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Purpose: To evaluate the stability and biocompatibility of artificial corneal stroma that was prepared by using ultrahigh
hydrostatic pressurization treatment to decellularize corneas.
Methods: The porcine cornea was decellularized by two methods, a detergent method and an ultrahigh hydrostatic pressure
(UHP) method. Either 1% w/v Triton® X-100 or sodium dodecyl sulfate (SDS) was used for the detergent method, and
10,000 atmospheres (atm; 7.6×106 mmHg) was applied to the cornea for 10 min at 10 °C by a high-pressure machine for
the UHP method. Hematoxylin-eosin staining was performed to confirm the removal of the corneal cells, and then
decellularized porcine corneal stroma was implanted into rabbit corneal pockets. After eight weeks, the rabbit eyes were
enucleated to examine the tissue compatibility of the implanted stroma.
Results: Complete decellularization was confirmed only in corneas treated by the UHP method, and little inflammation
was seen when they were implanted into the rabbit corneal pockets.
Conclusions: Porcine corneal stroma completely decellularized by the UHP method has extremely high biocompatibility
and is a possible corneal scaffold for an artificial cornea.

Injury or corneal diseases can lead to corneal
opacification for which currently the only effective therapy is
corneal transplantation [1]. Conditions such as corneal
dystrophy, bullous keratopathy, and corneal scarring are
treated by replacing the defective cornea with a clear donor
cornea. Since the first human corneal transplant in 1905,
corneal transplantation has been one of the most successful
forms of tissue transplantation [2]. However, complications
such as infection, immune rejection, and graft failure are
possible, and allograft reaction has been reported to be seen
in 31% of penetration keratoplasty patients. Furthermore,
there is a worldwide shortage of donor corneas, due in part to
many donated corneas not being able to be used because of
infection.

One way to overcome these difficulties is to develop
artificial corneas [3], and among the various synthetic
polymers investigated for this purpose are poly(methyl
methacrylate) [4], poly(2-hydroxyethyl methacrylate) [5], and
poly(vinyl alcohol) [6]. AlphacorTM was the first synthetic
artificial cornea available commercially [7-9], but no artificial
cornea has been fully successful yet. Their failure to be
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accepted by recipient tissue and to be invaded by the
recipient’s corneal cells results in their extrusion through
melting around the prosthetic rim [10] or other adverse effects
such as protein adsorption, rejection with down-growth, and
infection.

The engineering of cornea tissue has recently been
presented as a promising solution to the limited corneal
replacement with allografts. Pellegrini et al. [11] reported that
the ocular surface can be reconstituted using epithelial cells
cultured in vitro on a contact lens. Furthermore, Minami et al.
[12] attempted to reconstitute a cornea (including the
epithelium, stroma, and endothelium) in vitro by using a
collagen gel culture system under an air-liquid interface.
Orwin et al. [13] reported that corneal tissue could also be
reconstituted in vivo by combining corneal cells and a
collagen sponge. While these reports indicate the feasibility
of corneal regeneration using corneal cells and collagen
scaffolds, the structure and mechanical properties of their
collagen gel and sponge were inadequate for an artificial
cornea that can be used clinically. The mechanical properties
and structure of the scaffold for corneal reconstruction must
be similar to those of the natural cornea. The ideal scaffold for
corneal tissue engineering would allow epithelization,
endothelialization, and repopulation with autologous
interstitial cells.
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One strategy for preparing a scaffold is the use of
decellularized tissue in which the donor cells and antigen
molecules are completely removed to diminish the host
immune reaction. Some groups have attempted to use porcine
cornea for xenografting because it would be available in
amounts sufficient to meet clinical demand [14]. Many
decellularizing methods for preparing acellular tissues have
been reported, and most use detergents to remove cells from
tissues. Acellular tissues of the vessel, heart valve, dermis, and
ligament have been successfully prepared by using Triton®
X-100 [15,16], sodium dodecyl sulfate (SDS) [17,18], sodium
deoxycholate [19,20], and polyethylene glycol [21] to remove
the donor cells and their components. However, detergents are
generally toxic and need to be washed out. Sometime,
detergent treatment and the following wash-out process may
lead to the denaturation of the tissue and destroy their
structures.

For ideal xenografting, the cellular immune reaction
should be decreased by removing donor cells from the cornea,
but the corneal superstructure should be maintained to keep
the cornea transparent. In general, the transparency of the
cornea is explained by a lattice theory of the corneal materials
in which the corneal superstructure is an optically clear lattice
of regularly aligned collagen fibrils. Thus, the ideal
decellularization process would be one that removes all the
cell components without destroying the corneal
superstructure.

Several methods have been reported to be effective for
decellularizing corneas [22-26], and decellularizing corneal
tissues have been shown to be biocompatible. However, their
mechanical characteristics still need to be improved. We
recently developed a novel physical process that uses
ultrahigh hydrostatic pressure (UHP) technology to
decellularize tissue without using detergents [27] (Figure 1),
and in the work reported here, we compared its use with that
of a detergent method in the decellularization of porcine
cornea. Using decellularized porcine cornea, an implantation
experiment into the rabbit eye was performed to see if we
could apply the decellularized porcine cornea for xenografting
as an artificial cornea.

METHODS
Materials: Porcine eyes were purchased from Shibaura Zoki
Co., Ltd. (Tokyo, Japan). Japanese white rabbits were
purchased from Kitayama Labes Co., Ltd. (Nagano, Japan).
Dextran (molecular weight=70,000 g/mol) was purchased
from Tokyo Kasei Kogyo Co., Ltd. (Tokyo, Japan). SDS was
purchased from Wako Co., Ltd. (Osaka, Japan). Triton®
X-100 was purchased from Sigma-Aldrich Co., Ltd (Tokyo,
Japan). Phosphate buffer saline (PBS) was purchased from
Invitrogen Co., Ltd. (Tokyo, Japan). Endothelial growth
medium (EGM-2) was purchased from Sanko Junyaku Co.,
Ltd. (Tokyo, Japan).

Preparation of porcine cornea: The entire cornea was
removed from the eye, washed with PBS containing penicillin
(100 units/ml) and streptomycin (0.1 mg/ml), and stored at
4 °C in PBS containing these antibiotics and dextran (3.5% w/
v) until the experiments were performed.
Chemical decellularization: Corneas were immersed in a 1%
w/v solution of either Triton® X-100 or SDS at 37 °C for 24
h, washed with PBS containing penicillin (100 units/ml) and
streptomycin (0.1 mg/ml) for another 24 h, and then subjected
to hematoxylin-eosin (H-E) staining for histological study.
UHP decellularization: Corneas were pressurized at 10,000
atm for 10 min at 10 °C by using a high-pressure machine
(Kobe Steel, Ltd., Kobe, Japan), washed under air containing
5% CO2 by continuous shaking for 72 h at 37 °C in an EGM-2
medium containing DNase I (0.2 mg/ml), antibiotics, and
3.5% w/v dextran, and then subjected to hematoxylin-eosin
(H-E) staining for histological study before they were used for
transplantation.
Histological study: Native and decellularized corneas (five of
each) were fixed for 24 h in a 10% neutral buffered formalin
solution at room temperature. They were then cut, stained with
H-E, and observed with an optical microscope.
Measurement of residual DNA content: After 20 mg of each
freeze-dried decellularized cornea was digested at 55 °C for
12 h in 0.5 ml of a tissue lysis buffer containing 50 mM Tris-
HCl, 50 µg/ml proteinase K, 1% w/v SDS, 100 mM NaCl, and
20 mM disodium EDTA, the DNA content was calculated
from the difference in the absorbance at 260 nm measured

Figure 1. Concept of decellularization using ultrahigh hydrostatic
pressure. Ultrahigh hydrostatic pressure (UHP) treatment removes
all the cells of the native cornea (epithelial cells, keratocytes, and
endothelial cells).
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before and after extracting DNA with phenol and chloroform
and precipitating it with ethanol. Five corneas were used for
each group.

Measurement of residual GAG content: Glycosaminoglycans
(GAGs) or mucopolysaccharides such as hyaluronic acid and
chondroitin sulfate help maintain the structure of connective
tissues, so a decreased GAG content would indicate
destruction of tissue structure. We therefore used an Alcian
blue assay to measure the residual GAG in the tissue. After
20 mg of each freeze-dried decellularized cornea was digested
at 65 °C for 24 h in a papain solution (100 mM sodium acetate
buffer, 0.5 mg/ml papain, 0.5 mM disodium EDTA), Alcian
blue was added and a microplate reader was used to measure
the absorbance at 600 nm. The GAG was calculated from the
absorbance by using chondroitin sulfate standard solutions.
Five corneas were used for each group.

Statistical analysis: Measurements of residual DNA and GAG
content were performed three times. Mean±SD values were
calculated. Data were analyzed statistically by Student’s t-
test. A p<0.05 was regarded as significant.

Preparation of decellularized porcine cornea: After
physiologic saline was injected into the vitreous humor of a
porcine eyeball to raise the intraocular pressure, a
microkeratome was used to prepare a corneal flap 160 µm
thick. The corneal flap was treated with ultrahigh hydrostatic
pressure three days before the transplantation, and it was
stored in an EGM-2 medium at 4 °C until transplantation.
Corneal discs 2 mm in diameter were prepared with a corneal
punch.

Transplantation of decellularized porcine cornea into rabbit
corneal stroma: Decellularized porcine cornea was
transplanted into the left eye of Japanese white rabbits
(female, 3 kg and 12 weeks old) according to the ARVO
Statement for the Use of Animals in Ophthalmology and
Vision Research. All animal experiments were approved by
the ethical committees for animal welfare of Tokyo Medical
and Dental University (Tokyo, Japan) and National Institutes
for Materials Science (Tsukuba, Japan). The corneas of the
recipient animals (n=11) anesthetized with intravenous
NembutalTM (Dainippon Sumitomo Pharma Co., Ltd., Osaka,
Japan) and topical XylocaineTM (AstraZeneca, Osaka, Japan)
were incised with a surgical knife to about half the depth of
the corneal stroma, tangent to the pupil at four positions 90°
apart around the edge of the pupil (3, 6, 9, and 12 o’clock).
Stromal pockets were then formed by inserting a spatula into
each incision, directing the inserted edge of the spatula toward
the corneal limbus, and using it to separate the stromal layers.
A decellularized porcine corneal disc was put into three of the
pockets, and a non-decellularized one was put into the other
pocket as a positive control (Figure 2). Eight weeks after the
transplantation, the left eye was enucleated and the cornea was
stained with hematoxylin and eosin for histological study.

RESULTS

Decellularization: After a porcine cornea was immersed in a
1% w/v solution of Triton® X-100 for 24 h and then washed
with PBS for 24 h, it was cloudy and more than five times
thicker (Figure 3C) than it was before treatment (Figure 3A).
Comparing an H-E stained section of the native cornea (Figure
3B) with that of a cornea treated with Triton® X-100 (Figure
3D), one sees loosening of the collagen fibrils in the corneal
stroma and shrinkage of the epithelial layer in the treated
cornea and also that few cells of the cornea were removed by
the treatment. The cornea treated with SDS (Figure 3E) was
not swollen as much as the one treated with Triton® X-100
(Figure 3C), but it was smaller, its surface was melted, and its
interior was extremely cloudy because the nuclear materials
of the disrupted cells remained (Figure 3F). Thinning of the
epithelial layer and disordering of the superstructure of
collagen fibrils in the stroma were also observed in the corneas
treated with the detergents.

Although the porcine cornea treated with UHP was also
extremely cloudy and slightly swollen after washing in an
EGM-2 medium (Figure 3G), H-E staining showed the
absence of cells in the epithelium and stroma and the
maintenance of the superstructure of collagen fibrils in the
stroma (Figure 3H). These results indicate that the UHP
method is useful for decellularizing the porcine cornea
without destroying its structure.

Figure 2. Procedure of transplantation of decellularized porcine
corneal disc into a rabbit corneal pocket. The recipient rabbit is
anesthetized with intravenous Nembutal and topical Xylocaine, a
corneal pocket is made with a spatula, and a decellularized or native
porcine corneal disc is inserted into the corneal pocket.
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Figure 3. Representative photographs and H-E stained sections of the porcine corneas decellularized by various methods. The left column
shows photograph of native cornea (A), cornea treated with Triton® X-100 (C), cornea treated with SDS (E) and cornea decellularized by
UHP (G). The right column shows H&E stained section of native cornea (B), cornea treated with Triton® X-100 (D), cornea treated with
SDS (F) and cornea decellularized by UHP (H). Epithelial cells and keratocytes are seen in the corneas treated with Triton® X-100 or SDS
but not in the cornea treated with UHP. Scale bar, 50 µm.
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Confirmation of decellularization: The DNA content of the
corneal tissues treated with Triton® X-100 and SDS were
2.32±0.28 and 1.16±0.21 µg/mg, respectively. They were
significantly lower than the DNA concentration of the native
cornea (3.46±0.18 µg/mg) but much greater than zero. On the
other hand, the DNA concentration of the porcine corneal
tissues treated with UHP is almost zero (0.12±0.02 µg/mg),
which indicates complete removal of cell components from
the corneal tissue. (Table 1)

GAG content: The GAG content of the corneal tissues treated
with Triton® X-100 and SDS were 169.9±8.33 and
38.6±3.01 µg/mg, respectively, significantly lower than the
GAG content of native cornea (223.0±19.1 µg/mg), indicating
that the structure of the connective tissues is not maintained
in detergent-treated corneas. The GAG content of the corneal
tissues treated with UHP, on the other hand, is almost the same
as that of native cornea, which means the connective tissue
structure was not destroyed by the UHP treatment. (Table 1)
Transplantation of decellularized porcine cornea into rabbit
corneal stroma: To evaluate the possibility of using porcine
corneas decellularized by the UHP method as a substitute for
corneal stroma, we implanted them in corneal stromal pockets
in rabbits and implanted native porcine corneas as positive
controls. The native implanted corneal discs were fairly clear
just after the operation (Figure 4D), but one week later, blood
vessels were seen in them and they began to become cloudy
(data not shown). The native donor tissue was extremely
cloudy four weeks after implantation, and eight weeks after
implantation, many vessels were observed around it,
indicating the occurrence of an immune reaction (Figure 4E).
The histological section showed the infiltration of neutrophils
and macrophages in and around the donor tissue and also
showed the formation of a cell layer (Figure 4F). On the other
hand, in the decellularized cornea group, the donor tissue
appeared very cloudy just after implantation (Figure 4A) but
began to become transparent one week later (data not shown).
Two weeks later, the donor tissue in the decellularized cornea
group was completely transparent and could not be recognized
without a microscope. The transparency was kept until eight
weeks after the implantation, and no vessels were observed
(Figure 4B). The histological section showed minimal

inflammation around the donor tissue, which indicated that no
immune rejection occurred (Figure 4C).

DISCUSSION
In this study, we compared two methods of tissue
decellularization and demonstrated the extremely high
biocompatibility of porcine corneal discs decellularized by the
UHP method.

Corneal decellularization was performed by chemical
and physical methods. Triton® X-100 and SDS, which have
often been used in decellularization protocols [28], were used
for chemical decellularization. These detergents caused the
corneas to swell and become irreversibly cloudy. They did not
become transparent again even when they were treated with
glycerol (data not shown). The obvious decrease of GAG
content also indicates the disruption of the corneal
superstructure. These results suggest that the superstructure
of the cornea was strongly denatured by Triton® X-100 and
SDS. The UHP method, on the other hand, removed all corneal
cells. Although corneas treated with UHP were extremely
cloudy just after they were treated, they became transparent
again when treated with glycerol (data not shown). The
glycerol treatment dehydrated the UHP-treated cornea,
playing the role normally played by the Na+-K+ pump of the
endothelial cells. The results of the histological study and the
measurement of GAG content also indicate the maintenance
of the corneal superstructure. The swelling seems to be caused
not by the disruption of corneal superstructure but by the lack
of the pumping function of the endothelial cells.

In the transplantation study, only native corneas and
corneas decellularized by the UHP method were used.
Triton® X-100 and SDS did not remove all the cells from the
corneas. It was obvious that corneas with residual cells would
cause a severe immune reaction to the recipients like native
corneas. Moreover, SDS decreased the mechanical strength
of the corneas so much that they could not be inserted into
stromal pockets. Therefore, we used native corneas and
corneas decellularized by the UHP method from the viewpoint
of animal protection.

The transplantation of decellularized porcine corneas into
rabbit corneal pockets induced little immune reaction whereas

TABLE 1. CONFIRMATION OF DECELLULARIZATION.

Sample
DNA content mean±SD                              GAG content mean±SD
        (µg/mg dry wt)        (µg/mg dry wt)

Native cornea 3.46±0.18 223.0±19.1
Triton® X-100 2.32±0.28* 169.9±8.33*
SDS 1.16±0.21* 38.6±3.01*
UHP/10 °C 0.12±0.02* 201.3±10.1

The DNA and GAG content of the corneas decellularized by various methods were measured. These results indicate that only
the corneas treated with UHP lost cells without losing GAG-collagen interactions. Data are expressed as the mean±SD; n=5 in
each group. The asterisk indicates a p<0.05.
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native corneas caused severe inflammation. This
decellularization method involves two processes, disruption
of the cells, bacteria, and viruses by ultrahigh pressurization
[29,30] and removal of the residues of cellular components by
washing in a culture medium. We previously reported the
successful decellularization of porcine heart valve and trachea
by this method [27]. In the transplantation experiment, the
decellularization process removed all the corneal cell
components including bacteria and viruses. The native cornea
tissue may have been rejected not only of xenografting but
also because of infectious pathogens. Although many
countries are running short of donated corneas, some are
rejected because of infection. The UHP method may
reproduce unusable corneas from infected corneas by
removing the pathogens.

In conclusion, we have developed a corneal
decellularization method using UHP technology. The
decellularized corneal tissue did not cause immunological
rejection in a xenograft transplantation model. These results
indicate that decellularized cornea stroma that was prepared
using UHP technology is a possible scaffold for an artificial
cornea.

ACKNOWLEDGMENTS
This work was supported in part by Translational Research,
and Research on Health Sciences focusing on Drug
Innovation from the Ministry of Health, Labour and Welfare,
and by the Special Coordination Funds for Promoting Science

and Technology from the Japan Science and Technology
Agency. Professor Kobayashi and Kishida contributed
equally to the research project and can be considered co-
corresponding authors.

REFERENCES
1. George AJ, Larkin DF. Corneal transplantation: the forgotten

graft. Am J Transplant 2004; 4:678-85. [PMID: 15084160]
2. Moffatt SL, Cartwright VA, Stumpf TH. Centennial review of

corneal transplantation. Clin Experiment Ophthalmol 2005;
33:642-57. [PMID: 16402960]

3. Chirila TV, Chirila M, Ikada Y, Eguchi H, Shiota H. A historical
review of artificial cornea research. Jpn J Ophthalmol 2005;
49:S1-13. [PMID: 15717417]

4. Dudenhoefer EJ, Nouri M, Gipson IK, Baratz KH, Tisdale AS,
Dryja TP, Abad JC, Dohlman CH. Histopathology of
explanted collar button keratoprostheses: A clinicopathologic
correlation. Cornea 2003; 22:424-8. [PMID: 12827047]

5. Chirila TV. An overview of the development of artificial
corneas with porous skirts and the use of PHEMA for such an
application. Biomaterials 2001; 22:3311-7. [PMID:
11700803]

6. Shimmura S, Miyashita H, Uchino Y, Taguchi T, Kobayashi H,
Shimazaki J, Tanaka J, Tsubota K. Microkeratome-assisted
deep lamellar keratoprosthesis (DLKPro). Br J Ophthalmol
2006; 90:826-9. [PMID: 16597665]

7. Chirila TV, Hicks CR, Dalton PD, Vijayasekaran S, Lou X,
Hong Y, Clayton AB, Ziegelaar BW, Fitton JH, Platten S,
Crawford GJ, Constable IJ. Artificial cornea. Prog Polym Sci
1998; 23:447-73.

Figure 4. Representative photographs and H-E stained sections of transplanted porcine corneal discs. The left column shows photograph of
decellularized (A) and native (D) porcine corneal disc just after transplantation into rabbit corneal pockets. The middle column shows
photograph of decellularized (B) and native (E) porcine corneal disc eight weeks after transplantation. The right column shows H&E stained
section of decellularized (C) and native (F) porcine corneal disc eight weeks after transplantation. Decellularized corneal discs caused slight
inflammation and recovered transparency whereas native corneal discs caused severe immune reactions and remained cloudy. Scale bar, 500
µm.

Molecular Vision 2009; 15:2022-2028 <http://www.molvis.org/molvis/v15/a216> © 2009 Molecular Vision

2027

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15084160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16402960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15717417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=12827047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11700803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11700803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16597665
http://www.molvis.org/molvis/v15/a216


8. Myung D, Duhamel PE, Cochran JR, Noolandi J, Ta CN, Frank
CW. Development of hydrogel-based keratoprostheses: A
material perspective. Biotechnol Prog 2008; 24:735-41.
[PMID: 18422366]

9. Bleckmann H, Holac S. Preliminary results after implantation
of four AlphaCor artificial corneas. Graefes Arch Clin Exp
Ophthalmol 2006; 244:502-6. [PMID: 16133028]

10. Xie RZ, Stretton S, Sweeney DF. Artificial cornea: towards a
synthetic onlay for correction of refractive error. Biosci Rep
2001; 21:513-36. [PMID: 11900325]

11. Pellegrini G, Traverso CE, Franzi AT, Zingirian M, Cancedda
R, De Luca M. Long-term restoration of damaged corneal
surfaces with autologous cultivated corneal epithelium.
Lancet 1997; 349:990-3. [PMID: 9100626]

12. Minami Y, Sugihara H, Oono S. Reconstruction of cornea in
three-dimensional collagen gel matrix culture. Invest
Ophthalmol Vis Sci 1993; 34:2316-24. [PMID: 7685009]

13. Orwin EJ, Hubel A. In vitro culture characteristics of corneal
epithelial, endothelial and keratocyte cells in a native collagen
matrix. Tissue Eng 2000; 6:307-19. [PMID: 10992428]

14. Zhang C, Nie X, Hu D, Liu Y, Deng Z, Dong R, Zhang Y, Jin
Y. Survival and integration of tissue-engineered corneal
stroma in a model of corneal ulcer. Cell Tissue Res 2007;
329:249-57. [PMID: 17453244]

15. Bader A, Schilling T, Teebken OE, Brandes G, Herden T,
Steinhoff G, Haverich A. Tissue engineering of heart valves
- human endothelial cell seeding of detergent acellularized
porcine valves. Eur J Cardiothorac Surg 1998; 14:279-84.
[PMID: 9761438]

16. Meyer SR, Chiu B, Churchill TA, Zhu L, Lakey JR, Ross DB.
Comparison of aortic valve allograft decellularization
techniques in the rat. J Biomed Mater Res A 2006;
79:254-62. [PMID: 16817222]

17. Grauss RW, Hazekamp MG, van Vliet S, Gittenberger-de Groot
AC, DeRuiter MC. Decellularization of rat aortic valve
allografts reduces leaflet destruction and extracellular matrix
remodeling. J Thorac Cardiovasc Surg 2003; 126:2003-10.
[PMID: 14688719]

18. Korossis SA, Wilcox HE, Watterson KG, Kearney JN, Ingham
E, Fisher J. In-vitro assessment of the functional performance
of the decellularized intact porcine aortic root. J Heart Valve
Dis 2005; 14:408-22. [PMID: 15974537]

19. Hudson TW, Liu SY, Schmidt CE. Engineering an improved
acellular nerve graft via optimized chemical processing.
Tissue Eng 2004; 10:1346-58. [PMID: 15588395]

20. Mertsching H, Walles T, Hofmann M, Schanz J, Knapp WH.
Engineering of a vascularized scaffold for artificial tissue and
organ generation. Biomaterials 2005; 26:6610-7. [PMID:
15979139]

21. Ota T, Taketani S, Iwai S, Miyagawa S, Furuta M, Hara M,
Uchimura E, Okita Y, Sawa Y. Novel method of
decellularization of porcine valves using polyethylene glycol
and gamma irradiation. Ann Thorac Surg 2007; 83:1501-7.
[PMID: 17383366]

22. Ponce Márquez S, Martínez VS, McIntosh Ambrose W, Wang
J, Gantxegui NG, Schein O, Elisseeff J. Decellularization of
bovine corneas for tissue engineering applications. Acta
Biomater 2009; 5:1839-47. [PMID: 19286434]

23. Oh JY, Kim MK, Lee HJ, Ko JH, Wee WR, Lee JH. Processing
porcine cornea for biomedical applications. Tissue Eng Part
C Methods. 2009 [PMID: 19249963]

24. AmanoSShimomuraNYokooSAraki-
SasakiKYamagamiS161416Decellularizing corneal stroma
using N2 gas.Mol Vis20081487882 [PubMed: 18490960]

25. Zhang C, Nie X, Hu D, Liu Y, Deng Z, Dong R, Zhang Y, Jin
Y. Survival and integration of tissue-engineered corneal
stroma in a model of corneal ulcer. Cell Tissue Res 2007;
329:249-57. [PMID: 17453244]

26. Zhang C, Jin Y, Nie X, Liu Y, Lei J, Hu D. A comparative study
on biocompatibility of acellular corneal stroma materials
prepared by serial digestion methods. Zhongguo Xiu Fu
Chong Jian Wai Ke Za Zhi. 2006; 20:185-8. [PMID:
16529331]

27. Fujisato T, Minatoya 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, editors.
Cardiovascular regeneration therapies using tissue
engineering approaches. Tokyo: Springer; 2005. p. 83–94.

28. Gilbert TW, Sellaro TL, Badylak SF. Decellularization of
tissues and organs. Biomaterials 2006; 27:3675-83. [PMID:
16519932]

29. He H, Adams RM, Farkas DF, Morrissey MT. Use of high-
pressure processing for oyster shucking and shelf-life
extension. J Food Sci 2002; 67:640-5.

30. Calci KR, Meade GK, Tezloff RC, Kingsley DH. High-pressure
inactivation of hepatitis A virus within oysters. Appl Environ
Microbiol 2005; 71:339-43. [PMID: 15640207]

Molecular Vision 2009; 15:2022-2028 <http://www.molvis.org/molvis/v15/a216> © 2009 Molecular Vision

The print version of this article was created on 13 October 2009. This reflects all typographical corrections and errata to the
article through that date. Details of any changes may be found in the online version of the article.

2028

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18422366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=18422366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16133028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=11900325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9100626
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=7685009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=10992428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17453244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9761438
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=9761438
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16817222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=14688719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=14688719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15974537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15588395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15979139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15979139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17383366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17383366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19286434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=19249963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=17453244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16529331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16529331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16519932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=16519932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=abstract&list_uids=15640207
http://www.molvis.org/molvis/v15/a216

