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Case Report

Highly Invasive Intracranial Malignant Schwannoma
in a Rat
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Abstract:  A highly invasive intracranial malignant schwannoma containing several masses was detected in a 28-week-
old male Crl:CD(SD) rat.  Macroscopically, 3 masses were noted in the cranial cavity; one was present at the bottom of
the cranial cavity and involved the trigeminal nerve, and the other two were in the parietal bone.  Histologically, each
mass consisted of fusiform cells with interlacing fascicular, wavy and nuclear pseudopalisading arrangements and round
cells with cystic lesions.  The tumor cells invaded not only the brain but also the parietal bone.  In the brain, the tumor
cells infiltrated diffusely into the leptomeningeal and perivascular spaces and parenchyma, in which the tumor cell
morphology and invasive pattern closely resembled those of malignant astrocytoma and malignant reticulosis.
Immunohistochemically, the tumor cells in the masses showed positive reactions for both S-100 protein and GFAP,
while those in the cerebral invasion sites were negative for GFAP and less positive for S-100 protein.  Electron
microscopically, a single basal lamina layer and short intricate cell processes were confirmed in the tumor cells.  From
these results, the present tumor was diagnosed as a malignant schwannoma arising in the cranial cavity, probably
originating from the trigeminal nerve.  The present tumor is considered to be a relatively unique malignant schwannoma
based on its growth and invasion patterns. (J Toxicol Pathol 2009; 22: 139–142)
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Although malignant schwannomas arise spontaneously
in various tissues of the body in rats and occasionally
infi l t rate into surrounding t issues1 – 7 ,  intracranial
schwannoma rarely occurs, and therefore only limited
information is available in the literature5–7.  On the other
hand, pituitary anterior tumors and astrocytomas are familiar
tumors in the rat cranial cavity8.  Occasionally, malignant
pituitary tumors slightly invade the brain parenchyma and
sphenoid bone9, 10, while most malignant astrocytomas
extensively invade the surrounding parenchyma and
meninges, without growing out of the brain11.

We encountered a case of spontaneous intracranial
malignant schwannoma in a rat that severely invaded the
brain and parietal bone and formed several masses in a
region distant from the original site.  In the present paper, we
examine its histological and immunohistochemical
characteristics.

The animal was a male Crl:CD(SD) rat purchased from
Charles River Laboratories Japan, Inc.  (Kanagawa, Japan)
and was subjected to a 26-week toxicity study.  The present
tumor was judged to be spontaneous in nature because no
adverse effects of the test substance were detected in the test
group including this animal.  The animal was housed
individually in a wire mesh cage under controlled conditions
(23 ± 3°C room temperature, 50 ± 20% relative humidity and
a 12-H light/dark cycle) and was given CRF-1 diet (CLEA
Japan, Inc., Shizuoka, Japan) and tap water ad libitum.  The
animal was routinely monitored for clinical signs once a day
and was weighed once a week during the study period.

The animal died spontaneously at 28 weeks of age and
exhibited convulsion, prone/lateral position and bradypnea
just before death; its body weight decreased from 631 g to
566 g during the last 2 weeks.  Macroscopically, three
intracranial masses that were grayish-white with some dark
red areas were observed.  The locations of the masses are
shown in Fig. 1.  One mass (mass A), 10 × 10 × 5 mm in size,
was located at the bottom of the cranial cavity and involved
the trigeminal nerve and compressed the brain.  The other
two masses, 10 × 10 × 5 mm (mass B) and 5 × 5 × 2 mm
(mass C) in size, were present in the parietal bone.  Mass B
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was difficult to separate from the cerebrum.
After complete necropsy, all tissues were fixed in 10%

phosphate buffered formalin (pH 7.2), embedded in paraffin
and cut into sections 2 μm thick.  The tissues from the
masses and surrounding bone tissue were decalcified with
10% formic acid solution and 10% formalin.  Sections were
stained with hematoxylin and eosin (HE) for histological
examination.  For immunohistochemical examination,
selected sections were subjected to the labeled polymer
method using an EnVision kit (Dako Japan, Kyoto, Japan)
for anti-rabbit S-100 protein (1:500, Dako Japan) and anti-
rabbit glial fibrillary acidic protein (GFAP; 1:500, Dako
Japan) and were counterstained with hematoxylin.  For
electron microscopic examination, small pieces of tumor
t issues  f ixed with  10% formal in  were  ref ixed in
glutaraldehyde fixative, post-fixed in osmium and then
routinely processed and embedded in epoxy resin (Oken
Shoji, Tokyo, Japan).  Ultrathin-sections of the selected
areas were double-stained with uranyl acetate and lead
citrate and examined under a JEOL 1200 EX electron
microscope (Nippon Denshi, Tokyo, Japan).

Microscopically, the masses were not circumscribed
with a distinct capsule and consisted of both fusiform and
round cells in various proportions.  The fusiform cells had
oval to elongated nuclei with eosinophilic cytoplasm and
were arranged with interlacing fascicles and occasionally
with nuclei exhibiting a wavy pattern and pseudopalisading
(Fig. 2a).  In comparison, the round cells had round to oval
nuclei with scanty cytoplasm, were closely packed and
occasionally formed cystic lesions (Fig. 2b).  The tumor cells
developed along the cranial bone showed a sheet-like
proliferation and partially invaded the brain, cranial bone
and pituitary gland.  In the cerebrum (Fig. 2c), the tumor
cells proliferated in the leptomeningeal and perivascular
spaces of the cerebral cortex, hippocampus, thalamus and
mamillary body and in the subependyma of the third
ventricle and invaded sparsely or focally the parenchyma,
including the corpus callosum, thalamus and hippocampus.
In the cerebellum (Fig. 2d), the tumor cells proliferated in the
leptomeningeal and perivascular spaces of the cortex and
invaded the cortical and medullary parenchyma.

Immunohistochemically, the tumor cells in the masses
were generally positive for S-100 protein (Fig. 2e) and
partially positive for GFAP (Fig. 2f).  Conversely, in the
brain, infiltrating tumor cells were negative for GFAP, and
only a few of them were positive for S-100 protein.  Reactive
astrocytes showed positive reactivity for both S-100 protein
a n d  G F A P .   A l t h o u g h  m o s t  o f  t h e  r e p o r t s  o f
immunohistochemical examinations have described
malignant schwannomas in rats as positive for S-100 protein
and negative for GFAP3,6, Turusov12 reported that the tumor
cells in BDVI rats showed positive reactions for both S-100
protein and GFAP.  In the present case, the tumor cells
showed different immunohistochemical behaviors for S-100
protein and GFAP in the masses and invaded sites within the
brain; positive reactions were observed for both S-100
protein and GFAP in the tumor masses, and positive
reactions were observed only for S-100 protein in the
invaded sites within the brain.  The reason for such
differences is still unclear.

Ultrastructually, the tumor cells contained poorly
developed organelles, including mitochondria, rough
endoplasmic reticula and free ribosomes.  Short intricate cell
processes and a single pericytoplasmic basal lamina layer
were occasionally observed (Fig. 3).  Taken together with
the results of the histological and immunohistochemical
examinations, the present tumor was diagnosed as a
malignant schwannoma arising in the intracranial cavity,
probably in the trigeminal nerve.

The present tumor probably originated from peripheral
nerve fibers located in the base of the cranial cavity,
especially the trigeminal nerve, which was embedded in the
tumor.  Prior to this report, 3 cases of spontaneous malignant
schwannoma of the trigeminal nerve have been reported in
rats aged less than 32 weeks old5–7.  In one of these cases, the
brain and spinal cord were invaded6; however, invasion into
the parietal bone and formation of a tumor mass at the
invasion site were not reported.

Interestingly, in the present case of spontaneous
intracranial malignant schwannoma, the invasive manner in
the cerebrum was quite similar to those of astrocytoma and
mal ign an t  r e t i cu los i s ,  wh ich  in f i l t r a t e  i n to  the
leptomeningeal and perivascular spaces and proliferate in
the parenchyma of the brain11.  Therefore, attention should
be paid to correct diagnosis of these tumors, especially when
only limited numbers of tissues samples are available.

In conclusion, the present case was generally consistent
w i t h  p r e v i o u s l y  r e p o r t e d  m a l i g n a n t  t r i g e m i n a l
schwannomas5–7 but was unique in terms of formation of
multiple masses in the cranial cavity away from the
presumptive primary site.  It also appeared to be highly
invasive in the brain and was morphologically similar to
astrocytoma and malignant reticulosis.
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Fig. 1. Location of the intracranial masses.  Mass A was located at the
bottom of the cranial cavity, and masses B and C were in the
parietal bone.
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Fig. 2. a: Histological picture of mass B.  The fusiform cells were arranged with pseudopalisading of nuclei and a wavy pattern.  HE stain.
b: Histological picture of mass A.  The round cells formed a cyst.  HE stain.  c: The cerebrum.  The tumor cells invaded diffusely into
the parenchyma.  HE stain.  d: The cerebellum.  The tumor cells proliferated in the leptomeningeal and perivascular spaces.  HE
stain.  e: Immunohistochemistry for S-100 protein.  The tumor cells from mass B showed positive reactions in the cytoplasm and
nuclei.  f: Immunohistochemistry for GFAP.  The tumor cells from mass B showed positive reactions in the cytoplasm.
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Fig. 3. Ultrastructure of the tumor cells.  A single pericytoplasmic
basal lamina layer (arrow heads) was observed.



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


