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Enforced viral replication, a mechanism for
immune activation
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Since many decades, it is known that viral infection can
lead to a strong immune activation. This partially
explains the strong association of viral infection with
autoimmunity, immunopathology during chronic virus
infections and complications during transplantation.
One explanation for the strong immune stimulatory
effects of viruses is the expression of specific patterns
(e.g. viral RNA). Pathogen-specific patterns can be
recognized by endogenous receptors (e.g.: Toll -like
receptors), which are known to induce a strong innate
immune activation. Whether further immunological
mechanisms contribute to virus-specific immune activa-
tion is current topic of research.
In the recently published work [1,2], we identified the

mechanism of enforced viral replication. We found that
specialized cells in the spleen and lymph nodes (CD169+

macrophages and conventional dendritic cells) selectively
allowed replication of viruses. This enforced viral replica-
tion led to an exorbitant propagation of viral antigens
and viral RNA. Viral antigen led to massive activation of
the adaptive immune system, whilst viral RNA activated
innate immunity. Therefore the mechanism of enforced
viral replication partially explains the association of
strong immune activation with virus infection.
First, we analyzed the role of enforced viral replication

during infection with cytopathic vesicular stomatitis
virus (VSV). We demonstrated that CD169+ macro-
phages express the protein UBP43 (gene name: Usp18).
UBP43 is a cellular interferon type I (IFN-I) inhibitor.
Therefore, due to expression of UBP43, IFN-I could not
induce an antiviral status in CD169+ macrophages. Thus
VSV, once it infected CD169+ macrophages, showed
strong replication in this particular cell type. Other

types of macrophages (Kupffer cells and red pulp
macrophages) did not show VSV replication after infec-
tion. The enhanced replication of VSV in CD169+

macrophages induced a strong immune activation.
Genetic depletion of Usp18 or depletion of CD169+

macrophages limited enforced viral replication and
resulted in a reduced activation of the adaptive and
innate immune response. As a consequence virus could
not be controlled resulting in fast death after infection.
Together our data show that replication of VSV in spe-
cific splenic niches is essential for innate and adaptive
immune activation and for surviving an infection with
cytopathic VSV.
To investigate the contribution of enforced viral repli-

cation to autoimmune disorders we tested its role in the
induction of autoimmune diabetes using the RIP-GP
mouse model. RIP-GP mice express the glycoprotein of
the lymphocytic choriomeningitis virus (LCMV) under
the rat insulin promoter. LCMV-specific CD8+ T cells,
which usually develop during LCMV infection, show
cross-reactivity to pancreatic beta cells of RIP-GP mice.
Therefore RIP-GP mice develop diabetes during infection
with LCMV. We found that induction of LCMV-specific
CD8+ T cells as well as LCMV induced innate immune
response depended on enforced viral replication. Genetic
knockdown of Usp18, depletion of CD169+ macrophages
and conventional dendritic cells or pharmacological inhi-
bition of viral life cycle, blunted viral replication in the
spleen and limited innate and adaptive immune activa-
tion against LCMV. Thereby the development of autoim-
mune diabetes was prevented.
In summary, professional innate immune cells purposely

allow virus replication due to over-expression of UBP43.
UBP43 expression and accelerated virus replication was
essential to activate the antiviral innate and adaptive
immune response. At the one hand this mechanism is
absolutely required to protect from fatal virus infection, at
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the other hand it also strongly contributes to induction of
virus induced autoimmune diabetes. In the future, it will
be investigated in which other diseases this mechanism
could play a role, and whether it may also have clinical
implications.

Authors’ details
1Institute of Immunology, Medical Faculty, University of Duisburg-Essen,
45147 Essen, Germany. 2Clinic of Gastroenterology, Hepatology and
Infectious Diseases, Heinrich Heine University, 40225 Düsseldorf, Germany.

Published: 19 June 2014

References
1. Honke N, Shaabani N, Zhang DE, Iliakis G, Xu HC, Häussinger D, Recher M,

Löhning M, Lang PA, Lang KS: Usp18 driven enforced viral replication in
dendritic cells contributes to break of immunological tolerance in
autoimmune diabetes. PLoS Pathog 2013, 9:e1003650.

2. Honke N, Shaabani N, Cadeddu G, Sorg UR, Zhang DE, Trilling M, Klingel K,
Sauter M, Kandolf R, Gailus N, van Rooijen N, Burkart C, Baldus SE,
Grusdat M, Löhning M, Hengel H, Pfeffer K, Tanaka M, Häussinger D,
Recher M, Lang PA, Lang KS: Enforced viral replication activates adaptive
immunity and is essential for the control of a cytopathic virus. Nat
Immunol 2012, 13:51-7.

doi:10.1186/2047-783X-19-S1-S26
Cite this article as: Lang et al.: Enforced viral replication, a mechanism
for immune activation. European Journal of Medical Research 2014
19(Suppl 1):S26.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Lang et al. European Journal of Medical Research 2014, 19(Suppl 1):S26
http://www.eurjmedres.com/content/19/S1/S26

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/24204252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24204252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24204252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22101728?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22101728?dopt=Abstract

	Authors’ details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


