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Abstract

Our new surgical treatment for corneal endothelial
dysfunction involves replacing damaged the corneal
endothelium with healthy corneal endothelial cells
cultivated and multiplied in vitro. Monkey corneal
endothelial cells (MCECs) were cultivated on collagen
type- I carriers for four weeks. The corneal endothe-
lium of the monkeys was mechanically scraped, and
the cultivated MCEC sheet was inserted into the
anterior chamber and fixed to the Descemet’s mem-
brane with air. As controls, a collagen sheet with-
out MCECs was transplanted into one eye, and a
suspension of cultivated MCECs was injected into the
anterior chamber in another eye. In the early
postoperative period MCEC sheets were attached to
Descemet’s membrane and corneal clarity recovered.
This was accompanied by a decrease in corneal
thickness. Fluorescein Dil labeled donor corneal
endothelial cells were detected on the host cornea on
postoperative day 7. After transplantation, the

MCEC-transplanted corneas remained clear for up to
4 years, and hexagonal cells of a density more than
1,500~2,000 cells/mm® were observed by in wvivo
specular microscopy. Control eyes showed irreversi-
ble bullous keratopathy. We established a model of
cultivated corneal endothelial transplantation for
corneal endothelial dysfunction in primates whose
corneal endothelial cells have less proliferative
capacity in vivo. Our results suggest that this is a
useful model for long-term observation in advance of
future clinical application of cultivated corneal endo-
thelial transplantation.
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LNV EHWEBHEERILETH D LE 2, BEHEY
7 HAEERMIEOEF & ENFAF - ekra
A WHEMRFE LGRS 2 & — 1B nT,
2004 ED B =7 A W)V x Hv 7z AR R SR % b
LTw3,
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LIRTIE Yy — o2 T -7z, Y o 2 IR TIEEEE
AIREMIEA L CWizds, DEoBSRICEY k&%
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RLZZICODHERE R b ifl) 2 2 LAV CTE L REM %
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UOIEFITE BRI 2 L AN > — b2 BT
52k, ®DHVIEIBEEOIRMNIZE VT b —EDHlRE
ERORHTAARHNE Y — N2 BT AN TE D A
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WZEELTLEW, EFOr MEANEMIO X ) 25
AEOREE MR L - F TR Y1T) 2 LT
otz #ZTHAIL, embryonic stem cell (ES #lii)
ERRIIRRET LI HTH D Z Lo s T
W5 Rho ¥ F—PHEHKO—-FETH 5 Y-27632 % H\»
5Lk oT®, e MARNEMIEE IERORES
PRofzF F, RIEMIEEET L L2 ATVE, IR
FTICFRA T, Y-27632 135 = 27 A ¥V A sy iz il o
ML L OB EICBW T, MBoERE~0HEE
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X #®

1) Shimazaki J, Amano S, Uno T, Maeda N, Yokoi N,
the Japan Bullous Keratopathy Study Group :
National survey on bullous keratopathy in Japan.
Cornea 26 @ 274—278, 2007.

2) Darlington JK, Adrean SD, Schwab IR : Trends
of penetrating keratoplasty in the United States
from 1980 to 2004. Ophthalmology 113 : 2171—
2175, 2006.

3) Gorovoy MS : Descemet-stripping automated en-
dothelial keratoplasty. Cornea 25 : 886—889, 2006.

4) WNREEF, EmHEZ, XRFLE, AT & HAIZ
BT MARHLEROBUR HIRAEE 111 © 493—
503, 2007.

5) Miyata K, Murao M, Sawa M, Tanishima T :
New wound-healing model using cultured corneal
endothelial cells. 1. Quantitative study of healing
process. Jpn J Ophthalmol 34 : 257—266, 1990.



PRC214E 11 A 10 H

6)

8)

10)

11)

12)

13)

14)

15)

Miyata K, Murao M, Sawa M, Tanishima T :
New wound-healing model using cultured bovine
corneal endothelial cells. 2. Role of migration and
mitosis studied by immunohistochemistry. Jpn J
Ophthalmol 34 : 267—274, 1990.

Miyata K, Drake J, Osakabe Y, Hosokawa Y,
Hwang D, Soya K, et al : Effect of donor age on
morphologic variation of cultured human corneal
endothelial cells. Cornea 20 : 59—63, 2001.

Amano S, Mimura T, Yamagami S, Osakabe Y,
Miyata K, Yokoo S, et al : Properties of corneas
reconstructed with cultured human corneal endo-
thelial cells and human corneal stroma. Jpn J Oph-
thalmol 49 : 448—452, 2005.

Ishino Y, Sano Y, Nakamura T, Connon CJ,
Rigby H, Fullwood NJ, et al : Amniotic membrane
as a carrier for cultivated human corneal endothelial
cell transplantation. Invest Ophthalmol Vis Sci 45 :
800—806, 2004.

Mimura T, Yamagami S, Yokoo S, Usui T,
Tanaka K, Hattori S, et al : Cultured human
corneal endothelial cell transplantation with a
collagen sheet in a rabbit model. Invest Ophthalmol
Vis Sci 45 : 2992—2997, 2004.

Ide T, Nishida K, Yamato M, Sumide T, Utsumi
M, Nozaki T, et al : Structural characterization of
bioengineered human corneal endothelial cell sheets
fabricated on temperature-responsive culture
dishes. Biomaterials 27 : 607—614, 2006.

Sumide T, Nishida K, Yamato M, Ide T, Hayashi-
da Y, Watanabe K, et al: Functional human
corneal endothelial cell sheets harvested from
temperature-responsive culture surfaces. FASEB J
20 1 392—394, 2006.

Mimura T, Yamagami S, Yokoo S, Araie M,
Amano S, Yanagi Y, et al : Comparison of rabbit
corneal endothelial cell precursors in the central and
peripheral cornea. Invest Ophthalmol Vis Sci 46 :
3645—3648, 2005.

Yokoo S, Yamagami S, Yanagi Y, Uchida S,
Mimura T, Usui T, et al : Human corneal endothe-
lial cell precursors isolated by sphere-forming assay.
Invest Ophthalmol Vis Sci 46 : 1626—1631, 2005.
Yamagami S, Mimura T, Yokoo S, Takato T,
Amano S : Isolation of human corneal endothelial
cell precursors and construction of cell sheets by
precursors. Cornea 25(Suppl 1) : S 90—S 92, 2006.

PR B PR AR R D B 5 -

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

NG 1059

Mimura T, Yamagami S, Yokoo S, Yanagi Y,
Usui T, Ono K, et al : Sphere therapy for corneal
endothelium deficiency in a rabbit model. Invest
Ophthalmol Vis Sci 46 : 3128—3135, 2005.

Mimura T, Yokoo S, Araie M, Amano S,
Yamagami S : Treatment of rabbit bullous kera-
topathy with precursors derived from cultured
human corneal endothelium. Invest Ophthalmol Vis
Sci 46 1 3637—3644, 2005.

Amano S, Yamagami S, Mimura T, Uchida S,
Yokoo S: Corneal stromal and endothelial cell
precursors. Cornea 25(Suppl 1) : S 73—S 77, 2006.

Van Horn DL, Hyndiuk RA : Endothelial wound
repair in primate cornea. Exp Eye Res 21 : 113—
124, 1975.

Matsubara M, Tanishima T : Wound-healing of
corneal endothelium in monkey : an autoradio-
graphic study. Jpn J Ophthalmol 27 : 444—450,
1983.

Matsubara M, Tanishima T : Wound-healing of
the corneal endothelium in the monkey : a morpho-
metric study. Jpn J Ophthalmol 26 : 264—273, 1982.
Tsuru T, Araie M, Matsubara M, Tanishima T :

Endothelial wound-healing of monkey cornea : flu-
orophotometric and specular microscopic studies.
Jpn J Ophthalmol 28 @ 105—125, 1984.

Koizumi N, Sakamoto Y, Okumura N, Okahara N,
Tsuchiya H, Torii R, et al : Cultivated corneal
endothelial cell sheet transplantation in a primate
model. Invest Ophthalmol Vis Sci 48 : 4519—4526,
2007.

Koizumi N, Sakamoto Y, Okumura N, Tsuchiya
H, Torii R, Cooper L], et al : Cultivated corneal
endothelial transplantation in a primate : Possible
clinical application in corneal endothelial regenera-
tive medicine. Cornea 27 (suppl 1) : S48—S55,
2008.

Watanabe K, Ueno M, Kamiya D, Nishiyama A,
Matsumura M, Wataya T, et al: A ROCK
inhibitor permits survival of dissociated human
embryonic stem cells. Nat Biotechnol 25 : 681—686,
2007.

Okumura N, Ueno M, Koizumi N, Sakamoto U,
Hirata K, Hamuro J, et al : Enhancement on
primate corneal endothelial cell survival iz vitro by a
Rock inhibitor. Invest Ophthalmol Vis Sci 50 :

3680—3687, 2009.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.16667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.16667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
>
    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>
>
    /HRV <>
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


