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Cytomegalovirus infection in brain tumors
A potential new target for therapy?
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Emerging evidence demonstrate a high prevalence of cytomegalovirus (CMV) proteins and nucleic acids in different
tumors. CMV is confined to tumor cells and non-cancer cells in close proximity to tumors are consistently virus negative. CMV
confers both oncogenic and oncomodulatory mechanisms, and may therefore provide a novel target in cancer treatment.

Emerging evidence demonstrate a frequent
presence of human cytomegalovirus
(CMV) proteins and nucleic acids in brain
tumors in both adults (glioblastoma)
and children (medulloblastoma).1,2 Other
more common cancer forms such as breast
cancer, colon and prostate cancer as well as
salivary gland mucoepidermoid carcino-
mas are also frequently virus positive, with
a prevalence approaching 90–100%.3-5

CMV proteins are expressed only in tumor
cells, while non-tumor cells surrounding
the tumor are CMV negative. CMV
proteins confer both oncogenic and onco-
modulatory mechanisms; they control cell
cycle progression by interacting with p53,
Rb and cyclins, activates oncogenic signaling
pathways (PI3K/Akt, Erk, Wnt and NFkB),
inhibit cellular differentiation, induce
chromosomal damage, affect epigenetic
mechanisms, induce DNA damage and
inhibit DNA repair mechanisms, induce
oncogene expression and telomerase
activity, induce inflammation and at the
same time avoid recognition by the
immune system.4,6 Furthermore, CMV
encoded proteins inhibit apoptosis through
interactions with key proteins in the
extrinsic and intrinsic apoptotic signaling
cascade, and can induce drug resistance to
chemotherapeutic agents, which may impair
the efficiency of cancer therapy4 (Fig. 1).

Although CMV proteins may both
trigger oncogenesis and confer oncomo-
dulatory functions, it is under debate if the

virus truly plays a role in tumorigenesis
and tumor progression. Glioblastoma
patients have a very dismal prognosis with
a mean survival of 12–14mon. We
recently found that a low grade CMV
infection in glioblastomas was associated
with longer time to tumor progression and
improved survival.7 These observations
imply that CMV may be involved in
tumor progression rather than representing
an epiphenomenon in these tumors.
However, regardless of its role in the
development of a tumor, the presence of
CMV in tumor cells but not in normal
cells surrounding the tumor, makes it a
potential new and novel therapeutic target.
We recently demonstrated that 92% of
primary medulloblastoma tumors are pos-
itive for CMV proteins; viral DNA and
RNA were detected in primary tumors and
in medulloblastoma cell lines.2 The expres-
sion of CMV proteins varied over time in
medulloblastoma cell lines, and was highly
induced by xenografting in nude mice.
Established human medulloblastoma
xenografts were positive for CMV immedi-
ately early (IE) and late proteins; two viral
proteins that are expressed during different
phases of CMV replication, but infectious
virus were not obtained from primary
tumors or xenografts.2 These observations
imply that CMV behaves differently in
tumor cells compared with an acute infec-
tion that often results in virus-induced
lysis of infected cells. Instead viral proteins

exhibiting oncogenic and oncomodulara-
tory functions may act to aggravate tumor
growth and disease progression.

Earlier studies have demonstrated that
CMV induces the expression of cyclooxy-
genase-2 (COX-2). COX-2 inhibitors are
efficient anti-CMV drugs, as virus replica-
tion appear to depend on the synthesis of
prostaglandin E 2 (PGE2).6 Several cancer
types including those that are frequently
CMV positive often demonstrate high
levels of COX-2; in some of these tumors
high levels of COX-2 expression correlates
with poor patient outcome.6 COX-2
inhibitors are under evaluation as addi-
tional treatment options for several cancer
forms, and a recent study demonstrates up
to 70% reduced incidence of colon cancer
in individuals receiving long-term aspirin
treatment.8 It is possible that CMV
contributes to induced COX-2 levels in
certain tumors and that COX-2 inhibitors
interfere with viral effects in CMV positive
tumors. Interestingly, we found that only
CMV positive medulloblastoma cells in
culture expressed COX-2, and CMV pro-
teins and COX-2 were also co-expressed
in medulloblastoma tumors in patients.2

Nude mice carrying human medulloblas-
toma xenografts treated with either
celecoxib or the anti-CMV drug valganci-
clovir demonstrated approximately 40%
inhibition of tumor growth in vivo
whereas combined celecoxib and valganci-
clovir treatment resulted in 72% reduced
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tumor growth without the use of chemo-
therapy.2 Importantly, no significant effects
were observed on the growth of CMV nega-
tive tumor cells or xenografts treated with
ganciclovir/valganciclovir.2 The expression

of CMV late proteins was reduced by
about 80% in CMV positive xenografts.
In a recent study of a salivary gland tumor
model, small molecule inhibitors of the
COX/Amphiregulin/EGFR/Erk pathways

also attenuated CMV induced patho-
genesis.9 These observations imply that
interfering with CMV in CMV positive
tumors may provide a new therapeutic
option for patients carrying such tumors.
Further studies need to evaluate which
chemotherapy that is most suitable to
combine with celecoxib and valganciclovir
in patients. Importantly, we propose that
this therapeutic strategy is further evaluated
as an additional treatment option also
for other CMV positive tumors than
medulloblastoma.

Recently, we have evaluated the
effect of valganciclovir in glioblastoma
patients(unpublished data). The drug was well
tolerated in patients receiving combined
chemotherapy and radiotherapy and indi-
cates an unexpectedly high survival in
patients undergoing radical surgery and
receiving long-term treatment with valgan-
ciclovir in combination with chemotherapy
and radiation. However, the study was
small including only 42 patients, and
therefore well-powered studies have to
further evaluate the efficacy of valganciclo-
vir in glioblastoma patients. Several small
immunotherapy trials are also ongoing to
evaluate whether enhanced CMV specific
immunity improve the survival of glioblas-
toma patients. The described studies
should encourage for further investigations
on this topic; the role of CMV needs to be
further evaluated in tumor biology and
medical and immunotherapeutic strategies
targeting CMV should be further evaluated
for potentially improved outcome of
patients carrying CMV positive tumors.
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Figure 1. CMV encodes proteins that have important functions on tumor cell growth and the tumor
microenvironment.

740 OncoImmunology Volume 1 Issue 5

http://www.ncbi.nlm.nih.gov/pubmed/12067971
http://www.ncbi.nlm.nih.gov/pubmed/21946257
http://dx.doi.org/10.1172/JCI57147
http://www.ncbi.nlm.nih.gov/pubmed/21429243
http://dx.doi.org/10.1186/2042-4280-1-8
http://dx.doi.org/10.1186/2042-4280-1-8
http://www.ncbi.nlm.nih.gov/pubmed/21036194
http://dx.doi.org/10.1016/j.virusres.2010.10.026
http://www.ncbi.nlm.nih.gov/pubmed/22101257
http://dx.doi.org/10.1016/j.yexmp.2011.10.011
http://dx.doi.org/10.1016/j.yexmp.2011.10.011
http://www.ncbi.nlm.nih.gov/pubmed/22246171
http://dx.doi.org/10.1186/2042-4280-3-3
http://dx.doi.org/10.1186/2042-4280-3-3
http://www.ncbi.nlm.nih.gov/pubmed/21144578
http://dx.doi.org/10.1016/S0140-6736(10)62110-1
http://dx.doi.org/10.1016/S0140-6736(10)62110-1
http://www.ncbi.nlm.nih.gov/pubmed/21565184
http://dx.doi.org/10.1016/j.yexmp.2011.04.014
http://dx.doi.org/10.1016/j.yexmp.2011.04.014

	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Figure 1


<<
  /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 /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <<
    /ENU ([Based on 'press quality'] [Based on '[press quality for AG]'] [Based on '[Press Quality]'] 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 true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 9
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




