
 

 

1 

 

Exosome markers associated with immune activation and oxidative stress 

in HIV patients on antiretroviral therapy 

Sukrutha Chettimada1, David R. Lorenz1, Vikas Misra1, Simon T. Dillon2,3, Roger K. Reeves4, 

Cordelia Manickam4, Susan Morgello5, Gregory D. Kirk6, Shruti H. Mehta6, and Dana Gabuzda1,7 

 

Affiliations: 

1Dana-Farber Cancer Institute, Department of Cancer Immunology and Virology, Boston, MA 

2 BIDMC Genomics, Proteomics, Bioinformatics and Systems Biology Center, Beth Israel Deaconess Medical 
Center, Boston, MA 

3Department of Medicine, Beth Israel Deaconess Medical Center, Harvard Medical School, Boston, MA 

4Center for Virology and Vaccine Research, Beth Israel Deaconess Medical Center, Boston, MA 

5Department of Neurology, Neuroscience and Pathology, Mount Sinai Medical Center, New York, NY 

6Department of Epidemiology, Bloomberg School of Public Health, Johns Hopkins University, Baltimore, MD 

7Department of Neurology, Harvard Medical School, Boston MA 

Corresponding author:  

Dr. Dana Gabuzda, email: dana_gabuzda@dfci.harvard.edu 

This file includes: 

1. Supplementary Figure S1 

2. Supplementary Figure S2 

3. Supplementary Figure S3 

4. Supplementary Figure S4 

5. Supplementary Figure S5 

6. Supplementary Figure S6 

7. Supplementary Figure S7 

8. Supplementary Table S6 

mailto:dana_gabuzda@dfci.harvard.edu


 

 

2 

 

 

 

Supplementary Figure S1: Comparison of plasma exosomes isolation by ExoQuick reagent versus differential 
ultracentrifugation. 15 HIV+ or HIV- plasma samples were pooled to a total of 1.6 ml per sample. 0.3 ml plasma 
was used for ExoQuick method and 1.3 ml was used for differential ultracentrifugation (UC) method. (a) Exosomes 
were isolated from 0.3 ml plasma using ExoQuick reagent according to the manufacturer’s protocol (upper panel), 
or from 1.3 ml plasma by UC (lower panel). Exosome morphology by TEM (first panel, scale bar=100 nm), size 
distribution by DLS (second panel), and EV concentration by and NTA (third panel) from HIV- sample is shown. (b) 
Table showing EV concentrations measured by NTA in HIV+ and HIV- samples. (c) Exosome fractions from the 
above experiments were run on SDS-PAGE gel by loading equal protein (left blot), or equal amounts of EV (right 
blot), between HIV- and HIV+ samples as measured by NTA (9.0E+10 and 1.2E+10 particles for ExoQuick and UC, 
respectively). Blots were probed for exosome marker proteins CD9, CD63, CD81, Flotillin-1, and HSP70 in pooled 
HIV- or HIV+ exosome fractions.  
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Supplementary Figure S2: (a) Exosome fractions are free of ER membrane contamination. Immunoblotting for ER 
protein, calnexin, and exosome marker, CD9, in plasma exosome fractions from HIV-negative (lanes 1-3), HIV-positive 
aviremic (lanes 4-6), HIV-positive viremic (lanes 7-9), and PBMC whole cell lysate (lane 10). (b) Full length blots from 
Figure 2d. Signal was developed by enhanced chemiluminescence and images were captured using a BioRad ChemiDoc™ 
Imaging System. Red dotted lines show cropping locations.  
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Supplementary Figure S3: Full length blots showing exosome markers in plasma exosome fractions from all 
subjects used in the study. Lanes under blue and red bars indicate HIV-negative and HIV-positive samples 
respectively. Signal was developed by enhanced chemiluminescence and images were captured using a BioRad 
ChemiDoc™ Imaging System.  
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Supplementary Figure S4: Scatter plots showing relationships between oxidative stress metabolites (a), PUFA 
metabolites (b), and exosome markers band intensities (normalized to EV numbers). Pearson correlation 
coefficient and p-value are shown above each plot. n= 63 subjects (24-36 HIV-positive, 20-26 HIV-negative). 
DHA, docosahexaenoate (22:6n3); n3 DPA, docosapentaenoate (22:5n3); n6 DPA, docosapentaenoate (22:5n6) 
and EPA, eicosapentaenoate (20:5n3) 
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Supplementary Figure S5: Purification of exosome fraction by immunoaffinity purification. Left panel shows 
immunoblotting for exosome markers (CD9, HSP70), Notch4, and albumin in plasma (lane 1), albumin depleted-
plasma (lane 2), exosome fraction (lane 3), pure exosomes from IAP (lane 4), and IgG control (lane 5). Right panel 
shows TEM image of exosomes in exosome fraction (left) and after exosome IAP (right).  
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Supplementary Figure S6: (a) Full length blots from Figure 4. Signal was developed by enhanced 
chemiluminescence and images were captured using a BioRad ChemiDoc™ Imaging System. Red 
dotted lines show cropping locations. (b) Scatter plot showing relationship between Notch4 levels 
and EV numbers. Pearson correlation of Notch4 protein (as measured by ELISA) with EV numbers. 
n= 36 subjects (24 HIV-positive, 12 HIV-negative). 
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Supplementary Figure S7: Full length blots from Figure 6. Signal was developed by enhanced 
chemiluminescence and images were captured using a BioRad ChemiDoc™ Imaging System. Red 
dotted lines show cropping locations. 
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Supplementary Table S6. List of antibodies used in polychromatic flow cytometry 

 

Antibody Fluorochrome Manufacturer    Clone    
 anti-BDCA-1 (CD1c) APC Miltenyi Biotech AD5-8E7 
 anti-BDCA-2 (CD303) FITC Miltenyi Biotech AC144 
 anti-CD11c Alexa Fluor 700 BD Biosciences S-HCL-3 
 anti-CD14 BV650 BD Biosciences L-200 
 anti-CD16 BUV496 BD Biosciences 3G8 
 anti-CD19 BUV395 BD Biosciences SJ25C1 
 anti-CD3 BV421 BD Biosciences  SP34-2 
 anti-CD4 PerCP-Cy5-5 BD Biosciences L-200 
 anti-CD56 PE-Cy7 BD Biosciences NCAM16.2 
 anti-CD8 APC-H7 BD Biosciences SK1 
 anti-HLA-DR ECD Beckman-Coulter Immu-357 
 anti-Notch4 PE BD Biosciences MHN4-2 
 

     Abbreviations: BDCA, Blood dendritic cell antigen; HLA-DR, human leukocyte antigen–DR 
 

 

 

 

 



<<
  /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


