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Introduction

Although an artificial blood vessel is in general use, the
development of regenerative vascular grafts is strongly
desired especially for the pediatric patients. To
reconstruct the tissues mainly composed of extra cellular
matrix such as arterial tissues or heart valves, an
appropriate structural matrix as the scaffold for cell
growth is needed [1]. There are many research works
related to artificial grafts made of biodegradable synthetic
materials. However, it is still difficult to control the
biodegradability due to their hydrolysis, adapt the
mechanical properties required in the artery, and
reproduce complex shape such as an aortic arch, In this
study, regenerative collagenic vascular grafts were
developed from porcine aorta by removing cells and
structural proteins except collagen from the tissue. They
were transplanted to miniature pigs and in situ
repopulation was studied.

Materials and Methods

Porcine aorta was isolated from the Clawn miniature pig
(Japan Farm, Co. Ltd.). The tissue was placed in 2
vacuum oven at 120°C 1o cross-link collagen fibers.
Elastin fibers were then taken away form the tissue by
enzymatic digestion using elastase of 0,56 u/ml in tris
buffer solution including CaCl; of 10 mM and NaN; of
0.02% 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. After 3 months of the
implantation, the grafts were explanted and examined
histologically.

Results and Discussion

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 component inside
(Fig. 1). The collagen fibers remaining in the tissue were
also degraded completely by collagenase and it means
that the biodegradability of the tissue was not affected by
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Fig.1 Histological staining of the cross-section of
vascular grafts. Left, H.E. staining. Right, EVG staining
The bars in the pictures are corresponding to 200 pm
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the cross-linking treatment. Biodegradability is one of the
most important property as a regenerative graft. The
tensile strength certainly decreased after the enzymatic
treatment, however an appropriate cross-linking could
reduce the decline in tensile strength. The graft may be
applicable not only to the pulmonary artery but to the
other arteries. There was no thrombus on the intimal
surface and aneurysm formation even after 3 months of
the implantation (Fig. 2).

Fig.2 The intimal surface of the explanted graft [mplantation
period was 3M. Scaffold part is shown in the figure.

A large amount of the cell migration into the graft was
observed (Fig. 3). These cells were identified
immunohistologically as smooth muscle cells and
fibroblasts. And no caleific deposition was seen in the
explanted graft after 3 months of the implantation.

-

Fig.3 H.E. staining of the cross-section of the explanted
graft. Implantation period was 3M The bar in the figure
is corresponding to 200 pm.

The processed graft may have better ability to promote
cell infiltration and tissue remodeling compared with the
acellular tissue without elastin digestion since the tissue
may have more porous structure. We conclude that the
collagenic vascular graft developed in this study may be
adapted to the vascular tissue regeneration.
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Introduction

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 to provide physiological functions and
physical shape by transplantation of tissue-engineered
muscle would increase quality of patients” life.

Recently, it is reported that mesenchymal stem cells have
ability to differentiate into skeletal muscle cells in
conventional monolayer culture by addition of 5-
azacytidine to 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

inve: _ated.

Materials and Methods

The acellular miniature pig skeletal muscles as the
scaffolds for cell culture were prepared by cold isostatic
ultra-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 cells 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). After 4 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. 1B). As a control, cells were cultured in the
original length of the scaffold.

Fig 1. Cells cultured in the scaffold. A) After cell inoculation into the
scaffold, cells were cultured in the chamber for 3 days. B) On the 3°
day of pre-culture. scaffold were clipped at both edges and stretched

The effect of the elongating stimulation on the cells was
evaluated by the cell shape in the scaftold and skeletal
muscle specific marker expression rate by RT-PCR.
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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 to skeletal
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. Histological evaluation of the cells after sumulation. A)
Statically stretched cells were elongated in the scaifold (circled arca)
B) Celis that were not stretched showed still round shape (circled area)

Conclusions

In conclusion, statically stretch stimulation in the
mesenchymal stem cells cultured in the acellular scaffold
may have possibility to effect on induction of cell
differentiation into the skeletal muscle cells.
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OBJECTIVES: Tissue-engineered grafts may have the advantage of growth potential
and anti-infection compared with current artificial devices. Biodegradable materials such
as polylactide and/or polyglycolide are commonly used for the scaffolds. However, since
they are degraded by a simple hydrolysis, it is not easy to have enough mechanical
strength in the aortic tissue. Regenerative grafts made of collagenous tissue have been
developed by an elimination of elastin and cellular components from porcine aortas.
METHODS: Porcine aortas were cross-linked in a vacuum oven followed by clastase
digestion. They were implanted at descending aorta through left thoracotomy in the
surgery carried out with single clamp technique. Postoperative anticoagulation or anti-
platelet therapy was not instigated. They were explanted 4, 12, and 24 weeks after the
implantation and examined histologically and immunohistologically.

RESULTS: There were no cells'and elastin fibers observed in the tissues treated. The
amounts of DNA and phospholipids were lower than 5% of the native. The breaking
strength was lower than that of the native aorta but higher than of the native pulmonary
artery. The explanted grafts showed no macroscopical abnormality and no dilatation and
aneurysmal changes. The inner surface was completely covered with endothelial cells and
the inside was infiltrated by smooth muscle cells and fibroblasts after 12 weeks. There
was no calcium deposits observed in the graft.

CONCLUSIONS: The residual phospholipids and denatured elastin fibers may cause
the calcification after the graft implantation. This process eliminates these substances and
may be useful for having regenerative scaffolds for the vascular tissue regeneration.
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(42) Cell Culture on Nano-Vibrating Surface for Controlling
Cell Function
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Introduction: Handling cell function is one of inportant factoss
for preparing functional cetl groups. Recently, physical stress, such
as hydrostatic pressure and shear stress, has heen studied for
contralling cell function. These systems are iuspired by physio-
logical stress. To examine the influence of non-physiological stress
on cell function, we developed nano-vibration system. In this study,
we report the effect of nano-vibration stimuli on cell function—cell
adhesion, proliferation and differentiation, )

Methods: To investigate the influence of nano-vibration on cell
adhesion and proliferation, 1.929 ccll and MEF were used as typ-
ical cells. In the differcntiation experimem, PC12 cell was used.
All cells were vibrated at 10kHz for | hour everyday for 4 days,
Then, the alternation was studied hy coonting cell number. ob-
servation of cell shapes and gene expression analysis vsing real-
lime RT-PCR.

Results: [n 1.929 cell, there was no effect of nano-vibration on ad-
hesion and proliferation. On the other hand, MEF cell showed drastic
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change in adhesion and proliferation by nano-vibration. PCI2 cef
was hardly differentiaed without nerve growth factor (NGF) addi-
tion, irrespective of nano-vibration. On the other hand, with NGF, the
ccll differentiation was promoted hy wano-vibration in early culture
period. However, the level of integrin und neuritin gene expression
was not different in both aana-vibration and static culture,

Conclusion: We found that nano-vibration was effective on celf
adhesion,~ proliferztion and differentiation. These findings may
lead to novel cell function conteolling systems for stem and pro-
genitor cells,
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We have developed gene delivery system using DNA complex
with non-ionic, warter soluble polymers via hydrogen bond through
ultra high pressurization (UHP) because the inter-, intra-molecular
vieak hydrogen bonding interaction was sirengthen under high
pressure condition. Previously, polyviny! alcohol (PVA)Y was used
as a model hydrogen honding polymer, and the PVA/DNA com-
plexes were forined by UHP ucatment. Although the PVYA/DNA
camplexes were up-laken by cells, a littte enhancement of gene
expression was observed using them. Therefore, in this study, 10
promote the endosomal escape of transierred DNA, we performed
the development of PVA/DNA complexes encapsulating inorganic
particle, which are dissolved under low pH enndition in endosome
vesicles and then the rupture of endosome is induced by.osmotic
shack, using UHP technology. Plasmid DNAs encoding luciferase
gene or enhanced green fluorescent protein (EGFP) gene under
CMV promozer were used, Nano-scaled inorganic particles having
the average dinmeter of 50200 nm were synthesized by modificd
micro-emulsion method. Nano-inorganic particles were dispersed
ultrasenically in PVA solution and then mixed with DNA solation.
Their mixtures were treated under 10,000 atmospheric pressuces at
40°C for 10min. By SEM observation, the irregular surface of
PVA/DNA complexes including inorganic particles was observed,
indicaung the encapsulation of inorganic particles in PVA/DNA
particle. The PVA/DNA complexes encapsulating inorganic par-
ticles showed a higher transfection activity. These results indicate
the wility of the PVA/DNA complexes encapsulating inorganic
particles prepured by UHP method for DNA delivery.
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identified immunohistologicaliy as smooth muscle cells and fi-
broblasts. And no calcific deposition was seen in the explanted
graft after 3 months of the implantation, Curremtly long-term -
plantation experiments, 6 and 12 M, are in progress,
The processed graft may have better ability to promoe cell
infiltration and tissue remodeling compared with the acellular tis-
) sue withour elastin digestion. We conclude that the collagenic
3 vascular graft developed in this study may be adapted 1o the vas-
cular tissue regeneration.

(115) Development of the Regencrative Vascular G raft Having
an In Vivo Repopulationality

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

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

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

Poreine aorta was isolated from the Clawn miniamre pig (Japan
Farm, Co. Lid.). The tissue was placed in a vacusiiy oven at 1 20°C
to cross-link collagen fibers. Elastin fibers were then taken away
farm the tissue by enzymatic digestion using elastase of 0.56 u/mi
in tris buffer solution at 37°C with gentle siir. The tissucs were
incubated in 0% ethanol solution for 3 days at 37°C o remove
phosphalipids from the inside. The obtained tissues were subjected
Jlo histological and biomechanical studics. The vascular grafts made
of miniatore pig descending aora were transplanted aflogenically,

There was no thrombus on the intimal surface and aneurysny
formation even after 2 montbs of the implantation. A large amount
of the cell migration into the graft was observed. These cells were
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The decelinlarized tissues have been researched as a re;icnerative
bio-scaffold. Generally, they have becn prepared through chemical
and biolagical pricesses using detergents and enzymes. However,
some problems, such as ECM denatwation and the toxicity of
rzsidual reagents, have reported. So, we have developed a novel
physical decellularization method using uiira high pressuce (UHP)
weehnotopy, in which the celts were disrupted by ultra high pres-
surization and the cellular debris were rernoved by washing pro-
cess. The present study aim was to investigate the influence of the
pressuring ane washing processes on the decellularization and
fabric struciure of aortic tissue. Porcine aortic tissues were pres-
surized an diffevent pressurization rate and temperature using a cold
isostatic pressurizing machine, and then washed with cell culture
medium for several pertods, The characteristics of the decellular-
ized aortic lissues were examsined by H-E staining, DNA quanti-
fication, TEM observation, and mechanical test. The complete
decellularization was achieved by the long term of the washing
process. Rapid pressurization up to 980 MPu induced the structural
disordering of collagen {fibeils, in which the wide space of them was

abserved for H-E swining, whereas in the case of gradual pres-

TERMIS-EU MEETING ABSTRACTS

surization, the collagen fibrils maintained their normal banding
pattern, based on TEM observation. Also. the mechanical propeny
of the decellutarized zortic dssue was similar to that of native one.
From these results, the decellularization method using UHP 1ech—-
nology could be useful for preparing tissue-engineered scaffold.

Acknowledgenients: We are grateful for the funding from the
Ministry of Health, Labor and Welfare, Japan.
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Department of Ophthalmology, Tokyo Medical and Deutal Uni-
versity, Bunkyo-ku, Tokyo, 113-8510, Japan
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We have developed ihe porcine cornea deccllularized by ultra
high hydrosiatical pressurization (UHP method). in which the cells
were disrupted by ultea high pressurization and removed by wash-
ing process, to be utilized as novel artificial bio-cornea. We pre-
viously reporied that the decellularization of porcine cornea was
achieved by UHP method. [n the present study, we investigated the
implanration of porcine cornea deccllulurized by UHP methed o
rabbit cornea. Porcine corneal specimen ‘with the thickness of 200
micro-meters was prepared using microkeratome. The specimen
was pressed at 10,000 atm and 10 degree for 10min, and then
veashed with cell culture medium contzining 3.5% dextran for 72
hours, The semi-ransparent cornea wos oblained. By H-E staining,
the complele removal of cells and the maintenance of the super-
structure of collagen fibrils were confirmed. The porcine corneal
discs having the diameter of 2 mm with/withou the decellulariza-
tion by the UHP method were implanted in » rabbit corneal pouch.
It was found that the severe inflammation and vascularization oc-
curred in the case of the native porcine comea, which became
vpague, in initial stage, whereas rhey were not observed for the im-
plantation of the porcine acellular cormea, which became trans-
parent. From ihese results, it suggests that the porcine cornea
deccllularized by the UHP method could be useful as an antificial
comeal stroma for tissue regeneration.

Acknowledgements: We are gratetul for funding from the Ministry
of Health, Luber and Wellare, Tapun.
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For purpose 1o 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, it is not casy 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 tissuc-derived
acellular scaffolds.

The acellular cardiac muscle scaffolds were prepared by cold
isostatic ultra-high pressure treatment (980 MPa for 10 min. at
4 degree Celsius) following washing steps. Cultured 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 (SHIMAJet™; Shimadzu Corporation, Ja-
pin} or the conventional syringe.

From the histological study, all nuclei were washed oul [rom the
scaffold and small pores in the range of 2050 um were observed
among the ccll 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 scatered 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 inte the small
pore scaffolds.

(303} Novel Cell Seeding Method for the Tissue-derived Acel-
Ilar Scatfolds

IEhashi T., Somekawa 8., Udugawa H., Fujisag 1.

National Cardiovascular Center Research Institute, Dept Regen-
erative Medicine & Tissue Engineering, Osaka, Japan
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(336) Preliminary Study of In Vitre Niche Effect on Differen-
tiation of Rat Bone Marrow Stem Cells to Cardiomyocytes-
Like Cells

Miskon A.'?, Terada D., Ehashi T.2, Fujisato T2, Mahara A},
Uyama H.}, Yamaoka T.!

‘Department of Biomedical Engineering, Advanced Medical
Engineering Center, National Cardiovascular Center Research
Institute, Japan ;
*Pepartment of Tissue Engineering, National Cardiovascular Cen-
ter Rescarch Institute, Japan

"Depanment of Chemical Engineering, Osaka University, Japan

The adult heart does not regencrale after injury because the cardiac
myocytes are rermipally diffecentiated and. losy their growth ac.
tivity. Injection of the bone marrow stem cells into infarcied re-
gion is one of the most promjsing sofutions proposed, and recent
evidence has suggested that stem cell cun differentiate into car-
diomyocyte cither fn vivo or in vitro. However the efficiency nf
the differentiation process is stifl very low. In this study, we
investigated the £ffect of various culture conditions including dif-
ferentiation medium, cell culture matrices, and culture system (sus-
pension ar monolayer culture and static cultiure or dynamic culture)
on the differentiation of rat mesenchymal stem cells fMSCs) 1o
cardiomyocytes-like cells under ir vitro condition. Firse, the effect
of J-azacytidine, vitamin-C and human basic fibrablast growth

- factor (b-FGF) added to Dulbecco’s madified Eaglc‘s medium-low
_glucose (DMEM-LG) in static culiure, was determined. The rMSCs

were obtuined from femurs and tibias -of male Sprague-Dawley
{SD) rats (Z-week-old) using our own method. rMSCs (6.3 10%) at
the third passage as seeded in the culture dish were then cxposed 1o
differentiation medium for 24 hours on day-3 of culture. The R1-
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 but the expression of MEF2C gene was low. Then, we
treated the eMSCs suspended in DMEM containing S-azacytidine,
vitamin-C, and b-FGF. As a result, the expression of z-actin gene
was forty times higher than control, whilst the MEF2C wus forty
times higher than the control. The ¢fTect of the ather “niches”™ will
be ulso discusserd.

(337} Preparation and Characterization of Cornea Decel-
lularized by Wtra High Pressurization

Kimura T., Funamoto S., Hashimoto H., Sasaki 8., Mochizuki M.,
Fujisato T., Kobayashi H., Kishida A.

Institute of Biomaterials and Biozngineering, Tokyo Medical and
Demal University, 2-3-10 Kanda-Surugadai, Chivoda-ku, Tokyo,
Japan

Department of Ophthalmology, Tokyo Medical and Dental Uni-
versity, Chiyoda-ku, Tokya, JTapan
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Department of Biomedical Engineering, Osaka Institute of ’lech~
nology, Asahi-u, Osaka, Japan

Biomaterials Center, National Institute for Materials Science,
Tsukuba, Iharaki, Japan

Although corneal ransplantation is an effective reatment for se-
rious corneal discases, the lack of supply is one of important
problems. Also, inflammatory rejection has often occurred. In the
prescrt study, we developed the decellularized cornea by ultra
high pressurization as novel artificial comea, Porcine corneas were
pressurized at 4,000 1o 10,000 atm and 10 1o 30 degrees C for 10
min, and then immersed in culture medium containing DNase 1,
antibiotics for 72 hours to remove the cellular components (UHP
method). The decellularized comeas were subjecied to histolugical
study (H-E staining). The wansparency, thickness and mechanical
sirength of them were investigated. When a porcine cornea was
hydrostatically pressed at 4,000 or 10,000 stm at 10°C for 10 min,
semi-lransparent cornea was obtained by pressurization a1 4,000
atm and 10°C. The wansparency of cornea was decreased under
the higher pressure and temperature condition. The swelling of
them was observed for the washing process. By H-E staining, the
complete removal of epithelial and stromal cells was confirmed in
all ol the pressurized corneas, The superstructure of their collagen
fibrils was relatively maintained. Tunhermore the trunsmittance of
the decellularized comeas by UHP inethod was recovered by the
immersion of them in glycerol and the nechanical property similac
10 native cornea was shown. These results indicale that the de-
cellularized cornea by UHP method would be uselul as corneal
scaffold for regencration.

Acknowledgements: We are grateful for funding from the Ministry
of Health, Labour and Welfare, Japan.
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(c)
Fig. Appearance of native porcine aortic
»alve (a), right coronary cusp (RCC); (b), non
coronary cusp (NCC), (c), left coronary cusp
(LCT)

(a) (b)
Fig. 2 Vaivular strips for tensile test in cach
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 sirip in

circumferential and radial direction.

(b)

Elastica van Gieson staining 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
circumnferential 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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Characterization of Regenerative Heart Valve.

BRER (KRIEXS
M —8 (EaEREHRE -

O FHEE (CKRIZEAFE)
T ERE (BUFERERLE5-)

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 dcpend on
orientation of collagen fibers. The tensile property of a human valvular leaflet was similar to 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 thé decellularization
process. Conscquently the maximum stress increased although maximum load of the regeneranvc 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 property.

Key words; heart valve, tensile test, regenerative medicine.
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