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Regenerative Tissue Scaffolds Prepared by Gamma Ray Irradiation

Toshia Fujisato', Seiichi Funamoto?, Ken'ichi Yoshida®, Tetsuji Yamaoka', Tsuyoshi Kimura?,
Masahiro Kikuchi®, Yasuhiko Kobayashi, Akio Kishida® and Takeshi Nakatani'

'National Cardiovascular Center, Osaka, Japan
“Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University, Tokyo, Japan
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Statement of Purpose: The reconstruction of heart valves
using acellular xenogeneic scaffolds has been studied to
have more durability with growth potential applicable to
pediatric patients. Most of the groups developing aceltular
scaffolds have been using detergents and/or enzymes as
decellularization media such as Triton® X-100, sodium
dodecy! sulfate, deoxy-cholate, trypsine, DNase, and
RNase. Since the detergents are generally cytotoxic and it
takes time for their removal before the transplantation, it
may lead denature of biological properties and
contamination in the process. We have been developing
several tissue processes for preparation of acellular grafis
using ultrahigh pressure, microwave irradiation, and
supercritical fluid extraction. In this paper, a novel
process using y-ray irradiation has been reported. All of
these processes do not include any detergent and may be
applicable to relatively large tissues.

Methods: Mouse, rat, and porcine vascular tissues were
isolated and irradiated by the y-ray of 10, 30, 100, 300,
and 1000 Gy in PBS at room temperature. The dosage
rates were 100, 300, 100, 300, and 1000 Gy/hr,
respectively. They were then rinsed by PBS-based
washing solution including DNase and RNase at 4 °C for
1 week. The tissues treated were subjected to histological
study, residual DNA assay, and biomechanical study by
the tensile strength measurement.

The acellular porcine aortas were implanted in
subcutaneous space of Wister rats. The grafts were
explanted and examined histologically after 2 weeks of
implantation. 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 / Discussion

There were no cells observed in the tissues pretreated by
the y-ray more than 300 Gy (Fig.1). The amount of DNA
in the tissue was lower than 10% of that in the native
tissue (Fig.2). There were no significant changes in
biomechanical properties of breaking strength and elastic
modulus in the acellular tissues.

There were mild tissue responses of T-calls and
macrophages observed in the acelluar tissue prepared by
y-ray irradiation of 1000 Gy whereas severe responses
observed in the control tissue 2 weeks after the
implantation to rat subcutaneous space (Fig.3).
Conclusions:

This process may have more secure acellular scaffolds for
the tissue regeneration.

@ @

Fig.1 The (a) native and y-ray pretreated porcine aortas of
(b) 30, (c) 300, and (d) 1000 Gy followed by washing.

+ » detection fimit

10

-

Residual DNA (ug)

control 10 30 100 300 1000
radiation dose (Gy)
Fig.2 The amount of residual DNA in the treated aorta.

Fig.3 Anti-CD68 (macrophage) staining of (2) native and
(b) acellular porcine tissues 2 weeks after implantation to
rat subcutaneous space.
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Surface modification of PLLA scaffolds using oligo(lactic acid)-peptide conjugates
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Keyword: Poly(lactic acid) / scaffold / surface modification

Abstract: PLLA is widely studied as scaffolds due to its biodegradability and low toxicity, but the adhesion and
proliferation of cells on PLLA surface are insufficient. Since surface modification of PLLA which do not possess
any functional groups is quite difficult, we developed a novel method for its surface modification using
functional peptides. Oligo(lactic acid) was conjugated to the functional peptides to stabilize the peptide on/in the
PLLA scaffold. The oligo(lactic acid)-peptide conjugates were added to the PLLA solution, and the solutions
were spin coated to prepare the surface-functionalized film. Cells were seeded on the surface-modified film, and

their behaviors were evaluated.

Polymer Preprints, Japan Vol. 56, No. 1 (2007)
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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 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 wml in tris
buffer solution including CaCl, of 10 mM and NaNj; 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

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.

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. Implantation
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 calcific 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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P97. Regenerative Vascular Graft For Aortic Root Reconstruction In
Porcine Model

Toshia . Fujisato'; Dohiko . Terada'; * Kazuo . Niwaya'; Kenji . Minatoya'; Akio .
Kishida?; * Takeshi . Nakatani'; * Soichiro . Kitamura'

INational Cardiovascular Center, Suita, Osaka, Japan; ZTokyo Medical and Dental
University, Chiyoda, Tokyo, Japan

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 elastase
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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Characterization of Regenerative Heart Valve.

O FHEE (KRIZEAH
PERE (EiERSRE 5 -)

BEGR (RKIRIEKRF)
IENZ—R (EvERERtE>Y—)

Dohiko TERADA, Osaka Institute of Technology, 5-16-1 Omiya, Asahi-ku, Osaka c1ty, Osaka.
Toshiya FUJISATO, Osaka Institute of Technology

Takeshi, NAGAYA, National Cardiovascular Center

Souichiro KITAMURA, National Cardiovascular Center

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

Key words; heart valve, tensile test, regenerative medicine.
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(b) ()
Fig. 1 Appearance of native porcine aortic
valve. (a), right coronary cusp (RCC); (b), non
coronary cusp (NCC); (c), left coronary cusp
(LCC).

@ (b)
Fig. 2  Vaivular strips for tensile test in each
direction. {a), circumference; (b), radial direction.
Arrow in the figure points a tensile specimen.

10
8 L Circumferential direction
£
s ¢
g2 4 L
iz
2 r ~ Radial direction
e
0 0.2 0.4 0.6 0.8 1
Strain
Fig. 3  Stress-strain curves of valwular strip in

circumferential and radial direction.

(b)
Fig.4 Elastica van Gieson staining of a
. cross-section on (a)circumferential and (b)radial

directions of a native porcine valwvular leaflet.

Arrow in the figure shows each direction.
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Fig. 5 Stress-strain curve of a human and a

. porcine valve leaflet. Tensile direction is parallel to
circumferential direction of a valve leaflet.
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Fig. 6 Stress-strain curves of a
decellularized and a native porcine valve
leaflet. Tensile direction is parallel to radial
direction of a valve leaflet.

IBYARAVTABBERLE. B0 L5I2. BEELE
HOBBFIEANL. 3174 TORBLLEBLUTREBIZERL
TWBZEMbME, LS, BEHETHELE
B, X174 TLBRLBEROBARIZFRASOEERL
TR &P, REHFAOZIIBBIEELRIIRSRRO
EIOELEEKRL TS, BEBKENIILEEZORD
BRENERRIZBWT, FUIYI / TYUA I ERKER
AMBELHOEERIND, LHLAENS, £rok>
CHEEEIEEREZREDONT. RROBEIIFETS
aA5—F D BHEINEMEAERDREINTHLIEEZS
ha,
SEO3BEVKROEENSIE. R OHRLEBERD
BRIEBEICHAD 2REESAFLTLS SRS, B4%
BLBH A ERRBALED DD, & S5IESHARRRE
HORBERHEPTHS.

—292—



Symposium 8

S14

SY8-5 Tissue Regeneraiion by Acellular Scaffolds Prepared by Detergent-
Free Treatment

UQsaka Institute of Technology, Osaka, Japan, #National Cardiovascular Center, Osaka, Japan,
Tokyo Medica] and Dental University, Tokyo, Japan

Toshia Fujisato!’, Dohiko Terada?, Kazuo Niwaya®, Kenji Minatoya®, Akfo Kishida®, Takeshi
Nakatani?, Soichiro Kitamura?

OBJECTIVES

Tissus-engineered grafts based on acellular matrices have been studied to give more durability with
growth potential and less immunogenicity to the current bioprostheses. Detergents are commonly
used for removal of the cells, whereas they are generally cytotoxic and may prevent repopulation

after the transplantation.

METHODS

Pordine tissues of the heart valves and aortae were isolated under the sterile condition. They were
treated immediately by cold i ic pressing (CIP) of 930 MPa followed by washing at 4C for
decellularization. This does not include any processes using detergents The acellular scaffolds wers
tr lanted to orthotopic positions of mini: pigs. Postoperative anticoagulation or anti-platelet
therapy was not instigated. They were explanted 3, 6 ar 12 months after the transplantation and

o histologically and & ey .
RESULTS

The explanted grafts showed no macroscopical abnormality and no dilatation and anewysmal 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. -
CONCLUSIONS

The acellular scaffolds prepared by detesgent-free may have a potential for remarkable

fation after their )} 3
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Evaluation of Acellular Scaffolds for Heart Valve Regeneration

T.Fujisato’. D.Terada', K.Sawada?, K. Yoshida®, A Kishida*, K. Minatoya’, K. Niwaya’, T.Nakatani®, and S.Kitamury
'0saka Institute of Technology, Osaka; Japan =
2Osaka Seikei College, Osaka, Japan
*National Cardiovascular Center, Osaka, Japan
*Tokyo Medical and Dental University, Tokyo, Japan

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 ¢linical 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 ethanol 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 (NTH 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 treated 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 transplanta
in the all cases. The explanted grafts showed no
macroscopical abnormality and no dilatation and
aneurysmal changes including their anastomosis.
inner surface was smooth and had no thrombus
formation. From the immunohistological observati
infiltrations of smooth muscle cells and fibroblasts
identified in the all areas of the grafis at 6 months. Thy
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 tiss
without changing its biomechanical property in a shi
time by the PowerGraft technology. There was no D]
alpha-galactose, and PERV detected in the porcine .
acellular tissues and this indicates the tissues are very,
safe even for the xenogeneic transplantation. The res
in porcine model were encouraging to have durable
safe acellular scaffolds for the valvular tissue
regeneration.

Fig.]1 Immunostaining of anti-alpha-galactose in the -
native (left) and acellular (right) tissues.
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TISSUE REGENERATION BY DECELLULATIZATED BIOLOGICAL
SCAFFOLDS PREPARED BY DETERGENT-FREE TREATMENT

Fujisato T!, Terada D', Funamoto S°, Minatoya K3, Kishida A°, Yamaoka T,
Nakatani T, Kitamura §°

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

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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