
 
 

Supplemental Fig. 1 Quantitative analysis of total tau burden in immunized versus unimmunized PSP cases 
 
The percent area occupied by PHF1 positive staining was calculated in the midbrain of unimmunized PSP (n=9) and 

immunized PSP (n=2). Unimmunized cases 5 and 7 were excluded from analysis due to high background which 

interfered with digital image analysis. Mann-Whitney U test revealed no  differences in the median values between two 

groups. Descriptive results are shown in the summary table. 





Supplemental Fig. 2 Descriptive statistics for the number of astrocytic tau inclusions in immunized versus 

unimmunized PSP cases. The sample size (N), median, range, maximum, minimum, mean ± standard deviation (SD), and p 

value as determined by Mann-Whitney test are presented for (a) perivascular and non-perivascular vesicular astrocytes in the 

middle frontal cortex, (b) perivascular and non-perivascular tufted astrocytes in the middle frontal cortex, (c) perivascular and 

non-perivascular vesicular astrocytes in the angular cortex, and (d) perivascular and non-perivascular tufted astrocytes in the 

angular cortex. 

 



 
 

Supplemental Fig. 3 Quantitative analysis of gliosis in immunized versus unimmunized PSP cases 
 

The percent area occupied by positive thresholds for (a) Iba1 (n=10, immunized PSP, n=2, unimmunized PSP) was 

calculated. Case 5 exhibited high background which interfered with digital image analysis was excluded from the percent 

of Iba1 positive area measurements. (b) The number of GFAP positive cells in the midbrain of unimmunized PSP (n=11)  



 

and immunized PSP (n=2) is shown. Representative images of (c) Sox9 immunohistochemistry and (d) quantification of 

Sox9 positive cells show increased number of astrocytes in the immunized PSP cases compared to unimmunized PSP 

cases. Median values within each group of cases are indicated and *p<0.05 was determined by Mann-Whitney U test. 

Descriptive results are presented in summary tables. (e) Linear regression model demonstrates a positive correlation 

between GFAP positive and Sox9 positive cell counts. (f) Bland-Altman plot shows 95% confidence limits of the bias for 

two counting measurements within two dotted lines, demonstrating that Sox9 was more sensitive in terms of identifying 

astrocytes. 



Supplemental Table 1. Antigen and antibody list 

Antigen Antibody Host Concentration Source 

Phospho-tau 
(pS396 and pS404) 

 

PHF1 mouse monoclonal 1:2000 for IHC 
1:600 for IF 

Gift from Peter Davies 

4-repeat tau 
 

Anti 4R-tau mouse monoclonal 1:5000 for IHC Cosmo Bio 

3-repeat tau 
 

RD3 mouse monoclonal 1:1000 for IHC Millipore 

AD-specific 
conformation tau 

 

GT38 mouse monoclonal 1:1000 for IHC Gift from CNDR 

Iba1 
 

Anti-Iba1 rabbit polyclonal 1:2000 for IHC Wako 

Sox9 Anti-Sox9 rabbit monoclonal 1:2000 for IHC Abcam 

GFAP 
 

2.2B10 rat monoclonal 15000 for IHC Gift from CNDR 

EEA1 
 

PA1-063A rabbit polyclonal 1:100 for IF ThermoFisher Scientific 

LC3B 
 

D11 rabbit polyclonal 1:1000 for IF Cell Signaling Technology 

LAMP1 
 

Anti-LAMP1 rabbit polyclonal 1:450 for IF Abcam 

Human IgG4 

 
MA5-32169 rabbit polyclonal 1:1000 for IF Invitrogen 

IHC Immunohistochemistry, IF Immunofluorescence, AD Alzheimer’s disease, CNDR Center for Neurodegenerative Disease Research,  
GFAP Glial fibrillary acidic protein, EEA1 Early Endosome Antigen 1, LC3B Microtubule-associated proteins 1A/1B light chain 3B,  
LAMP1 Lysosomal-associated membrane protein 1 
 

 

 

 

 

 

 

 

 

 



 

Supplementary Table 2. Regional scoring of cellular tau pathologies in PSP 

   Cortex-Grey matter Medial Temporal Lobe Subcortical Nuclei Brain Stem Cerebellum 

Case  Group Tau/Cell FR TE AN VI CI AM HC DG HC CA HC EC PU GP TH SN MB LC PB MO DN 

1 PSP with 

treatment 

effect 

Neuron 0.5 0.5 1 0.5 1 2 0.5 0.5 0.5 0.5 1 2 3 2 2 2 2 2 

  Astro 0.5 0.5 1 0.5 0.5 2 - 0 0 3 2 2 0 2 0 0.5 0.5 0 

  Astro-PVA 2 0.5 2 0.5 1 0.5 - 0 0.5 1 0.5 1 0 0.5 0 0.5 0.5 0 

  Oligo 0.5 0 0.5 0.5 0.5 1 - 0 0 1 2 2 0 3 0 0.5 1 0.5 

2 PSP with 

treatment 

effect 

  

Neuron 0.5 1 0.5 0 1 2 1 2 2 1 1 2 3 2 2 2 2 1 

  Astro 0.5 0.5 0.5 0 1 2 - 0 0 3 2 2 0.5 1 0.5 0.5 0.5 0.5 

  Astro-PVA 2 0.5 2 0.5 1 0.5 - 0.5 1 1 1 0.5 0.5 0.5 0 0 0.5 0 

  Oligo 0.5 0.5 1 0.5 0.5 0.5 - 0 0 0.5 1 2 0.5 2 0.5 1 0.5 0.5 

4 Sibling of 

case 2-PSP 

Neuron 0.5 0.5 0.5 0 2 2 1 0.5 0.5 1 2 2 2 1 2 2 2 2 

  Astro 0.5 0 0.5 0.5 0.5 1 - 0 0 3 3 1 1 2 0.5 1 0.5 0.5 

  Oligo 0.5 0 0.5 0 1 0.5 - 0 0 0.5 2 2 0.5 2 0.5 1 0.5 1 

5 PSP  Neuron 1 1 2 0 2 0.5 0.5 1 1 0.5 1 2 2 1 N/A 3 0 2 

    Astro 2 1 3 0 1 0.5 - 1 1 2 1 1 0 1 N/A 0.5 0 1 

    Oligo 2 0.5 1 0 1 0.5 - 0.5 0.5 0 1 2 1 1 N/A 0.5 0 1 

6 PSP Neuron 1 2 1 0.5 1 2 1 2 2 2 2 1 2 2 2 1 1 0 

    Astro 2 2 2 0.5 1 2 - 2 2 2 1 1 0.5 1 0.5 0 0 0 

    Oligo 0.5 1 1 0 0.5 2 - 3 2 2 1 1 1 1 1 1 1 0 

7 PSP Neuron 1 0.5 1 0.5 2 1 0.5 2 2 2 2 3 2 2 1 2 3 2 

    Astro 0.5 0.5 1 0.5 0.5 0 - 0 0 3 2 1 0 0.5 0 0 0.5 0 

    Oligo 0.5 0 0.5 0 0.5 0.5 - 0 0 1 2 3 0 2 0.5 1 2 1 

8 PSP Neuron 1 1 1 0.5 1 2 2 1 2 1 2 1 2 2 2 2 3 2 

    Astro 3 1 1 0 3 3 - 2 2 2 3 3 0 1 0.5 0.5 2 0 

    Oligo 1 3 2 0.5 1 1 - 0.5 1 1 2 3 0.5 3 0.5 1 3 1 

9 PSP  Neuron 1 1 1 0.5 0.5 2 1 2 1 2 1 3 2 2 2 2 2 2 

    Astro 1 0 0.5 0 0 1 - 0 0 1 2 2 0 0.5 0 0.5 0 1 

    Oligo 0.5 0 0.5 0 0 0.5 - 0.5 0.5 1 2 3 0.5 3 0 1 2 2 

10 PSP  Neuron 0 0.5 0.5 0 0 1 0.5 1 1 0.5 0.5 2 3 2 2 1 1 1 

    Astro 2 1 2 1 0.5 2 - 0.5 1 2 2 3 2 2 0 0.5 0.5 0.5 



    Oligo 0.5 0 0.5 1 0 0 - 0 0 0.5 2 2 2 2 0.5 0.5 0.5 0.5 

11 PSP Neuron 2 1 1 0 1 1 1 2 1 0 0.5 2 1 1 N/A 1 2 1 

    Astro 3 2 3 1 3 1 - 1 0.5 2 1 3 2 2 N/A 0 0.5 1 

    Oligo 1 1 1 1 1 1 - 0.5 0 1 2 3 1 2 N/A 1 0.5 1 

12 PSP Neuron 1 0.5 0.5 0.5 1 1 0.5 1 0.5 0.5 1 3 2 1 2 2 2 2 

    Astro 1 0.5 0.5 0.5 1 0.5 - 1 0.5 3 3 3 2 3 2 0.5 1 1 

    Oligo 1 0 0 1 1 0 - 0.5 0 1 2 3 2 1 1 1 3 2 

13 PSP  Neuron 0.5 0.5 0 1 0.5 0.5 2 2 2 0.5 0.5 2 2 2 N/A 2 2 2 

    Astro 2 1 0.5 2 2 0.5 - 2 2 3 2 2 2 2 N/A 1 1 2 

    Oligo 0.5 0.5 0.5 0.5 0.5 0.5 - 1 1 1 1 1 1 1 N/A 1 2 2 

14 PSP  Neuron 0.5 0.5 1 0 2 0.5 0 1 0.5 1 0.5 2 3 2 3 2 2 1 

    Astro 0.5 0.5 2 0 2 0 - 0 0 2 1 2 2 3 1 1 1 1 

    Oligo 1 0.5 3 0 1 0 - 0 0 0.5 2 2 1 3 0.5 0.5 1 3 

FR frontal, TE temporal, AN angular, VI visual, CI anterior cingulate, AM amygdala, HC hippocampus, DG dentate gyrus, CA cornu ammonis, EC entorhinal cortex, PU putamen, GP globus pallidus, 
TH thalamus, SN substantia nigra, MB midbrain, LC locus coeruleus, PB pontine base, MO medulla oblongata, DN dentate nucleus, Astro astroglia, Oligo oligodendroglia. Semi-quantitative scoring 
system: 0 (none), 0.5 (rare), 1 (mild), 2 (moderate), 3 (severe). 

 



<<
  /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


