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Background: Expression of the nuclear steroid hormone receptors (SHR) within certain parts of the human brain 
has been described by many authors. However, a comprehensive analysis of SHR expression in the human brain still 
has not been performed. 

Aim: To investigate the expression of SHR in diff erent anatomical areas of the brain, especially within the neo-
cortex. 

Method: Immunohistochemical expression of estrogen receptors (ER), progesterone receptors (PR) and androgen 
receptors (AR) in diff erent regions of the human brain was examined.

Results: Nuclear expression of the AR was found in the mamillary body, praecentral gyrus and hippocampus of 
males. The same expression in analysed structures of female was not found. The expression of ER and PR was not 
observed. 

Conclusions: The analysis revealed unexpected localization of SHR within the brain cortex, which could be the 
fi rst step to the explanation of SHR action in brain as an interrelationship to function and behaviour. These results 
indicate on the possibility of SHR detection in post-mortal brain.

INTRODUCTION

Nuclear receptors for steroid hormones (SHR) are 
members of a superfamily of ligand-dependent transcrip-
tion factors that mediate the steroid hormone action in 
target cells. SHRs are involved in reproduction and sexual 
biomorphysm as well as behaviour, but their proper role 
in aspects of brain function such as behaviour, percep-
tion, and memory is still not fully clear. Expression of 
AR and ER within the hypothalamus and hippocampus, 
as the archi-cortex structures of the human brain has been 
described1, 4, 5, 6. However, their distribution relation to the 
brain structure, particulary in the structures of the neocor-
tex, and during brain de velopment still have not been fully 
described. The possible role of SHRs have been suggested 
in pathogenesis of Alzheimer disease4, 6, 8; their relation-
ship to neuro degenerative diseases is also an emerging 
fi eld of interest.

MATERIALS AND METHODS

Samples of human brain tissue were taken from diff er-
ent areas, icluding the precentral gyrus, postcentral and 
frontal gyruses, corpora mammillaria and  hippocampus 
of three cadavers (the sex and age are documented in 
the Tab. 1). The testes, ovary and prostate were included 
as positive control. Immunohistochemical staining of 

estrogen receptors (ER), androgen receptors (AR) and 
progesterone receptors (PR) was performed on 10% 
formalin-fi xed, paraffi  n-embedded tissue sections of the 
brain cortex structures. Antibodies from Dako (Denmark) 
against estrogen receptors (ER; ER α – Monoclonal 
Mouse Anti-Human, Clone 1D5, Code M 7047); pro-
gesterone receptors (PR; PR – Polyclonal Rabbit Anti-
Human, Code A 0098); and androgen receptors (AR; 
AR – Monoclonal Mouse Anti-Human, Clone AR441; 
CSA II, code K1497) were used. 

RESULTS AND DISCUSSION

Typical nuclear SHR staining was observed within the 
steroid hormone receptor positive tissue used as positive 
controls (prostate, ovary, testes). Nuclear AR staining was 
observed within the mamillary body, precentral gyrus and 
the hippocampus of tissue taken from males but not fe-
male. Mamillary bodies as well as the hippocampus are 
considered to be a part of the archi-cortex. These areas 
have already been shown to express AR4. Lorenz et al.7 
(2005) observed AR positive cells in the cerebral cortex 
of postnatal rats where AR positivity was described in 
the majority of neurons. The precentral area where the 
AR was found in our investigation is the place of the true 
motor cortex (M1). 
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Table 1. Detailed of specifi cation of analysed samples.

sex
age 

(years)
Time of sampling after death 

(hours)
Control 
tissue

Tissue sample localization

M 24 11,5 testes g. preacentralis, CM, Hipp.

F 68 9,5 ovary g.praecentralis, g. frontalis, CM, Hipp.

M 53 3,5 prostate g. praecentralis, g. postcentralis, CM, Hipp.

CM – corpora mamillaria; Hipp. – hippocampus; g. – gyrus; M – male; F – female

Table 2.  Results of immunohistochemistry.

SAMPLE
sex (M/F) /age (years) /time to removal after death (hours)

M/ 24/11,5 F/68/9,5 M/53/3,5
corpora 
mammillaria

AR + C, N + C + C, N

ER + C – + C

PR – + C –

hippocampus AR + C + C + C, N

ER + C + C + C

PR – + C –

gyrus
praecentralis

AR + C, N × + C, N

ER + C × + C

PR – × –

gyrus
postcentralis

AR × – + C

ER × + C –

PR × + C –

AR – androgen receptors, ER – estrogen receptor, PR – progesterone receptors
+ N – nuclear positivity; + N, C – nuclear and cytoplasmic positivity; –  – negativity; 
+ C – cytoplasmic positivity; × – not evaluated; M – male; F – female

Fig. 1. Gyrus praecentralis, male, 24 years, withdrawal 
11,5 h after death, nuclear positivity of AR, gyrus 
praecentralis, magn. 400 ×.

Fig. 2.  Corpora mammilaria, male, 53 years; withdrawal 
3,5 hours after death, nuclear positivity of AR, 
magn. 400 ×.
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Considerably higher cytoplasmic positivity, particular 
of ER in postcentral and frontal gyrus, was observed, sug-
gesting possible localisation of non nuclear SHR within 
the cytoplasm. Further studies are required to determine 
whether this is real or an artefact related to post-mortem 
changes.

Our preliminary study of the expression of SHR within 
the brain cortex showed unexpected results which will be 
the base for the follow up research.

LIST OF ABBREVIATION:

SHR – steroid hormone receptor
AR – androgen receptor
ER – estrogen receptor
PR – progesteron receptor
F – female
M – male

ACKNOWLEDGEMENTS

Supported by Faculty of Medicine and Dentistry guide-
line number LF – B3-1/2006-PN, 91110071-39 and MSM 
6198959216.

REFERENCES

 1. Bao AM, Hestiantoro A, Van Someren EJ, Swaab DF, Zhou JN. 
Colocalization of corticotrophin-reelesing hormone and oestrogen 
receptor-alpha in the paraventricular nucleus of the hypothalamus 
in mood disorders. Brain 2005;128(6):1301–13. 

 2. Blaustein J D. Minireview: Neuronal Steroid Hormone receptors: 
They’re Not Just for Hormones anymore. Endocrinology 2003; 
145(3):1075–1081.

 3. Cato AC, Nestl A, Mink S. Rapid actions of steroid receptors in 
cellular signaling pathways. Sci STKE 2002;138:RE9.

 4. Fernandez-Guasti A, Kruijver FP, Fodor M, Swaab DF. Sex diff er-
ences in the distribution of the androgen receptors in the human 
hypothalamus. J Comp.Neurol. 2000; 425(3):422–35. 

 5. Ishunina TA, van Heerikhuize JJ, Ravid R, Swaab DF. Estrogen 
receptor and metabolic activity in the human tuberomamillary nu-
cleus: changes in relation to sex, aging and Alzheimer’s disease. 
2003

 6. Ishunina TA, Kamphorst W, Swaab DF. Changes in metabolic 
activity and estrogen receptors in the human medial mamillary nu-
cleus:relation to sex, aging and Alzheimer’s disease. Neurobiology 
of Aging 2003; 24(6):817–828. 

 7. Lorenz B, Garcia-Segura LM, DonCarlos LL. Cellular phenotype 
of androgen receptor- immunoreactive nuclei in the developing and 
adult rat brain. J Comp Neurol 2005; 492(4):456–68. 

 8. Lu YP, Zeng M, Swaab DF, Ravid R, Zhou JN. Colocalization and 
alternation of estrogen receptor -alpha and –beta in the hippocam-
pus in Alzheimer’s disease. Hum Pathol. 2004; 35(3):275–80. 

 9. Perlman WR, Webster MJ, Kleinman JE, Weickert CS. Reduced 
glucocorticoid and receptor alpha messenger ribonucleic acid 
levels in the amygdale of patients with major mental illness. Biol 
Psychiatry 2004; 56(11):844–52. 

10. Royen ME, Cunha SM, Brink MC, Mattern KA, Nigg AL, 
Dubbink HJ, Verschure PJ, Trapman J, Houtsmuller AB. 
Compartmentalization of androgen receptor protein-protein inter-
actions in living cells. J Cell Biol 2007; 177(1):63–72.



<<
  /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 250
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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 250
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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.)
    /CZE <>
  >>
  /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


