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인간 단뇌 세포에서 분화된 신경줄기세포를 이용한 백서의 척수 재생
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Spinal Cord Regeneration in Rat using Neural Stem Cell
Differentiated from Human Telencephalon

Sang-RimKim, M.D., Kwang Hoon Chung, M.D., and Kwang-Bok Lee, M.D.
Department of Orthopedic Surgery, Cheju National University College of Medicine,

Cheju National University Hospital, Jeju, Korea

P u r p o s e : To evaluate the effect of neural stem cells differentiated from a human telencephalon 
on the neural regeneration in the severed spinal cord.
M a t e r ia ls  a n d  M e t h o d s :  The 1st surgery involving the insertion of plastic membrane in the 
transected cord was performed to prevent spontaneous healing of adult female rats (n=20, 171-237 g) 
with a complete spinal cord transection. The media was inserted only after removing the previously 
inserted plastic membrane in the control group (n=6). In the experimental group (n=14), media and 
neural stem cell (1×) were transplanted after removing the membrane, and immunohistochemical 
staining was performed. The experimental group was perfused transcardially 5 weeks after the 2nd

surgery, and the level of neural cell regeneration determined by immunohistochemical staining. In 
behavioral analysis, the Basso-Beatie-Bresnahan (BBB) scores of the control and experimental 
group were compared weekly from immediately after the injury until 5 weeks post-injury after the 
2nd surgery.
R e s u lt s :  Immunohistochemical stain revealed no neural regeneration in the control group. O n the 
other hand, the survival of transplanted human neural stem cells and remarkable neural regeneration 
(differentiate to neuron and astrocyte) were observed in the experimental group. In the BBB 
locomotor scale, the experimental group showed significant recovery in terms of control; and the 
score increased from postoperative 2 weeks to 3 weeks, and reached a plateau from 3 weeks to 
5 weeks.
C o n c lu s io n :  The effect of neural stem cells differentiated from human telencephalon on cord 
regeneration does not produce functional recovery in the BBB locomotor scale, but there is slight 
recovery of the muscle function. The survival of transplanted human neural stem cells and the 
possibility of differentiation to neurons or astrocytes were observed.
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Fig. 1. Diagram summarizing 
the system of all procedures in 
this experiment.
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대상 및 방법
  1. 신경줄기세포 획득
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Table 1. BBB (Basso-Beatie-Bresnahan) Locomotor Rating Scale
 0 No observable hindlim (HL) movement
 1 Slight movement of one or two joints, usually the hip and/or knee
 2 Extensive movement of one joint or extensive movement of one joint and slight movement of one other joint
 3 Extensive movement of two joints
 4 Slight movement of all three joints of the HL
 5 Slight movement of two joints and extensive movement of the third
 6 Extensive movement of two joints and slight movement of the third
 7 Extensive movement of all three joints of the HL
 8 Sweeping with no weight support or plantar placement of the paw with no weight support
 9 Plantar placement of the paw with weight support in stance only (i.e, when stationary) or occasional, frequent, or consistent 

weight-supported dorsal stepping and no plantar stepping
10 Occasional weight-supported plantar steps; no FL-HL coordination
11 Frequent to consistent weight-supported plantar steps and no FL-HL coordination
12 Frequent to consistent weight-supported plantar steps and occasional FL-HL coordination
13 Frequent to consistent weight-supported plantar steps and frequent FL-HL coordination
14 Consistent weight-supported plantar steps, consistent FL-HL coordination, and predorminant paw position during locomotion is 

 rotated (internally or externally) when it makes initial contact with the surface as well as just before it is lifted off at the end of
 stance; or frequent plantar stepping, consistent FL-HL coordination, and occasional dorsal stepping

15 Consistent plantar stepping, consistent FL-HL coordination, and no toe clearance or occasional toe clearance during forward limb
 advancement; predorminant paw position is pararelle to the body at initial contact

16 Consistent plantar stepping, consistent FL-HL coordination, and toe clearance occurs frequently during forward limb advancement;
 predorminant paw position is pararelle at initial contact and rotated at lift off

17 Consistent plantar stepping, consistent FL-HL coordination, and toe clearance occurs frequently during forward limb advancement;
 predorminant paw position is pararelle at initial contact and lift off

18 Consistent plantar stepping, consistent FL-HL coordination, toe clearance occurs consistently during forward limb advancement; 
 predorminant paw position is pararelle at initial contact and rotated at lift off

19 Consistent plantar stepping, consistent FL-HL coordination, toe clearance occurs frequently during forward limb advancement; 
 predorminant paw position is pararelle at initial contact and lift off, and tail is down part or all of the time

20 Consistent plantar stepping and consistent coordinated gait, consistent toe clearance, predorminant paw position is pararelle at
 initial contact and lift off, and trunk instability; tall consistently up

21 Consistent plantar stepping and consistent coordinated gait, consistent toe clearance, predorminant paw position is pararelle 

 throughout stance, and consistent trunk staility; tall consistently up
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  3. 면역조직화학적 검사
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A B C

Fig. 4. Image showing β-gal (+) cell as a red color (B), GFAP (+) cell as a green color (A) and double staining (C) with two antibodies.

Fig. 3. Images showing β-gal (+) cell as a red color (B), Neurofilament (+) cell as a green color (A), and double staining (C) with 
two antibodies.

A B

Fig. 2. Photograph showing 
the injured spinal cord (asterix), 
and the insertion and removal of 
the plastic membrane (curved 
arrows) during the 1st surgery 
(A) and 2nd surgery (B). Show-
ing  the wide defect and sur-
rounding scar tissue of the 
spinal cord result from the in-
serted plastic membrane.
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Table 2. Summary of the Data for Immunohistochemical Staining and the BBB Locomotor Scores
Number Weight (g) Operation β-gal* GFAP† Neuro filament BBB (Rt) BBB (Lt)
 1 196 Media only － － － 0, 0, 1, 1, 1, 1 0, 2, 2, 2, 2, 2
 2 180 Media only － － － 1, 1, 3, 3, 3, 3 0, 1, 1, 1, 1, 1
 3 211 Media only － － － 0, 1, 2, 2, 2, 2 0, 0, 0, 0, 0, 0
 4 218 Media only － － － 4, 6, 9, 9, 10, 10 5, 7, 9, 9, 10, 10
 5 220 Media only － － － 0, 0, 0, 0, 0, 0 1, 2, 2, 2, 2, 2
 6 197 Media only － － － 2, 4, 7, 8, 8, 9 0, 0, 0, 0, 0, 0
 1 237 Stem cell + + No 0, 0, 0, 0, 0, 2 1, 3, 9, 9, 9, 10
 2 213 Stem cell + + No 0, 0, 0, 0, 0, 0 1, 2, 3, 3, 3, 3
 3 193 Stem cell + + No 1, 3, 3, 3, 3, 3 1, 1, 9, 11, 11, 11
 4 171 Stem cell + + No 3, 12, 19, 19, 19, 19 0, 0, 11, 14, 14, 15
 5 205 Stem cell + + No 0, 0, 0, 6, 6, 7 7, 7, 15, 15, 15, 15
 6 216 Stem cell + + No 3, 8, 8, 13, 13, 14 7, 10, 14, 16, 16, 16
 7 233 Stem cell + + No 14, 16, 18, 19, 19, 19 3, 3, 9, 9, 10, 10
 8 213 Stem cell + No + 0, 1, 1, 3, 3, 4 0, 0, 0, 0, 0, 0
 9 222 Stem cell + No + 0, 0, 3, 3, 3, 3 0, 3, 3, 3, 3, 3
10 204 Stem cell + No + 0, 0, 0, 1, 1, 1 1, 3, 6, 6, 6, 6
11 201 Stem cell + No + 0, 0, 0, 3, 3, 3 2, 2, 14, 15, 15, 15
12 199 Stem cell + No + 2, 2, 2, 10, 13, 14 4, 9, 9, 16, 18, 19
13 207 Stem cell + No + 0, 0, 1, 2, 2, 2 0, 0, 1, 2, 2, 2
14 237 Stem cell + No － 0, 0, 0, 0, 1, 1 0, 1, 1, 3, 3, 3


*β-gal: β-galactosidase, †GFAP: glial fibillic acidic protein.
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Fig. 5. Image showing the behavioral analysis with the BBB locomotor scores of the right (A) and left (B) lower extremities.

(scar tissue) (granu-

lation tissue) (Fig. 2A, B).

  2. 면역조직화학 검사의 분석
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.

  3. 임상적 행동 분석 결과

  BBB 1.17, 

1 2.00, 2 3.67, 3 3.83, 4 4.00, 5
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6.43 , 1.93, 1 3.14, 2

7.43, 3 8.71, 4 8.93, 5 9.07 . 
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= 국문초록=

목적: 인간 단뇌에서 분화된 신경 줄기세포의 척수 재생에 대한 효과에 대해 알아보고자 하였다.
대상및방법: 생후 8주의 암컷 백서(n=20, 171-237 g)에게 척수 손상 모델 중 완전 절단(transection model)을 
선택한 후 척수의 자가 재생(spontaneous healing)을 방지하기 위해 플라스틱 막(0.2×0.1×0.3 cm)을 삽입하
여 1차 수술하였다. 대조군(n=6)은 2차 수술 시 삽입된 플라스틱 막을 제거 후 media만 삽입하였고, 실험군
(n=14)은 media와 신경줄기세포(1×106)를 이식한 후, 5주째 척수 손상 부위를 얻어 면역조직화학 염색으로 
신경세포의 재생 여부를 확인하였다. 임상적 결과는 2차 수술 후 1주째부터 1주 간격으로 5주째까지 BBB 
(Basso-Beattie-Bresnahan) locomotor scale을 이용하여 비교 분석하였다. 
결과: 면역조직화학 염색 상 대조군은 신경세포의 재생은 없었고, 실험군에서 이식한 인간 신경줄기세포의 생존 
및 신경원세포와 성상세포로 분화를 확인할 수 있었다. BBB locomotor scale은 대조군에 비해 실험군에서 
통계적으로 유의한 수준의 회복을 보였고, 술 후 2주에서 3주째까지 점수가 상승되다가, 술 후 3주째부터는 
큰 변화는 없었다.
결론: 인간 줄기세포를 이용한 백서의 척수 재생 정도는, 이식된 신경줄기세포의 생존 및 신경원 세포나 성상 
세포로 분화가 가능함을 확인할 수 있었고, 임상적으로는 어느 정도 근력 회복을 보이나 기능적 수준의 회복은 
보이지 않음을 알 수 있었다.
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cord. J Neurotrauma, 22: 226-239, 2005.

10. Galvin KA, Jones DG: Adult human neural stem cells for 

cell-replacement therapies in the central nervous system. Med 

J Aust, 177: 316-318, 2002.

11. Hofstetter CP, Holmstrom NA, Lilja JA, et al: Allodynia 

limits the usefulness of intraspinal neural stem cell grafts; 

directed differentiation improves outcome. Nat Neurosci, 8: 

346-353, 2005.

12. Liu S, Qu Y, Stewart TJ, et al: Embryonic stem cells diffe-

rentiate into oligodendrocytes and myelinate in culture and 

after spinal cord transplantation. Proc Natl Acad Sci USA, 97: 

6126-6131, 2000.

13. Lu P, Jones LL, Tuszynski MH: BDNF-expressing marrow 

stromal cells support extensive axonal growth at sites of spinal 

cord injury. Exp Neurol, 191: 344-360, 2005.

14. Lu P, Jones LL, Snyder EY, Tuszynski MH: Neural stem 

cells constitutively secrete neurotrophic factors and promote 

extensive host axonal growth after spinal cord injury. Exp 

Neurol, 181: 115-129, 2003.

15. McDonald JW, Sadowsky C: Spinal-cord injury. Lancet, 

359: 417-425, 2002.

16. Myckatyn TM, Mackinnon SE, McDonald JW: Stem cell 

transplantation and other novel techniques for promoting-

recovery from spinal cord injury. Transpl Immunol, 12: 

343-358, 2004.

17. Rabchevsky AG, Fugaccia I, Turner AF, Blades DA, 

Mattson MP, Scheff SW: Basic fibroblast growth factor 

(bFGF) enhances functional recovery following severe spinal 

cord injury to the rat. Exp Neurol, 164: 280-291, 2000.

18. Sayer FT, Oudega M, Hagg T: Neurotrophins reduce 

degeneration of injured ascending sensory and corticospinal 

motor axons in adult rat spinal cord. Exp Neurol, 175: 

282-296, 2002.

19. Shihabuddin LS, Horner PJ, Ray J, Gage FH: Adult 

spinal cord stem cells generate neurons after transplantation 

in the adult dentate gyrus. J Neurosci, 20: 8727-8735, 2000.

20. Shihabuddin LS, Ray J, Gage FH: FGF-2 is sufficient to 

isolate progenitors found in the adult mammalian spinal cord. 

Exp Neurol, 148: 577-586, 1997.

21. Yick LW, Cheung PT, So KF, Wu W: Axonal regeneration 

of Clarke's neurons beyond the spinal cord injury scar after 

treatment with chondroitinase ABC. Exp Neurol, 182: 160- 

168, 2003.

22. Zuo J, Neubauer D, Dyess K, Ferguson TA, Muir D: 

Degradation of chondroitin sulfate proteoglycan enhances the 

neurite- promoting potential of spinal cord tissue. Exp Neurol, 

154: 654-662, 1998.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


