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Abstract
KIAA1549-BRAF fusion gene and isocitrate dehydrogenase (IDH) mutations are considered
two mutually exclusive genetic events in pilocytic astrocytomas and diffuse gliomas, respec-
tively. We investigated the presence of the KIAA1549-BRAF fusion gene in conjunction with
IDH mutations and 1p/19q loss in 185 adult diffuse gliomas. Moreover BRAFv600E mutation
was also screened. The KIAA1549-BRAF fusion gene was evaluated by reverse-transcription
polymerase chain reaction (RT-PCR) and sequencing. We found IDH mutations in 125 out
175 cases (71.4%). There were KIAA1549-BRAF fusion gene in 17 out of 180 (9.4%) cases
and BRAFv600E in 2 out of 133 (1.5%) cases. In 11 of these 17 cases, both IDH mutations and
the KIAA1549-BRAF fusion were present, as independent molecular events. Moreover, 6 of
17 cases showed co-presence of 1p/19q loss, IDH mutations and KIAA1549-BRAF fusion.
Among the 17 cases with KIAA1549-BRAF fusion gene 15 (88.2%) were oligodendroglial
neoplasms. Similarly, the two cases with BRAFv600E mutation were both oligodendroglioma
and one had IDH mutations and 1p/19q co-deletion. Our results suggest that in a small
fraction of diffuse gliomas, KIAA1549-BRAF fusion gene and BRAFv600E mutation may be
responsible for deregulation of the Ras-RAF-ERK signaling pathway. Such alterations are
more frequent in oligodendroglial neoplasm and may be co-present with IDH mutations and
1p/19q loss.
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INTRODUCTION
Mutations in the gene encoding human cytosolic NADP+-
dependent isocitrate dehydrogenase (IDH) have been reported to be
very frequent, approaching 70%–80% in World Health Organiza-
tion (WHO) grades II and III diffuse gliomas such as astrocytomas,
oligodendrogliomas and oligoastrocytoma (21, 22). Moreover, the
occurrence of IDH1 mutations in WHO grade IV glioblastomas
(GBMs) identify such lesions as “secondary” GBM in contrast to
“primary” GBM lacking such molecular alterations (14). On the
other hand, the WHO grade I pilocytic astrocytomas (PAs), while
showing absent or rare IDH mutations, frequently disclose a
tandem duplication at 7q34, resulting in the fusion of BRAF and
KIAA1549 genes, and the production of a chimeric protein with
constitutive BRAF activity. This event results in the activation
of the extracellular-signal-regulated kinases (ERK)/mitogen-
activated protein kinase (MAPK) pathway and promotes G2/M
transition in the cell cycle. These two events have so far been

considered as mutually exclusive and molecular analysis of these
two genetic alterations has been used as a sensitive and highly
specific method of distinguishing PAs from diffuse gliomas (2, 5, 9,
10, 12, 15, 18). However, the concept that IDH mutations and
BRAF-KIAA1549 fusion gene are mutually exclusive molecular
events is derived from a large study based exclusively on fluores-
cence in situ hybridization (FISH) (11). In addition, most of the
tumors with BRAF-KIAA1549 fusion gene were PAs in the pediat-
ric population, whereas tumors with the IDH mutation were mostly
diffuse gliomas in adults (11). In contrast to adults, IDH mutations
are rare in pediatric gliomas, irrespective of histological type (1,
16). Therefore, it is possible that the apparent mutual exclusion
between presence of the BRAF-KIAA1549 fusion gene and IDH
mutation may merely reflect the existence of different classes based
on histological subtype (PA vs. diffuse gliomas) and age (children
vs. adults). It is not clear whether this mutual exclusion exists in
diffuse gliomas in adults. The serendipitous observation of few
cases of oligodendrogliomas with the KIAA1549-BRAF fusion
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common in both PAs and diffuse gliomas. However, according to
these authors, the nature of gains in the BRAF region differs
between PAs and diffuse gliomas on the basis that they were able to
detect by FISH the fusion of BRAF and KIAA1549 predominantly
in PAs, and only in a single instance in a diffuse grade II glioma. A
major criticism of this study is that although FISH analysis is a
powerful method to detect chromosomal alteration and particularly
chromosomal gain or loss, it may be subject to laboratory variabil-
ity when dealing with more subtle alterations such as fusion genes
(7). In FISH analysis, the probes used can detect genomic duplica-
tions involving the 3′ region of BRAF (the same region involved in
the KIAA1549-BRAF fusion), but are not specific for this rear-
rangement. Moreover, a threshold of 15% is established by evalua-
tion of normal tissue and is used as a minimum for determining
BRAF duplication. Cases showing a lower percentage of positive
cells are considered not duplicate (20). On the basis of these con-
siderations, our study based on detection of the fusion gene by
RT-PCR assay followed by direct sequencing of the PCR product
has allowed to detect such rare molecular alteration in a large
cohort of adult diffuse gliomas.

Another interesting and previously unreported finding of the
present study was the occurrence of 1p/19q loss in 6 of 10 cases in
which IDH mutations and KIAA1549-BRAF fusion were copresent.
All these “triple-positive” cases were oligodendroglial tumors (five
oligodendrogliomas and one oligoastrocytoma) (Figure 3). In this
study, we also found BRAFV600E mutation in two out of 133 diffuse
gliomas (1.5%). They both were oligodendrogliomas, and in one of
them such mutation was associated with IDH mutations and 1p/19q
loss. This is consistent with the results of a previous study on 162
low-grade diffuse gliomas, which showed that only one oligoden-
droglioma had a BRAFV600E mutation (17).

Recent studies have found a high frequency of CIC mutations in
oligodendrogliomas in associations with IDH mutations and 1p/19
anomalies (3, 23). The significance that these alterations, together
with KIAA1549-BRAF fusion gene and BRAFV600E, coexist
more frequently in oligodendroglial neoplasms needs further
investigations.

The clinical significance of BRAF alterations in diffuse
gliomas remains unclear. The observed deregulation of the Ras-
RAF-ERK signaling pathway in nonpilocytic gliomas is attrib-
uted to its upstream positive regulators, including epidermal
growth factor receptor and platelet-derived growth factor recep-
tor, which are known to be highly active in the majority of diffuse
gliomas. Our results, however, suggest that in a small percentage
of diffuse gliomas, such deregulation might be related to 7q34
rearrangements, resulting in a novel in-frame KIAA1549-BRAF
fusion gene like that found in PAs. In addition, we demonstrate
that such alterations can be associated with IDH mutations and
1p/19q loss.

Future studies should expand on these observations and continue
to define the heterogeneous genetic and biological features of adult
gliomas and the role of BRAF alterations in the pathogenesis and
clinical behavior of these tumors.
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