42

Development of Acellular Cornea as an Artificial Cornea

S Funamoto'?,Y Hashimoto'?, S Sasaki’, M Mochizuki’, T Kimura'?,
T Fujisato‘, H Kobayashi’?, A Kishida'

'Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University, Tokyo, Japan
*Biomaterials Center, National Institute for Material Science, Tsukuba, Japan
’Department of Ophthalmology, Tokyo Medical and Dental University, Tokyo Japan
“ Division of Biomedical Engincering, Osaka Institute of Technology, Osaka, Japan

Introduction
The success rate of cornea transplantation is high
compared to other form of tissue transplantation, but
many complications still occur. Also, an absolute
shortage of donor comeas has been an important problem
in many countries. Artificial cormeas have been studied
as alternative in order to overcome these problems.
Although various synthetic biocompatible polymer
materials have been tested, some of which were recently
approved by the FDA and clinical test data is
accumulating. However, it has often been reported that
such implants fail to significantly connect to corneal
tissue and the recipient corneal cells do not expand on or
in these materials, resulting in the extrusion of them
through melting around the prosthetic rim.
In this study, we investigated the chemical and
physical decellularization methods of corneas, in which
the cells and antigens are removed to diminish the host
immune reaction but the biological structure is remained,
in order to utilize the decellularized comea as a novel
artificial bio-cornea. Decellularization of cornea was
carried out by chemical and physical methods using
various detergents and ultra-high  hydrostatical
pressurization (UHP), respectively.

Materials and methods
Tissues.

Comeas were dissected out of oculars of freshly killed
mature pigs and washed in phosphate-buffer saline
(PBS) containing antibiotics and 3.5 % w/v dextran.
Decellularization of corneas by chemical method

1% wiv solutions of Triton X-100 and of SDS were
prepared. The comea was immersed in one of these at 37
°C for 24 hours, washed with PBS containing penicillin
and streptomycin for 48 hours, and subject to
histological study (hematoxylin-eosin (H-E) staining).
Decellularization of corneas by UHP method

The corneas were pressurized at 10,000 atm at 10 °C for
10 min using a high-pressure machine (Kobe Steel Ltd.),
washed with EGM-2 medium containing DNase 1 (0.2
mg/ml), antibiotics and 3.5 % w/v dextran at 37°C for 3
days, and then subjected to histological study.
Biochemistry.

Decellularized corneas were analyzed quantitatively
by biochemical assays for residual DNA and GAG.
Characterization of decellularized cornea.

Decellularized corneas were investigated
characteristics such as the transmittance, swelling ratio,
strength.

Preliminary animal implamation study.

To examine the biocompatibility of decellularized
cornea, they were implanted in rabbit corneal stroma.
The animals were sacrificed at 8 weeks after
implantation.

Results and Discussion

Decellularized corneas by chemical method were
cloudy and swollen after immersion in a detergent
solution. For H-E staining of a section of the
decellularized comea, loosing of the collagen fibrils in
the corneal stroma and shrinking of the epithelium layer
were observed. Although the disruption of cells was
confirmed histologically, the nuclear materials of the
disrupted cells remained.

By H-E staining, the complete removal of epithelial and
stromal cells was confirmed in all of the pressurized
corneas. The super-structure of collagen fibrils were
relatively maintained after the UHP decellularization.
Also, when the decellularized porcine cornea was
implanted in a rabbit cornea, vascularization and
inflammatory reaction were not observed, suggesting the
decellularized cornea obtained through the UHP method
could be useful as a corncal scaffold for tissue
regeneration. From these result, it suggested that this
method could be used as one of decellularization method
of the other tissues or organs.

Figure.] H-E staining of native (upper) and
decellularized cornea (lower) by UHP method.

Conclusion

We have successfully developed a corneal
decellularization method that uses UHP technology. The
superstructure of the acellular cornea was relatively
preserved. This decellularization method appears to be a
promising contribution with regard to corneal
replacement and tissue engineering of the cornea.
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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 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 virro 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. As a
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 time
PCR. The cellular morphologies were compared
between stimulated and control groups.

Results and Discussion

From the histological observation, no nuclei were
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
decellularization treatment.

Cultured rat MSCs and myoblasts showed their
difTerentiation ability into the skeletal muscle cells by
stimulating factors. MSCs formed myotube 3 weeks
after S-azacytidine stimulation that is generally used. On
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 cell
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, clongating stimulation has possibility to act on the
MSCs as an inducer of differentiation into the skeletal
muscle cells.
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Intreduction

Plasmid DNA was utilized for gene transfection
into mammalian cells in vitro and in vivo. Mainly,
plasmid DNA was condensed by various cationic
compounds, which can interact with plasmid DNA
electrostatically, in order to be stable for nuclease
degradation and to be effectively delivered into cells.
Although the transfection efficiency was enhanced using
these methods in vitro, their cytotoxicity is one of
essential problems. On the other hands, it was reported
that when plasmid DNA was directly injected into
muscle, liver, and hart in vivo, called as naked plasmid
DNA method, the transgene was transiently expressed.
Although this method is simple and safe, the level of
transgenc expression resulting from such local regional
administration is relatively low and restricted to the
injection site due to its low stability. Therefore, for safer,
more stable and efficient gene delivery, it is necessary to
condense plasmid DNA with a less cationic material or
without one. In our previous study, it was reported that
nanoparticles of poly(vinyl alcohol) (PVA) itself or its
mixture with plasmid DNA were prepared via hydrogen
bonds by ultra-high hydrostatic pressurization, in which
the hydrogen bond is strengthen, and were delivered into
mammalian cells with low cytotoxicity. In the present
study, we hypothesized that the pressure induces the
compaction of plasmid DNA itself because DNA is onc
‘of typical hydrogen bonding polymers as well as PVA,
and then we investigated the effect of pressure on the
tertiary structure of plasmid DNA having the
super-coiled and relaxed forms. Kunugi et al previously
reported that the elevated pressure to 160 MPa induced
the super-coiling of relaxed plasmid DNA.
Materials and Methods

1kbp ladder DNA (Takara, Co. Ltd) was used as
a linear DNA, Plasmid DNA encoding luciferase under
T7 promoter (pT7-luc, Promega Co.) was also used.
Aqueous solution of them (20 pg/ml) was prepared and
hydrostatically pressurized at various atmospheres and
40 °C for different times using high pressure machine
(Dr.chef, Kobe Steel Co. Ltd). After pressure removal,
the obtained solution was analyzed by agarose gel
electrophoresis, DLS (Nano-Zs, Malvern Instruments
Ltd), CD (J-820, JASCO Co. Ltd) and melting
temperature (Tm) at 260 am (V-560, JASCO Co. Lid)
measurements. :
Results and Discussion

For lkbp ladder DNA, when thc DNA solution
was hydrostatically pressurized at 10,000 atm (580MPa)
and 40 °C for 10 min, there was no change for the
agarose gel electrophoresis of the ladder DNA
with/without the pressurization, whereas the decrease in
the size of the pressurized DNA was confirmed by DLS
measurement compared to that of the non-pressurized
DNA. Also, there were differences between the ladder

DNA with and without the pressurization for CD and Tm
measurements. These results suggest that the
condensation of DNA was induced by the pressurization,
Secondary, plasmid DNA was used in order to
examine the effect of pressure on the conformational
structure of DNA in detail. The aqueous solution of
pT7-luc at the concentration of 20 pg/m! was
hydrostatically pressurized at 10,000 atm and 40 °C for
20 min and analyzed by DLS measurement. Before the
pressurization, the hydrodynamic diameter of pT7-Luc
solution was detected at approximately 95 nm and 625
nm, which were assigned to the super-coiled and relaxed
(open-circled) form of pT7-luc plasmid DNA,
respectively. After the pressurization, the hydrodynamic
diameters of the pT7-luic were measured at
approximately 27 nm and 127 nm. It was previously
reported that super-coiling of plasmid DNA was induced
by elevated pressure to a relaxed plasmid DNA at 160
MPa. Thus, the pT7-luc having the diameter of 127 nm
obtained by the pressurization at 10,000 atm was
regarded as super-coiling of relaxed pT7-luc plasmid
DNA. It is also considered that the super-coiled pT7-luc
was effectively condensed by the high pressurization, .
resulting that the compacted super-coiled pT7-luc was
detected at approximately 27 nm. To investigate whether
the pressurizing strength and time affect the compaction
of plasmid DNA, the pT7-luc solution was pressurized at
different atmospheres and 40°C for various times. For
DLS measurement after pressure removal, the
hydrodynamic diameters of the super-coiled and relaxed
plasmid DNA were decrcased with increasing pressure.
Also, at constant pressure at 10,000 atm, a long period of
pressure treatment effectively induced the compaction of
pT7-luc. These results suggest that the hydrostatic
pressurization could regulate the tertiary structure of
plasmid DNA. To investigate the function of the
pressurc-condensed plasmid DNA, the activity of
fuciferasc expressed from the pT7-luc pressurized at

various atmospheres for Smin in cell-free translation and

translation system was evaluated. The luciferase activity
of the pressurized pT7-luc at 5,000 atm was increased
about 1.8 times compared to the non-pressurized one.
Although more increasing of pressure decreased the
luciferase activity, indicating that the pressurized
plasmid DNA was applicable for genc delivery.
Conclusions

1t was found that the high pressurization induced the
super-coiling of relaxed plasmid DNA and the
compaction of super-coiled plasmid DNA. The extent of
the tertiary structural changes of them was depended on
the pressurizing strength and time. The high hydrostatic
pressurization is considered as a potential tool for
preparing the compacted plasmid DNA.
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Basic study for evaluation of skeletal muscle injury with electric impedance method
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TISSUE REGENERATION BY DECELLULATIZATED BIOLOGICAL
SCAFFOLDS PREPARED BY DETERGENT-FREE TREATMENT - -

F wjisato T', Terada D', Funamoto $°, Minatoya K°, Kishida A°, Yamaoka T,
Nakatani Ti Kitamura S3

! Biomedical Engineering, Osaka Institute of Technology, Osaka, Japan
?nstitute of Biomaterials and Bioengineering, Tokyo Medical and Dental University, Tokyo,
Japan
? 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 likc glutaraldehyde-treated heart valves. Detergents are commonly used for removal of the
cells, whereas they are generally cytotoxic and may prevent repopulation afier 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 clastic
modulus of the leaflets treated. The explanted grafts showed no macroscopical abnormality and no
dilatation and ancurysmal 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 afier 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 aftcr 12 months.

DISCUSSIONS: The acellular scaffolds prepared by detergetit—free treatment may have a potential for
remarkable repopulation after their transplantation.
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Professor Toshia Fujisato . _Phone: 81-6-6954-4746
Biomedical Engineering Email: fujisato@bme.oit.ac.jp

Osaka Institute of Technology
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PREPARATION AND CHARACTERIZATION OF DECELLULARIZED
PORCINE CORENEA FOR THE CORNEAL TISSUE ENGINEERING

Kishida A', Kimura T', Funamoto S-I', Hashimoto Y, Sasak Si’, Mochizuki M,
Kobayashi F, Fujisato T' ‘

! Institute of Biomaterials and Bioengineering, Tokyo Medical and Dental University
? Department of Ophthalmology, Tokyo Medical and Dental University
3 Biomaterials Center, National Institute for Materials Scicnce
4 Faculty of Engineering, Osaka Institute of Technology

INTRODUCTORY REMARKS: Corncal transplantation is one of the most effective treatment for
serious comcal diseases, however, shortage of supply (except USA), rejection and inflammatory
reaction are serious problems. We have been studying the preparation of the biological scaffold using
ultra-high pressure to develop a novel tissuc engineering. In the present study, we studied the
preparation and characterization of decellularized comnea.

MATERIALS AND METHODS: Porcine corneas were pressurized at 4,000 to 10,000 atm at 10 or
30 °C for 10 min, and then washed by culture medium containing DNase 1, antibiotics for 72 hours to
remove the cellular components (UHP method). The charactcrization of the decellularized comnea
were done by histological study (H-E staining), transparency measurement, and mechanical strength
measurement.

~ RESULTS: UHP treatment affected the transparency of cornea. The transparency of cornea was
decreased under the higher pressure and temperature condition, however, the transparency of the
decellularized cornea was recovered by the immersion of them in glycerol. It shows that the
superstructure of collagen fibrils was well maintained after UHP treatment. In other decellularized
methods (detergent treatment), comea was swelled, dissolved and damaged in all cases. By
histological study, the complete removal of epithelial and stromal cells was confirmed in all of the
pressurized comeas. Pilot study of implantation of the decellularized porcine cornea into rabbit eye
showed an excellent recovery of transparency and very low inflammatory responses.

DISCUSSION: Only the UHP treatment could give the decellualized cornea. UHP treatment is also
known as a sterilizing method, so the UHP method is one of the ideal decellularing methods. It will be
suggested that the decellularized porcine cornea by UHP method would be useful as corneal scaffold
for comneal tissue regeneration.

PRESENTED BY:
Akio Kishida, Prof. Ph.D. Phone: 81-3-5280-8028
Department of Functiona 1 Molecules o Email: kishida.fm@tmd.ac.jp

Institute of Biomaterials and Bioengineering
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