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One of the most vexing issues in diagnostic neuropathology

relates to the distinction of diffuse astrocytomas (and other

diffuse gliomas) from astrocytosis (gliosis) on biopsies,

particularly small biopsies. This challenging differential

diagnosis arises in two general situations: (1) low cellu-

larity edges of infiltrating astrocytomas versus mild

astrocytosis from a nearby reactive condition; and (2) florid

astrocytosis (e.g., near a vascular malformation) versus

more cellular astrocytomas.

The ‘‘holy grail’’ sought in such diagnostic dilemmas is

a tumor-specific marker. To date, the most widely used

marker for this purpose has been p53 detection by immu-

nohistochemistry; since mutant p53 has a longer half-life

than wild-type p53, it can be more readily detected

immunohistochemically than wild-type protein [3, 9].

However, p53 immunohistochemistry is not an entirely

accurate marker since: (1) it may show light labeling of

non-neoplastic cells; (2) not all TP53 gene mutations result

in immunohistochemically detectable p53; and (3) some

reactive conditions (notably progressive multifocal leuko-

encephalopathy) may be strongly positive [8]. Another

immunohistochemical marker of tumor cells is the vIII

mutant of the epidermal growth factor receptor (EGFR)

protein. However, this marker is not of diagnostic utility in

the above differential diagnosis, since EGFRvIII is

primarily expressed in glioblastomas rather than lower-

grade astrocytomas. Moreover, antibodies are not widely

available or readily optimized for standard immunohisto-

chemistry, again limiting its differential diagnostic utility.

Recently, isocitrate dehydrogenase 1 (IDH1) and IDH2

mutations have been demonstrated in a variety of diffuse

gliomas, with IDH1 mutations occurring commonly in

lower-grade gliomas [1, 2, 10, 12]. Notably, nearly all

IDH1 mutations are the same, with CGT–CAT transition

causing a specific amino acid change from arginine to

histidine at codon 132 (R132H). As a result, the detection

of IDH1 mutations may be a specific means to aid in dif-

ferentiating between glioma and gliosis. Indeed, one recent

paper utilized a PCR-based assay to show that IDH

mutations are found in astrocytomas but not in reactive

conditions [6]. Of 57 non-neoplastic conditions, none

showed IDH1/2 mutations. In contrast, 67.3% of grade II

and grade III diffuse gliomas did; in addition, in a small

subset of gliomas, IDH mutations were demonstrated in the

infiltrative edge of the tumor, an area represented in the

‘‘near miss’’ scenario in stereotactic biopsy.

Despite the promise of IDH mutations as a tumor-specific

marker, not all institutions have ready access to mutation

detection methods, and DNA extraction followed by

sequencing may be problematic in very small biopsies.

Furthermore, IDH1 immunohistochemistry, using an anti-

body specific to the common R132H mutant form of IDH1,

may be more sensitive than sequencing to detect tumors

with mutations [4]. Using R132H mutant IDH1 and p53
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immunohistochemistry, we therefore studied 21 samples of

WHO grade II diffuse astrocytoma and 20 samples of

reactive conditions (10 resections for epilepsy, 7 infarcts, 2

evacuated hematomas and 1 traumatic brain injury), all

surgical biopsy specimens. The mean patient age for low-

grade astrocytomas and reactive cases was 33.4 and

32.5 years, respectively.

Immunohistochemical staining for IDH1 was done on

BenchMark XT automated tissue staining systems (Ven-

tana Medical Systems, Inc., Tucson, AZ) using validated

protocols. Endogenous peroxidase activity was blocked by

H2O2 and antigen retrieved using CC1 reagent (Ventana

Medical Systems). After washing, tissue sections were

incubated with mouse monoclonal anti-R132H-IDH1

antibody culture supernatant, followed by incubation with

UltraView HRP-conjugated multimer antibody reagent

(Ventana Medical Systems). Antigen detection was per-

formed using UltraView diaminobenzidine chromogen step

(Ventana Medical Systems). Tissues were counterstained

with hematoxylin and scored independently by two inves-

tigators (SC-P, MJ). Immunohistochemical staining for p53

was performed using a mouse monoclonal antibody (Santa

Cruz, CA; # SC47698) using standard protocol.

Positive granular cytoplasmic staining of tumor cells for

mutant IDH1 was found in 9 out of 21 (42.9%) WHO grade

II astrocytomas, but was entirely absent in all 20 reactive

samples (Fig. 1). Positive nuclear staining of tumor cells

with p53 was found in 10 out of 21 (47.6%) astrocytomas;

of 20 reactive cases, none showed nuclear staining in

astrocytes, but one showed positive nuclear signal in

macrophages (CD68-positive). Five tumors showed

co-expression of mutant IDH1 and p53. When used toge-

ther, mutant IDH1 and p53 demonstrated the presence of

tumor in 14 out of 21 (66.7%) cases.

To date, detection of IDH mutations in low-grade

astrocytomas (WHO grade II) ranges from 59 to 88% [1, 5,

7, 11, 12]; as expected, the use of an antibody specific only

for the R132H mutant IDH1 resulted in a slightly lower

Fig. 1 R132H mutant IDH1

immunohistochemistry in WHO

grade II astrocytoma and

astrocytosis. Strong granular

cytoplasmic mutant IDH1

staining in cellular area of

astrocytoma (a H&E; b mutant

IDH1) and in infiltrating tumor

cells (c H&E; d mutant IDH1);

example of two cases,

individual mutant IDH1-

positive infiltrating tumor cells

in cortex (d upper panels, case

18) and at the edge of the tumor

(d bottom panel, case 4).

Marked astrocytosis adjacent to

an infarct positive for GFAP (e)

and negative for mutant IDH1

(f). Magnification a–f = 4009;

d, upper panels = 1,0009
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detection rate. However, in positive cases, tumor cells

demonstrated staining both in the densely cellular areas of

the tumor, as well as in the less cellular infiltrating tumor

edges. This latter finding is important since the less cellular

areas of tumors can be the most difficult to differentiate

from non-neoplastic conditions in a stereotactic biopsy and

may not yield sufficient tumor DNA after extraction to

allow mutant IDH1 detection by sequencing.

We therefore demonstrate, for the first time, that use of

immunohistochemistry with an antibody specific for the

common mutant form of IDH1 is a powerful and easy

adjunct to practical neuropathological diagnosis. The

antibody is likely to find its place quickly alongside that of

p53 in such cases. Indeed, our data further suggests that

when p53 is used concomitantly with mutant IDH1, the

ability of immunohistochemistry to confirm the morpho-

logic impression of glioma is enhanced.

These findings also illustrate the increasing rapidity with

which molecular assays are being converted to immuno-

histochemical stains. In the diagnosis of atypical teratoid/

rhabdoid tumor, the transition from fluorescence in situ

hybridization for chromosome 22q loss, to INI1 gene

sequencing, to INI1 immunohistochemistry took well over

10 years; today, INI1 immunohistochemistry represents the

commonly and widely used method. In the case of IDH1,

scarcely more than one year has passed between discovery

of mutations in diffuse gliomas and the implementation of

diagnostic IDH1 immunohistochemistry—attesting to the

quickening pace of diagnostic change.

Acknowledgments The authors thank Andreas von Deimling and

the Deutsches Krebsforschungszentrum (DKFZ; German Cancer

Research Center), Germany for providing the R132H-mutant IDH1

antibody. This work was supported by NIH CA57683 (DNL).

Conflict of interest statement The authors declare that they have

no conflict of interest.

References

1. Balss J, Meyer J, Mueller W et al (2008) Analysis of the IDH1

codon 132 mutation in brain tumors. Acta Neuropathol 116:597–

602

2. Bleeker FE, Lamba S, Leenstra S et al (2009) IDH1 mutations at

residue p.R132 (IDH1(R132)) occur frequently in high-grade

gliomas but not in other solid tumors. Hum Mutat 30:7–11

3. Bruner JM, Saya H, Moser RP (1991) Immunocytochemical

detection of p53 in human gliomas. Mod Pathol 4:671–674

4. Capper D, Zentgraf H, Balss J et al (2009) Monoclonal antibody

specific for IDH1 R132H mutation. Acta Neuropathol 118:599–

601

5. Hartmann C, Meyer J, Balss J et al (2009) Type and frequency of

IDH1 and IDH2 mutations are related to astrocytic and oligo-

dendroglial differentiation and age: a study of 1,010 diffuse

gliomas. Acta Neuropathol 118:469–474

6. Horbinski C, Kofler J, Kelly LM et al (2009) Diagnostic use of

IDH1/2 mutation analysis in routine clinical testing of formalin-

fixed, paraffin-embedded glioma tissues. J Neuropathol Exp

Neurol 68:1319–1325

7. Ichimura K, Pearson DM, Kocialkowski S et al (2009) IDH1

mutations are present in the majority of common adult gliomas

but rare in primary glioblastomas. Neuro Oncol 11:341–347

8. Lammie GA, Beckett A, Courtney R et al (1994) An immuno-

histochemical study of p53 and proliferating cell nuclear antigen

expression in progressive multifocal leukoencephalopathy. Acta

Neuropathol 88:465–471

9. Louis DN (1994) The p53 gene and protein in human brain

tumors. J Neuropathol Exp Neurol 53:11–21

10. Parsons DW, Jones S, Zhang X et al (2008) An integrated

genomic analysis of human glioblastoma multiforme. Science

321:1807–1812

11. Watanabe T, Nobusawa S, Kleihues P et al (2009) IDH1 muta-

tions are early events in the development of astrocytomas and

oligodendrogliomas. Am J Pathol 174:1149–1153

12. Yan H, Parsons DW, Jin G et al (2009) IDH1 and IDH2 muta-

tions in gliomas. N Engl J Med 360:765–773

Acta Neuropathol (2010) 119:509–511 511

123


	Mutant IDH1-specific immunohistochemistry distinguishes diffuse astrocytoma from astrocytosis
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


