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Abstract Stem cells capable of proliferating along neuro-

nal and glial lines persist in the adult central nervous system 

(CNS). These cells are found pedominantly in the subven-

tricular zones and in the hippocampus. The therapeutic 

potential of both endogenous and exogenous stem cells in 

achieving repair of the injured CNS is being explored. Stem 

cells from embyonal lines, mescnchymal stromal cells and 

neural stem cells are being investigated for their potential 

role in the management of neural loss due to traumatic hy-

poxic or infl ammatory insult.
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Introduction

In the past decade, there have been profound changes

in our understanding of the mechanisms of injuries to

the CNS. Simultaneously, new insights into the regene-

rative potential of neural cell lines have provided a

glimmer of therapeutic hope. Neuronal loss may not be 

as irretrievable as we once surmised. Contemporary sur-

gical practice merits a conceptual understanding of the

pathophysiological mechanisms of neural injury production 

and a critical awareness of the status and horizons of stem 

cell biology.

The pathophysiology of traumatic injury to the

neuraxis – a brief overview

Primary injury

Neural injury may be produced by the impact and pres-

sure waves of an injuring agent or by inertial stresses of

acceleration and deceleration. Impact injuries result in

skull fractures, epidural and subdural hematomas and

surface contusions. The spheroidal contour of the

cranium focuses the impact wave to the geometric centre 

of the sphere. This confocal point is in the region of the 

hippocampus and the basal ganglia. It may be an oversim-

plifi cation of a complex issue to state that the impact and 

its pressure waves predominantly and primarily disrupt the 

soma or cell body of the neurons. Inertial injuries on the 

other hand result in axonal and microvascular disruptions. 

Diffuse axonal injuries and spinal cord injuries are situa-

tions where the clinical spectrum is predominantly due to 

axonal rupture.
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The injury cascade

There is a glutamatergic exitotoxic surge after injury [1]. 

The NMDA gated calcium channels open, resulting in a 

calcium infl ux. Intracellular calcium triggers off infl amma-

tory cascades. This results in breakdown of the blood-brain 

barrier. There is damage to the mitochondrial membrane, 

shutting off the cells power supply. Calpains produce break-

down of the structural proteins like spectrin and tubulin 

resulting in cytostructural collapse. Caspases are activated 

culminating in apoptotic cascades. The cascade of injury 

continues till reparative gliosis sets in, effectively impeding 

any attempts as axonal regeneration.

Secondary injury

Edema, both vasogenic and cytotoxic and mass producing 

hematomata which may be extradural, intradural or intra-

cerebral increase the volume of intracranial contents. This 

results in an increase of intracranial pressure. Although a 

normal brain can maintain neuronal perfusion at any pres-

sure head between 60 to 140 mm of Hg, a cerebral perfusion 

pressure (mean arterial pressure – intracranial pressure) of 

70 mm Hg is considered optimal for an injured brain. Hy-

poxic insult results in further neuronal loss and an aggrava-

tion of the injury cascade.

Neuronal mechanisms of regeneration and repair

One of the mechanisms of neural restoration is neosyn-

aptogenesis. New connections attempt to compensate for 

fi xed losses with some restoration of function. This is the 

phenomenon of neuronal plasticity.

The discovery of stem cell niches in the adult brain [2] 

has revealed the potential for CNS neuroregeneration [3]. 

This discovery has also posed perplexing questions on the 

inadequacy of this potential to fulfi ll clinical restoration. 

The engram for CNS restoration is in place. Why is neuro-

nal regeneration clinically unapparent? The answer to this 

enigma may be more Theo- philosophical rather than physi-

ological. Stem cell niches in the CNS have been identifi ed 

in the subependymal zone of the ventricular system [4], in 

the dentate gyrus of the hippocampus and in the basal fore-

brain including the olfactory tract. Neural Stem Cells (NSC) 

can evolve along neuronal, oligodendroglial and astrocytic 

lineages [5]. The sonic hedgehog molecular pathway and 

retinoic acid urge stem cell differentiation along neuronal 

and oligodendroglial lines while the notch pathway directs 

the cell towards an astrocytic lineage.

Harnessing stem cells

Stem cell therapy may be achieved by manipulation of the 

endogenous stem cell [6] population or by the administra-

tion of exogenous pluripotent cells after purifi cation and in 

vitro culture. Resident stem cells can be urged to prolifer-

ate along desired lines by manipulating the intercellular

messengers and the chemical milieu. However, an incom-

plete understanding of control infl uences precludes the 

therapeutic utility of this approach today [7].

The second modality is to administer exogenous stem 

cells. Instillation of these cells can be either at the injury 

sites or at a point distally. In the latter scenario we depend 

on chemotactic infl uences to guide the cells to the injury 

site. Stem cells, which have been used clinically and in an 

animal experimental setting include embryonic stem cells 

(ESC). Neural stem cells and bone marrow derived mesen-

chymal stromal cells (MSC) [8]. 

Embryonic stem cells can be urged to differentiate

fairly easily along neural lines. In Parkinson’s disease 

which is caused by neuronal dropout of dopaminergic neu-

rons, implanted ESC’s have shown functional integration 

[9]. The use of ESC’s however is confounded by ethical 

issues.

Autologous neural stem cells are not easy to harvest 

except from the olfactory tract. Olfactory ensheathing glial 

cells can be harvested through the nose. There have been 

largely unsubstantiated claims of the therapeutic applica-

tion of olfactory derived stem cells in spinal cord injuries.

Mesenchymal stromal cells obtained by autologous bone 

marrow harvest act by two potential mechanisms. Firstly 

these cells act as immunomodulaters, aborting the second-

ary injury producing cascades [10]. Secondly these cells 

may promote remyelination.  MSC’s can be urged along 

an oligodendroglial lineage by in vitro culture with FGF-2 

(Fibroblast growth factor) and retinoic acid. This results in 

the production of ‘Oligospheres’ which may be implanted 

into the injured spinal cord.

The affi nity of stem cells to home on to areas of

infl ammation has resulted in their being used as vec-

tors for the delivery of oncolytic viruses in glioblastoma

multiforme.

Rationale and clinical use of stem cells in neurosurgery

Stem cells for neuronal replenishment

ESC’s have been used in the treatment of Parkinson’s dis-

ease. The dopaminergic neurons generated by these stem 

cells display electrophysiological and behavioral proper-

ties of midbrain neurons. There are phase two trials on the 

use of stem cells in other neurodegenerative disorders like 

Huntington’s chorea. In the stroke model [11], implanted 

stem cells have been shown to establish synaptic connec-

tions. There are ongoing trials on stem cell use to replace 

neuronal loss following traumatic brain injury [12]. ESC’s 

and NSC’s are more likely to undergo neuronal differentia-

tion and integration.
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Stem cells as immune modulators

In the spinal cord, stem cells have been tried in multiple 

sclerosis, amyotrophic lateral sclerosis and in spinal cord 

injury. In multiple sclerosis, stem cells provide immuno-

modulation. They alleviate the recurrent insults to the cord 

in the relapsing remitting variety of the disease. 

Stem cells to promote remyelination [13]

In spinal cord injuries, stem cells may help in the early 

phase by acting as debris scavengers. This is therapeuti-

cally benefi cial in incomplete injuries. Some amount of 

functional ambulation can be achieved in Spinal cord injury 

cases if even ten percent of the long tracts are conserved. 

The disability in spinal cord injury is predominantly 

due to impairment of the long tracts. The aim of stem cell 

therapy is to provide oligodendrocyte precursors. These 

cells take up residence at the injury zone and provide for 

long tract remyelination. 

Amyotrophic lateral sclerosis is one of the few condi-

tions where a signifi cant quantum of the defi cit is due to 

neuronal loss rather than to axonal ruptures. Neurogenesis 

is therefore a target in this condition.

Conclusion

In the coming years Stem cells will have a role to play in all 

conditions involving neuronal loss or axonal disruption. A 

clear understanding of the pathophysiology is imperative to 

clearly defi ne targets in stem cell therapy. The fi eld of stem 

cell research is still evolving. The absence of class 1 evidence 

makes it diffi cult to justify the use of stem cells in clinical 

practice other than in the setting of a clinical trial. There is 

an ongoing clinical trial at the Hadassah hospital in Israel on 

the use of stem cells in multiple sclerosis, amyotrophic lateral 

sclerosis and spinal cord injuries. As the result of this and 

other scientifi cally structured trials come in, the role of stem 

cells will be better defi ned. Hype will then give way to hope 

and neurogenesis will take precedence over news genesis.  

References

1.  Regner A, Alves LB, Chemde I et al (2001) Neurochemical 

characterization of traumatic brain injury in humans. J Neu-

rotrauma 18 (8):783–792

2.  Einstein O, Gregoriadis N, Mizrachi-Kol et al (2006) Trans-

planted neural precursor cells reduce infl ammation to attenu-

ate chronic experimental autoimmune encephalomyelitis. 

Exp Neurol 198 (2): 275–284

3.  Hsu YC, Lee DC, Chiu IM (2007) Neural stem cells, neural 

progenitors and neurotrophic factors. Cell Transplant 16 (2):

133–150

4.  Alvarez- Buylla A, Herrera DG, Wichtule H (2000) The sub-

ventricular zone: source of neural precursors for brain repair. 

Prog Brain Res 127:1–11

5.  Heins N, England MC, Sjoblom C et al (2004) Derivation, 

characterization and differentiation of human embryologic 

stem cells. Stem Cells 22 (3):367–376

6.  Agrawal S, Schoffer DV (2005) In situ stem cell therapy: 

novel targets, familiar challenges. Trends Biotechnol 23:

78–83

7.  Giordono A, Galderisi U, Marino IR (2007) From the labo-

ratory bench to the patient’s bedside. An update on clinical 

trials with mesenchymal stem cells. J Cell Physiol 211 (1):

27–37

8.  Lennon DP, Caplan AI (2006) Isolation of human marrow 

derived mesenchymal stem cells. Exp Hematol. 34 (11):

1604–1605

9.  Nishimura F, Toriumi H, Ishisaka S et al (2006) Use of dif-

ferentiating embryonic stem cells in the Parkinson’s mouse 

model. Methods Mol Biol 329:485–493

10.  Ucceli A, Moretti L, Pistoca V (2006) Immunoregulatory 

function of mesenchymal stem cells. Eur J Immunol 36 (10):

2566–2573

11.  Buhnemann C, Scholz A, Bernreuther C et al (2006) Neu-

ronal differentiation of transplanted embryonic stem cell 

derived precursors in stroke lesions of adult rats. Brain 129 

(12):3238–3248

12.  Rice AC, Khaldi A, Harvey HB et al (2003) Proliferation and 

mitotic differentiation of mitotically active cells following 

traumatic brain injury. Exp Neurol 183:406–417

13.  Kang SM, Cho MS, Seo H et al (2007) Effi cient induction of 

oligodendrocytes from human embryonic stem cells. Stem 

Cells 25 (2):419–424



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /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 true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 215
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.04651
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 215
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.04651
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


