL
B AW I Z 5 2 D EIZ OV T ORFSE
AT TV, —J7, IFffEo®E &Il
i H I 14 5 (K- (Platelet-derived growth factor-BB :
PDGF-BB)72 & D % /3 7 BN F I L » THl &
HZEShTwWaZenmbhTngd,

= ZCARMFE T, AFEMICE ARG E A
fif L7eBRDlEEZECZRE L, WEEICKIET T
Fl% & ZREEREOFBIC OV THRHAE L.

2. EBRAE

JiF 2 e 2 ¢60 mm T 1 v 3 = (IWAKI)
~A 7 u ey hCHiin A RS AT .
FD%, AT 7 0 —F v o X—TH AWS
F1% 9 BERIAMT L-. HAWIS O KX S 13iE
IREE, ERNZEHEL7Z 0.6 Pa, MLFHEINE:Z 48
E L7z 2Pad 3T E Uiz, EdERIEEFT D Ml
AL D BRI E FRANCAET 2R E L, ifF
EOREZE DR DA E E'&ILT 5 2 & TR
L7-. PDGF-BB = &AM B & OMIEIZ T %
YL EIRIZ LD O AR & LTz, FEBRT —
% |3 Scheffe {542 AW CTHREZIT- 7.

3. ERHER

AW T AR 3 1 B A 2 o E ORI
ERER 2K 1@y, AR obEEERET 2
Pa, EHEIREE, 0.6 Pa DIEICEL 72572, WIZHK
FIFIZB T DZREROREBEEZK 10 RT. T
RTDEMIZIB VT PDGF-BB A AR EICH
BREFR N7

TR SERE

IZEER L,

TEPHF B LS [T 819-0395 48 fif] IR A& i T 75 X ST if] 744]
FEEM T ERFRFERE BT AR MR T4 [T 135-8548
REREHIERY L

FRTER TR S 3-7-5]
B LR
F kT 5530 P

(@) (b)

Fig. 1 Difference of hepatic stellate cell in upper stream
(a) migration, (b) receptor-expression

(P* < 0.05, N=3, n=24)

4. EE

X 1 XY R 0BEESCSZ BIERRE TR
DREEIVPEBLTWVWDLZENHLNERoT2.2
Pa -t AW ) % Bfef U 7= IF 2 A oD 30 A RE B 1 3
fERHEL W E<L, PDGF-BB Z&AEDREHE L H
EIRREE R U ThoT=. ZhiE, 2 Pa DA
RFCld PDGF-BB TlEAa< e kA iz k- T
MpEREEELZEEZOND. —J, 0.6 Pa OF
AWTIE DA CIXIRN A EET DL 5T
W& FEEE A H @ IRRE XV <, PDGF-BB Z &K
DOREBLHERELRLE 7. 2LV,
0.6 Pa¥ AWt /113 PDGF-BB LISk D B[R] |2 28 %
bz, FEMBEOEEZMEHI LTS EEX B
%.

5. &5
ARG G, FFEMBOTEE BTl & 5%
BARICEREMN S D Z & AR ST,

X

1) Liu, Z. et al.: Blebbistatin inhibits contraction and
accelerates migration in mouse hepatic stellate
cells. Br. J. Pharmacol., 159, 304-315, 2010.

2) Friedman, S. L. et al.. Hepatic stellate cells:
protean, multifunctional, and enigmatic cells of
the liver. Physiological reviews, 88, 125-172,
2008.

3) Kinnman, N. et al.. PDGF-mediated chemo
attraction of hepatic stellate cells by bile duct
segments in cholestaric liver injury. Laboratory
Investigation, 80, 697-707, 2000.
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Mg EERR — KX T BEREESNE L BAERIZDLVT

AR AT
s ARIEIE SCBOR T« NERFEES « B RiE R [T 061-1449 AbifE B RE T e R5 TH196 — 1]

1. #E

ZOMZED HINE, FRERE DR ETIRE FERE IS
EDORRIR B E RET 0 EBRT 572012, K
1 (Thl) O ENL THEEYIW (spinal transection)
ZAT o T2 WF O Ry Fr i & & i B 2 FR S (Flow
autoregulation) |2 KIETZh R 2 BEMEE T DT
MIBWTHRTLZ LI2h 5,
2. EBAE

RN AR S OF b R [ sl AR oD i 35 2 | 32 B A . 37
e — 7 OO IAZFEERIZ X0 EREL T CHE
AT o 1o, MEIIEH RENRAK S OO T, Kbk
R SIEA LA T —FT M X llE Lz, 38
YO EITANSEFIRICHEA LT —T V2@
L CT4T-7-, Spinal transection o —7 /LR
TCHEM B ORI H D EEERETH L
(2L Thl OENLTIT -T2, AR EI O 7 1 v
71213 hexamethonium bromide (C6:25mg/kg iv) %
% 7~ spinal transection {2 X A MF N 7L
12 OV IT vasopressin antagonist (VPA:0. 01
mg/kg iv) Z W THRIE 1T o7,

AWFZENZ BT 5 B IR T H AR R OVAE
KRFEFHOMEHEIIE T o T,
3. RERR

JEREEh Lk O & HEBTIL, intact rat (spinal
transection Z{THOZR2W\T7 v M) TIXIEE 7 v b
(NCR) e A REMEm ML~ b (SHR) 12 €6 DF
Bz X0 AEICE D L2, spinal rat (spinal
transection #4757 7 » ) ®NCR LK TSHR (2D
WX C6 IR D ARBDOEITEN -T2, 72,
spinal transection (ZX ALt VP BE® EH I
SHR OAIZBIE ST, —F . ERGBEEB) R
DA REPUZ OV TIL, intact rat O NCR &Y SHR
WCITABEDOEAGITE) > 7273 spinal rat TIX NCR
KOV SHR CTHEIZREA L, fLd VP IREE XM 7 » b
THEIZEH L=, &I, flow autoregulation
1. IEVEENR)TIR TlX spinal transection (2 LY
HR L, W7 > bomji&E Xt & LI
DLz, L, EIBRIEENIRGEE TiX spinal
transection (XY 7 v b OIMEEITA EIZHK
U=, flow autoregulation X% D b HERF
STV,

Z OEREENIR, ERBRIEE) R O KR T — &
T TICHIE S LTV D 8HEIR (1,2) . BFEIAR
(1,2), MEIMKERES (1, 2, 3) FIMD LR T — ¥
ERETHZ LITED, WNIRIREEREIZ IE T
BEHRIG OB DWW TER DA 21T > 72,

4. EBE

FEERAERD HIRO T H N 72,

(1] fEEEhR, TREIROFREEIRD origin I
EAREME T, ZAUE SHRICE W TITIE L T,
(2] EGRIREER, SHEIR. BEIROFHRERD
origin [IHFMMETH - 723, LIGHREE) RO 2R
I% intact OIRFETITEZ AL (baroreflex)
4 LTl ST,

[3] Flow autoregulation I% spinal transection
W2 X0 IEEEh IR CIZVE e L7z, BRI E)
RV ClafERF STz, LasL., _EAGRIE M
ViElT spinal transection |Z X W B EICHA LT,
(4] @R (Winys) . BER, EESIR. LG
MEEIR, M REIIRAR S (BB A me) 12
BT A M & O#FNIX spinal transection |2
IVELLLEDY LI, ZHEAEE EIR) 1mE D
PEBE T~ OB PR M e & 238 L, D &
WAL L aRLTND,

5. #&8

fham e LT, BHEBREGIC X v EEEiRE O RGN
B AR B 48 O Ak & OH% AE 13 RE R O 3k T flow
autoregulation MYHHRIC LV . ERGRIESRE I
BOBMNC L VIRESNTND Z Lol B,
JFEERR ClIA milnE OPRik CHFRIRE X OPIIREAS
R L. PINRIEREEE O EF- 2 X 2 e,
HERDRTRE . WHMERIROAZHR DI A THEMITLR D EE
DAL D AHEMENEBLE I Nz, TN L OREEEET
HITIEE b iPS AT K 2 FHEHEEE A~ DO FEER OIS
MRS,

X #k

1) Iriuchijima, J. and Sakata, S.: Regional difference
in sympathetic vasoconstrictor tone in conscious
rats. Jpn. J. Physiol., 35, 1051-1063, 1985.

2) lIriuchijima, J.. Regional distribution of
vasoconstrictor tone in acute spinal rats. Jpn. J.
Physiol., 40, 907-914, 1990.

3) Iriuchijima, J.: Supraspinal origin of abnormal
hindquarter vasoconstrictor tone in spontaneously
hypertensive rats. Tohoku J. Exp. Med., 167,
115-119, 1992.
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1. #8 Motz (FIX) . 72, EiE D | 1.5cm
FARIEIIRE R CBIIRBEAL 7 & OTRZAE it UG RBIIRS LA S % ATRErE & (Rl 7,
L OT, BMEBEBSORERWE., & IEREZR &
DOETREER & OBMRAER S b, —J7,
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Fig. 1 Stress-strain relationships for the two specimens
of fibrotic intima under uniaxial stretch (68 y.o. male).
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Fig. 1 Relationship between viscous shear force caused by
shear flow at the parent vessel wall as the driving force of the
aneurysm cavity flow and factor of embolization.
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Fig.2 Mean lateral positions of large (a) and small (b)
droplets from the channel center as function of time.
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Fig. 1 (a) Particel distribution over a circular cross-
section and (b) the corresponding histgram showing the
probalibity, for Re=561 and D/d=12.
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Fig. 2 Equilibrium radial positions of spherical
particles suspended in the Poiseuille flow (Closed
symbols: Peako, open symbols: Peak;).
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Fig. 1 Influences of HbAlc and blood glucose level on time constant of shape recovery.
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Fig.1 Relative changes of microvascular blood flow
after application of vasoconstrictor

Fig.2 Relative changes of microvascular blood flow
under restricted flow conditions incomplete and
complete ligation
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Fig.1 The intra— and peri-vascular PO, of 1A,
2A and 3A arterioles under normal conditions
and during papaverine—induced vasodilation
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Fig. 1. Time course of thrombin-catalyzed fibrin

polymerization of DG-fibrinogen and intact one

at NaCl concnetration of 0.15 and 0.225 M.
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displacement in a interface (a) for a positive
non—-stick length, hrs>>0,
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Fig. 2: Non-stick length of interfaces.
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1) Nakayama, Y., Kataoka, K. and Kajiwara, T.:
Dynamic shear responses of polymer-polymer
interfaces. Nihon Reoroji Gakkaishi, 40, 245-252,
2012.
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X ®

1) Sirosh, M.: Regulation of skin microvasculature
angiogenesis, cell migration, and permeability by
a specific inhibition of PKCa. Journal of
Investigative Dermatology., 126, 460-467, 2006.

2) Oscar, R.: Protein kinase C is a mediator of the
adaptation of vascular endothelial cells to cyclic
strain in vitro. Surgery., 112, 459-466, 1992
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Fig.1 Storage modulus of 2 wt% atelocollagen aqueous
solution during cooling and heating processes.

Fig.2 Storage modulus and loss modulus of 3 wt %
atelocollagen aqueous solution as a function of angular
frequency at 4.9 °C (gel state), 13.1 °C (critical state) and
18.1°C (sol state).
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