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Abstract
Neural stem cells reside in two neurogenic regions of the
adult brain: the dentate gyrus of the hippocampus (DG) and
the subventricular zone (SVZ). Their proliferation, differen-
tiation, migration and survival are modulated by intrinsic
and extrinsic signals, forming a neurogenic niche. Brain cy-
tokines have only been recently regarded as possible com-
ponents of this neurogenic niche. In particular, we have
demonstrated that transforming growth factor-g (TGF-B)
has a pro-neurogenic effectinthe DGinamodel ofincreased
neurogenesis by adrenalectomy. We wanted to test whether
TGF-B has a similar effect in another neurogenic region,
namely the SVZ. To test this possibility, adult rats were in-
jected with adenoviral vectors expressing TGF-3 (Ad-TGF) or
B-galactosidase (Ad-bgal) in the SVZ and neurogenesis was
evaluated 3 weeks later. We have observed that chronic TGF-
B expression increased neurogenesis in the ipsilateral hemi-
sphere of Ad-TGF but not in Ad-bgal-treated rats compared
to their contralateral side. In addition, an unspecific effect of
the adenoviral vector per se could not be totally discarded.
We conclude, under our experimental conditions, that TGF-
B could enhance adult neurogenesis in the SVZ. This data
increase the growing evidence supporting a pro-neurogen-
ic role of anti-inflammatory cytokines in the adult brain.
Copyright © 2010 S. Karger AG, Basel

In the adult mammal brain, there are certain neuro-
genic regions where neural stem/progenitor cells (NSC)
proliferate and have the potential to differentiate into
neurons, astrocytes and oligodendrocytes [1]. Adult neu-
rogenesis is regulated by environmental signals collec-
tively defined as the neurogenic niche. Several molecular
components of the neurogenic niche have been identified
including sonic hedgehog, bone morphogenic proteins,
leukemia inhibitory factor and vascular endothelial
growth factor [2]. Not only can brain cytokines mediate
immune functions but they can also modulate several
brain-associated processes independently of the immune
system [3]. Only recently, it has been observed that pro-
inflammatory cytokines such as IL-6 and IL-1 can di-
minish and anti-inflammatory cytokines such as trans-
forming growth factor-g (TGF-B) and IL-4 can incre-
ment adult neurogenesis, respectively [4]. In particular,
we have observed that TGF-f3, an anti-inflammatory cy-
tokine, has a positive effect on neurogenesis in the den-
tate gyrus of the adult hippocampus in a model of en-
hanced neurogenesis by adrenalectomy in vivo [5]. We
wanted to explore the possibility that TGF- could in-
crease neurogenesis in another neurogenic area, the sub-
ventricular zone (SVZ) of the lateral ventricles.

To test this hypothesis, adult male Wistar rats (8-10
weeks old) were unilaterally injected with 1 X 107 par-
ticles of adenoviral vectors TGF-{3 (Ad-TGF) or B-galac-
tosidase (Ad-bgal) as control, under ketamine chlorhy-
drate (80 mg/kg) and xylazine (8 mg/kg) anesthesia. This
treatment allows transgenic expression for at least 14 days
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in the brain ([6] and data not shown). The stereotaxic in-
jections were performed with a 50-pwm tipped fine glass
capillary directed to the left SVZ at bregma, antero-pos-
terior, +0.5 mm; lateral, +1.5 mm; ventral, —-4.0 mm. One
week after adenoviral injection, animals were injected in-
traperitoneally with 50 mg/kg/day of 5-bromo-2'-deoxy-
uridine (BrdU) during 7 days. Three weeks after adeno-
viral injection, animals were deeply anesthetized and
perfused transcardially with heparinized saline and tis-
sue was fixed with 4% paraformaldehyde in 0.1 M phos-
phate buffer (PB). Brains were removed and postfixed
overnight at 4°C in 4% paraformaldehyde in PB, after
which they were cryoprotected in 30% sucrose in PB and
sliced coronally in 40-pwm sections with a sliding cryo-
stat. Animal procedures were performed according to the
regulations for the use of laboratory animals of the Na-
tional Institutes of Health, USA.

The amount of newly born neurons in the SVZ was
determined by performing double immunofluorescence
against BrdU (a marker of cell proliferation) and double-
cortin (DCX, a marker of young neuronal phenotype)
with specific antibodies. Briefly, one-in-six series of free-
floating sections were incubated for 2h in 50% formamide
at 65°C, washed once in X2 standard saline citrate (SSC;
0.3 M NaCl, 0.03 M sodium citrate), incubated for 30 min
at 37°C in 2 N HC, rinsed in 0.1 M borate buffer, pH 8.5,
and thoroughly washed in Tris-buffered saline (TBS;
Tris-HCI 50 mM pH 7.4, NaCl 150 mM). Sections were
blocked in 0.1% Triton X-100, 1% donkey serum in TBS
(blocking solution) for 40 min at room temperature (RT).
Rat anti-BrdU (1:150; Abcam, UK) and rabbit anti-DCX
(1:150; Abcam, UK) were diluted in blocking solution and
sections were incubated for 72 h at 4°C. Sections were
then incubated with Cy2-conjugated donkey anti-rat and
Cy3-conjugated donkey anti-rabbit (1:200; Jackson Labo-
ratories, West Grove, Pa., USA) for 2 h at room tempera-
ture (RT). Sections were mounted in Mowiol (Calbio-
chem, La Jolla, Calif., USA). Double-stained cells in the
SVZ were quantified using z-scan confocal microscopy
(Zeiss LSM 510 confocal-laser scanning microscope
equipped with an argon and He/Ne laser that emitted at
488 and 568 nm, respectively) at X20 magnification.
Each cell was analysed along the entire z’ axis. Between
200 and 600 BrdU-positive cells were counted to calculate
double-labeled cell percentages, and the total number of
double-labeled cells was estimated.

In the SVZ ipsilateral to the Ad-TGF injection, the
number of newly born neurons was increased in com-
parison to the contralateral side (* p < 0.05; fig. 1). No
similar effect was observed when the injected and unin-
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Fig. 1. Effect of TGF-f expression on neuronal differentiation in
the SVZ. Quantification of the percentage of double-labeled cells
in the SVZ among the BrdU-positive cell population in Ad-TGF-3
and Ad-bgal-injected animals. Ad-TGF significantly increases the
amount of BrdU/DCX-positive cells. Comparisons were performed
using t test analysis (* p < 0.05). Values are the mean * SEM.
Ipsi = Ipsilateral; Contra = contralateral to adenoviral injection.

jected SVZ of Ad-bgal-treated animals was compared
(fig. 1). When the ipsilateral hemispheres of Ad-TGF and
Ad-bgal-injected animals were analyzed, a tendency to
an increase in neurogenesis was observed in the first
group but it did not reach statistical significance (fig. 1),
suggesting an effect of the adenoviral injection per se that
precluded to draw conclusions from this comparison.

We conclude that chronic TGF- expression could
produce an increment in newborn neurons from the adult
SVZ. A contribution of the adenoviral vector per se on
this effect could not be discarded. These data support the
idea of considering brain cytokines as part of the adult
neurogenic niche. It also provides evidence in favor of
considering anti-inflammatory cytokines as pro-neuro-
genic molecules in the adult brain.

References

Gage FH: Neurogenesis in the adult brain. ] Neurosci 2002;22:612-
613.

Alvarez-Buylla A, Lim DA: For the long run: maintaining germinal
niches in the adult brain. Neuron 2004;41:683-686.

Besedovsky H: Immune-neuro-endocrine interactions: facts and hy-
potheses. Endocr Rev 1996;17:64-102.

Ekdahl CT, Kokaia Z, Lindvall O: Brain inflammation and adult neu-
rogenesis: the dual role of microglia. Neuroscience 2009;158:1021-
1029.

Battista D, et al: Neurogenic niche modulation by activated microglia:
transforming growth factor beta increases neurogenesis in the adult
dentate gyrus. Eur ] Neurosci 2006;23:83-93.

Ferrari CC, et al: Progressive neurodegeneration and motor disabilities
induced by chronic expression of IL-1beta in the substantia nigra. Neu-
robiol Dis 2006;24:183-193.

&)
>3

>4

»s5

»6

Neuroimmunomodulation 2010;17:200-201 201




<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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




