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Abstract

We investigated the characteristics of a decellularized porcine cornea by ultra-high hydrostatical
pressurization (UHP) method. The UHP method consists of the disruption of cells by hydrostatical
pressurization and the removal of components of the disrupted cells by washing process. Porcine cornea
were hydrostatically pressed at 10,000 atmospheres and 30 °C for 10 min and immersed in medium for 72
hours. The turbid cornea was obtained. For H-E staining of the cornea decellularized with the UHP
method, the complete removal of corneal cells and maintenance of the superstructure of collagen fibrils
were confirmed. When the corneas were immersed in glycerol for 1 hour, their optical and mechanical
properties were restored to those of a natural cornea. As the preliminary animal study. when the
implantation of the acellular porcine cornea to rabbit cornea was carried out, the immune reaction was not
occurred and the turbid cornea became clear. These results indicate that the decellularized cornea by UHP
method would be useful as corneal scaffold for regeneration. These results indicate the possibility of the
acellular cornea prepared by the UHP method as artificial bio-cornea.

S S P 0 RS S EB 0SS NNSeRREeRRSEBIBERRRRORORPSSEERERRRREIRRENRERRRRRSRRRERRRRRRRERRERIRERBRDS

1. BUSIC

FBLCTHE, MRS A A IRAE 7% & O BRI %
EEOFBER A, b X DIRICL 22 TR L TR
T5 [mEfh] #isfrbhCwa. HARNTRER
2HNDLOBESFHEL TV, ARBHITDL
5041600 ARETH S, HRAIIE, AROKEE
Dk BRBIEA A EBI0T A EHET B EHEES R
Twa, F7o, BEOHBEBMEETIE, BADAKRE
BT 2 MR TH L0, HHEREIZL DHERIICA
ABLEL D, O RRAFITRT 2202, ATH
BhrodfRBERBEHOMEFBCEINTY
5. BRIMBEOREWHOMEL LT, BRLHST
AME ANV ATABROFRSTbATEY, K 2
FuiyyryL—+F (PMMA), FYFF770F0T
#L > (PTFE) ®#£Y¥=n7ra— (PVA) &k

UERIN - et T AT (o (e e} o
Department of Biosensors
Institute of Biomaterials and Bioengineering

Vol, 41 (2007

= 106 -

AMEALN TS, Lo, SHIRTIE, BHIZIEH Y
fefe A LMLz RZME SN TE LT, A LMEE Lk
HEOEEHI AT THLZ NG, L ET S P
RO E~D7 7L — b Hachd, NLHEE
OFEA T ORUE 0 S B g 4 E AT
LHoTwh, —HL T, Sfmpis NTAKE DM
ORGESFEITON L. —F, BT, FAESFO N
POOHEIITLN TS, HAEEREHIZL-T, #
BEEBLUABAESERICH SN TE Y, MEER
o mpEE~Of St R 2 h, MEakoET A
MgEshTws, AR EES S RBENEOBAS L, Hi
oo b7/l — bRl 2 F 7o AR AN 2 13
fagoHAORETH D, MEDIZI290%% 5D L ENH
SGOFAEICEL T, #ZBREICAISGA D R
MEshTtwhe, CofEEHEOMmEIZ20TIX
35— ARy ERHWAEEESKE T TH
N, ARG, ST SOt AR IREIRR (B L e
FITTHRAL, EERMEROWMEICEET A A LM E L
T, BHEARORME I OWTEFN LTS, B
fesfist b 2, REHE» MR ETREL, BATLENE



16 EAECEEDORHE Diny

o't B E SRl

Hydrostatic
pressure

B EmlER ARk

IRl TR, BAdkRcdsoBEEE LTI, RE
TRy N BB E L EOEWIZL ¥ F
ik, EEFEAVRRE L -WEMFEET zﬁ%ﬁﬁrud}Lf‘f
EABL. B, BEIEEMCI DS twEL, 4
fafkiE A k2L VBETAFETHE (F1). = 11
T, mE, LR, B, ool oEgicsi)
AHMAFALIZEII L T2, MEEF T, Kb
 SRENETEANL:, ®ERIE ;L.F]‘Ht i%fﬁﬂﬁﬂ)ﬂ%a‘ﬂ!ﬁ{t‘"
fr o iz s b A oWtz o Tl L 22, B
T, BRI B O % ML fff L, in
vivoT DRI ER I, NTABEL LTo4H DM
(Z2wTHR L7

2. ERENEEZEAV B EARORNYE

ERSHEIIC &0 &l % pdl L 7o t%, MRsT % AV

ORI E DR T R T ARSI VT
mmm%mwﬂ%ﬂ)t.Hﬁ%uu,mt,mWME
IE, 1057 B OB S A E % i L 7-#, Mlasssgih T
DR DZEREIZ L Diro 72, B oh- Mt
WiooiBabe L & i3 272, MBS o~ FF Y
y=ZA Ty (HE) #tilllsfl@85neles v
DNAAFR & MGt L 72, H-Edet ik & T, @i
DGEELRIELRPREN, a5 -4 YE@8#RmORLE LT
UL s N o 7o, DNAFR(E i O E R TLER I 5
FIEODNASER S h, BEI N HBoREH T L A
Eigd 2z, TR60#ELH, 11ITResBal{t
AEmINLEZOND, £, HEHSTIoT—F
85 u7UU%=/70ﬁ>f®m>¢£&ﬁ&'
S H O VDT IECGAGIZE L L 25 h ka0 o
25, GAGOFRMF I #SOS IIBWTEETH L

R LA 2 o AR I By TiE, GAG
HGRLHEE IR TWD. GAGETER+ER .,a-.ﬁ‘rxft
BRI & IC BT, R - A
DCAGIEATAR ANz, 2612, EHERAEEIZ THMAE{A
B Aot A bt L 7o 8, WM tE#TERE T
SEPE RO F AR S LAY LLFLM%J: 2T ETH-
IR MBETIE, fARAEMROFR S TEEEIZLD
FTO%OMMEICHEI Sh TR I LA mehTw 4,
T, BEERMIBILGC L0 BB L 2 RS,
WA K BN C & DUAEETEH 2 20T
E LA Y T - LIRS S ETEREF Y
AL, ZOROBIER L E Lz AR (L oS

(A)

B2 A7y R#BLAR, B)7 5 BARILAED Y& FAniii

F3 Ty BARIL D s F AR (8 HMNA
(ABAILIR 7 & g, («CDRSIEE AL

P, ﬂ’iﬂﬂiffﬂiﬁﬂﬁlﬂ"tl: ESL, RHiEO AN
FEAIRA D > THEREIZ & 0 DA B 5 1B T hETE
AURE NI,

3. BMR{EAMODIn vivoiFil

75 LA S AL fiy B o> v 2 o o) FE il S BE A Fr
7o, HACOBREOMEY —MURAL, MBEEREREICH
AmmidDFEr oy b AR L, E®EH 2 mm < EA0.16mm
ORI AEEEAL, (2. hEag s LT,
FUFD 7 ¥ A ‘f: BREs Lo EM T
';t Hﬁ%ﬂiﬁawﬁjﬁﬁii TELTEN, KormpdEmT

Fs’*?’flfl.?ﬂéiffﬁfa»-bh*fii, i it e A Ay 1 2 e
*iufaé)»;n—q"f‘fmk fElZh 7298, —HDRWLIPANC

(ERFEREATTR SN G T OREEAD S 7, a4 4
MEIE, HMI b fABIE B - T hs, B
BLBIZTHETORENFED PJJ!L}L HO R T

VISR (L L DEHE L M oA BL o, 505
I, BN B MRIRRTIZ, BANAE (LA o & VLR 2 S
ENTHYH, BHHSELOZERCED S d o7,
J7, RMBEAECIMVRELES RO TE N, 4%
12{%&") MEDHEENFEH LN, RHEROH-EfET
kU@ﬂ;Eﬁc*Bwfc:%‘rtﬁmiﬁ‘iﬁﬁlﬂﬂéf_ﬁfﬁﬁ’ﬁiﬂﬂ.
ﬂ/\m fOWENTE Do, ORI R -
BWwTid, -}tﬁ-.a?ﬂiﬂiii" EAEBIEE S A AN AL R
OGRS, U EOFED G, B8 IT L
HRO N T & LT O Tt AST S 407,

4. F&H

RS S MR 7 B2t Lo AR AL f B % 8 e
BREICL OB, s L UEE S I uL TR
Uiz, seatefBabe & & A A 30 2 it 4
4 st mBAG o, T2, 7 7kt

BT 4

107 -



R B, AnAm-, AR, X AER,

RR OB, BT, RS 17

oo H F~OBHABFETE, RERCEEEZAZRED
S, ENAMEAER . DbogERs, Skt
#ALAEE L TOICHAEIRETE 5.

2EWMY

1

3

Voi

CALE2007)

Chirila TV, An overview of the development of
artificial corneas with porous skirts and the use of
PHEMA for such an application, Biomaterials, 2001;
22(24). 3311- 3317

Duan D, Klenkler B], Sheardown H, Progress in the
development of a corneal replacement:
keratoprostheses and tissue-engineered corneas,

Exp Rev Med Devices, 2006; 3(1): 59-72

Kobayvashi H. Kato M, Taguchi T, lkomo T,

Miyashita H, Shimmura S, Tsubota K Tanaka J.
Collagen immobilized PVA hydrogel-hvdroxyapatite
composites prepared by kneading methods as a
material for peripheral cuff of artificial cornea,
Mater Sci & Eng C., 2004; 24(6-8); 720-735

Mivashita H, Shimmura S, Kobayashi H, Taguchi T,
Asano-Kato N, Uchino Y, Kato M, Shimazaki ],

- 108 =

6)

Tanaka J. Tsubota K, Collagen-immabilized
poly(vinyt alcohol) as an artificial cornea scaffold that
supports a stratified corneal epithelium, J Biomed
Mater Res Pt B Appl Biomater, 2006; 76B(11. 56-63
Fujisato, T, Minatova, K, Yamazaki. S. Meng, Y,
Niwaya, K, Kishida, A, Nakatani, T, Kitamura, S.
Preparation and Recellularization of Tissue
Engineered Bioscaffold for Heart Valve
Replacement, In, Mori, H, Matsuda, H.
Cardiovascular Regeneration Therapies Using
Tissue Engineering Approaches, Springer, ppS83-94.
Fujisato T, Yin M, Minatoya K, Niwaya K, Kishida A,
Nakatani T, Kitamura S, Host cell infiltration to
transplanted acellular allografts in porcine model,
Tissue Eng, 2006; 12(4); 1077-1077

Grauss RW, Hazekamp MG, Oppenhuizen F, van
Munsteren CJ, Gittenberger-de Groot AC, DeRuiter
MC, Histological evaluation of decellularised porcine

fed!,

aortic valves: matrix changes due to different
decellularisation methods, Eur ] Cardio-Thor Sug,
2005, 2714), 566-571



High Pressure Bipscience and Biotechnology 161
Proceedings of the 4° Internarioral Confevence an High Pressure Bioscience and Biotechnology, Vol. 1. 16/-165. 2007

Reduction of Antigenicity and Risk of Infection in Regenerative Tissue
Transplantation by Cold Isostatic Pressing

Toshia F unsnto" Kazuo ana\a-, Kenji Minatoyaz, Akio Kishida®, Takeshi
Nakatani®, and Soichiro Kitamura®

'Regenerative Medicine & Tissue Engineering, ’Cardiovascular Surgery, *Organ
T:amplantauon

“Narional Cardiovasenlar Center, Fujishivodai, Suita, Osaka 565-8563. Japan
>Biofunctional Molecules, Institute of Biomaterials and Bioengineering, Tokyo Medical
and Dental University, Kandasugugadai, Chivoda. Tokyo 101-0062, Jupan

*E-mail: fifisato@rincve.go.jp

Received 4 December 2006/Accepted] i December 2006

Abstract '

Tissue engitiecred heart valves based on acellular tissue have been studied to have more
durability and bio-functionality with growth potential and less immunogenicity.
Whereas they have still several problems to be solved such as complete cell removal and
transfer of unknown animal related infectious diseascs. In this paper, our novel tissue
processing  for decellularization using ultrabigh pressure for the safc tissue
transplantation was reported. Porcine cardiac tissues were isolated and treated by a cold -
isostatic pressing for a disruption of donor cells. The cell debris was then washed out by
washing solution at 4°C. The tissues treated were (,omplctely cell free when they were
applied 10 980 MPa for 10 min. There was no porcine endogeneous retrovirus detected.
There were no significant changes in biomechanical properties of the breaking strength
and elastic modulus. The acellular grafis of pulmonary valve werc transplanted to
allogencic miniature pigs. The explanted grafts showed remarkable cell infiliration and
endothelialization. This processing may provide more durable and safe scaffold for the
regenerative tissuc transplantation.

Keywords: lissue engineering, tissue transplantation, acellular, scaffold

1. Introduction

The implantable cardiovascular medlcal devices have been clinically used for more than
30 ycars as substitution for the patient's deficient tissues. The artificial heart valve is one of the
most clinically used medical devices applied to about 300,000 patients per year worldwide.
There are two kinds of artificial heart valves currently used. A xenograft heart valve is made of
the chemically crosslinked porcine valve or bovine pericardium to reduce antigenicity ol the
xenogeneic tissue. A mechanical heart valve is made of pyrolytic carbon or titanium. The
former has good biocompatibility, hemodynamics, and resistant to infections compared with
the latter. However, the durability of the xenograft valve is relatively short especially in
pediatric patients for about 5-10 years by the calcification of the gltaraldehyde-fixed animal
tissue. Recent establishment of the human tissue bank has made it easy to use allogeneic tissues
for the transplantation that are superior to the current artificial devices. Hlowever, since they are
donated from the cadavers, the supply is very limited and some donated tissues may not be
applicable due to infection. In addition to the above issues, all the devices and tissues lack the
growth potential and they may be replaced repeatcdly through the patients' growth process.

Al of the current medical devices remain as forcign bodies even after the implantation. 1f
a device accepts host cell impregnation and is replaced.by the host tissue after the impluntation,
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it may acquire perfect biocompatibility and growth ability. An ideal candidate for such a
regenerative scaffold is a decellularized allogeneic or xenogeneic tissue since it does not
require tissue fixation for removal of antigenicity. Detergents and/or enzymes such as Triton®:
X-100, sodium dodecyl sulphate, deoxycholate, trypsine, DNase. and RNase have been
commonly used for the cell removal media from the tissue [1-4]. However, the
decellularization depends on their permeation in the tissuc and may not be achieved completely
in large or hard tissues. And furthermore. since the detergents are generally cytotoxic and it
takes time for their removal, it may lead denature of biological properties and contamination in
the process. Recent BSE (Bovine Spongiform Encephalopathy) and vCJD (variant
Creutzfeldt-Jakob disease) issues have been affecting to the tissue transplantation from the
point of view of safety. In this paper, a cold isostatic pressing (CIP) was applicd for removal of
the cells and inactivation of viruses in the cardiovascular tissues to have scaffold for the safe
regenerative tissue transplantation.

2. Material and methods

I'he porcine heart valves were isolated from 4 month-old Clawn miniature pigs (Japan
Farm Co. 1.1d. Kagoshima. Japan) weighing about 10 kg under the sterile condition. The
harvested tissues were packed immediately in sterile bags filled with phosphate buffered saline
(PBS) and treated by ultrahigh pressure of 980 MPa for 10 min using a CIP apparatus (Dr. Chef,
Kobe Steel Ltd, Kobe, Japan) for cell demolition (Fig. 1). The range of temperature in the
process is about 5 to 30°C. They were then rinsed by PBS for 2 weeks under gentle stirring at
4°C for removal of the residues of the broken cells. They were subjected to the histological
observation by the light and electron microscopy, DNA and phospholipids assay. detection of
porcine endogeneous retrovirus (PERV) by the PCR, and biomechanical study by the tensile
strength measurement.

Fig. 1 Packed porcine heart valves for CIP treatment.

The acellualr tissues were transplanted orthotopically into nine allogeneic miniature pigs.
The pulmonary valves were transplanted at right ventricular outflow tract through a median
sternotomy with extracorporeal circulation without blood oxygenation [5]. The postoperative
anticoagulation or anti-platelet therapy was not instigated. They were explanted 4, 12, and 24
weeks (n=3) after the transplantation and examined histologically and immunohistologically.
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).

= 10 =



163

3. Results and discussion

The tissues were completely cell free when they were treated by the CIP for 10 min
followed by washing for 2 weeks from the H-E staining (Fig. 2). The amount of DNA and
phospholipids were lower than | pg/ml and 0.5 mg/wet g, respectively and those were less than
10% in the native tissue (Fig. 3).

A B

Fig. 2 Cross sections of (A) native and
(B) weated tissues (H-F staining)
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A = 45,'“,?“““ 9 Fig. 3 Residual amounts of DNA und phospholipids in
Native cIP Native cip native and treated tissucs

The collagen and elastin fibers were well maintained in the acellular tissuc and there were no
significant changes in biomechanical properties of the breaking strength and clastic modulus.
We have already found that this process could be successfully applied to cartilage tissues for
decellularization (not shown). More effectively, it has been reported that the most of viruses
including HIV are inactivated by the CIP only of more than 600 MPa without washing [6]. This
means the treatment is able to sterilize the tissue in addition to the decellularization. The Clawn
miniature pig was chosen as a donor animal since its size adapts human tissues well and its
genome has been well studied in order to develop a human gene induced transgenic animal for
the organ transplantation. There was no PERV detected in PCR assay from the tissue treated
(Fig. 4).

Marker Native

Fig. 4 PCR products ol PERV (arrow) in native and treated tissues,
2 p
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The animals survived afler the transplantation in the all cases. The explanted grafls
showed no macroscopical abnormality and no dilatation and aneurysmal changes including
their anastomosis. 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 12 weceks. It
was dominant in the latter. Almost of the tissue including cusps were filled by the cells at 24
weeks, mainly by smooth muscle cells (Fig. 5). There was no inflammation and calcification
observed in the tissue.

A

Fig. 8 Cross sections of (A) anti-vWF
tendothelial cells) und (B anti-aSMA
(smooth muscle cells) immunostained
treated tissues 24 weeks after the
transplantation

Recently. some groups have reported excellent clinical results of acellular pulmpnary heart
valve transplantation [7-9]. We are planning a clinical application of the acellular grafts made
by this process in the near future.

4. Conclusion

Porcine cells and PERV were removed completely by the CIP treatment without using any
detergents. The acellular grafts showed remarkable ability in repopulation after the
transplantation. This CIP treatment may have more secure acellular grafi for the regenerative
tissue transplantation.
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Cross-linking and polymer immobilization of decellularized blood vessel for bioscaffold application
Kwangwoo Nam", Ayako Murakoshi', Tsuyoshi Kimura", and Toshiya Fujisato”, and Akio Kishida'?.
" Division of Biofunctional Molecules, Institute of Biomaterials and Bioengineering,
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? Department of Regenerative Medicine and Tissue Engineering,
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Statement of Purpose: Constructing an engineered tissue
for cell culture has been a major interest in bioscaffold field.
It is very important to construct a matrix that is physically
and biologically suitable for cell culturing. Synthetic and
bioscaffold is widely used for the cell culture, but, synthetic
scaffold causes problems such as too rigid property.
complicated  structure, and inflammatory reaction.
Bioscaffold shows toxicity, and shrinkage when culturing the
cell, and it is mechanically weak. Furthermore, calcification
is also reported [1]. In this study, we report on physical and
biological affect of cross-linking of bioscaffold which was
obtained from ultra high pressure method [2]. And based on
the cross-linking result, we immobilized an anticoagulant
polymer [2-methacryloyloxyethyl phosphorylcholine (MPC)
polymer], which is known for its good hemocompatibility [3],
to obtain a bioscaffold having advantageous property of
synthetic- and bioscaffold.

Methods: Decellularized blood vessel tissue was obtained
by ultra high-pressure method [2] was cleansed using ethanol.
Then glutaraldehyde, and N-(3-dimethylaminopropyl)-N'-
ethylcarbodiimide (EDC)/ N-hydroxysuccinimide (NHS) was
added to the aqueous solution (pH7.4) containing
decellularized tissue for the cross-link. Each cross-linked
bioscaffold was named GVat and EVat. In order to prepare a
bioscaffold with suppressed protein interaction, MPC
polymer was cross-linked with tissue using EDC/NHS as
cross-linker (MiVat) at 4°C for 24 hours. And to obtain a
bioscaffold with higher amount of MPC polymer, we
reimmobilized the MPC polymer on MiVat (MdVat). With
these bioscaffold, we investigated the surface structure and
cross-linking structure of the bioscaffold. Furthermore,
physical property and biological property of the bioscaffold
was characterized.

Results/Discussion: The cross-linking of the tissue was
corfirmed by detecting amount of free amine groups. Free
amine groups decreased as the tissue was cross-linked.
Tissue that was cross-linked with polymer showed much
lower free amine group contents, indicating that the cross-
linking of the polymer was successful. The cross-linking is
increasing the shrinkage temperature, implying that the
strong network is formed inside the engineered tissue. Figure
| shows the picture of decellularized tissue, EVat, GVat,
MiVat, and MdVat that are kept in the oven at 80°C for 24
hours. It shows that cross-linked bioscaffold shows that
almost no shrinkage had occurred. Morphology of the tissue
observed with SEM showed that after cross-linking, the
pores of the tissue are becoming smaller and forms much
ordered layered-structure.

Tissue EVat GVat MiVat

o ® 9

lecm

Figure 1. Picture of tissue samples after 24 at 80°C.

w Sy

Stress (MPa)
N

Evat

(1] 5 10 15

Strain (%)

(a)

Strain (%)

(b)

Figure 2. Stress-strain curve of respective bioscaffold.
(a) longitudinal and (b) circumferential.

Mechanical property test of the bioscaffold showed that the
cross-linking is increasing the elongation modulus (Figure 2).
For decellularized tissue, since there is no force that can hold
the microfibrils together, it performs relatively low
elongational modulus. In the case of cross-linked and
polymer immobilized tissues, the strong network is holding
the microfibrils together.

The strong network prohibits the degradability caused by
the collagenase. The strong network is protecting the
bioscaffold from degradation. After 2 weeks in the
collagenase aqueous solutions (100IU/mL, at 37°C),
approximately 50% of the polymer-immobilized bioscaffold
remained, while decellularized tissue, EVat, and GVat
degraded completely

The cell (L-929) that was seed on the modified
bioscaffold proliferated without any problem. The toxicity by
the cross-linker or the immobilized polymer was not shown.
The contraction of the bioscaffold by the cell did not occur.
It is thought that the stronger network inside the bioscaffold
is holding the microfibrils tightly.

Conclusions: Polymer-modified bioscaffold showed
physical stability and toughness. It was non-toxic and no sign
of calcification was seen. The cells proliferated without any
problem.

References: [1] Wissink MJB et al., Biomaterials 2001;
22:151-163. [2] Fujisato T. et al. in Cardiovascular
Regeneration therapies using Tissue Engineering approaches.
Springer. 2005;pp.83-94. [3] Ishihara K. Sci Technol Adv
Mater 2000;1:131-138.
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Regenerative Tissue Scaffolds Prepared by Gamma Ray Irradiation

Toshia Fujisalol. Seiichi Funamoto®, Ken'ichi Yoshida®, Tetsuji ‘Yamaoka’, Tsuyoshi Kimura?,
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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 acellular
scaffolds have been using detergents and/or enzymes as
decellularization media such as Triton® X-100, sodium
dodecyl 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 grafts
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.

10

* detection limit
B +

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 (a) native and
(b) acellular porcine tissues 2 weeks after implantation to
rat subcutaneous space.
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Development of acellular vascular graft having in vivo repoeulational ability.
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Abstract: An acellular vascular graft for regenerative medicine was developed from a porcine aortic tissue. After
dehydration heat cross-linking treatment, an aortic tissue was digested in an enzymatic solution to remove elastin
completely. The elastic fibers were digested enzymatically even after the cross-link and it was confirmed
histologically that the tissue has no elastic fiber and cellular components inside. The vascular grafts made of
miniature pig descending aorta were transplanted allogenically. There was no thrombus on the intimal surface
and aneurysm formation even after 3 months of the implantation. A large amount of the cell migration into the
graft was observed. These cells were identified immunohistologically as smooth muscle cells and fibroblasts.
And no calcific deposition was seen in the explanted graft after 3 months of the implantation. We conclude that
the collagenic vascular graft developed in this study may be adapted to the vascular tissue regeneration.
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Introduction

The success rate of a corneal transplantation is high
compared 1o other forms of tissue transplantation, but
many complications still occur. Also. an absolute shortage
of donor corneas has been an important problem in many
countries. Artificial comeas have been studied as
alternatives in order to overcome these problems [I].
Although various synthetic biocompatible polymer
materials have been tested. it has often been reported that
such implants fail to significantly connect to comneal
tissue, resulting in the extrusion of them through melting
around the prosthetic rim [2]. It is believed that these
materials do not sufficiently match the cornea material
physically, chemically or biologically, so the development
of mai...als more similar to a natural cornea is needed.

In the present study. we investigated the chemical
and physical decellularization methods ol corneas. in
which the cells and antigens are removed to diminish the
host immune reaction but the bhiological structure is
remained. in order to utilize the decellularized cornea as a
novel artificial bio-cornea. The corneas were chemically
and physically carried out using sodium cholate [3] and
ultra-high  hyvdrostatical  pressure  (UHP)  technology.
respectively.

Materials and Methods

Entire corneas were explanted trom the oculars and
washed with phosphate-buffer saline (PBS) containing
antibodies. As chemical decellularization, the cornea was
immersed in one of 1 w/v% sodium cholate at 37°C for 24
hours. washed with PBS for 24 hours. As physical
decellularization, the comeas were pressurized at 10.000
atmospheres (atm) at 30°C for 10 min using a high-
pressure machine (Kobe Steel Lid.). washed by with cell
culture medium containing DNase 1. antibiotics at 37°C
for 72 hours. The obtained corneas were subjected to
histological study (H-E staining). Also. the transparency.
thickness and mechanical strength of them were examined

Results and Discussion

When porcine cornea was immersed in % w/v
sodium cholate for 24 hours and washed with PBS for 24
hours. the cornea became swollen and turbid. The
incomplete removal of cells was  confirmed by
hematoxyline-cosin (H-E) staining (Fig 1B). The collagen
fibrils were intensely loosened by treatment with sodium
cholate. These results suggest that sodium cholate are not
suitable for cornea decellularization. On the other hand.
the UHP method consists  of cell  disruption by
hyvdrostatical pressurization and the removal of the
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Figurs 1 Photographs of
H-E stamned seclions of (A)
native (B) sodum oholate
treated and iC) the UkP
Ueeled vomeey

disrupted cellular components during washing process
with a cell culture medium. When a porcine cornea was
hydrostatically pressed at 10.000 atm at 30°C for 10 min,
the cornea was turbid. while there was no change in the
thickness of the comea immediately after the
pressurization. The cornea became swollen during the
washing process. However. tor H-E staining ot the cornea
decellularized with the UHP method. the complete
removal ot comeal cells and relative maintenance ot the
superstructure of collagen fibrils were confirmed (I'ig 1C).
The strain modulus of the decellularized comea was also
similar to that of the native comea for the mechanical test.

Conclusions

We have successfully developed a decellularized
comea, in which the superstructure was relatively
preserved. using UIP method. This method could be
applied as one of decellularization method of the other
tissues or organs.
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