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0-156 Tissue—derived Scaffold for Aortic Root
Reconstruction

Toshia Fujisato', Toshia Fujisato', Ken'ichi Yoshida®,

Dohiko Terada', Kazuo Niwaya’, Kenji Minatoya?,

Akio Kishida®, Takeshi Nakatan?, Soichiro Kitamura®

(Osaka Institute of Technology'. National Cardiovascular Center®. Tokyo
Medical and Dental University’)

OBJECTIVES Biodegradable materials such as polylactide and/or
polyglycolide are commonly used for the scaffolds for tissue engineering,
whereas it is not easy to have enough mechanical strength especially in the
aortic tissue. In this study, tissue-derived scaffold has been developed by
an elimination of cellular components by the ultra-high pressure from
porcine aortas. METHODS Porcine aortas were treated by the ultra-high
pressure of 980 MPa followed by rinsing residual cellular components away
by PBS-based washing solution and alcohol This treatment does not
include any processes using detergent. The scaffolds were substituted for
descending aorta of miniature pigs through left thoracotomy in the
surgery carried out with single clamp technique. Postoperative
anticoagulation or anti-platelet therapy was not instigated. They were
explanted 3, 6, and 12 months after the implantation and examined
histologically and immunohistologically. RESULTS There were no cellular
components observed in the tissues treated. The amounts of DNA and
phospholipids were lower than 5% of the native. The explanted grafts
showed 1o 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 6
months. The grafts followed host tissue growth about 13 times in diameter
and length after 12 months. There were calcium deposits slightly observed
in the graft especially at the anastomosis. CONCLUSIONS This process
eliminates cellular components completely and may be useful for having
regenerative scaffolds for the vascular tissue regeneration.
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S5-1 Novel Cell Tracking System for Autologous Cell Transplantation

Tetsuji Yamaoka', Yoichi Tachibana', Jyunichiro Ennmi’, Hidehiro fida’
(Department of Biomedical Engineering, National Cardiovascular Center Research Institute’, Department of
Investigative Radiology, Advanced Medical Engineering Center, National Cardiovascular Center Research Institute?)

Recently. autologous cell transplantation has been attracting great attention in the field of regenerative medicine. However,
the fate and functionality of the transplanted cells are still unknown because no efficient system for tracking the
transplanted cells for a long period of time is available. To this end, we designed and developed a novel cell-labeling material
for magnetic resonance imaging (MRI). Contrast agents based on chelates of gadolinium (Gd), such as Gd-DTPA
(diethylenetriaminepentaacetate), are the most widely used contrast agents clinically. However. these agents are not suitable
for cell labelling because they have very short retention time in the cells and must be cytotoxic when delivered into the cells.
In order to prolong the retention of the contrast agents. Gd-DTPA molecules were conjugated to the water soluble polymers
which has extremely low interaction with the plasma membrane. Among some candidate carrier molecules poly (vinyl
alcohol) (PV A) was selected. PV A is highly water soluble and possesses side-chain-type functional groups which can be used
for conjugating the DTPA molecules. In addition. since PV A is known to eliminate from the body in the free form as fast as
the case of poly (ethylene glycol), only the cells alive in the body can be tracked in vivo. The relaxivity of these PVA-Gd
conjugates was slightly higher than the commercially available MRI imaging agent, may be because of the neighboring
effect of the Gd molecules. Toxicity of the PVA~Gd conjugates was much lower than the conventional agent. and the PVA-
Gd conjugate did not affect the growth rate of the NIH-3T3 cells and mouse mesenchymal stem cells. The PVA-Gd
conjugates deliverd into the cells were retained in the cvtosolic complartme stably for long period of time, and the labeled
cells transplantedto model animals could be effectively observed and tracked in vivo.
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Syngeneic cell transplantation using PLLA-based injectable scaffold

Tetsuji Yamaoka', Tomoko Fujiwara?, Tomoyuki Manoshiro®, Yoshiharu Kimura?
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*Department of Chemistry, The University of Memphis,

*Department of Molecular Engineering, Kyoto Institute of Technology

The clinical use of the regenerative medicine has been attracting great attention in this decade, which is,
however, limited by both of scientific and regulatory aspects. ~ Among the various protocols in the regenerative medicine,
autologous cell transplantation is the most safe and highly anticipated system for curing various diseases including
myocardial infarction, arteriosclerosis obliterans, and Parkinson's disease.  Mesenchymal stem cells (MSCs) are the most
widely studied cell source and usually isolated by use of their adhering nature onto tissue culture polystyrene dishes.
However, the isolated cells consist of many subpopulations. For an effective use of these systems, significant problems
such as the heterogeneity of the prepared cells and poor efficiency in embedding cells to the site of action must be solved.
Moreover, due to the difficulty to follow up the fate of transplanted cell in a non-invasive manner, the mechanisms of the
interaction between therapeutic efficacy and function of the cells are unclear. Our recent research accomplishments involve

bio-resorbable injectable scaffold for cell transplantation composed of poly(ethylene glycol) and poly(lactic acid)

Among the polylactide (PLA)-based block copolymers
thus developed, those comprising hydrophilic poly(oxyethylene) (PEG)
show highly biocompatible nature and wide biomedical applicability. We
recently discovered a novel thermo-responsible formation of a hydrogel from
an enantiomeric mixture of the A-B-A type triblock copolymers,
poly(L-lactide}-block-poly(oxyethylene}-block-poly(L-lactide)  (PLLA-PEG-PLLA)
and poly(D-lactide)-block-poly(oxyethylene)-block-poly(D-lactide)
(PDLA-PEGPDLA), for which the stereo-complexation of the PLLA and
PDLA segments is the driving force for the gelation[1].

Based on these results, we used an enantiomeric triblock
copolymer system for the cell-injection in vivo to demonstrate its versatility as
the cell-injection vehicle. Thus, the MEF cells were dispersed in a

suspension of the A-B-A type triblock copolymers, PLLA-PEG-PLLA  Figure 1. Photos of the sectioned tissue from
the femoral region of mouse with (a) optical
and (b) fluorescent microscopes. The MEF
femoral region of a mouse. After three days, the femoral region was  ¢ells were injected with 9 wi/wt-% mixed

suspensions of PLLA-PEG-PLLA and
picked out and subjected to the fluorescence microscopy. As shown in  pp[ A-PEG-PDLA. Living cells are shining

and PDLA-PEG-PDLA. The resultant cell suspension was injected in the

Figure 1, the MEF cells can be detected in the sectioned muscular tissue, 8™

showing that they survive in the injected hydrogel.

References:
[1] T.Fujiwara, T.Mukose, T.Yamaoka, H.Yamane, S.Sakurai, Y.Kimura, Macromol.Biosci 1,204 (2001)
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Evaluation of Acellular Scaffolds for Heart Valve Regeneration
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Introduction

The artificial heart valve is a one of the most
successful implantable medical devices. The xenograft
valves made of the chemically crosslinked porcine valve
or bovine pericardium have good biocompatibility,
hemodynamics, and resistant to infections compared
with the mechanical valves. However, the durability of
the xenograft valve is relatively short in about 15 to 20
years in elderly and 5 to 10 years in pediatric patients by
the calcification of the fixed tissue. The regeneration of
heart valves using acellular xenogeneic scaffolds has
been studied to have more durability with growth
potential. It is very important to evaluate acellular
xenogeneic scaffolds before clinical application to avoid
severe failures such as transfer of unknown animal
related infectious diseases. Our tissue processing for
decellularization by ultrahigh pressure treatment for the
safe valvular tissue regeneration was reported.

Materials and Methods

Porcine heart valves were isolated under the
sterile condition from the Clawn miniature pigs (Japan
Farm Co., Ltd.). They are then decellularized by our
PowerGraft technology. Briefly, the tissues were treated
by a cold isostatic pressing (CIP, Kobe Steel Co., Ltd.) of
980 MPa (10,000 atm) at 4°C for demolition of the cells
inside followed by rinsing in PBS-based washing
solution and ethano! solution at 4°C for 2 weeks with
gentle stirring. The tissues treated were subjected to
histological study, detection of residual DNA,
phospholipids, alpha-galactose, and porcine
endogeneous retrovirus (PERV), and biomechanical
study. The acellualr scaffolds were transplanted into the
allogeneic miniature pigs. The aortic root was implanted
at descending aorta through left thoracotomy in the
surgery carried out with single clamp technique. They
were explanted 3, 6, and 12 months after the
transplantation and examined histologically. All animals
were carefully reared in compliance with the Guide for
the Care and Use of Laboratory Animals published by
the National Institute of Health (NIH publication
No.85-23, revised in 1985).

Results and Discussion

The tissues were cell free in the HE stained
sections by the PowerGraft technology. The amounts of
DNA and phospholipids in the tissue {reated were almost
0 and about 5% of that in the native tissue, respectively.
There was no alpha-galactose (FIg.1) and PERV
detected from the acellular tissue by the immunostaining
and PCR assay, respectively. It has been reported that the
most of viruses including HIV are inactivated by the CIP
more than 600 MPa. There were no significant changes.
in biomechanical properties of the breaking strength and
elastic modulus,

The animals survived after the transplantation - -

in the all cases. The explanted grafts showed no
macroscopical abnormality and no dilatation and

aneurysmal changes including their anastomosis. The: ~.

inner surface was smooth and had no thrombus

formation. From the immunohistological observation, .

infiltrations of smooth muscle cells and fibroblasts were -

identified in the all areas of the grafts at 6 months. The o

luminal surfaces were completely covered with
endothelial cells. Calcium deposits were observed
slightly. The sizes of the grafts after 12 months of
transplantation were about 1.5 times of those at
transplantation.

Conclusions

Porcine cells were removed from the tissue
without changing its biomechanical property in a short’
time by the PowerGraft technology. There was no DNA’
alpha-galactose, and PERV detected in the porcine
acellular tissues and this indicates the tissues are very -
safe even for the xenogeneic transplantation. The resul
in porcine model were encouraging to have durable an
safe acellular scaffolds for the valvular tissue
regeneration.

Frvah poecine vessel

P S

Fig.l Immunostaining of anti-alpha-galactose in the
native (left) and acellular (right) tissues.
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Acellular skeletal muscle scaffold as an inducer of muscular differentiation
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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 vive 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 fransplantation 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 tima’
PCR. The cellular morphologies were compared =
between stimulated and control groups. g
Results and Discussion

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

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

After 3 days of static culture of both cells, all
scaffolds were shrinked by the cellular contractile forces.
Cells were existed not only the surface but inside of the ;.
scaffold. All cells in the scaffolds showed round shape at
that time. In the myoblast stretch culture group, cells . -,
kept round shape after 3 days of culture. However, in the;
static culture as a control group, some cells demonstrated
giant cytoplasm with the cell nuclei existed near cefl &
membrane similar to the skeletal muscle fiber in vivo .-
(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.

Figure. In the acellular skeletal 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.
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Ligand-immobilized material for isolating mesenchymal stem cells based on their surface marker deusity

A. Mahara, S. Ichikawa, and T. Yamaoka
National Cardiovascular Center Research Institute, 5-7-1 Fujishiro-dai, Suita, Osaka, 565-8565 Japan

Introduction
Mesenchymal stem cells (MSCs) being used for
regenerative medicine and cell transplantation were
isolated from various tissues such as adipose tissue, cold
blood, or bone marrow'. In many case, MSCs was

enriched in the adherent population to plastic culture dish.

This procedure is a gold standard method for MSC
isolation®. Another procedure is the FACS or MACS
separation based on the absence or presence of specific
cell surface marker. Some combinations of the markers
for MSC separation were reported in many groups.
However, the consensus combination of the surface
marker to identify the MSCs was not figure out. The
MSCs collected by these procedures are composed of
some populations, and homogeneous MSCs can not be
separated by this method.
In this research, we focus on the surface marker density
- of stem cells for cell separation. The density is directly
correlated with the differentiation property of the stem
cells. We newly developed separation columns and
microchannel for MSCs purification based on the surface
marker density.

Experimental and Methods

The bone marrow cells of C57BL/6 mouse (SLC, Japan)
were harvested on the plastic culture dish. The adherent
population was collected as crude MSCs. The
ligand-immobilized column was prepared by the silicone
tube with inner diameter of 0.5mm. To introduce the
graft chain of polyacrylic acid on the tube surface, the
silicone tube was treated with ozone gas for 4 hours,
dipped in 10% acrylic acid/methanol solution, and
incubated at 60°C. The graft polymerization was
confirmed by the toluidine blue staining. Anti-CD34 or
Sca-1 antibody was conjugated to the graft chain.

To prepare the microchannel chip material, Au was
deposited to the bottom surface of the glass
microchannel. Self assemble membrane (SAM) of
carboxylic acid-conjugated PEG-thiol was introduced
onto the Au-treated microchanle. Antibody was
conjugated by the same methods as silicone tube column.

The MSCs (2x10* cells, 10uL) was injected into the
antibody-immobilized column, and PBS buffer was
continuously flown into the tube. Each eluted fraction
was collected and analyzed. The flow rate was 50puL/min
between the fraction 1 to 5, and the rate was 600pL/min
between fractions 6-20. The number and surface marker
property of cells in collected fractions were analyzed by

Figure Cell Separation System

gl.

Results

The density of immobilized antibody on the column was
evaluated using horseradish peroxidase-labeled antibody.
The immobilized anti-CD34 antibody density was about
ZOOpg/mz. However, the immobilized antibody on SAM
surface was unstable against the PBS flow. The
molecular design of ligand-immobilized SAM surface is
now under investigation.

The elution profile of the crude MSCs injected into the
antiCD34 or Sca-1 immobilized column were
investigated. When the MSCs injected into the
unmodified column, all cells were eluted in early fraction.
On the other hands, some peaks were detected in the
delayed fraction 3 to 9 in the case of antiCD34 or Sca-1
antibody immobilized column. Elution time of these
peaks was largely delayed as compared with the
unmodified column. To investigate the expression level
of surface marker in purified MSCs on the column,
2-dimentional FACS analysis was carried out. Major cell
population in purified MSCs in latter fraction was
detected in high level of marker expression with
increasing the fraction number. The purified MSCs in
latter fraction have high expression of CD34 and Sca-1.
These results suggested that the MSCs were isolated by
cell rolling mechanism of ligand-immobilized material
based on the surface marker density.

We investigate the differentiation ability of purified
MSCs on ligand-immobilized column. The purified
MSCs on the column seeded on fibronectin-coated dish,
and the MSCs was treated with the induction medium of
osteoblast for 4 days. After the induction, mRNA was
isolated from the MSCs. The expression of
differentiation marker gene of purified MSCs in each
fraction was evaluated by real-time PCR analysis. As the
results, the expression level of the gene was largely
depended on the fraction number. Especially, the results
shown that the purified MSCs in fraction 3 or 5 have high
ability for osteoblastic differentiation.

Conclusion

This  investigation has shown  that the
ligand-immobilized column were design for the MSC
separation based on the surface marker density. The
MSCs was purified on antiCD34 or antiSca-1 antibody
immobilized column, and purified MSCs has high ability
for osteoblastic differentiation. This novel separation
mechanism is useful for the homogeneous MSCs
isolation.

! Reference
1. Miyahara T, et al., Narure Med., 12, 459-65, 2006
2. Pittenger, ML.F, et al., Science, 284, 143-147, 1999
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Surface Modification of Poly(lactic acid)-ased Scaffolds
with Oligo(lactic acid)-Oligopeptide Amphiphilic Conjugates

Tetsuji Yamaoka

Department of Biomedical Engineering, National Cardiovascular Center Research Institute,
Fujishiro-dai, Suita Osaka 565-8565, Japan

Introduction :

Tissue regeneration using biodegradable scaffolds has
been attracting great attention as a new alternating
strategy to the artificial organs and organ transplantation.
Although PLLA is a biodegradable safe material, this is
not necessarily an ideal substance for the scaffold from
. the viewpoint of the cell compatibility and selectivity.
Therefore, great efforts have been put forth in modifying
the surface characteristics of the PLLA scaffolds.
However, it is quite difficult to modify the PLLA
- chemically because of the lack of side functional groups.
In the present study, we developed a novel
_ immobilization method of bioactive molecules onto
- PLLA scaffolds using novel oligo(lactic acid)-oligo
.. peptide amphiphilic conjugates. A solution containing
“PLLA homopolymer and a small amount of the
- amphiphilic conjugates were cast, freeze dried, and
electrospun, and their characteristics were evaluaied
“especially as the nonwoven nonofiber-type nerve
conduit.

Materials and Methods :

" Oligo(lactic acid)-oligopeptide amphiphilic conjugates
were synthesized by using 9-fluorenylmethoxycarbony!
(Fmoc)-based stepwise solid-phase system on a
Fmoc-PAL-PEG-PS resin. The peptides with the
functional sequences (IKVAV) were synthesized by the
general protocol and the amino terminus was deprotected
with 20% piperidine/DMF without cleaved from the
resin. The deprotected amino terminus was reacted with
the oligo(lactic acid) with the degree of polymerization is
about 19, whose hydroxyl terminus was capped with

. acetic acid anhydride. Resultant oligo(lactic acid)-oligo

_ peptide amphiphilic conjugates on the resin were washed
with DMF, DCM, and methanol and were cleaved from

- the resin using 85% trifluoroacetic acid (TFA), giving
amphiphilic conjugate, OD19-IKVAV. The purity of the
‘conjugates was confirmed by HPLC.

The nerve guide has double layered structure of the

‘nonwoven fabric layers. Both layers were prepared by
the electrospinning method as shown in Figure 1.

. For preparing the inner layer, 20 % of PLLA solution in
hexafluoroisopropanol (HFIP) containing 1 wt % of
-OD19-IKVAV was spun at the spinning rate of 3 mL/h
and at 13kV. The distance between the syringe and
target was 10 cm. After 30 sec spinning, the thickness of
the inner layer became 20pum. Then, PLLA/PEG mixed
solution in HFIP at the mixing ratio of 9:1 was spun for
10min resulting in the outer layer with the thickness of
180  pm. The appearance and the SEM
microphotographs of the nonwoven fabrics were also
shown in Figure 1.

Rat sciatic nerve model was used for evaluating the

-nerve conduit. Female Wister rats weighing 180-210 g

syringe

1BV
Amim
20% 1 HEIP

{nner layer : 1wWr% OD1S-IKVAV/PLLA (20pum)
Quter layer .10w% PEG/PLLA(180um)

Figure 1. Electro spinning equipment and the
dable layered nerve guide

were anesthetized with 50mg/kg pentbarbital. The left
sciatic nerve was exposed through a gluteal
muscle-splitting incision. The sciatic nerve was
transected and 10 mm of nerve was remobed. Continuity
was reestablished by a 14-mm- long nerve guide.
Various conduit made of PLLA/ OD19-IKVAV, PLLA,
and silicone was evaluated 1 month postoperation.

Results and Discussion :

Amphiphilic conjugates including oligo(lactic acid)
segment and the hydrophilic peptides such as RGD or
IKVAV were found to be effective modification
moieties for the PLA-based biodegradable scaffolds.
Especially, the conjugates were uniformly distributed in
the PLLA matrices. The release rate of the distributed
conjugates was greatly suppressed depending on the
hydrophobic-hydrophilic balance of the conjugates.

When nonwoven nanofiber conduit containing OD19-
IKVAV amphiphilic conjugates were applied to the rat
injured sciatic nerve model, accerelated tissue
regeneration in comparison with the case of PLA original
conduit has been observed. The regenerated axon seems
to grow along with the luminal surface of the nerve
conduit. These results suggest that the amphiphilic
peptides migrated to the surface of the scaffolds and
were stablely immobilized due to the hydrophobic
mteraction (Figure 2).

@ Cligo(lactic acid) segment
stabilizes the hydrophilic
®@"3 peptides in the nonwoven fabrics.
OD19-petide e
“ N NL

PLLA soin.|

Figure 2. Hydrophobic segment of the amphiphilic
conjugates stick in the PLA matrices and suppress the
release of the conjugate .
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Continuous Separation of Mesenchymal Stem Cells on
Ligand-immobilized Interface
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[Introduction] Mesenchymal stem cells (MSCs) have high potential as
the cell source in autologous cell plantation and regenerative medicine.
However, the procedure for the isolation is one of the problems, and it 1s
necessary to develop a novel system for isolating the
homogeneous MSCs. In this study, we design the
ligand-immobilized interface for the continuous separation of
MSCs based on their surface marker density. The anti-CD34 or
anti-Sca-1 antibody immobilized columns were synthesized. The
isolation property of MSCs on the interface and its differentiation
ability were investigated. [Results and Discussion] Ant-CD34 or
anti-Sca-1 was immobilized on the inner surface of the column Crude
MSCs were prepared from bone marrow of the mouse. Only when the crude
MSCs were pass through the antibody-immobilized column, the some
delayed peaks were confumed. The cells in delayed fraction had
bomogenous density of CD34 and Sca-1. Next, purified MSCs were
incubated in the osteoblastic differentiation medium for 4 days. The specific
gene expression related to the differentiation was increased to about 10-fold
as compared with the crude MSCs. [Conclusion] From the above
discussion, the purified MSCs on the ligand-immobilized interface was high
potential for the differentiation ability.
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Quantitative evaluation of dynamic state of cultured myotube contraction
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BE, BEESBTA /ORI UMERINDDHS.
TAIORY AR EARADIIRT I Fa TS
BErixnht, HEROMRAT IV FaI—rRkREL, R
MUBBETHDZ 205, NN, MNMEITEEETSHTIFa
I—SOHEEAEENTHS., £EKBIIEBRNT I FaT
—FFRERD, TIFY, IFv0BXICLDEIL
ST RN F—EFERIFINE-LERLTEHT S0,
MNEEBIEBEHIENTEERD. ZOZ &b, Fk
RSB sEERETA LI > THEELEEERET
FaT—FELTHATARAEZEDTND., BEHGET
BFaT—& L THETSEDITR, BEBEHONGELE
2EETALENDD. CHETHEMRCEEHTORGE
WMEEZBR/ VA TEHHETZ2RAIBBEETNTNSA,
ZOHEEE & HERRONFEME L OBRIIKRIZHS L
Th, TITHERETE, SEHONEEZHETILD
DORBOKREX, Bk NVABBEIUCHERRICHT
LZEgOFREICOVWTREL, HEHARNEOHEEL
EEEBHICEMLUS.

2. EBHE

2-1. WilakE :

Sy s LT AU sskik{tdilE c2c12 il
R L. C2CI24188% 1.0x10% cells/em® DEE T 60 mm 1
S a—rFa v IBELL. BERICE 10 %Y
SRRIRME, HiEYWHE%EE D Highglucose Dulbecco’s
Modified Eagle’s Medium (HG-DMEM) ZRW, 37T, CO,
SUOBSE T TV 7T MIRBETCHEELE TORE,
BEHBEORSEREI T, HBIEE 7 %YM,
ReEWESSE UHG-DMEM (DM) ZFEL, S(&EHEEE
L. BEREOTHRIE 2 BEICTY, TOBRICMHEEER
EIrTHROBESEHELR.

2 - 2. HFEBBEINGEO BRSSO

BE/NRNACHT 2HEFAREOBAERLEHEERN
o, B 1 KERVATLADBERERY. HMEEENS 6
B8, F4vallAeEREEEEVICHMESILD
IZ2@ L, Waveform generator & AW TIERIBEFI/UVAE
ExEmMLE. EBRAMBSEAROEMIIMU TET
(Parallel) , BELINEE (Vertical) &L, ANBEZR 20

Vop 7UVATE 10 msec &L, BiEEE 0.5 Hz,5 10 Hz £
TELEE L SOHERO I OEBREE M ZENE
ERTHEZEL, 1 Pa—FIBEERDAAL. BDZA
AFEEZ7 L —ATEOBLEEICERL, EHEZE
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TISSUE REGENERATION BY DECELLULATIZATED BIOLOGICAL
SCAFFOLDS PREPARED BY DETERGENT-FREE TREATMENT

Fujisato T, Terada D', Funamoto S°, Minatoya K°, Kishida A>, Yamaoka T,
Nakatani T, Kitamura S’

! Biomedical Engineering, Osaka Institute of Technology, Osaka, Japan
? Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University, Tokyo,
Japan
3 National Cardiovascular Center, Osaka, Japan

INTRODUCTORY REMARKS: Decellularized tissues and those recellularization are widely studied
to give more durability with potential growth and invisible immunogenicity to the conventional
bioprostheses like glutaraldehyde-treated heart valves. Detergents are commonly used for removal of the
cells, whereas they are generally cytotoxic and may prevent repopulation after the transplantation. We are
investigating efficient processes of decellularization and recellularization of biological tissues to have
bioscaffolds with excellent repopulationability after their implantation.

MATERIALS AND METHODS: Porcine pulmonary valves, aortas, connective tissues and other tissues
were excised and treated by an ultra-high pressure treatment of 980 MPa at the room temperature. They
were then washed with buffer and alcohol with gentle stirring. No detergents were used in the processes.
The acellular scaffolds of heart valves and aortas were transplanted to orthotopic positions of miniature
pigs. Postoperative anticoagulation or anti-platelet therapy was not instigated. They were explanted 3, 6
or 12 months after the transplantation and examined histologically and immunohistologically.

RESULTS: The leaflet, aorta, and some connective tissues were completely cell free after the treatment.
There were no significant changes in biomechanical properties of the breaking strength and elastic
modulus of the leaflets treated. 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 cells from both sides of endothelium and outer tissue after 3 months. It was
dominant in the latter. Almost of the tissue including cusps were filled by the cells after 6 months, mainly
by smooth muscle cells. The grafts followed the growth of their hosts after 12 months.

DISCUSSIONS: The acellular scaffolds prepared by detergent-free treatment may have a potential for
remarkable repopulation after their transplantation.

PRESENTED BY:
Professor Toshia Fujisato Phone: 81-6-6954-4746
Biomedical Engineering Email: fujisato@bme.oit.ac.jp

Osaka Institute of Technology
5-16-1 Omiya, Asahi
Osaka, Japan, 5358585
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ELECTRO SPUN PLLA NONWOVEN NERVE CONDUIT MODIFIED WITH
' BIOLOGICALLY ACTIVE PEPTIDE SEQUENSES

Yamaoka T', Uchida S’ , Tanaka H*, Temporin K, Murase T'. Mahara A’
'Department of Biomedical Engineering, National Cardiovascular Center Research Institute,

JAPAN
*Dapartment of Orthopaedics, Osaka University Graduate School of Medicine, Japan

INTRODUCTORY REMARKS: Although PLLA is a safc matcrial as scaffolds, its is not
necessarily an ideal substance for leading to the effcct tissue regeneration. Then, great efforts have
been paid in modifying their surface characteristics. In the present study, we dcveloped a novel
immobilization mcthod of bioactive molecules onto PLLA scaffolds using novel oligo(lactic
acid)}-IKVAV oligo peptide amphiphilic conjugates.

MATERIALS AND METHODS: A solution containing PLLA homopolymer and a small amount of
the amphiphilic conjugates were electrospun 1o prepare nonwoven nonofiber-type ncrve conduit.
The nerve guide has double laycred structure of the nonwoven fabric layers.

Rat sciatic nerve modcl was used for evaluating the nerve conduit. Female Wister rats weighing
180-210 g were anesthetized with 50mg/kg pentbarbital. The left sciatic nerve was exposed through
a gluteal muscle-splitting incision. The sciatic nerve was transected and 10 mm of nerve was
remobed. Continuity was reestablished by a 14-mm- long nerve guide.

RESULTS: Amphiphilic conjugates including IKVAV sequence were found to be uniformly
distributed in the PLLA matrices. The rclease rate of the distributed conjugates was greatly
suppressed depending on the hydrophobic-hydrophilic balance of the conjugates. When nonwoven
nanofiber conduit containing OD19- IKVAV  amphiphilic conjugates were applicd to the rat injurcd
sciatic nerve model, accerelated tissue regencration in comparison with the case of PLA original
conduit has been obscrved.  The regenerated axon seems to grow along with the luminal surface of
the nerve conduit.  Thesc results suggest that the amphiphilic peptides migrated to the surface of the
scaffolds and werc stablely immobilized due to the hydrophobic intcraction.

PRESENTED BY:

Tetsuj1 Yamaoka Phone : 81-6-6833-5012 x2637
Department of Biomedical Engincering Fax: 81-6-6835-5476
Advanced Medical Engineering Center Email: yamtet@ri.ncve.go.jp

National Cardiovascular Center Research Institute
5-7-1 Fujisiroda, Suita, Osaka 565-8565
Japan
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