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Figure 1. Immunohistochemlstry of phospho-S6 ribosomal protein in retinal ganglion cells. (A) Phospho-S6 ribosomal protein was
predominantly expressed in retinal ganglion cells of normal rat retina. (B) Expression of phospho-S6 ribosomal protein was mark-
edly reduced in retinal ganglion cells after intravitreal injection of rapamycin (5 ng/ul).
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Figure 2. Retinal ganglion cells (RGCs) survival 1 week after optic nerve transection (ONT). (A) Intravitreal injection of rapamycin
showed neuroprotective effect after ONT ('Mann-Whitney test, p < 0.01). RGCs were retrogradely labeled in the control group (B)

and the rapamycin injection group (C).

1152



oy

360.7 + 68.27]9] WA AN E2E BTk AJAA
EJ 2% 5 ng/ule] gtubutolAlS feEjA7t W FYTA] 7
% 5 ng/ule] gtatuto] Al A shlar, AlAl7A o]
1497 FUAAEAESE 243 YRU2olds mm’
F 5211 £ 727702 ti2Tt 9 AL s f-elsA
W2 AR AA 7L = Ao one—way ANOVA, post
Hoc Tukey test, p<0.05, Fig. 3).

ot >
o e

ror

A *

600

400

200 ~

Cell density (/mm?)

Control Rapamycin Rapamycin
single injection additional
injection IHJCCUOII group (C

P
F

1000 —

800

600 —

400

Cell density (/mm?®)

Control Rapamycin Rapamycin

+3-MA + Wortmannin

/w.ophthalmolog

Mg 2| : 2tutotojdlel MEESF -

2ITHOjOl AT XIZEZAIBIA OfHIF| SA| £ 3 oo}
NAENE MES

A4 Ak A3 5 ng/ule] ghmatolAlat 3 nMe
3—methyladenineg EAJo] FsF +£(940.4 + 154.17)
fmm?) 3t NA1 A K3 5 ng/ule] hutubo] A1zt 5 mM
o] Wortmanning SAlo] FUsF H(886.1 + 149.77)

Figure 3. Effect of rapamycin for retinal ganglion cells (RGC) survival 2 weeks after
optic nerve transaction (ONT). (A) Repeated intravitreal injection of rapamycin showed
neuroprotection at 2 weeks after ONT (‘One-way ANOV A, post Hoc Tukey test, p <
0.05). RGCs were retrogradely labeled in the control group (B), the rapamycin single
and the rapamycin additional injection group (

Figure 4. Retinal ganglion cells survival 1 week after optic nerve transection (ONT) and
2004 co-injection of rapamycin and autophagy inhibitors; 3-methyladenine (3-MA) or
Wortmannin (A). RGCs were retrogradely labeled in the control group (B), the co-injection
group of rapamycin and 3-MA (C) and the co-injection group of rapamycin and
Wortmannin (D).
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=ABSTRACT=

Neuroprotective Effect of Rapamycin in
Optic Nerve Transection Model

Seok Hwan Kim, MD'?, Young Keun Han, MD"?, Ki Ho Park, MD"?, Yoo Jung Kim, MS*

Department of Ophthalmology, Seoul National University College quedicineI, Seoul, Korea
Department of Ophthalmology, SMG - SNU Boramae Medical Center’, Seoul, Korea
Department of Ophthalmology, Seoul National University Hospitalj, Seoul, Korea
Seoul National University Clinical Research Institute‘t, Seoul, Korea

Purpose: The present study investigated whether rapamycin activated autophagy in retinal ganglion cells (RGC) and eval-
uated its effect on RGC survival following optic nerve transection (ONT).

Methods: The activation of autophagy in RGCs after intravitreal injection of rapamycin was evaluated with the im-
munohistochemical staining of phospho-S6 ribosomal protein. Rapamycin or 0.1% DMSO was injected intravitreally imme-
diately after ONT. At 1 and 2 weeks after ONT, the RGCs were counted. Rapamycin and autophagy inhibitors, 3-methyladenine
or Wortmannin were co-injected intravitreally after ONT and the RGCs were counted 1 week later.

Results: Expression of phospho-S6 ribosomal protein was decreased in RGCs after intravitreal injection of rapamycin. The
RGC number was significantly higher in the rapamycin group than in the control group 1 week after ONT. However, the
RGC number was not different between the 2 groups 2 weeks after ONT. Repeated intravitreal injection of rapamycin at
1-week intervals showed neuroprotection 2 weeks after ONT. The RGC number was not different between the control
group and the co-injection group of rapamycin-autophagy inhibitor.

Conclusions: Activated autophagy by rapamycin was neuroprotective in RGC after ONT.

J Korean Ophthalmol Soc 2012;53(8):1150-1156

Key Words: Autophagy, Neuroprotection, Optic nerve transaction, Rapamycin, Retinal ganglion cells

Address reprint requests to Young Keun Han, MD

Department of Ophthalmology, SMG - SNU Boramae Medical Center
#20 Boramae-ro 5-gil, Dongjak-gu, Seoul 156-707, Korea

Tel: 82-2-870-2411, Fax: 82-2-831-2826, E-mail: eyel29@paran.com

1156 www_ophthalmology.org





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


