TERMIS-EU MEETING ABSTRACTS

(303) Novel Cel) Seeding Method for the Tissue-derived Accl-
fular Scaffolds

Ehashi T., Somekawa 8., Udsgawa H., Fujisato T.

Nationa! Cardiovascular Center Research Instiwte, Dept Regen-
erative Medicine & Tissue Engineering, Osaka, Japan

1735

For purpose Lo repair soft tissues, many research groups have been
using porous scaffolds incorporated with cells in vitre or in vive.
General way for seeding cells in porous scaffold is dropping cell
suspension on it, and then the cells may impenetrate inwo the
scaffold spontaneously, However, il is not casy to seed cells com-
pletely inside of the scalfold having small pores. In this study, non-
needle injector was applied 1o cell seeding into the tissuc-derived
accllular scaffolds.

The acellular cardiac muscle scaffolds were prepared by cold
isostatic uitra-high pressure treatment (980 MPa for 10 min. at
4 degree Celsius) following washing steps. Cultured L929 cells
were harvested from the culture dish and suspended in the PBS{-)
at the density of 1.0x10°cells/mL. They were then injected imto
the acellular scaffold with the non-needle injecior for percutanecus
insulin administration (SHIMAJe.®, Shimadzu Corporaiion, Ja-
pin} or the conventional syringe.

From the histological study, all nuclei were washed out {rom the
scaffold and small pores in the range of 2050 um were observed
among the cell skeletons. Most of the cells seeded into the scaffold
with the injector were stained by calcein-AM as viable cells 24 hrs
after the injection. They were scattered over a wide avea in the
scaffold, whereas the celis were located in cellular aggregation
when injected by the conventional syringe. In conclusion, the non-
needle injector may be svitable for the cell seeding into the small
pore scaffolds,
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(336) Preliminary Study of In Vitro Niche Effect on Differen-
tintion of Rat Bone Marrow Stem Cells to Cardiomyocytes-
Like Cells

Miskon A", Terada D2, Ehashi T2, Fujisato T.%, Mahara A,
Uyama 11.%, Yamaoka T.!

'Department of Biomedical Enginecring, Advanced Medical
Engineering Center, National Cardiovascular Center Research
Institute, Japan

“Departrnent of Tissue Epgineering, National Cardiovascular Cen-
ler Research Institute, Japan

*Department of Chemical Engineering, Osaka University, Japan

‘The adult heart does not regenerate after injury becanse the cardiae
myocytes are terminally dilferentiated and lost their growth ac-
tivity. Injection of the bone mammow stem cells into infarcied re-
gion is one of the most promising solutions proposed, and recent
evidence has suggested that stem cell can differentiate into car-
ditmyocyte cither in vive ot in vitro. However the efficiency of
the differentiation process is still very low. In this swudy, we
investigated the effect of various culmre conditions including dif-
ferentiation medium, cell culture matrices, and culture system (sus-
pension or menolayer culture and static culture or dynamic culture)
on the differentiation of rat mesenchymal stem cells (tMSCs) to
cardjomyocytes-like cells under in vitro condition. First, the effect
of 5-azacytidine, vitamin-C and human basic fibroblast growth
factor (b-FGF) added to Dulbeeco’s modified Eagle’s medium-low
glucose (DMEM-LG) in static culwure was determined. The rMSCs
were obtined from femurs and tibias of male Sprague-Dawley
(SD) rats (2-week-old) using our own method. rMSCs (6.0x10%) at
the third passage as seeded in the culture dish were then cxposed to
differentiation medium for 24 hours on day-3 of culture. The RT-
PCR result shows that the expression of ¥-actin gene has increased
to a peak value after 2 weeks induced by S-azacytidine, vitamin-C,
and b-FGF hut the expression of MEF2C gene was Jow, Then, we
treated the rMSCs suspended in DMEM containing S-azacytidine,
vitamin-C, and b-FGF. As a result, the expression of &-actin gene
was forty times higher than control, whilst the MEF2C was forty
limes higher than the control. The cffect of the other “niches™ will
be also discussed,

(337) Preparation and Characterization of Cornea Decel-
lularized by Ultra High Pressurization

Kimura T., Funamoto S., Hashimoto H., Sasaki S., Mochizuki M.,
Fujisato 1., Kobayashi H., Kishida A,

Institute of Biomaterials and Bioenginecring, Tokvo Medical and
Dental University, 2-3-10 Kanda-Sumugadai, Chiyoda-ku, Tokyo,
Japan

Department of Ophthalmology, Tokyo Medical and Dental Uni-
versity, Chiyoda-ku, Tokyo, Japan
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Although cormeal transplantation is an effective treatment for se-
rious corncal diseases, the lack of supply is one of importunt
problems. Also, inflammatory rejection has often occurred, In the
present study, we developed the decellnlarized cornea by ultra
high pressurization as novel artificial cornea. Porcine corneas were
pressurized at 4,000 to 10,000 atm and 10 10 30 degrees C for 10
min, and then immersed in ¢ulture medium containing DNase 3,
antibiotics for 72 howrs to remove the cellular components (UHP
method). The decellularized corneas were subjected to histological
study (H-E staining). The transparency, thickness and mechanical
strength of them wire investigated. When a porcine comea was
hydrostatically pressed at 4,000 or 10,000 atm at 10°C for 10 min,
semi-transparemt cornea was obtained by pressurization at 4,000
atm and 10°C. The transparency of cornea was decreased under
the higher pressure and temperature condition. The swelling of
them was observed for the washing process, By H-E stuining, the
complete removal of epithelial and stromal cells was confirnied in
all of the pressurized corneas. The superstructure of their collagen
fibrils was relatively maintained. Furthermore, the transmittance of
the decellularized comeas by UHP inethod was recovered by the
immersion of them in glycerol and the mechanical property similar
10 native cornea was shown. These results indicate that the de-
cellularized cornea by UHP method would be useful as corneal
scaffold for regencration.

Acknowledgements: We are grateful for funding from the Ministry
of Health, T.abour and Welfare, Japan,
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Characterization of Regenerative Heart Valve.

BRAE CRIRIRKSE)
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Dohiko TERADA, Osaka Institute of Technology, 5-16-1 Omiya, Asahi-ku, Osaka city, Osaka.
Toshiya FUJISATO, Osaka Institute of Technology

Takeshi, NAGAYA, National Cardiovascular Center

Souichiro KITAMURA, National Cardiovascular Center

The purpose in this study is to characterize a regenerative heart valve mechanically which was developed
from a porcine aortic valve with our ultra-high pressure method. The result of tensile test on a porcine
native valve showed anisotropy in a leaflet. A maximum stress on a circumferential direction was much
greater than that on a radial direction. This difference of maximum stress in each direction may depend on
orientation of collagen fibers. The tensile property of a human valvular leaflet was similar 10 the property of
a porcine valve. A maximum stress of the regenerative valvelar leaflet was considerably stronger than that
of the porcine and the human native leaflet. The thickness of the regenerative valvular leaflet decreased
because glycosaminoglycan and other contents were removed from the inside through the decellularization
process. Consequently the maximum stress increased although maximum load of the regenerative leaflet
was not so different from the native one. This result means that the property of collagen was not affected by
our decellularization treatment. The results of this study showed that the regenerative valve could be
implanted to a human from the point of tensile propeity.

Key words; heart valve, tensile test, regenerative medicine.
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(a) (b) {c)

Fig. 1 Appearance of native porcine aortic
valve. (a), right coronary cusp (RCC); (b), non
coronary cusp (NCC); (c), left coronary cusp
(LCC).

(a) (b)
Fig. 2 Vaivular strips for tensile test in each
direction. (a), circumference; (b), radial direction.
Arrow in the figure points a tensile specimen.
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Fig. 3  Stress-strain curves of valvular strip in
circumferential and radial direction.

@ " (b)
Fig.4 Elastica van Gieson stamning of a
cross-section on (a)circumferential and (b)radial
“directions of a native porcine valvular leaflet.
Arrow in the figure shows each direction.
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Fig. 5 Stress-strain curve of a human and a
porcine valve leaflet. Tensile direction is parallel to
circumferential direction of a valve leaflet.
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Fig. 6 Stress-strain curves of a

decellularized and a native porcine valve
leaflet. Tensile direction is parallel to radial
direction of a valve leaflet.
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Control of skeletal muscle cell contraction by electric pulse
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Control of myotube contraction by electrical pulse
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Fig.1 Schematic drawing of experimental system.
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Fig.2 Phase-contrast images of C2C12 cells at 2
hours (a) and at 10 days (b). Bar=100 pm
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Fig.3 Results of image analysis of C2C12 contrac-
tion with electrical pulse at 10 days. (a) Mean value
of glay scale, (b) Frequency spectrum.
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Fig.4 Strength-Duration curve.
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(1) B, FERE HESHER, @R, (1993)

(2) Mario Marotta et al. Design and performance of an electrical
stimulator for long-term contraction of cultured muscle cells.
Bio Techniques 2004 ; 36 : 68—73

(3) EBE, MAE, BoRBKEEsOFF—EBE
W AT LOWMR, B¥H8, MBE200040, (2000) 9-
16.
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Evaluation of skeletal muscle with electric impedance method

O % ks (RT KB . Itz (RIX) , ¥ L\ — (RTKR) , FEHEE (RTX .
iE AL (RT AP , MEER (RTAR

Hideo KONDO, Graduate School of Engineering, Osaka Institute of Technology,

5-16-1 Omiya, Asahi-ku, Osaka, 535-8585

Takayuki KITA, Faculty of Engineering, Osaka Institute of Technology

Kenichi YAMASAKI, Graduate School of Engineering, Osaka Institute of Technology
Dohiko TERADA, Faculty of Engineering, Osaka Institute of Technology

Shigehiro HASHIMOTO, Graduate School of Engineering, Osaka Institute of Technology
Toshiya FUJISATO, Graduate School of Engineering, Osaka Institute of Technology

Key Words: Skeletal muscle, Electric impedance, Enzymatic treatment, Tensile test, Water content
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Fig.1 Diagram of measurement system for
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Fig.2 Results from water content measurement (Data
represents average value + standerd division, n = 3).
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Fig.3 Results from electric impedance measurement
(Data represents average value * standerd division,
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Fig.4 Results from tensile test ((a) failure stress, (b)
failore strain, Data represents average value =+
standerd division, n = 3).
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(1) Gregory H. Borschel et al., Contractile skeletal muscle
tissue-engineered on an acellular scaffold, Plast. Reconstr.
Surg, 113, (2004), 595-602.

(2) F#peh—, FERE, W1 YE—=¥ AL D
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HERBOKSAHERE, ATRE, 2203), (1993), 999-
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5Y8-5 Tissus Regeneration by Acelar Szatiolds Prepared by Detergent.
Free Treatment

v 0xaks Inatinzts of Teachnology, Csaka. Japan, #National Cardiovascular Center, Osaka, Japng,
¥ Tokyo Metiea) and Dental University, Toleyo Japan

Toshin Fujisao?®, Dohiko Tersda!, Karuo Niwaya®, Kerji Minstoys®!, Akis Kiskida™, Takeshi
Nakatan?', Soichiro Kitamura®

OBJECTIVES

Tisue-engineered grafts tased on aceiluler macrices have bern studied 10 give move durebilty with

growth poterial and les rwrnumegeniciny o the aurrent bioprostheses, Desergente are comamenty

uzed for resnoval of the cells, whareas they are gererally cytotexic and iy privent regofidation

after the Tensplantation.

METHODS

Porcine teses of the heart valves und aoctae were isoland under the sterfle soodition. They wese

treated immediately by cold isostatic pressing (CIP) of $60 MPa followed by washing at 4T far

dsecltimrization This docs pat indeds eny processas ugiig detergents. The acellular scafiolds were

traraplanted 1 arthompix positioos of mininure pigs Postoperative anticcaguistion o satiplotele

therapy was not inssigned. They were explanted 8, 6 ¢r 12 months afker the warsplantation and
4 histslegicotly and frmurahistologically,

RESULTS

The explated grafis showed no pical abniema by and ro dilameion and enearvermal dhanges.

The inner gurfase was completaly ogvered wath eadotaelial cells and the inide was infiltrated By oells

from both gides of erdocisdium and osrter tisqus after Smonths. I was omtnant in the lattes. Akmost

of the tissue Tcluding cusps were filied by the celks aftrr 6 monthi mainly by emoath muscle celly.

The grates talivwed the growth of their hoats after 32 menths.

Ye

OONCLUSIONS
The scelluiar scaffolds prepared by detergentfres feeamment may have & potencial for remarkabic
azian after thelr ransplantatica,

o

ATWEE 368 249 2007
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General Session(Regenerative Medicine/Tissue Engineering and Artificial Organs 1)

Regenerative Medicine/Tissue Engineering and Artificial
Organs 1

CONTROL OF SKELETAL MUSCLE GELL CONTRACTION BY
ELECTRICAL PULSE

G-078

YDept. Biomedical Eng. Osaka Inatitute of Tech., Osska, Japano,
D Dept. Electrionl aned Blectremic aystems Eng. Omaka Ussiitute of Tech, Oanlea, Japan, ¥Degt, regesr-
erative Medacios and Tistus Png. Nadons] Car@ovascrlar Cenver, Suita, Japan

K, Yamaski®, H Hayashi'l, & Uin®, T, Bhash™, S Hashimoto!, H. Teutsal??, §. blechinii?, H.
Kendol, M. Yeshivra , T Fujisatedt

Background: Contractility of the tissue-enginsered musce with elsctrical aignsl has been required
for the developenent of blo-actuster and mrusclt tissuie regeneration. Although same icvestigators
have aleady reporred aboot the oanirection of myotubes with elacirical pulse, the #rategy 1o i
prove thair cyseractility has not been establisherd In this study, we discussad abouk the effect of
variety of pulse strmuation of, the contrassisa of slcslsta] muscle cells,

Method: The C2C12 oells wers sesded oo warious treated sub and exliured in the Dulbecos's
modified Eagdes medium (DMEM) containing 10% fetal bovine serum. When the C2C12 cells
reached confhuenss, the medinm was changed to tae DMEM sontaming 2% borss serum to allow
ther t differsntiats to the C2012 myotubes. Elcirica) stimutation was perfocmed ¢ the C2C12
myonbesard their contraction swas obsarved under the phase eontrast microscope at 37C. The
varfations were made on amplitude, pudie duration, and fraquency of voliage of 0 V<30 V, 0 waec- 100
wesee, ped 005 Hz-10 He, respectively.

Resultz The 2012 myotub tedl on cal'agen eoatrd substiate ot voltage up 1o 210V xt pulse
duration up to 31msec, and 2t frequency betwesn 003 He to 4 Ha. The rumbe of eanfracting tubes
i d aa fraquency.d d The motion of C2C12 mycsube contraction dependad especially on
the pulse duration and FeQUancy.

Conclution: & is indicared that parmeters of pulse duration i frequency of slectrical stirmktion
are imperiant for the eontral of myotube contraction,

AIRB®B2E 20074 §.37
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Poster Session{Regenerative Medicine / Tissue Engineering and Artificial Organs 1)

Pi-058 ACELLULAR PORCINE CORNEA VIA ULTRA-HIGH
PRESSURIZATION AS A SCAFFOLD FOR REGERATION OF
CORNEA

Winaritute of Banwterinis and Bicengineering, Toky e Medie] ané Denta] Universizy, Tohya, 15t
DOG2 Japan, ZDeparmment of Optatalcicgy, Tolgrw Medical gnd Dormtal Uriveraity, Tokyn, 1138510,
Japan, ¥ Dipariroent of Regenerative Medicine and Tissure Engineering, Novienel| Cardiovascular
Center Research [nstitare, Onalaa, 363-8553, Japary # Depertrent of Ovgan Trunsplantatin, Mationa!
Cardiovaseaiar Center, Cenba, 5558568, Jopan, ¥ Narinna? Cardigvaaeiar Conter, Qyiita, 5658565,
Japan, © Bisemateripls Ceater, Matjural Institute for Materiats Science, hareks, 305-0044, Jpan

T. Kimura®, 5. Funsmeto, Y. Hashimeted!, 8. Sasaki®, M. Mochizuki¥, K. W, Nam't,
T. Pujisato®, T. Nskatani®’, S. Kitazeurs®!, H. Kebayaahil's 872 & [Cighidg)'e

Backgroudnd: Jornea tissue engineering is ninv widely axcepied 58 on of &g ¢ltimate resolutan
curing eye disiases. Welkpavmn technalogy is *Epdthelia l oell sheet® iepared by sume nathodols
gz Theae methocologim are spplicatle oily to the epithelin. eye discases. In ceder w prepare a
e engineered cooneal scaffold far entire cornes trgenieruian, we are swdying 1o prepare the
curnea saffoid Ty decelularizing parcine coenea,

Methodsr Vé deatulurized porcine cornea by two metdada: & deeipent methiad 2nd an ultra-high
aydivatatics) pecasare SUHPY method, Porcing cormess were Enmerned tn 1% wiv Triton X100 ar
SDS dotr 24 bours and vashed with PBS fer 24 howrs, of were bydrostuzica’ly presssd a1 §.00) or
10600 arm w100 30T o 10 min,

Results and MHecussion: Parcice coraras twatad with detdrgen! tacame swollen and turhid. The
Swoneplete rerovad of oels was contimad by HE stainicg. Thia regult suggest thet deterpent treat-
meid fs oot stabls for orenies deoeliularization. Using UHP wethod, séntirsngpirent cornts was
thiained by aresarsierios ot 4,00 atm ead 10T, There wee ro chisrge in the thocknsst of ta¢ cornea
immediately aber the press rizanca. bit the comes decama swillen dhesing the wasking process.
‘TLis swelling belimviar was inkibitad by useing a mediur comaining 35% wiv dexiran. Furrher
e wher U cornsas were immersad in glycerol S § hour, their opticsd and ek sical properties
wwere sestored (o those of & naturkl orrea. The deselluizrizad coenes odatned throcgh the UHP
rarthod eonld e uselid 89 & corea) mufirld fov Sasur regenciation

586 ALIRB39G 25 2007



Poster Session(Regenerative Medicine / Tissue Engineering and Artificial Organs 2)

Regenerative Medicine / Tissue Engineering and Artificial
Organs 2

P2-048 Novel methad for Interspersed coll Inoculation inte the tissue-derived
scaffold

UNnttogial Cands lar Center N Tisshi Dgnimadoe Corperaton, Ol Institu e of
Technalogy

Ehashi T2, Socskawa Y, Udagawa HY, Fujiasto TH#

Bockground Many reacerch greips heve used the parcas seaffold for pupose 1o repalr tisgues in
regengrative medicine and desum engiosering therapy. Tn e general way & papriate scaffolds in vitr,
saspended cells are dropeed an [tand cells et by the poces, Howerer, this tnethod is Dot approgTis
216 ot the tissuederived seatfolds with amal) peces, To-oreroons this difficutty, non-needs injecioc
was used to ineeulare cells into the tepos-desived scaffolda

Methods The ultra-high pressure tearsd eandise lex were prepared gs the aceflul ol
Cultured 1820 cells were harvesred from the culturt ish aed suspended in PRS() o7 collagen gel at
thedensity of 10 10 czils‘ml. To kaoqulate cellyinto the scaffold, thenoo-needle injector (SHIMASst®,
Shimadoa Corporation, Japa) which is comenersially ussd as the percutaneois inaulin administra
tion was applisd. The conventiral syricge was wred In the comparative study. After th oedl Ieoes-
tation, cell distrivution and cell viability in e seafiold were § igated from the histologieal
obaeryaticn.

Reanlts The prepared seaffolds were more porous than nonstreated cardiac oruscle bist it was
QAifficu to inocuate calls in a geroral way. Celds inocalated with the son-needle fojector were scat-
tered over 2 wide area in the scadold and most of the cella murvived after 24 hours colnes, On the
other hand, PRS-} -suspzoded cels were lesked from the seaffold and collagen gelsuspended cols
Tocalized with cefhubar aggregation in tha scaffold when & conventional syrings was uved.
Conclasion The novel sell i stian method for tisgimderived acaffold was developed by ising
nonsedle injactor,

ATIRSBR2E 20008
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Fundamental study on electric impedance method using biopolymer gel
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Fabrication and evaluation of artificial blood vessel scaffold utilizing highly hydrophilic polymer
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