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Effect of the stretch culture of mesenchymal stem cells on their differentiation into skeletal muscle cells
Tomo EHASHI", Noritoshi NAGAYA", Shigehiro HASHIMOTO, Toshia FUISATO"
1) NATIONAL CARDIOVASCULAR CENTER RESEARCH INSTITUTE. Osaka, JAPAN
2) OSAKA INSTITUTE OF TECHNOLOGY. Osaka. Japan

Intreduction

Replacing lost soft tissue due to trauma, diseases. or
congenital anomalies is still challenging issue in plastic
and reconstructive surgeries. In vitro tissue engineering
of functional skeletal muscle would be an important
subject because o provide physiological functions and
physical shape by transplantation of tissue-engineered
muscle would increase quality of patients’ life.

Recently, it is reporied that mesenchymal stem cells have
ability to differentiate into skeletal muscle cells in
conventional monolayer culture by addition of 5-
azacytidine o their medium.” On the other hand. it is
well known that dynamic stretch culture induces
differentiation of the satellite cells and myoblasts into the
skeletal muscle cells.”

In this study. mesenchymal stem cells were cultured in an
acellular tissue scaffold. and the effects of the stretching
of the scaffold on cultured cell differentiation were
investigated.

Materials and Methods

The acellular miniature pig skeletal muscles as the
scaffolds for cell culture were prepared by cold isostatic
ulira-high pressuring of 980 MPa for 10 min followed by
washing process. Mesenchymal stem cells were isolated
from femoral bone of SD rats weighing 200 g and
cultured on collagen-coated dish.

Two or three times subcultured celis were harvested from
dishes and inoculated in the scaffolds by centrifugal force
(100 g x 1 min. x 6 times). and the scaffolds with cells
were placed in chambers (Fig. 1A). After4 h, medium
was added in each chamber. and cells were cultured for 3
days.

After 3 days of culture, scaffolds were transferred into the
silicone chamber and were clipped at both edges of
oblong scaffold. The scaffolds were then statically
stretched up to 110% length of the scaffold and kept that
length (Fig. IB}. Asa control. cells were cultured in the
original length of the scaffold.

Fig. 1. L\.iin cuhured inthe scatfold. AV After cell inoculation into the

scaifold. cetls weve culwred in the chamber for 2 days By On the 3°
day of pre-culwre. scaffold were clipped at both edges and stretched

The effect of the clongating stimulation on the celils was
cvaluated by the cell shape in the scaffold and skeleal
muscle specific marker expression rate by RT-PCR.

Results and Discussion

No nucleus was observed in the acellular skeletal muscle
and the scaffold maintained original elastic modulus. In
some area, small vessel paths were remained in the
scaffold. This means the scaffold may have a possibility
to be vascularized and easily reconstructed 10 skeleral
muscle after transplantation.

During first 3 days of culture, cells were well grown in
the scaffold. All scaffolds were shrinked following cell
proliferation. Histological observation showed that cells
were existed not only the edge of scaffold but in the
collogenous region of the inner part of the scaffold.

After 3 days of static stretch stimulation, cells were
elongated along the stretched direction (Fig. 2A). In some
area. cells were likely to be fused as known in the
myoblasts differentiation into skeletal muscle cells. On
the other hand, all cells in the control group showed round
shape (Fig. 2B).

Fig 2. Hostelogical evaluation of the cells afier stimulation. A}
Statically stretched cells were elongated in the scaffold (circleé area).
B) Cells that were noi stretched showed still round shape (circled area).

Conclusions

[n conclusion, siatically stretch stimmulation in the
mesenchyvmal stem cells cultured in the acellular scaffold
may have possibihity to effect on induction of cell
differenuation into the skeletal muscle cells.
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(303) Novel Cell Seeding Method for the Tissue-derived Acel-
lular Scaffolds

éhashi T., Somekawa S., Udagawa H., Fujisato T.

National Cardiovascular Center Research Institute, Dept Regen-
erative Medicine & Tissue Engineering, Osaka, Japan

1735

For purpose_to repair soft tissues, many research groups have been
using porous scaffolds incorporated with cells in vitro or in vivo.
General way for seeding cells in porous scaffold is dropping cell
suspension on it, and then the cells may impenetrate into the
scaffold spontaneously. However, if is not easy to seed cells com-
pletely inside of the scaffold having small pores. In this study. non-
needle injector was applied to cell seeding into the tissue-derived
acellular scaffolds.

The acellular cardiac muscle scaffolds were prepared by cold
isostatic ultra-high pressure trearment (980 MPa for 10 min. at
4 degree Celsius) following washing steps. Cultared 1929 cells
were harvested from the culture dish and suspended in the PBS(-)
at the density of 1.0x10%cells/mL. They were then injected into
the acellular scaffold with the non-needle injector for percutaneous
insulin administration (SH]MAJet®; Shimadzu Corporation, Ja-
pan) or the conventional syringe.

From the histological study. all nuclei were washed out from the
scaffold and small pores in the range of 20-50 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 scaitered over a wide area in the
scaffold, whereas the cells were located in cellular aggregation
when injected by the conventional syringe. In conclusion, the non-
needle injector may be suitable for the cell seeding into the small
pore scaffolds.



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

Regenerative Medicine / Tissue Engineering and Artificial
Crgans 2

P2-048 Novel methad for interspersed cell inoculation into the tissue-derived
scaffold

UNational Cardiovaseular Center Research Institute, 2Shimadzu Corporation, ¥ Osaka Institute of
Technology ’

Ehashi TV, Somekawa S, Udagawa H?, Fujisato TV3)

Background Many research groups have used the porous scaffold for purpose to repair tissues in
regenerative medicine and tissue engineering therapy. In a general way to populate scaffolds in vitro,
suspended cells are dropped on it and cells enter by the pores. However, this method is not appropri-
ate for the tissue-derived scaffolds with small pores. To overcome this difficulty, non-needle injector
was used to inoculate cells into the tissue-derived scaffolds.
Methods The ultra-high pressure treated cardiac muscles were prepared as the acellular scaffolds.
Cultured L29 cells were harvested from the culture dish and suspended in PBS(-) or collagen gelat
the density of 1.0 X 105 cells/mL. To inoculate cells into the scaffold, the non-needle injector (SHIMAJet¥,
Shimadzu Corporation, Japan) which is commercially used as the percutaneous insulin administra-
tion was applied. The conventional syringe was used in the comparative study. After the cell inocu-
Iation, cell distribution and cell viability in the scaffold were investigated from the histological
observation.
Results The prepared scaffolds were more porous than non-treated cardiac muscle but it was
difficult to inoculate cells in a general way. Cells inoculated with the non-needle injector were scat-
tered over a wide area in the scaffold and most of the cells survived after 24 hours culture. On the
other hand, PBS(-)-suspended cells were leaked from the seaffold and collagen geb-suspended cells
 localized with cellular aggregation in the scaffold when a conventional syringe was used.
Conclusion The novel cell inoculation method for tissue-derived scaffold was developed by using
non-needle injector.
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Acellular skeletal muscle scaffold as an inducer of muscular differentiation

T. Ehashil, S. Hashimoto?, T. Fujisato®
1; Department of Regenerative Medicine and Tissue Engineering, National Cardiovascular Center Research Insuune
5-7-1, Fujishiro-dai, Suita, Osaka, JAPAN, 565-8565;
2; Department of Biomedical Engmeermg, Osaka Institute of Technology, 5-16-1, Omiya, Osaka, Osaka, Japan 53 5-8585~

Introduction

Soft tissue-replacement therapies for trauma, tumor,
and congenital anomaries are still challenging area in
plastic and reconstructive surgeries. In some cases,
autologous normal skeletal muscle tissue is transplanted
as a surgical flap and this treatment may cause
decreasing of patient’s quality of life.

Recently, tissue-engineered skeletal muscles using
scaffold for treatment of tissue defects have been
investigated. In these studies, some kinds of scaffolds
including synthetic materials and acellular tissues have
been applied as the substrates. Among these scaffolds,
acellular skeletal muscles may be a hopeful substratum
for skeletal muscle reconstruction both in vivo and in
vitro because the remaining extracellular matrices and
paths of nerves in the scaffolds help cellular invasion and
reconstruction of tissues. For example, after the acellular
tissue transplantation to the tissue defects in animal
experiments, proliferated satellite cells may migrate in
the scaffold, differentiate into the myoblasts, and form
new skeletal muscle. Besides, it is reported that
myoblasts have developed into contractile skeletal
muscle tissues in vitro using acellular tissues.

On the other hands, many resarchers reported that
stretch-cultured myoblasts on the silicone surface have
formed myotubes. Satellite cells or myoblasts therefore
are considered to differentiate and be matured by stretch
stimulations.

In this study, we cultured myoblasts or
mesenchymal stem cells in the acellular skeletal muscle
tissue prepared by ultra-high pressure treatment. Asa
stimulation factor for differentiation or maturation of the
cells into the skeletal muscle cells, stretch stimulation
was applied The effects of our acellular scaffold as a
substrate in the stretch culture on the cell differentiation
and morphology were investigated.

Materials and Methods

Porcine femoral skeletal muscles were sliced into
the 3-mm thickness and packed with PBS. These tissues
were applied ultra-high pressure at 980 MPa for 10 min
to destroy cells, and washed with PBS-based buffer for 3
weeks to remove cell debris in the tissue.

Rat mesenchymal stem cells (MSCs) were isolated
from femoral bone and cultured on the collagen-coated
dishes over one month to expand cells.

The MSCs or myoblast cells were seeded into the
acellular skeletal muscle scaffold at the density of 1 x 10°
cells/scaffold and were cultured statically for 3 days. On
the third day, scaffolds with cells were clumped at the
both edges, and elongated to 110% of initial length, and
kept that length for 3 days (elongation group). In the
stretch culture, scaffolds were stretcht intermittently for
3 days (stretch group). Non-stretched cultures were
made as control groups. The RNAs were extracted from
cultured cells and expression of skeletal muscle

differentiation markers were investigated using real tlme~
PCR. The cellular morphologies were compared ,
between stimulated and control groups. :
Results and Discussion

From the histological observanon, no nuclei wete
observed and DNA amount in the scaffold were
dramatically decreased. Extracellular matrices and
skeletal muscle cellular skeletons were remained in the
scaffolds. These components in the scaffold are thought,
to maintain elastic modulus of the scaffold after L
decellularization treatment.

Cultured rat MSCs and myoblasts showed their
differentiation ability into the skeletal muscle cells by.. - 4
stimulating factors. - MSCs formed myotube 3 weeks <
after 5-azacytidine stimulation that is generally used. On §
the other hands, myoblasts changed cell morphology and i
formed myotube after confluent in the dish culture. - - ‘-'4

After 3 days of static cuiture of both cells, all
scaffolds were shrinked by the cellular contractile forces:!
Cells were existed not only the surface but inside of the:; 4
scaffold. All cells in the scaffolds showed round shapeat {
that time. In the myoblast stretch culture group, cells ,"igt
kept round shape after 3 days of culture. However, inthé:
static culture as a control group, some cells demonstrated
giant cytoplasm with the cell nuclei existed near cell
membrane similar to the skeletal muscle fiber in vive . -3
(Figure). There was no particular change by the stretch
stimulation on the myoblasts in the acellular scaffolds. -
In the elongation culture, MSCs in the scaffolds
extended along with elongated direction of the scaffolds
In some areas, cells were fused and showed
myotube-like morphology in spite of keeping round
shape in the control group.

4
5

'
2
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3

)
4

t

e

Figure. Inthe acellular_;fceletal muscle scaffold,
myoblast cells demonstrated skeletal fiber-like
morphologies after 6 days of static culture (arrows).

Conclusions

Our acellular skeletal muscle scaffold is thought to
affect on myoblast differentiation and maturation. And
more, elongating stimulation has possibility to act on the
MSCs as an inducer of differentiation into the skeletal
muscle cells.

Mfﬁ 1* Asian Biomaterials Congress, December 6-8, 2007, Tsukuba, Japan
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Development of acellular vascular graft having in vivo repopulational ability.

Dohiko TERADA', Kazuya SAWADA®, Hiroyuki OGAKA®, Tomo EHASHI’, Kaori HIRAKU®’, Wakako
KAMATA®, Ken’ichi YOSHIDA®, Seiichi FUNAMOTO®, Noritoshi NAGAYA®, Akio KISHIDA®, Toshia
FUJISATO’, Takeshi NAKATANT® ('JAAME, 3-42-6 Bunkyo-ku, Hongo, Tokyo, 113-0033 Japan  *Osaka
Seikei College, 3-10-62 Aikawa, Higashiyodogawa-ku, Osaka, 533-0007 Japan NCVC, 5-7-1
Fujishihro-dai, Suita, Osaka, 565-8565 Japan  ‘FBRI, 2-2 Minatojimaminami, Chuo-ku Hyogo 650-0047
Japan 5Tokyr;) Dent. Med. Univ. Tokyo, 2-3-10 Kandasurugadai, Chiyoda-ku, Tokyo, 101-0062 Japan)
'Tel: +81-6-6833-5004 (Ext. 2362), Fax: +81-6-6835-5496, E-mail: terada@ri.ncve.go.jp

Key Word: tissue engineering / acellular vascular graft / decellularization / elastin / calcification / repopulation
Abstract: An acellular vascular graft for regenerative medicine was developed from a porcine aortic tissue. After
dehydration heat cross-linking treatment, an aortic tissue was digested in an enzymatic solution to remove elastin
completely. The elastic fibers were digested enzymatically even after the cross-link and it was confirmed
histologically that the tissue has no elastic fiber and cellular components inside. The vascular grafts made of
miniature pig descending aorta were transplanted allogenically. There was no thrombus on the intimal surface
and aneurysm formation even after 3 months of the implantation. A large amount of the cell migration into the
graft was observed. These cells were identified immunohistologically as smooth muscle cells and fibroblasts.
And no calcific deposition was seen in the explanted graft after 3 months of the implantation. We conclude that
the collagenic vascular graft developed in this study may be adapted to the vascular tissue regeneration.

Polymer Preprints, Japan Vol 56, No. 1 (2007) 2111
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(115) Development of the Regenerative Vascular Graft Having
an In Vivo Repopulationality

Terada D., Sawada K., Ogata H., Ehashi T., Hiraku K., Kamata
W., Yoshida K., Funamoto $.. Nagaya N., Kishida A., Fujisato T.,
Nakatani T, :

Osaka institute of Technology, Dept Biomed Eng, Osaka, Japan

Although an artificial blood vessel is in general use, the develop-
ment of regenerative vascular grafts is strongly desired especially
for the pediatric patients. In this study, regenerative collagenic vas-
cular grafts were developed from porcine aorta by removing cells
and structural proteins except collagen from the tissue.

Porcine aorta was isolated from the Clawn miniature pig (Japan
Farm, Co. Ltd.). The tissue was placed in a vacuum oven at 120°C
to cross-link collagen fibers. Elastin fibers were then taken away
form the tissue by enzymatic digestion using elastase of 0.56 w/ml
in tris buffer solution at 37°C with gentle stir. The tissues were
incubated in 80% ethanol solution for 3 days at 37°C to remove
phospholipids from the inside. The obtained tissues were subjected
to histological and biomechanical studies. The vascular grafts made
of miniature pig descending aorta were transplanted allogenically.

There was no thrombus on the intimal surface and aneurysm
formation even after 3 months of the implantation. A large amount
of the cell migration into the graft was observed. These cells were

P
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identified immunohistologically as smooth muscle cells and fi-
broblasts. And no calcific deposition was seen in the explanted
graft after 3 months of the implantation. Cusrently long-term im-
Plantation experiments, 6 and 12 M, are in progress.

The processed graft may have better ability to promote cell
infiltration and tissue remmodeling compared with the acellular tis-
sue without elastin digestion. We conclude that the collagenic
vascular graft developed in this study may be adapted to the vas-
cular tissue regeneration.
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{HA] nano-powder, and the svitability f this materisl for cell
adhesion was evaluasied.

Methods: Poly(propylene lumisrasej( PPF)diethy) fumarale(DEF)
composile possesses compressive mechanical propetties that are
stnsilar 1o those of homan trabecular bone {3}, And HA is onc of
the main components of bone. Briefly. PPF was syathesized vis o
vondensation reaction, aceovding o Gerhari ef al, {4}, After syn-
thesis, DEF was added 10 reduce the viscosity. Finslly, a photo-
inkiatoy (dimcthox;hphen_vl-acciophcncme{; and HA were mixed
with the synthesized photopolymer. MSTL wus performed using
an A fon laser, an x-y—2 stage, and aptical comiponemts. This
method was used 10 fubricate 3-D scaffolds hy salidifying layers.

Resuhs and Discassion: Scaffolds comaining micro/nano siruc-
tures were successfully fabrcared using MSTL and PPR/DEF-HA.
The pores and lines of the fabricated seaffold were regular and all
the pores were connected. HA powdar generaied the microfnano-
size wpolngy well. After scafiold fabrication, MC3T3.E1 cells were
seeded within e scaffolds and cell adhesios was observed. Qui
results indicate that seaffolds containing HA powder can be applied
10y bone tissue regeneration.

Relerences

¥, Wan_ et sl (2003, Bioiuterials(26), 4453-4456,

2. G Wei, et al. (2004), Bionuterialst25), 4749~4757,

3 Lp. Fisher, et al (2002), Biomamedals(23), 43334343,

4. DD Fmdier, er 0l 01997), ) Binmed Mater Resi35), 383-380.

(335} Prebuninaiion of Keratinoeytes, Fibroblusts, Adipucytes
and EPCs ta Create an Eatircly Autologaus, Full Thickness
and Vascularised Skio Substitnte: Are We There Yer?

Van den Berge 8., Hendrickx R.. Dickens S.. Vranckx L),

Laboratory of Plustic Surgery s Tissue Epgincering Kesearch,
Deparument of Plastie & Reconsiructive Surgery, KLiL.euven Uni.
versity Hisspital, Katholicke Liniversiteiy Leuven. Heresiran 49,
B-3EK), Belgium

Skin substitutes come fn a dizzying variely nowadays, None, how-
ever, has managed fo perfectly replace full shickness skin. Rejec.
ton and infection are, an more thap ane aacasion, the culprits for
skin sibstinge fsilure. It ig cownanly beliaved that the exclusion
of Toreign-origin materisls and an improved vasealatire in e skin
substitute are {nctors that mary aid subsiaasially in ackdeving beter
wsults. We therefire focus oo constrnes that come with the pe-
temial for vascularisation, and ure made up entirely of the host's
0wy expanded celis,

Fibroblasts, kesatinocytes and adipocyvies were isolated frein
small skin fragments and expanded w vitro, Afies 34 pussages. the
vells were 1ofi w proliferate and foann muhi-favers o 34 weeks
in a differentiation medium consisting of a DMEM/am's 112
fmtare, sippleniemed with foetal vali serum or 2 serufo replace-
meat and various nuirieats and growih faciors, Inovhe meamime.
endothelind progenitor celis (EPCs) were harvested fron peripherat
blond swnples, isolated and adiwad e stable cell lines of lue
titgrawih EPCs (with 4 lasze profifermsions CHpACty i,

T nexi step was a classic “iix *n’ match™: taminated fheoblast
and kierslinocyle sheess were superimpased, with difierent concen-
matians of EPCs

sandwiched between shem, and adipose celf -

TERMIS-EU MEETING ABSTRACTS

(multiflayers undemeath, to investigate the cells’ behaviour, pro-
liferation and differentiation, and the EPCs® ability to form vessel-
like tubular siruciures,

The aim of this research project is to further invesigate Uie
concem of prefsbrication and -luminmios for tissye engineering of
full-thickness skin substitutes,

(336) Preliminary Study of In Vitro Niche Effect an Differen.
tiatien of Rat Boiie Marrow Stem Cells to Cardiomyocytes-
Like Cells

Miskon A.'2, Terada D2, Ehashi T2, Fujisato T2, Mahara A,
Uvams H.', Yainaoks T.!

‘Dcpnnmcm of Biomedical Engineering, Advanced Medical
Engineering Cemer, National Cardiovascular Cemes Research
Institute, Jspan

:"Depm.mcm of Tissue Bagineering, National Cardiovascular Cen-
ter Research Instiwte, Japan

“Prepuruen of Chemical Engincering, Osuks University, Japun’

The adult hean does not regenerate afier injury because the cordiae
myocrtes are terminally differentiated and losi thei growth ac-
Hvity. Injection of 1be bone marow stem cells into infercied re-
zion is one of ihe most prowising sohtions proposed. and recen
evidence Lus suggesied that stemt cell can differcatiate into car-
divmyocyte either in vivo or in vitro, However the efficiency of
the differentintion process is siil] very low. In ihis study, we
investigated the effect of various cultare conditions including dil-
fereniiation medium, cell cufture mutrices, and culiure Svsiem (sus-
pensinn ar mionclayer culture and statie cultire or dynamic culiwre)
on the differentiation of mu mesenchyinal stem cetls (rMSCsy 1o
cardiomyocytes-like cells under in itz condition, Firsi, the effect
of S-azacyiidine. vitamin-C and human basic fibrabiast growth
fastor (b-PGF) added 10 Dutbecco's modified Eagle’s mediuni-low
ghuwose (DMEM-LGY in sttic colture was detennined. The fMSCy
were sbtained from fomurs snd tibias of male Spmgue-Dawley
{SD¥rats (2-week-old; using our own method, (MSCs (6.0%310% w
the third passage us seeded in the cultare dish were then ex posed o
differentiation medivm for 24 hours on day-3 of culiure, The RY-
PCR result shows that the expression of s-actin gent has ingreasad
o peak value after 2 weeks induced by S-uzacyndine, vitwmin-C,
and B-FGI hut the exppression of MIEF2C gane was Jow, Then, we
wremed the rMSCs suspended in DMEM containing 3-uracyudine,
vitwmin-C, and b-FGF, As 8 resuln, the expression of g-actin gene
was forty times higher than conral, whilst the MEF20 was fony
times higher than the conteol. The effect of the ather “niches™ will
b alss discussed,

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

Rismwra 7., Punamive S., Hashimoo H.. Sasaki §.. Mochizuki M.,
Fujisate 1., Kobayashi M., Kishida A,

tnstituie of Binmaierials and Bioengncering, Tokvo Medical and
Dentat Vnivarsitg, 2.3-10 Kandu-Suvugadis, Chivoda-ku, Tokva,
Japan

Departmem of Ophthabneiegy, Tokyo Medieal
versity, Chivegda-ku, Tokyo, tupun

aaid Domtal Uni.
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jejunoanastomosis during Whipple procedure. Methods: From December
1998 till December 2005 35 patients had Whipple procedure with the use of
fibrin ghie or TachoComb in the site of pancreatico-jejunoanastomosis (15
and 20 patients respectively). All patients had the cancer of pancreatic head.
The mean age, sex ratio. disease history and concomitant diseases, and the
technique of pancreato-jejunoanasomosis (end-to side, two layers) in the
both groups were similar. During surgery were used Smi of sealant or 1
large fleece of TachoComb. Resnlts: The intracperative time for additional
manipulation was high for sealant group (1.5 times in comparison to
TachoComb). The intraoperative adhesion and sealing was better for
sealant group (in 9 cases of TachoComb the material was not fixed to the
line of anastomosis: no such cases in the sealant group). There were 2 cases
of pancreatico-jejuno anastomosis leakage in the TachoComb group. and
the absence in the fibrin glue group. The first postoperative day of mean
amylase level from the site of surgery (drainage fiuid from the abdominal
cavity) was 3 times high for TachoComb (66000 1U for TachoComb and
21500 IU for fibrin glue). Conclusions: These results show that if the surgeon
decided to use any adhesive materials (as TachoComb or fibrin sealant) for
the enforcement of pancreatico-jejunoanastomosis during Whipple proce-
dure. the use of sealant is more preferable because its plasticity and tem-
porary-time liquid condition. which help this material to penetrate to any
deep layers of anastomosis.

Regenerative Medicine/Tissue Engineering and Arificial
Organs 1

G-076 CRUCIAL ROLE OF LEFT VENTRICULAR UNLOADING
FOR CELL TRANSPLANTATION INTO DISEASED HEARTS
Satoshi Gojo', Shunei Kyo. Hideaki Yamabi’, Hiroshige Sato®, Xiao Sun®
!Towa Hospital, *Saitama Medical School, *Saitama Medical Center, Japan

Background: Recently, we reported that the combination of left ventricular
assist device and intracoronary mononuclear cell transplantation induced
native cardiac resurrection to result in successful LVAD explantation. On
the other hand, stem/progenitor cell transplantation in acute myocardial
infarction or chronic heart failure without circulatory support showed only
5 to 10% up in ejection fraction at maximum. There is a significant differ-
ence between our experience and reported data in peer reviewed articles.
So far, there is little information how conditions grafted cells can function
effectively in injured organs. Aim: We hypothesized that LV unloading
might be crucial role for transplanted cells to function well in diseased
hearts. Materials and Methods: Beagle dogs were used in this study. Autol-
ogous mesenchymal cells were transplanted via coronary sinus in a retro-
grade fashion. The experiments were grouped to 4, 1: normal heart without
LV venting, 2: infarcted heart without LV venting, 3: normal heart with LV
venting. 4: infarcted hearts with LV venting. Results: We observed few
grafted cells in hearts without LV venting. On the other hand, hearts
unloaded by LV venting showed a robust accumulation of grafted cells.
The major part of grafted cells found either adjacent to or integrated in the
vessel wall, and minor part of grafted cells were detected dispersedly in the
interstitial space of myocardium. Conclusions: These results suggested that
LV loading reduction as a patient conditioning could be important for cell
transplantation strategy i regenerative medicine.

G-077 DEVELOPMENT OF AN IMPLANTABLE SMALL CAMERA
FOR CONTINUOUS OBSERVATION OF ANGIOGENESIS IN VIVO
Y. Tnoue', A. Sugino', 1. Saito', H. Nakagawa', N. Mitsumune',

T, Isoyama'. H. Miura'. A. Kouno'. T. Ono'. S. Yamaguchi', W. Shi'. .

A. Kishi', T. Chinzei', Y. Mitamura®, S. Murabayashi’. M. Shishibara",

K. Imach#, Y. Abe'

'The University of Tokyo, Tokya, *Hokkaido University, Hokkaido.
*Tohoku University Biomedical Engineering Research Organization,
Miyagi

Background: Angiogenesis is essential for successful tissue-engineered
artificial organs and regenerative medicine. However, the mechanisms an_d
conditions required for angiogenesis have not been disclosed yet. 'In this
‘study, we monitored growth of blood vessels in a scaffold in vivo with the
developed camera to study the zngiogenesis mechanism. Methods: We
developed the device consisting of a scaffold and a CMOS camera. The scaf-

fold is made of poly glycol acid (PGA: Gunze, NV-N-015N Kyoto, Japan),
and the thickness is 0.3 mm. The camera is a 1/3-inch CMOS camera and
has the autofocus functon (Hitachi Maxell, PM7, Tokyo. Japan). We
implanted the camera device in the latissimus dorsi muscle of an adult
female goat. We observed the growth of the blood vessels on the scaffold.
After the end of the experiment, we stained the tissues in scaffold by hema-
toxylin and eosin stain. Resulfs: We could observe continuously the state of
the blood vessels growing for 3 weeks from the start of the experiment. We
observed a lot of capillaries growing during the period of tissue growth. But
when the tissue growth stopped. many capillaries disappeared and some
arterioles grew. Conclusions: We observed the changes of vessels and tissues
growing on a scaffold in vivo. An implantable device consisting of a small
camera and a scaffold is useful for studying angiogenesis in vivo.

G-078 WHICH REGENERATIVE MEDICINE IS MORE BENEFI-
CIAL AS A COMBINATION THERAPY FOR A HEART FAILURE
THAT NEEDS MECHANICAL ASSIST CIRCULATION?

Y. Takewa', E. Chemaly’, L. Lifan', M. Takaki’. Y. Taenaka®, E. Tatsumi’.
R. Hajjar’

Mount Sinai School of Medicine, New York. NY, USA, ’Nara Medical
University School of Medicine, Nara, Japan, *National Cardiovascular
Center, Osaka, Japan

Background: Recently regenerative medicine is expected as a combination . .

therapy for severe heart failure that needs mechanical assist circulation to
increase the bridge to recovery rate. In this study, we examined which regen-
eration therapy is more beneficial. Methods: We chose bone marrow derived
stromal cell (BMSC) transplantation and gene transfer of calcium handling
protein as regenerative medicine. BMSCs were injected into myocardium
of the adult goat hearts in which heart failure created with adriamycin infu-
sion and left ventricular assist device (LVAD) was installed. Sarcoplasmic
reticulum Ca(2+)-ATPase (SERCA2a) gene carried by adenovirus were
transferred in rat hearts in which heart failure was created with abdominal
aortic-inferior vena caval shunt. Results: The BMSC group recovered better
cardiac function compared to the control group. Wall thinning of the
myocardium and LV dilatation were more suppressed in the BMSC group.
The SERCA?2a group improved in LV pressure and energy utilization in LV
contraction compared to the non-SERCA2a group. Conclusion: Both
BMSC transplantation and gene transfer of SERCA2a improved cardiac
function in severe heart failure and can be the promising as a combination
therapy with mechanical assist circulation.

G-079 CONTROL OF SKELETAL MUSCLE CELL CONTRACTION
BY ELECTRICAL PULSE

K. Yamasaki', H. Hayashi!, S. Uto® T. Ehashi®, S. Hashimoto®, H. Tsutsui’,
S. Mochizuki', H. Kondo'. M. Yoshiura'. T Fujisato!

'Dept. Biomedical Eng. Osaka Institute of Tech., Osaka, Japan, *Dept.
Llectrical and Electronic systems Eng. Osaka Institute of Tech., Osaka,
Japan, *Dept. regenerative Medecine and Tissue Eng. National
Cardiovasadar Center, Suira, Japan

Backgronnd: Contractility of the tissue-engineered muscle with electrical
signal has been required for the development of bio-actuator and muscle
tissuie regeneration. Although some investigators have already reported
aboul the contraction of myotubes with electrical pulse. the strategy to
improve their contractility has not been established. In this study, we dis-
cussed 2bout the effect of variety of pulse stimulation on the contraction of
skeletal muscle cells. Mefhod: The C2C12 cells were seeded on various
treaied substraies and cultured in the Dulbecco’s modified Eagle’s medium
(DMENM) containing 10% fctal bovine serum. When the C2Ci2 cells
reacked confluence, the medium was changed to the DMEM containing 2%
hO.l’SE serum 1o allow them to differentiate to the C2C12 myotubes. Elec-
tncal’ stimutaion was performed to the C2C12 myotubes and their con-
tmc}'m_n Wus observed under the phase contrast microscope at 37°C. The
vanations weic made op amplitude, pulse duration, and frequency of
voltage of 8V-30, V. 0 msec-100 msec, and 0.05 Hz-10 Hz, respectively.
Result: The C2C3: myotubes contracted on collagen coated substrate
at voltage U2 10 10V at pulse duration up to 3 msec, and at frequency
between 003 Hz 10 4 Hz. The number of contracting tubes increased as fre-
- The motion of C2C12 myotube contraction depended
pulse duration and frequency. Conclution: It is indicated

especially on 1he
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that parameters of pulse duration and frequency of electrical stimulation
are imporiant for the control of myotube contraction.

G-080 OPTIMAL LAYERED IMPLANTATION OF AUTOLOGOUS
MYOBLAST SHEETS FOR INFARCTED HEART

Naosiumi Sekiya’, Shigeru Miy. gawa’, Goro Matsumiya!, Takaya Hoashi',
Tatsya Shimizi®, Terno Okano?, and Yoshiki Sawa'

!Division of Cardiovascular Surgery, Department of Surgery, Osaka
University Graduate School of Medicin Departmen: of Advanced
Biomedical Engineering and Science, Graduate School of Medical Science,
Tokyo Women’s Medical Universiry

Background: We have investigated that autologous myoblast sheets im-
plantation improve the function of impaired myocardium. In this study, we
evaluated the effect of increasing number of layer of myobalst sheets in
infarcted heart. Methods: Left anterior descending coronary artery-ligated
Lewis rat hearts received myoblast sheets which constructed with temper-
ature-responsive. polymer-grafted cell-culture dishes. Forty rats were
implanted myoblast sheets (3 x 10° cells per sheet) on the heart, randomly
divided 4 groups (each group n =10), Shl group: one sheet, Sh3 group: three
sheets, ShS group: five sheets and Sham group: only sham operation. We ana-
lyzed cardiac function by echocardiography and catheterization, RNA
expression of soluble factor by RT-PCR, fibrosis, vascular density. Results:
In echocardiography. Ejection fraction of ShS and Sh3 at 4 and 8 weeks sig-
nificantly improved (ShS and Sh3 vs Shi and Sham, at 4 weeks: 50.4 and
45.7% vs 39.7 and 387, p < 0.05, at 8 weeks: 47.8 and 43.7% vs 382 and
37.2%,p <0.05). In catheterization study at 8 weeks, ESPVR of three groups
also significantly improved. (ShS and Sh3 vs Sh1 and Sham, p < 0.05). The
expression of mRNA of SDF-1, Midkine, Thymosin B4, and B10 was most
upregulated in Sh3 group among all the groups. In histology, % fibrosis
decreased both in ShS and Sh3, and vascular density increased in ShS and
Sh3 (vs Shi and Sham, p < 0.001). Conclusion: Five layered myoblast sheets
implantation seems to be favorable with more improvement of cardiac func-
tion, angiogenesis, less fibrosis.

G-081 THERAPEUTIC ANGIOGENESIS USING PERIPHERAL
BLOOD STEM CELL

Takashi Horie, Masahiro Yamada, Yoshihiro Abe, Ichiro Tsuda,

Jun-ichi Yida, Hiromi Sakata, Kazuhiko Onodera, Hidenori Furui,

Tohru Tamaki, Kazutaka Kukita, Jun-ichi Meguro, Motoki Yonekawa,
Akio Kawamura

Department of Surgery, Sapporo Hokukyu Hospital, Sapporo, Japan

Therapeutic angiogenesis using bone marrow cell transplantation was
reported and this therapy was useful for arterio sclerosis obliterans (ASO).
We attempted the same procedure using peripheral blood stem cell collec-
tion (PBSCC). One hundred and thirty patients were included in this study,
90 were hemodialysis patients They were all peripheral arterial disease
(PAD)} patients, 120 were of lower limbs and 10 were of upper limbs. The
patients were given 5 Hg/kg/day G-CSF for 4 days subcutaneously. PBSCC
was done on day 4. For each patients, 8.3 L peripheral blood was treated
with an apheresis machine (€CS-3000 or Spectra) and 3.5 x 107 CD34 cells
were harvested with mononuclear cells, red blood cells and platelets on
average. We did not purify the CD34 cells using magnetic beads method and
the CD34 enriched fluid (56.8 ml) was injected at 114 points of limb muscle
on the same day. Thirty seven patients recovered. The disappearance of a
foot ulcer continued for five years. The symptoms of another 39 patients did
not change but their limbs were rescued. And 54 patients had amputations
because their ulcers were necrotic and infected.

G-082 ANALYSIS OF MECHANICAL CHARACTERISTICS OF
ENGINEERED CARDIAC TISSUE BASED UPON THE BEATING
DISPLACEMENT

Zhonggang Feng!, Mitsuo Umezu?, Yasutomo Nomura®, Tatsuo Kitajima!,
Takao Nakamura3

'Graduate Schoo! of Science and Engineering, Yamagata University,
Yonezawa, Japan, *Graduate School of Science and Engineering, Waseda
University, Tokyo, Japan, *Graduate School of Medical Science, Yamagata
University, Yamagata, Japan

Background: Engineered cardiac tissue (ECT) can be constructed by
embedding cardiomyocytes in a collagen gel. Understanding its mechanical

Artif Organs, Vol 31, No, 10, 2007

characteristics is exiremely important for the enhancement of beating force
and the application of the ECT in pharmacological test. Methods: A paral-
lel three-clement constitutive model for collagen-gel based engintered
cardiac tissue is proposed; which consists of an active contractile element,
an elastic element, and a viscous dashpot. An original analytical method is
developed to identify the characteristics of the contractile element, the elas-
ticity of the elastic element, and the viscosity of the dashpot by analyzing
the beating displacement of the engineered cardiac tissue. Results: The
Tesults show that the engineered cardiac tissue has of 18.20 kPa elasticity,
349 x 107 Pa's viscosity, and the characteristics of the contractile element
that the occurring of the maximum contractile force corresponds to the
maximum contractile strain rate, close but precede the maximum contrac-
tile strain. Small contractile force at micro Newton level can be detected by
this analytical method. The value of the elasticity coefficient is examined to
be valid, and the smalj viscosity coefficient may imply the myofilament
sliding effect existing,
Conclusion; Beating displacement analysis method is proved to be an effec-
tive way to investigate the mechanical properties of collagen-gel based engi-
neered cardiac tissue.

The mechanical characteristics of the collagen-gel based engineered
cardiac tissue is firstly revealed by the study.
Keywords: parallel three-element model, engineered cardiac tissue, charac-
teristics of contractile force, viscoelasticity.

Rotary Blood Pump

G-083 INFLUENCES OF HYDRAULIC FORCES ON MOTION
CONTROL OF A MAGNETICALLY LEVITATED CENTRIFUGAL
BLOOD PUMP

CN. Pai', T. Shinsh#, J. Asama®, P. Keogh®, S. Takatani®, A. Shimokohbe?
!Ierdisciplinary Grad School of Science and Engineering, Tokyo
Institwe of Technology, Yokohama, Japan, *Precision and Intelligence
Laboratory, Tokyo Instinute of Technology, Yokohama, Japan, *Departnent
of Electrical Engineering, Tokyo University of Science, Chiba, Japan, *The
Centre for Power Transmission and Motion Control, University of Bath,
Bath, United Kingdom, *Institute of Biomaterials and Bioengineering,
Tokyo Medical and Dental University, Tokyo, Japan

We developed a compact centrifugal blood pump, with a two-degree-of-
freedom controlled radial magnetic bearing, and a built-in brushless motor
having a Halbach PM array in the rotor. Since the impeller is passively sup-
ported by magnetic coupling of permanent magnets in the axial and tilt
directions, the stiffness in these directions is lower than in radial direction.
The hydraulic forces generated by the secondary flow through the bottom
of impeller dislocate the impeller. Thus the rotational position signal of the
rotor, which is measured by detecting the magnetic poles with Hall elements
under the Halbach PM array, is affected by the dislocation, and the roma-
tional control of the rotor becomes unstable due to the signal error. The
purpose of this study is to evaluate and compensate the influences of
hydraulic forces on the rotational control of magnetically levitated impeller.

First, we measured the relationship between axial displacement, rotation
speed and head pressure. We observed that axial displacement of the
impeller is only related with rotation speed, receiving little influence from
variation of head pressure. With these results, we compensated the insta-
bility of motor control by conditioning the Hall element signal according to
the rotation speed. As a result, the pump efficiency increased from 6.7% to
13.9% at 5 Lfmin, 100 mmHg. This difference is caused exclusively by the
motor power consumption because the positioning accuracy (peak-to-peak
vibration amplitude: 35 ym) and power consumption (1.8 W) of radial mag-
netic bearing in both situations were the same.

G-084 ANTI-THROMBOGENIC PROPERTY OF MERA MONO-
PIVOT CENTRIFUGAL PUMP

T. Yamane', H. Kogure?, M. Nishida', O, Maruyama', R. Kosaka’,

H. Kawamura?, Y. Yamamoto®. K. Kuwana®, Y. Sankai*, T. Tsutsui*

'AIST, *Tokyo Univ.of Sci., *Senko Med.Instr. Mfg.Co.Ltd., *Univ.of
Tsukuba, Japan

Purpose: In vitro thrombogenic tests, proposed by Maruyama, were cop-
ducted for a MERA monopivot centrifugal pump newly developed for cir-
culatory assist and open heart surgery. The impeller, with 4 straight paths
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Control of skeletal muscle cell contraction by electric pulse
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