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                                 Abstract 

Long-term accumulation of ACs in Mer-/- GCs 

Figure 1. Three-color 

immunohistology of 

spleen tissue obtained 
on day 14 (A), 21 (B) 

and 80 (C)  post-NP-

OVA immunization of 

WT and Mer-/- mice. 

Spleen sections were 
stained with GL7, 

TUNEL and anti-

CD68. GCs are 

defined by the 

presence of GL7+ 
cells. Two- (TUNEL 

and anti-CD68) and 

three-color (GL7, 

TUNEL and anti-

CD68) overlay images 
are shown in the 3rd 

and 4th columns, 

respectively. Original 

magnification of 

images was 200x. 
These data represent 

age- and sex-matched 

seven to eight mice of 

each genotype for 

each time point. 

Enhanced long-lasting AFC response in Mer-/- mice  

Figure 3. The number of short-

lived splenic NP-specific IgM (A 

and C) and IgG (B and D) 
secreting AFCs were measured 

by ELISpot assay 14 and 21 

days after immunization of WT 

(open circle) and Mer-/- (closed 

circle) mice with NP-OVA. The 
number of long-lived splenic (E) 

and bone marrow-derived (F) 

NP-specific IgG-producing 

AFCs were measured 80 days 

post-immunization. Each circle 
represents the number of AFCs 

per 1x106 splenocytes obtained 

from an individual mouse. 

Horizontal bars represent the 

average values. These data 
were obtained from age- and 

sex-matched four to seven mice 

of each genotype. Statistical 

analysis was performed by 

Student’s t-test. 

Figure 6. The percentage of CD4+CD44hiCD62Llo (middle panels) and CD4+CD44hiCD62Lhi (right 

panels) T cells in WT and Mer-/-  mice is shown in (A) and (B). (C, D): The percentage of CD4+CD25+ 

T cells in WT and Mer-/- mice. (E, F): The percentage of CD4+CXCR5hiPD-1hi TFH cells in WT and 
Mer-/- mice is shown in right panels (E, F). Statistical analysis was performed by Student’s t-test. 

These data were obtained from sex and age-matched seven mice of each genotype.   

Long-term accumulation of ACs in Mer-/- GCs associated 

with high titers of ANAs 

Figure 7. Anti-dsDNA (A), anti-histone (B) and anti-nucleosome (C) Abs were measured by ELISA 

in serum samples obtained from a group of WT (open circle, n =12) and Mer-/- (closed circle, n = 9) 
mice on multiple time points before (d0) and after (d28, d60 and d80) immunization with NP-OVA. 

The dashed lines represent WT and solid lines represent Mer-/- mice. Each circle represents one 

individual mouse and bars represent the mean values. Statistical analysis was performed by 

Student’s t-test. P values of <0.05 and <0.01 are depicted as * and **, respectively.  

Figure 8. IgG-producing secondary AFCs in the spleen was measured by ELISpot assay four days 

after boosting WT and Mer-/- mice with NP-OVA. The anti-NP IgG (B), IgG1 (C) and IgG2 (D) Abs 

were measured by ELISA in serum samples collected from mice described in (A). Age- and sex-
matched five to six mice of each genotype were used to generate these data. 

Mer (MerTK), a member of the Tyro-3/Axl/Mer subfamily receptor 

tyrosine kinases, expression on phagocytes facilitates their clearance of 

apoptotic cells (ACs). Mer expression in germinal centers (GCs) occurs 

predominantly on tingible body macrophages (TBM s). B and T cells do 

not express Mer. Mer deficiency (Mer-/-) results in the accumulation of 

ACs in GCs and augmented antibody-forming cell (AFC), GC and IgG2 

Ab responses against T-dependent (TD) Ag. Here, we show that AC 

accumulation in GCs and elevated AFC, GC and IgG2 Ab responses in 

Mer-/- mice lasted for at least 80 days after immunization with NP-OVA. 

Enhanced responses and AC accumulation in Mer-/- GCs were 

associated with increased activation and proliferation of B cells and 

activated effector helper T cells, including follicular T (TFH) cells. 

Secondary IgG-producing AFC, total IgG and IgG2 Ab responses were 

also increased in Mer-/- mice.  Augmented B and T cell responses and 

long-term AC accumulation in Mer-/- GCs were linked to high titers of 

anti-nuclear antibodies (ANAs) in Mer-/- mice compared to wild type 

(WT) controls. Together, these results highlight the important role of AC 

clearance by Mer in regulating GC B cell, helper T cell and autoantibody 

responses and in maintaining peripheral B cell tolerance. 

                      Methods and Results 

                              Conclusion 

 Long-term accumulation of ACs in GCs in the absence of Mer 

associated with enhanced primary GC and AFC responses 

 Elevated total IgG and Th1-IgG2 Ab responses in Mer-/- mice 

 Significantly increased percentages of activated B and helper T cells, 

including TFH cells, and proliferating GC B cells in the absence of Mer 

 Long-term AC accumulation in Mer-/- GCs associated with  

high titers of ANAs 

 Augmented secondary AFC and IgG2 Ab responses in Mer-/- mice 

We acknowledge support for this study from the National Institute of Health grant 

(RO1AI091670) to Z.S.M.R.  

Figure 2. Flow cytometric analysis of splenocytes obtained from WT and Mer-/- mice on days 

14 (A), 21 (B) and 80 (C)  post-immunization with NP-OVA. Cells were stained with GC B cell 

markers (B220, PNA and anti-CD95/Fas). B220+PNAhiFashi GC B cells are shown in rectangular 
gates (A and B, left panels) and the percentage of B220+PNAhiFashi GC B cells in WT (open 

circle) and Mer-/- (closed circle) mice is shown in scatter plots (A and B, right panels). Analysis 

on day 80 was performed on pooled samples of seven WT control (top) and four Mer-/- (bottom) 

mice where B220+PNAhiFashi GC B cells are shown in rectangular gates (C). Spleen sections 

obtained from WT (D and F) and Mer-/- mice (E and G) on days 21 and 80 were stained with 
anti-IgD and PNA. Low (50x) and high magnification (200x) representative images are shown.  

Primary GC response in the presence and absence of Mer 

Figure 5. B cell 

activation was 

evaluated by 
flow cytometric 

analysis of 

spleen cells 

obtained on 

days 14 (A) 
and 21 (B) 

post-

immunization of 

WT and Mer-/- 

mice with NP-
OVA. Spleen 

cells were 

stained with 

antibodies 

against B cell 
activation 

markers CD80 

(A and B, left 

two panels) 

and CD86 (A 
and B, right two 

panels). The 

percentage of 

Augmented IgG and Th1-IgG2 Ab responses in Mer-/- mice 

over time 

Figure 4. Anti-NP IgM (A), IgG (B), IgG1 (C) and IgG2 (D) Ab titers were measured by ELISA in 

WT (open circle) and Mer-/- (closed circle) serum samples obtained on multiple time points (days 

14, 21, 28, 45, 60 and 80) post-immunization of these mice with NP-OVA. The dashed lines 
represent WT and solid lines represent Mer-/- mice. Each circle represents an individual mouse  

and horizontal bars represent the mean values. Statistical analysis was performed by the Student’s 

t-test. P values of <0.05 and <0.01 are depicted as * and **, respectively. These data were obtained 

from age- and sex-matched five to six mice of each genotype at each time point.  

Significantly increased percentages of activated and 

proliferating B cells in Mer-/- GCs 

B220+CD80+ (left panels) and B220+CD86+ (right panels) cells in WT and Mer-/-  mice is shown in 

scatter plots. (C): Immunohistological analysis was performed on two consecutive spleen sections 

obtained from WT (top row) and Mer-/- (bottom row) mice on day 21 after NP-OVA immunization: 
one stained using anti-IgD and PNA and the other with anti-IgD and anti-BrdU. (D): Semi-

quantitative analysis of the number of BrdU+ proliferating B cells per GC was performed by 

counting BrdU+ cells in 45-50 representative GCs from seven WT and eight Mer-/- mice.  



<<
  /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


