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Abstract
BRAF V600E mutation and homozygous deletion of CDKN2A (p16) are frequent molecu-
lar alterations in pleomorphic xanthoastrocytomas (PXAs). We investigated 49 PXAs
for clinical, histological and immunohistochemical characteristics related to BRAF
mutation status. BRAF mutation was detected by immunohistochemical assay and DNA
sequencing in 38/49 (78%) tumors. All but one PXA located in the temporal lobe
harbored a BRAF V600E mutation (23/24; 96%) compared with 10/19 nontemporal
PXAs (53%; P = 0.0009). Histological and immunohistochemical analysis demonstrated
increased reticulin deposition (76% vs. 27%; P = 0.003) and a more frequent expression of
CD34 in BRAF-mutant PXAs (76% vs. 27%; P = 0.003).

We further investigated the utility of combined BRAF V600E (VE1) and p16 analysis by
immunohistochemistry to distinguish PXAs from relevant histological mimics like giant-
cell glioblastoma. Among PXAs, 38/49 (78%) were VE1-positive, and 30/49 (61%) had a
loss of p16 expression. The combined features (VE1 positivity/p16 loss) were observed in
25/49 PXAs (51%) but were not observed in giant-cell glioblastoma (VE1 0/28, p16 loss
14/28). We demonstrate that temporal location, reticulin deposition and CD34 expression
are associated with BRAF mutation in PXA. Combined VE1 positivity and p16 loss
represents a frequent immunoprofile of PXA and may therefore constitute an additional
diagnostic tool for its differential diagnosis.
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INTRODUCTION
Pleomorphic xanthoastrocytoma (PXA) is a rare glial tumor
mostly affecting children and adolescents. The tumor is often
localized in superficial regions of the neocortex and typically
presents with a well-circumscribed growth (15). The histological
appearance of PXA is characterized by the presence of
pleomorphic giant tumor cells with bizarre shape, foamy/
xanthomatous cytoplasm, multinucleation and nuclear atypia in
absence of mitotic activity (16, 17). Furthermore, a dense reticulin
network frequently surrounds these tumor cells (15). The predomi-
nant expression of glial fibrillary acidic protein (GFAP) indicates
a mostly astrocytic differentiation, but expression of neuronal
markers has also been detected in a considerable fraction of
PXAs (17). Therefore, a sharp demarcation between PXA and
glioneuronal tumors, especially ganglioglioma, may be challeng-
ing in some instances.

Despite their pleomorphic appearance, PXAs often have
a more favorable clinical outcome compared with high-grade
astrocytomas with similar histological features (27). Such cases
correspond to WHO grade II and are designated as PXA II in this
article (15). Nevertheless, malignant histological features have
been observed in up to 20% of PXA cases (16, 18, 26, 35). Such
cases, designated as PXA with anaplastic features (PXA-AF), are
prone to recurrence and have a less favorable prognosis (16).

The molecular biology of PXA is currently under investigation.
Recently, v-Raf murine sarcoma viral oncogene homolog B1
(BRAF) mutations have been detected in up to 70% of PXAs (12,
13, 33, 34) and have become recognized as a hallmark genetic
alteration in these tumors. In two recent exome and extensive panel
sequencing studies of a total of 20 PXAs, cases without BRAF
mutations (n = 7) either had no detectable mutations (n = 4) or
harbored mutations of TSC2 (n = 1) or NF1 (n = 1) or an ETV6–
NTRK3 fusion (n = 1) (2, 40). Further, several case reports have
previously pointed out a possible association of NF1 germ-line
mutation carriers with the development of PXA (1). Another fre-
quent alteration in PXA is the loss of chromosome locus 9p21,
resulting in homozygous deletion of CDKN2A (coding for p16) in
up to 60% of cases (39).

A second predominantly pediatric brain tumor with frequent
BRAF V600E mutations is ganglioglioma. In a previous project we
sought to further characterize ganglioglioma in relation to BRAF
mutation status and were able to demonstrate strong associations
of BRAF mutation status with expression of synaptophysin, pres-
ence of dysplastic neurons, presence of lymphocytic cuffs and
younger patient age (24). An immunohistochemical assay using
BRAF V600E mutation-specific antibody VE1 further demon-
strated that dysplastic neurons were frequent target cells of BRAF
mutation (10, 24).

In PXA, detection of BRAF V600E-mutated protein by VE1
immunohistochemistry has recently been investigated by two
independent studies, both demonstrating high sensitivity and
specificity (8, 19).

Although CDKN2A deletions are frequent in PXA, loss of p16
protein expression in PXA has so far not been further investigated.
For glioblastoma, an immunohistochemical approach for assessing
p16 status had a high sensitivity (81.5%) for combined homozygous
and hemizygous deletions (sensitivity for homozygous alone was
95%), although specificity was not optimal (70%), with 30%

of cases without CDKN2A deletions showing negative p16
immunohistochemistry (29).

Here we investigated a large series of 49 PXAs for clinical,
histological and immunohistochemical characteristics in relation
to BRAF mutation status. Further, we investigated the utility of
combined VE1 and p16 immunohistochemistry to separate PXA
from the clinically relevant differential diagnoses ganglioglioma
and giant-cell glioblastoma.

MATERIALS AND METHODS

Tissue samples, patient characteristics
and histology

In total, 49 PXAs (32 PXA II and 17 PXA-AF; Supporting Infor-
mation Table S1) were included in this study. Tissue samples were
retrieved from the archives of the Department of Neuropathology of
Ruprecht-Karls-Universität Heidelberg, the Department of Neuro-
pathology of the University of Hannover, the Institute for Neuropa-
thology of the University of Münster, the Department of
Neuropathology of the University of Jena, the Institute of Neuro-
pathology of Justus Liebig University Giessen, the Department of
Pathology of the Klinikum Stuttgart, the Institute for Pathology and
Neuropathology of the University of Tübingen, the Department of
Neuropathology of the University of Bonn, the Institute of Neurol-
ogy of the Medical University of Vienna and the Institute of
Neurology (Edinger-Institut) of Goethe University in Frankfurt.All
tumors were reviewed by members of the Department of Neuropa-
thology at Heidelberg (CK, FS, AvD, DC) and diagnosed according
to the revised WHO 2007 classification of brain tumors. Additional
patient characteristics are given in Supporting Information
Table S1. Hematoxylin-and-eosin (HE)- and reticulin-stained
slides of all cases were evaluated for the presence of dysplasia in
neurons, multinucleated cells, giant cells, xanthomatous cells,
perivascular cuffs of lymphocytes, eosinophilic granular bodies,
nuclear inclusions, Rosenthal fibers, angiocentric growth pattern,
calcifications and extensive hemosiderin deposition. Further
assessment was made of structure of tumor matrix, proliferation
(mitoses per 10 high-power fields, HPFs), microvascular prolifera-
tion, prominence of capillary network and extent of argyrophilic
fibers. These parameters were assessed in 10 suitable HPFs.
Intercellular reticulin deposition (argyrophilic fibers) was scored
as absent if confined to vessel walls. Furthermore, 28 giant-
cell glioblastomas were analyzed for VE1, p16 and CD34
immunohistochemistry and extent of argyrophilic fibers (Support-
ing Information Table S2).

Immunohistochemistry

Prior to additional investigations, all cases were tested to ensure
they were negative for IDH1 R132H mutation, either by
immunohistochemistry (clone H09) or by IDH1 Sanger sequenc-
ing as previously described (6). Sections cut to 4 μm were dried at
80°C for 15 minutes and stained with BRAF V600E-specific clone
VE1 on a Ventana BenchMark XT immunostainer (Ventana
Medical Systems, Tucson, AZ, USA). The Ventana staining proce-
dure included pretreatment with cell conditioner 1 (pH 8) for 64
minutes, followed by incubation with VE1 hybridoma supernatant
(monoclonal, dilution 1:5) at 37°C for 32 minutes. Antibody
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incubation was followed by incubation with OptiView HQ Univer-
sal Linker (Ventana) for 12 minutes, incubation with OptiView
HRP Multimer (Ventana) for 12 minutes, signal amplification
using the Ventana OptiView Amplification Kit (Ventana, catalogue
number 760-099), and counterstaining with one drop of
hematoxylin for 4 minutes and one drop of bluing reagent for 4
minutes. As positive and negative controls, a tissue microarray
consisting of four melanoma samples of known BRAF V600
status (two wild-type, two BRAF V600E) was included in every
staining run.

Immunohistochemistry was also performed with antibodies for
detecting GFAP (polyclonal, code Z0334, 1:1000, Dako, Glostrup,
Denmark), CD34 (clone QBEnd10, 1:2, Thermo Scientific, Wal-
tham, MA, USA), synaptophysin (clone SY38, 1:20, Dako), Ki-67
(clone SP6, 1:100, Cell Marque Corporation, Rocklin, CA, USA)
and phosphorylated extracellular signal-regulated kinase (pERK;
polyclonal, 1:200, Cell Signaling, Danvers, MA, USA); polyclonal,
1:200, Cell Signaling, Danvers, MA, USA) using standard staining
procedures, employing the UltraView Universal DAB Detection Kit
(Ventana). Anti-p16 antibody (clone G175–405, 1:200, Becton
Dickinson Biosciences, Franklin Lakes, NJ, USA) was visualized
with the Ventana OptiView kit under standard conditions.

For evaluation of pERK and p16, tumors with at least 5% of
tumor cell nuclei stained were scored positive. Staining of vessels
or clearly reactive glia was not considered. VE1 and IDH1 were
scored as either positive or negative. For both antibodies, nonspe-
cific staining of macrophages, eosinophilic granular bodies and
calcified deposits was observed and was not considered for
scoring. For Ki-67 analysis, tumor areas with the highest Ki-67
labeling index were evaluated for the fraction of positive cells
by counting all cells, excluding vascular cells and lymphocytes,
in one 200× microscopic field using a counting grid. The
semiquantitative immunoreactive score (IRS) for synaptophysin,
GFAP and CD34 (31) was calculated as previously described (24).
Photographs were taken with a BX53 microscope (Olympus,
Tokyo, Japan) equipped with an SC30 digital color camera
(Olympus) and Olympus cellSens software.

Sequencing and statistics

BRAF sequencing results of parts of this series were previously
reported by Schindler et al (34). For the remaining cases, PCR
amplification and sequencing for codon 600 of BRAF were per-
formed as described (34). For DNA extraction, areas of the
tumor with the highest available DNA content were chosen and
macrodissected. For VE1-positive cases, areas with the highest
concentration of VE1-positive tumor cells were selected for DNA
extraction. In one PXA, Sanger sequencing failed to confirm a
BRAF V600E mutation detected by immunohistochemistry, but
its presence was confirmed by additional pyrosequencing.
Pyrosequencing was performed as previously described (23). All
sequencing reactions were carried out in forward and reverse
directions. Mutations were identified by visual analysis of the
sequence chromatograms using Sequence Pilot software, version
3.1 (JSI-Medisys, Kippenheim, Germany). GenBank sequence
NM_004333 for BRAF (National Center for Biotechnology Infor-
mation, Bethesda, MD, USA) was used as reference.

A χ2-test (Pearson) was used to examine associations between
nominal variables. Student’s t-test was used to examine the asso-

ciation between nominal and continuous variables. Significance
was defined as P < 0.05. JMP 9.0 was used for statistical analysis.

RESULTS

VE1 immunohistochemistry and BRAF
mutations in PXA

Mutated BRAF V600E protein was detected in 38/49 (78%) of
PXAs. The vast majority of PXA tumor cells were stained by
the VE1 immunohistochemical assay, irrespective of their highly
variant shapes (Figures 1A and 2A). However, immunohisto-
chemical staining was frequently more intense in the ballooned
and xanthomatous cell types (Supporting Information Figure S1).
DNA sequencing (Sanger sequencing and, in one case,
pyrosequencing) could be performed in 45 cases and confirmed
the immunohistochemically detected presence or absence of the
BRAF V600E mutation in all cases (Supporting Information
Table S1). Sequencing revealed a single PXA with a BRAF
599insT mutation not detected by VE1. In one case with low
tumor burden, the BRAF mutation could only be confirmed by
pyrosequencing (data not shown).

No differences in the BRAF mutation rates were observed
between PXA II (26/33; 79%) and PXA-AF (12/16; 75%).

Clinical, immunohistochemical and histological
features of PXA in relation to BRAF status

The available clinical data for this study comprised tumor location,
patient age at operation and gender. Tumor location was available
in 43 cases, with 24 tumors originating in the temporal lobe and 19
in other parts of the brain (Table 1). Analysis of BRAF mutation
status revealed that 23/24 (96%) of temporally located tumors
were BRAF V600E-mutated, whereas in other locations only 10/19
(53%) harbored this genetic alteration (P = 0.0009). The associa-
tion of BRAF mutation with location was significant for both PXA
II (P = 0.004) and PXA-AF (P = 0.05). Patients with BRAF-
mutated PXA were younger at operation, but this did not
reach statistical significance (P = 0.06; Table 1). No associations
between gender and BRAF status were observed (Table 1).

Immunohistochemical analysis of the series was carried out for
synaptophysin, GFAP, CD34, pERK, p16 and Ki-67 (Table 1). Of
these, only CD34 was differentially expressed between BRAF
wild-type and BRAF mutant PXA. CD34 expression was present in
29/38 PXAs (76%) with the BRAF V600E mutation and only 3/11
PXAs (27%) without it (P = 0.003) (Figure 1A,B). CD34 expres-
sion was more frequently detected in PXA II (70%) than in
PXA-AF (56%). The staining pattern of most CD34-positive
tumor cells was either cytoplasmic (Figure 2C) or a more
pericellular, stroma-like binding (Figure 1A). Adjacent to solid
tumor areas we frequently observed isolated CD34-positive cells,
sometimes with the previously described “bushy” staining (11) or
reminiscent of “satellite” cells (3) (Figure 2D). On serial section-
ing, these isolated CD34-positive cells were often also found to be
VE1-positive (Figure 2). Results of the other immunohistochemi-
cal staining assays are summarized in Table 1.

Among the diverse histological features investigated in PXA
(Table 1), only the presence of reticulin fibers was significantly
associated with BRAF mutation (Figure 1). This feature was
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present in 29/38 BRAF-mutated cases (76%) but in only 3/11
(27%) without BRAF mutation. Additional investigated histologi-
cal parameters and results are compiled in Table 1; unprocessed
data can be reviewed in Supporting Information Table S1.

Combined analysis of BRAF VE1 and p16
expression for PXA differential diagnosis

PXAs are characterized by a high frequency of BRAF V600E
mutation and deletions of CDKN2A (p16). As both features can
readily be assessed by immunohistochemistry, we further investi-
gated the utility of combined VE1 and p16 analysis to separate
PXA from the clinically relevant differential diagnoses giant-cell
glioblastoma and ganglioglioma (Table 2). For p16 analysis, we
employed an antibody that has previously demonstrated high
specificity (14).

In PXA, p16 loss was observed in 30/49 tumors (61%). As noted
above, VE1 was positive in 38/49 cases (78%). No statistical
association between VE1 and p16 was observed in PXA
(P = 0.22). The combined features of VE1 positivity and p16 loss

were observed in 25/49 PXAs (51%) (Table 2). We additionally
analyzed 28 cases of giant-cell glioblastoma and observed no case
positive for VE1, whereas 14/28 cases showed a loss of p16
(Table 2). None of the cases presented with the combined features
of VE1 positivity and p16 loss (Table 2, Supporting Information
Table S2).

We previously investigated a large cohort of ganglioglioma for
both VE1 and p16 immunohistochemistry (24). In that study, VE1
positivity was frequent (41/71; 58%), whereas p16 loss was only
observed in 6/63 (10%) gangliogliomas, and only 3/63 (5%) cases
showed combined VE1 positivity and p16 loss (Table 2; Support-
ing Information Table S3). Typical staining patterns for VE1 and
p16 of PXA, giant-cell glioblastoma and ganglioglioma are com-
piled in Figure 3.

DISCUSSION
Our investigation confirms exceedingly high BRAF V600E muta-
tion rates in PXA. The incidence of BRAF V600E mutation in
this series is slightly higher than in previous reports relying on

Figure 1. Histology and immunohistochemistry of PXA in relation to
BRAF status. PXA (id 60350) of temporal location with BRAF V600E
mutation (A) compared with a PXA (id 61998) of nontemporal location of
BRAF wild-type status and without VE1 binding (B). Note the abundance
of pericellular reticulin fiber deposits in and the CD34 expression of

tumor cells in A, whereas PXAs of BRAF wild-type status are more likely
to be associated with absence of pericellular reticulin deposits and
restriction of CD34 expression to the vasculature, as exemplified in case
B. Magnification: 200×. HE, hematoxylin and eosin.
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DNA-based methods for mutation detection (12, 13, 34). This is
most likely a result of the capability of VE1 immunohisto-
chemistry to detect the mutation in tissues with a low tumor
burden and of the rigorous macrodissection approach we applied
in obtaining DNA for sequence confirmation. As BRAF
V600E-targeted therapy may in future become an additional
therapeutic option for recurrent PXA or PXA undergoing malig-
nant progression (7), implementation of such stringent assays
for diagnostic detection of BRAF mutations may soon become
essential.

On the other hand, one case with a rare BRAF 599insT mutation
was not detected by VE1 immunohistochemistry. Thus, our find-
ings confirm previous observations in other tumor entities that
VE1 immunohistochemistry is of a slightly higher sensitivity com-
pared with Sanger sequencing but may fail to detect the rarer types
of BRAF mutations (5, 9, 23–25, 36). However, in contrast to
melanoma, with its considerable frequencies of BRAF V600K and
other BRAF mutations, alterations other than BRAF V600E seem
to be exceedingly rare in PXA.

BRAF mutation rates were surprisingly close for PXA II (79%)
and PXA-AF (75%). This demonstrates the expected close rela-
tionship between PXA II and PXA-AF; on the other hand, this
indicates that BRAF V600E mutation is likely an early event in the
tumorigenesis of PXA and is likely not a driver of malignant
progression to PXA-AF.

Our analysis of associations between BRAF mutation status and
clinicopathological characteristics revealed temporal location as
the most significant factor. Our series indicates that temporally
located PXAs almost certainly harbor BRAF mutations and adds to
the growing body of evidence for specific relationships between

genotype and location of brain tumors, as recently demonstrated
for mutations of H3F3A (37). Interestingly, such a relationship
between location and BRAF status was not observed in our previ-
ous series of gangliogliomas, which otherwise showed a similar
predilection for the temporal lobe (24). This indicates that
such associations between mutation and location may be tumor
type-specific.

In the same study we observed a significant association between
younger age and BRAF mutation for ganglioglioma (24). While
patients with BRAF-mutated PXA were also younger (median 21
vs. 27 years) the difference did not reach statistical significance
(P = 0.06).

A prominent network of reticulin fibers has been recognized as
a hallmark histological feature of PXA (20). Here we demonstrate
that the presence of reticulin fibers is strongly associated with the
presence of BRAF mutations. An association of BRAF mutation
with a more mesenchymal differentiation and prominent intercel-
lular reticulin deposition was also observed in a smaller series of
PXAs by Dias-Santagata et al (12), further corroborating our
observation. It is not clear whether BRAF plays a functional role in
this mesenchymal shift. In our previous series of gangliogliomas,
reticulin fiber deposition was not associated with BRAF
mutation—a result not supporting, if not ruling out, a functional
connection (24). Interestingly, in thyroid cancer a link between
BRAF mutation and epithelial–mesenchymal transition has been
established. In a mouse model of thyroid cancer, overexpression of
BRAF V600E renders thyroid cells susceptible to transforming
growth factor β (TGF-β)-induced epithelial–mesenchymal transi-
tion (22). In a different model of thyroid cancer, BRAF V600E
even directly induced TGF-β secretion (32). It would be interesting

Figure 2. Serial sections of border zone of
PXA (id 60358) with solid tumor areas (A,C
upper areas) and infiltration zone (A,C lower
areas). Note the high congruence of VE1 and
CD34 expression in the solid tumor areas as
well as in adjacent “satellite” cells in the
infiltration zone (B,D). The boxes in (A) and
(B) indicate the field of higher magnification
seen in (B) and (D). Magnification: 100×
(A,C); 400× (B,D).
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to investigate if mutated BRAF also has a functional interaction
with TGF-β-mediated signaling in brain tumors.

CD34 is a typical diagnostic marker for PXA and was found in
up to 73% of cases in a series by Reifenberger et al (30). This was
confirmed in the present series (32/49 PXA, 65%); in line with
previous reports, CD34 expression was more frequently detected
in PXA II (70%) than in PXA-AF (56%). CD34 was the only
immunohistochemical marker in our series showing significant
associations with BRAF mutation. The cause of this association is

not clear, but a recent study by Prabowo et al demonstrated asso-
ciations between BRAF V600E and CD34 expression in both
ganglioglioma and dysembryoplastic neuroepithelial tumors (28),
indicating that our observation does not apply only to PXA. The
CD34 staining pattern was concordant with patterns observed in
epilepsy-associated tumors (3, 8, 11, 38), and samples with infil-
tration zone and adjacent cortex available for investigation repeat-
edly presented with the previously described “bushy” CD34
staining in adjacent tissue and more distant CD34-positive “satel-
lite” cells (3). The nature of these “satellite” cells is unclear, but
they have been considered as dysplastic and/or neoplastic trans-
formed precursor cells (4). In our observations, CD34-positive
“satellite-like” cells in PXA frequently coexpressed BRAF V600E-
mutated protein (Figure 2), thus identifying this cell population as
an integral part of the transformed cell population in PXA.

Diagnostic differentiation of PXA and other primary brain
tumors, especially ganglioglioma and giant-cell glioblastoma, may
be challenging. We therefore investigated the application of com-
bined VE1 and p16 immunohistochemistry for this diagnostic
question.

We observed p16 loss in 61% of PXAs, which is well in line
with the expected 50–60% rate of homozygous CDKN2A deletions
in these tumors (39). The combined features of VE1 positivity
and p16 loss were observed in 51% of PXAs. All giant-cell
glioblastomas were VE1-negative, confirming our previous genetic
investigation of 15 giant-cell glioblastomas where we did also
not detect BRAF mutations (34). The combined features (VE1

Table 1. Correlation of BRAF V600E
status with clinical data, histology and
immunohistochemical features in pleomorphic
xanthoastrocytomas.

Parameter BRAF V600E BRAF wild type P value

Patient age (years), median (range) (n = 49) 21 (5–74) 27 (18–65) 0.06
Patient sex (male, female) (n = 49) 20, 18 8, 3 0.326
Tumor location (temporal, other) (n = 43) 23, 10 1, 9 0.0009
Growth pattern (fibrillary, other) (n = 48) 24, 13 6, 5 0.54
Immunohistochemical characteristics

Synaptophysin-positive (n = 49), n (%) 8/38 (21) 2/11 (18) 0.84
GFAP-positive (n = 49), n (%) 34/38 (94) 11/11 (100) 0.26
CD34-positive (n = 49), n (%) 29/38 (76) 3/11 (27) 0.003
pERK-positive (n = 49), n (%) 24/38 (63) 9/11 (82) 0.25
p16 loss (n = 49), n (%) 25/38 (66) 5/11 (45) 0.22
Ki-67-positive (%), mean (95% CI) (n = 48) 5.0 (2.9–7.0) 6.1 (2.3–9.9) 0.6

Histological characteristics, n (%)
Eosinophilic granular bodies 33/38 (87) 8/11 (73) 0.26
Reticulin fibers 29/38 (76) 3/11 (27) 0.003
Lymphocytic cuffs 10/38 (26) 4/11 (36) 0.52
Xanthomatous tumor cells 22/38 (58) 7/11 (63) 0.73
Dysplastic neurons 3/38 (8) 0/11 (0) 0.34
Pleomorphic/multinucleated cells 32/38 (84) 11/11 (100) 0.16
Giant cells 13/36 (36) 3/9 (33) 0.88
Rosenthal fibers 11/38 (29) 2/11 (18) 0.48
Tumoral calcifications 7/38 (18) 1/11 (9) 0.46
Extensive hemosiderin deposition 3/38 (8) 0/11 (0) 0.34
Nuclear inclusions 30/38 (79) 8/11 (72) 0.66
Angiocentric growth 4/38 (11) 2/11 (18) 0.5
Prominent capillary network 0/38 (0) 0/11 (0) 1
Endothelial proliferation 12/38 (32) 4/11 (36) 0.77
Necrosis 9/38 (24) 3/11 (27) 0.81
Mitoses (at least 1 in 10 high-power fields) 15/38 (39) 5/11 (45) 0.72

Table 2. VE1 and p16 immunohistochemistry in pleomorphic xantho-
astrocytomas, giant-cell glioblastomas and gangliogliomas.

Pleomorphic
xanthoastrocytoma
(n = 49)

Giant-cell
glioblastoma
(n = 28)

Ganglioglioma
(n = 71)*

VE1 positivity,
n (%)

38/49 (78) 0/28 (0) 41/71 (58)

Loss of p16
expression,
n (%)

30/49 (61) 14/28 (50) 6/63 (10)

Both (%) 51 0 5

The combination of BRAF V600E mutation and loss of p16 expression is
encountered in half of pleomorphic xanthoastrocytomas but is rarely
observed in gangliogliomas and absent in giant-cell glioblastomas.
*Koelsche et al (24).
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negativity and p16 loss) were accordingly not observed in giant-
cell glioblastoma. Very recently, the exceedingly rare epithelioid
glioblastoma has shown a high prevalence of BRAF V600E muta-
tions (21). These tumors would probably have a higher occurrence
of combined VE1 positivity and p16 loss. Future confirmation of
this hypothesis is currently required, possibly together with a more
precise definition of epithelioid glioblastoma and delineation from
PXA-AF.

In ganglioglioma we observed the combined features of VE1
positivity and p16 loss in as few as 5% of cases (24). Thus,
combined analyses may prove helpful in delineating PXA from
giant-cell glioblastoma and ganglioglioma, especially in small-
sized specimens. In clinical routine, the need may be for delinea-
tion either from ganglioglioma or from giant-cell glioblastoma, but
usually not for both at the same time. Thus, in many cases, per-
forming only the VE1 assay for the differentiation of PXA from
giant-cell glioblastoma and only the p16 assay for differentiation
from ganglioglioma may also be sufficient.

CONCLUSION
BRAF V600E mutations are very frequent in both PXA II and
PXA-AF and nearly always present in PXAs located in the tem-

poral lobe. BRAF V600E mutation is further associated with CD34
positivity and abundant formation of reticulin fibers. The combi-
nation of VE1 positivity and loss of p16 expression is seen in
approximately half of PXAs but very rarely in the important dif-
ferential diagnoses giant-cell glioblastoma and ganglioglioma.
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SUPPORTING INFORMATION
Additional Supporting Information may be found in the online
version of this article at the publisher’s web-site.

Figure S1. VE1 overview staining (A) of a BRAF V600E-mutated
pleomorphic xanthoastrocytoma (ID 59196) with weak to moder-
ate cytoplasmic staining in the vast majority of tumor cells.
Pleomorphic multinucleated giant cells presented with a strong

cytoplasmic binding. The box indicates the area of higher magni-
fication shown in (B). Magnification: (A) 25×, (B) 200×.
Table S1. Clinical, histological, immunohistochemical and
molecular characteristics of the studied Pleomorphic Xantho-
astrocytomas. ID = internal patient identifier; Loc = location;
Seq = BRAF codon 600 sequencing; wt = wild type; V600E =
substitution of valine (V) by a glutamic acid (E); 599insT = 3-bp
insertion at codon position 599 resulting in an additional threonine
(T); y = yes; n = no; + = positive; − = negative; VE1 = BRAF
V600E mutation-specific antibody clone VE1; Diag = diagnosis;
PXA II = pleomorphic xanthoastrocytoma, WHO grade II; PXA
waf = pleomorphic xanthoastrocytoma with anaplastic features;
reti = reticulin deposits; EGB = eosinophilic granular bodies;
PC/MC = pleomorphic cells/multinucleated cells; XC = xantho-
matous cells; TM = tumor matrix; Ro = Rosenthal fibers;
Ca = calcium deposits; Hm = hemosiderin; Mi = mitoses;
DN = dysplastic neurons; LC = lymphocytic cuffs; PCN =
prominent capillary network; EP = endothelial proliferation;
Nec = necrosis; GC = giant cells; NI = nuclear inclusions;
AG = angiocentric growth; IRS = semiquantitative immunoreac-
tive score; NA = information/data not available.
Table S2. Clinical, histological, immunohistochemical and
molecular characteristics of the studied Giant Cell Glioblastomas.
ID = internal patient identifier; Loc = location; Seq = BRAF codon
600 sequencing; wt = wild type; y = yes; n = no; + = posi-
tive; − = negative; VE1 = BRAF V600E mutation-specific
antibody clone VE1; Diag = diagnosis; gcGBM = giant-cell gliob-
lastoma, WHO grade IV; Reti = reticulin.
Table S3. p16, VE1 and CD34 staining status (+ = posi-
tive; − = negative) according to temporal/nontemporal location in
pleomorphic xanthoastrocytoma (A), giant-cell glioblastoma (B)
and ganglioglioma (C).
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