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Objective: To analyze infiltration patterns of IDH1 mu-
tant diffuse gliomas into the brain by identification of
single tumor cells applying an antibody specific to mu-
tant IDH1 R132H protein.

Design: Immunohistochemical analysis.

Setting: University hospital.

Patients: Whole-brain and hemisphere sections of 4 pa-
tients diagnosed with diffuse glioma.

Results: Tumor cells were identified in areas that ap-
peared inconspicuous macroscopically and at histologi-
cal analysis with respect to cellularity, cellular pleomor-
phism, or mitotic activity in all cases.

Conclusion: Detection of single tumor cells through-
out the brain demonstrates diffuse glioma to represent
systemic brain disease.
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D ETERMINATION OF INFIL-
tration extent in diffuse
glioma has been a diag-
nostic problem ever since
pathological analysis of

this disease. When Virchow coined the term
glioma in 1863, he already stated that “most
gliomas do not show a clear border to brain
tissue at all.”1(p137) Also Bailey and Cush-
ing2 mentioned the difficulty of identify-
ing a tumor border on both macroscopic
and microscopic levels in their seminal
work on classification of brain tumors in
1926. In 1940, Scherer3 most precisely de-
scribed the growth pattern of malignant
glioma. He reported that infiltrative growth
must be regarded as a hallmark of most glio-
mas and discussed in detail the limita-
tions of microscopic determination of tu-
mor borders. Until present, all approaches
have been limited by the fact that single neo-
plastic glial tumor cells frequently cannot
be distinguished from normal or reactive
cells on grounds of morphology or immu-
nocytochemical profile.4

Recently, heterozygous mutations in the
cytosolic isocitrate dehydrogenase 1 gene
(IDH1) have been shown to constitute the
most frequent alteration in diffuse astro-
cytoma and oligodendroglioma of World
Health Organization grades II and III and
in secondary glioblastoma World Health
Organization grade IV.5-8 Approximately

70% to 80% of these tumors exhibit such
mutations, whereas their frequency in pri-
mary glioblastoma ranges between 5% and
10%. More than 90% of the IDH1 muta-
tions in glioma are characterized by ex-
change of an arginine by a histidine resi-
due in position 132 of the protein (R132H),
and a mutation-specific monoclonal anti-
body recognizing the R132H mutation
(H09) has been generated.9-11 H09 detects
single tumor cells and reliably distin-
guishes neoplastic from other cells.11,12

Herein, we applied this antibody on par-
affin-embedded whole-brain and hemi-
sphere sections from 4 patients with glioma
to comprehensively analyze infiltration
patterns.

METHODS

Formalin-fixed, paraffin-embedded large tis-
sue sections from 9 patients were obtained
from the archives of the Department of Neu-
ropathology, Institute of Pathology, Univer-
sity Hospital Heidelberg, Heidelberg, Ger-
many, and the Institute of Neuropathology,
Academic Medical Centre, Amsterdam, the
Netherlands, and analyzed for IDH1 R132H
mutation by immunohistochemical analysis.
Specimens from 4 patients were identified to
harbor an IDH1 R132H mutation and were
therefore subjected to further analysis.
Patient data are compiled in the Table.
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Immunohistochemical analysis with H09 (Dianova GmbH)
was performed applying previously published conditions.11 Luxol
fast blue/periodic acid–Schiff staining was performed follow-
ing standard protocols.

RESULTS

Immunohistochemical analysiswithH09allowedcompre-
hensive identification of invading tumor cells in brain sec-
tions of 4 cases. Tumor extent in the 4 cases was as follows.

CASE 1

We analyzed a horizontal whole-brain section for case
1. Luxol fast blue/periodic acid–Schiff staining, mag-
netic resonance imaging, and macroscopic appearance
demonstrated the tumor bulk in the frontal midline af-
fecting both hemispheres (Figure, 1A and B). Immuno-
histochemical analysis with H09 revealed dense tumor
cell infiltration in the left internal capsule (Figure, 1C),
left external capsule, anterior commissure, and left hip-
pocampus (Figure, 1). Sparse infiltration was detected
along the outer ends of the anterior commissure (Figure,
1D) and along the left lateral ventricle (Figure, 1).

CASE 2

We analyzed a coronal whole-brain section for case 2.
Luxol fast blue/periodic acid–Schiff staining showed the
tumor bulk in the left frontal lobe. Additional tumor cells
were found in high density at the macroscopic border of
the tumor (Figure, 2G and 2H) and in the septum pel-
lucidum, corpus callosum, and opposite frontal lobe. A
low density of tumor cells was observed in the white mat-
ter of the frontal lobe surrounding the tumor bulk as well
as in cortical structures of the left and right insula (Figure,
2I), left cingulated gyrus and sulcus, right gyrus rectus
(Figure, 2J), and left middle frontal gyrus as well as both
the left and right basal ganglia.

CASE 3

We analyzed a coronal hemispheric section of the tem-
poroparietal lobe for case 3. Immunohistochemical analy-
sis revealed a rather steep gradient of tumor cells at the

macroscopic tumor border (Figure, 3K) while single
tumor cells of low and focally high density could be
detected up to 3 cm in the adjacent brain (Figure, 3L).

CASE 4

We analyzed a coronal hemisphere section of the left pa-
rieto-occipital lobe for case 4. Tumor cells migrated from
the site of the resected tumor through the white matter
to a new tumor bulk. Single tumor cells of low density
were also found in the cortex (Figure, 4).

COMMENT

Applying themutation-specificantibodyH09,wewereable
to unequivocally detect tumor cells where no certain dis-
crimination between reactive and malignant cells could be
drawnbymeansofhistopathologicalanalysis. Single tumor
cells were identified in areas that appeared inconspicuous
macroscopically and at histological analysis with respect
to cellularity, cellular pleomorphism, or mitotic activity.
Specificityof theantibody to reliablydetectneoplastic cells
and to distinguish them from reactive cells has been exten-
sively demonstrated by different research groups.9-14 The
presenceofsingletumorcells inthoseapparentlyunaffected
areas was expected and discussed in previous studies but
could not be proven in situ so far. However, evidence for
the presence of glioma cells in areas without microscopic
proof of neoplasia was provided by successful cultivation
oftumorcells fromareas inwhichhistologicalanalysis failed
to detect such cells.15 Since an additional tumor bulk be-
yondtheprimarylesionisseenneitheronhematoxylin-eosin
sectionsnoron immunohistochemical analysis, andallde-
tected cells harbor the same IDH mutation, it is most likely
that these tumor cells have migrated from the main lesion
and do not represent independent neoplasms.

Our finding of tumor cells present in virtually most
areas of the diseased brain raises the question of why
glioma usually recurs in proximity to the area of initial
resection. One explanation discussed might be the de-
velopment of a tumorigenic milieu in areas with higher
density of residual cells.16 Also, rapidly migrating glioma
cells do not proliferate and vice versa, that proliferating
glioma cells tend not to migrate, which might favor a lo-

Table. Case Characteristicsa

Case No./Sex/
Age at Death, y

Year of First
Presentation Therapy (Year, Dose)

First Diagnosis
(Initial Resection)

Survival, y
Cause of Death

Diagnosis
(Autopsy Specimen)

1/M/28 1983 Radiotherapy (1985, 60 Gy) No surgery 2
Respiratory failure

Anaplastic
oligoastrocytoma

2/M/28 1974 Surgery (1974)
Radiotherapy (1974, 60 Gy)

Anaplastic
astrocytoma

9
Cerebral herniation

Anaplastic
oligoastrocytoma

3/M/76 1993 Radiotherapy (1998, 28 Gy) No surgery 5
Cerebral herniation

Glioblastoma

4/M/38 1983 Surgery (1988)
Radiotherapy (1988, 66 Gy)

Anaplastic
astrocytoma

6
Cerebral herniation

Anaplastic
oligoastrocytoma

SI conversion factor: To convert gray to rad, multiply by 100.
aAll cases received antiedematous treatment, either steroids (cases 1, 3, and 4) or mannitol (case 2). Radiotherapy was focused to the tumor mass in cases 1,

2, and 4; case 3 underwent a lower irradiation dose as a palliative concept. Diagnosis of the autopsy specimen is given according to the retrieved medical reports.
Applying the current World Health Organization classification,4 reevaluation of cases 1 and 2 yielded secondary glioblastoma as the diagnosis of the autopsy specimen.
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cal recurrence.17 However, the dynamics of this “go-or-
grow” paradigm in vivo have not been examined.

Gliomacellspreferentially invadebrain tissueby follow-
ing white matter tracts.3 This pattern, along with angiotro-
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Figure. Immunohistochemically revealed infiltration extent. The left column of images show Luxol fast blue/periodic acid–Schiff stainings of large paraffin sections for all
4 cases (1, 2, 3, and 4). Shadowing in gray indicates tumor portions apparent on macroscopic inspection. Immunohistochemically revealed infiltrating tumor cells are
indicated by black dots (large dots: 10%-50% tumor cells, small dots: �10% tumor cell fraction of total cells; examples are given in the top left corner of 1C [large dots]
and 1D [small dots]). The top right row shows magnetic resonance imaging (1A) and an unstained macroscopic section (1B) for case 1. Microscopic images of H09
immunohistochemical analysis below this row in the right column correspond to frame insets in respective Luxol fast blue/periodic acid–Schiff stainings (1C [original
magnification �100] and 1D-1F [original magnification �200], 2G [original magnification �200], 2H [original magnification �100], 2I [original magnification �400],
2J [original magnification �200], and 3K and L [original magnification �400]). Representative examples for detection of single cells are depicted in 2I, 3K, and 3L.
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pism(Figure,2H)andperineuronalsatellitosisoftumorcells,
wastermedsecondarystructuresofgliomainvasionbyScherer.3

These observations also match with our results. However,
in1patient (case2)wealsodetectedanaccumulationof tu-
mor cells in the cortex far from the tumor center. Possibly,
these tumor cells used the white matter tracts for invasion
and ran up against the leptomeningeal border, preventing
further migration. Our analysis unfortunately does not al-
low observing the dynamics of infiltration as it is limited to
end-stage gliomas. Thus, the status of infiltration at first
presentation of disease cannot be determined. Presence of
mutantproteinor2-hydroxyglutarate,which isexcessively
producedbythemutantprotein,mightofferatarget fornon-
invasivedetectionbyhigh-resolution imaging in the future.
The fact that mutant protein enables us to identify the tu-
mor cells results in the limitation that only 4 of our 9 cases
were suitable for this study,whichshowedan IDH1 R132H
mutation. Therefore, no conclusions can be drawn for IDH
wild-type tumors, suchasnonmutantdiffusegliomagrades
II and III and especially primary glioblastoma.

The findingsof thepresent studyalsochallenge thecur-
rentdefinitionofgliomatosiscerebri(GC).Gliomatosiscere-
bri is defined as extensive glioma infiltration into the brain
affecting at least 3 cerebral lobes. These lesions have been
subdivided into primary GC, where extensive infiltration
is seen at the time of diagnosis, and secondary GC, devel-
oping from a focal glioma.4,18 Assessment of the required
affection of 3 lobes usually is based on imaging. Our find-
ings demonstrate infiltration of tumor cells into the entire
cerebrum in cases 1 and 2, thus fulfilling the criteria for the
diagnosis of GC. However, in both cases the lesion was di-
agnosed as focal glioma. Therefore, the frequency of GC,
especially of secondary GC, is likely to be much higher on
analysis with markers specific for single tumor cells. This
enormous invasion potential of glioma cells also explains
the previous observation of IDH1 mutations in 42% of sec-
ondaryGC.18 Our findings therefore suggest restricting the
term GC to patients with initial presentation of diffuse dis-
ease in 3 or more lobes and without focal tumor. In turn,
diagnosis of secondary GC should be avoided because pa-
tients with secondary GC cannot unequivocally be distin-
guished from patients with focal glioma but extensive in-
filtration such as our cases 1 and 2.

In conclusion, the present analysis demonstrates for
the first time, to our knowledge, the extent of infiltra-
tion of diffuse glioma on the single-cell level and under-
lines the concept of addressing glioma not as a focal but
a systemic disease of the entire brain. Further studies
should investigate whether mutated IDH1 protein al-
lows specific targeting of all tumor cells.
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