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Abstract: B-RAF is one of the most commonly mu-
tated oncogenes in human cancer. However, the mu-
tation status of B-RAF has not been established com-
pletely in HNSCC. We have analysed the mutation
status of the kinase domain of the B-RAF gene (exons
11 and 15) in 91 Japanese HNSCC patients as well as
12 HNSCC cell lines. DNA was extracted and ampli-
fied by PCR. Mutations were then analysed by SSCP
mutation detection method. Since Y**B-RAF consti-
tutes 90 % of the mutations identified in B-RAF in
human cancers, we also used MASA analysis to spe-
cifically detect this mutation in exon 15 of B-RAF.
Using both methods, no mutation was found in both
exon 11 and 15 in all patients and cell lines. Mutations
are absent or rare in the kinase domain of B-RAF in
Japanese HNSCC. However, more studies are still
needed to determine its usefulness as a target for mo-
lecular therapy in these patients.
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Introduction

Head and neck cancer is the sixth most frequently oc-
curring cancer worldwide, with an incidence of 500,000
cases annually (Shah and Lydiatt, 1995). More than 90
% of diagnosed head and neck cancers are of the squa-
mous cell histology. Despite improvements in surgical
techniques and treatment regimens including combi-
nation of radiotherapy with chemotherapy, three-year
overall survival in patients with locally advanced head
and neck squamous cell carcinomas (HNSCC) is only
around 30 % (Adelstein et al., 2003). Nowadays, devel-
oping new strategies for treating progressive HNSCC is
an important field of research. This can be achieved by
identifying new molecular targets which can be used as
the Achilles heel in cancer therapy.

The EGFR-RAS-RAF-MEK-ERK pathway is an im-
portant pathway for cell proliferation, migration and
survival. Aberrant activation of this pathway has been
implicated in cancer development and progression.
Overexpression of EGFR was also found in the majority
of head and neck tumours (Al Sheikh Ali et al., 2008). In
this pathway B-RAF, a serine threonine-kinase, plays an
important role in the signal transduction downstream of
the membrane-bound RAS protein, which is activated
by EGFR. Three isoforms of the RAF protein have been
identified in humans as named A, B, and C (Marais and
Marshal, 1996). Among these, the B and C isoforms
showed mutation in cancer, with mutations in the B-RAF
being the majority (Davies et al., 2002; Emuss et al.,
2005; Zebisch et al., 2006).

Mutations of the B-RAF have been identified in dif-
ferent types of cancers, particularly in malignant mela-
noma (27-70 %), papillary thyroid cancer (36-53 %),
colorectal cancer (5-22 %) and ovarian cancer (around
30 %) (Garnett and Marais, 2004). All of the mutations
of B-RAF have been found in exons 11 and 15, which
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encode the kinase domain of this protein. A single nu-
cleotide substitution V60OE (also referred to as VS99E
according to the numbering system used) in the kinase
domain accounts for about 90 % of the mutations found
in B-RAF. These mutations lead to constitutive activa-
tion of B-RAF, regardless of activation by RAS, which
in turn leads to constitutive activation of MEK and ERK,
leading to proliferation and survival of the cancer cells.
Since the mutation status of B-RAF in HNSCC has not
been established completely, we have performed muta-
tion analysis of the B-RAF gene in 91 Japanese HNSCC
patients as well as 12 HNSCC cancer cell lines using the
SSCP mutation detection method. Another method,
MASA-PCR (mutant allele specific amplification-
polymerase chain reaction), which specifically detects
the V60OE substitution, was also used in the same study
cohort.

Material and Methods

Patients and Samples

Archival tumour samples were randomly collected
from 91 patients diagnosed and treated for HNSCC, at
Okayama University Hospital, between 1994-2003. Ac-
cording to the site of the primary tumour, 50 samples
were from the oral cavity, 20 were laryngeal, 11 were hy-
popharyngeal and 10 were oropharyngeal tumours. In-
formed consent was obtained from each patient. All tis-
sues were frozen in liquid nitrogen immediately after
surgery and stored at —80°C until the extraction of DNA.
Histopathological examinations were also performed at
the Department of Pathology, and all tumours were con-
firmed as squamous cell carcinoma. Also, it has been con-
firmed by haematoxylin-eosin staining during initial di-
agnosis that the tumour cell ratio in the samples is greater
than 70 %. Genomic DNAs were isolated from frozen tis-
sues by SDS/proteinase K treatment, phenol-chloroform
extraction, and ethanol precipitation as described previ-
ously (Gunduz et al., 2005; 2008). The ethical committee
of the institution approved the study.

Cell Lines

Twelve HNSCC cell lines were also analysed for mu-
tations of B-RAF. The four human oral cancer cell lines,
HSC-2, HSC-3, HSC-4, Ca9-22 were obtained from the
Cell Resource Center for the Biomedical Research Insti-
tute of Development, Aging and Cancer, Tohoku Uni-
versity. The remaining eight cell lines, UT-SCC-12A,
UT-SCC-12B, UT-SCC-16A, UT-SCC-16B, UT-SCC-
60A, UT-SCC-60B, UT-SCC-24A and UT-SCC-110B,
were provided by Dr. Reidar Grenman, University of
Turku, Finland. The first six cell lines were paired and
derived from the primary and metastatic tumours of the
same patients. All cell lines were maintained in Dulbec-
co’s Modified Eagle’s Medium (DMEM) (Gibco Invit-
rogen Co. Ltd., Tokyo, Japan) supplemented with 10%
foetal bovine serum (FBS) (Gibco Invitrogen), 100
units/ml penicillin, 100 pg/ml streptomycin (Invitrogen

Ltd., Tokyo, Japan), and 2.5 mg/l amphotericin B (Gib-
co Invitrogen) in a CO, incubator (Sanyo Electric Co.,
Ltd., Osaka, Japan) with an atmosphere of 95% air
plus 5% CO, at 37 °C. DNA was extracted for mutation
analysis using the same method mentioned above.

SSCP Mutation Analysis of B-RAF

PCR was used to amplify exon 11 and 15 of B-RAF
using two pairs of intron-flanking primers. For exon 11
the sequence of the forward primer was: 5’-TCC CTC
TCA GGC ATA AGG TAA-3’, the reverse primer: 5’-
CGAACA GTG AAT ATT TCC TTT GAT-3’. For exon
15 the forward primer was: 5’-TCA TAA TGC TTG
CTC TGA TAG GA-3’ and the reverse primer: 5’-GGC
CAA AAA TTT AAT CAG TGG A-3’. The PCR reac-
tion was carried out in 20 pl of reaction mixture with 20
pmol of each primer, 200 ng of genomic DNA, 1x PCR
buffer, 200 uM of each deoxynucleotide triphosphate,
and 0.5 unit of Taqg DNA polymerase (Takara, Kyoto,
Japan). Initial denaturation at 94 °C for 3 min was fol-
lowed by amplification for 35 cycles at 94 °C for 30 s,
annealing for 30 s (the annealing temperatures were 54
°C for exon 11 and 52 °C for exon 15), and an extension
step at 72 °C for 1 min. A final extension step at 72 °C
for 7 min was also added. To check the efficiency of
amplification, all PCR products were run on 1.5% agar-
ose gel (BIO-RAD, Hercules, CA).

One pl of each PCR product was then mixed with 8 pl
of denaturing buffer (40 mM NaOH, 0.8 mM EDTA),
heated for 5 min at 96 °C, and immediately chilled on
ice. The samples were then loaded onto 8% nondenatur-
ing polyacrylamide gel, and electrophoresed in power-
Pac 3000® system (BIO-RAD), with constant tempera-
ture of 13 °C. Silver staining of the gel was performed
as described previously (Gunduz et al., 2005) and band
patterns were examined. The experiment was repeated
twice to confirm reproducibility of the results obtained
in the first round.

DNA Sequencing

As a confirmation of the results obtained in SSCP
mutation analysis method, 20 randomly selected bands
in the same and different locations of the SSCP gel were
sequenced. The bands were cut from the SSCP gel and
re-amplified by PCR under the same as previous condi-
tions. The PCR products were then run on 1.5% agarose
gel (BIO-RAD) and the DNA was purified from the aga-
rose gel using GENECLEAN® kit (Qbiogene, Carlsbad,
CA). One pl of purified DNA was then re-amplified with
BigDye® terminator sequencing kit (Applied Biosys-
tems, Foster City, CA), ethanol precipitated and directly
sequenced in an automated sequence machine ABI
prism 3100® (AppliedBiosystems).

MASA-PCR

MASA-PCR was conducted as previously described
(Hasegawa et al., 1995). A fragment derived from exon
15 which encodes codon 600 was amplified by PCR two
times using different primers each time. One of the
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primers, 5’-TAG GTG ATT TTG GTC TAG CTA CAG
T-3’, flanking the sequence of exon 15, was used to am-
plify the wild-type as well as the mutant allele; this
primer was used as a positive control. The other primer
5’-GGT GAT TTT GGT CTA GCT ACA AA-3’ with
substitution of two bases at the 5’ end, allows amplifica-
tion of the mutant allele only in patients who have muta-
tions. For both primers, the reverse primer was 5’-GGC
CAA AAA TTT AAT CAG TGG A-3’. Genomic DNA
from a papillary thyroid carcinoma patient already
known to have V*"EB-RAF mutation was used as a posi-
tive control. PCR was carried out under the same previ-
ous conditions except that the annealing temperature
was 52 °C. When the mismatch primer was used, the
PCR was repeated under the same conditions but with a
higher cycle number (40 cycles) for all the samples.

Results and Discussion

The EGFR-RAS-RAF-MEK-ERK signalling path-
way has gained a lot of interest recently. Aberrant sig-
nalling through this pathway due to genetic alterations
and mutations can drive the cells into an uncontrolled
growth state, leading to cancer. Ligand binding to EGFR
leads to activation of the membrane-bound RAS, which
in turn recruits the cytosolic RAF to the plasma mem-
brane, leading to its activation. Activation of RAF by
RAS occurs by phosphorylation of critical amino acids
in the kinase domain of RAF. On the other hand, consti-
tutive activation of B-RAF by mutations in the kinase
domain has also been reported. We have performed mu-
tation analysis in the hot spot region of the kinase do-
main of B-RAF encoded by exons 11 and 15. Both ex-
ons have been successfully amplified by PCR with
expected sizes of amplification 182 bp for exon 11 and
243 bp for exon 15. In the mutation analysis using SSCP
gel electrophoresis, no aberrant band was observed, and
all the samples revealed the same band pattern in both
exon 11 and 15, indicating absence of mutations in these
exons in the samples and cell lines analysed (Fig. 1). To
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Fig. 1. (A) SSCP gel of exon 15 of B-RAF, the same band
pattern in both the control sample (N) and the all tumour
samples (1-11). (B) SCCP gel of exon 11 of B-RAF show-
ing the same band pattern in 12 HNSCC cell lines

confirm these results, direct sequencing was performed
in 20 randomly selected bands, and all sequences re-
vealed the same sequence as the wild-type allele.

Since Y¢°EB-RAF constitutes about 90 % of the muta-
tions identified in B-RAF so far, we have also used
MASA/PCR mutation analysis to specifically analyse
this mutation in the patient samples and cell lines. The
specificity of this method in detecting mutations of
B-RAF has been tested previously (Xu et al., 2003). Us-
ing MASA-PCR, the mismatched primer failed to am-
plify exon 15, whereas all the samples were successfully
amplified using the primer with the wild-type sequence,
indicating absence of V*"EB-RAF in all the samples and
cell lines that we have used (Fig. 2). This result is com-
patible with the result obtained by the SSCP mutation
detection method.

There are several reports indicating that B-RAF can
act as a human oncogene. RAF kinase inhibitor (RKIP)
was identified as a metastatic suppressor in prostate can-
cer (Fuetal., 2003). Also, it has been found that mutated
B-RAF genes constitute a powerful drive for prolifera-
tion of cancer cells. In melanocytes, mutated B-RAF
leads to transformation and these transformed cells in-
duce tumour formation if implanted in nude mice (Well-
brock et al., 2004).

Mutations of the B-RAF gene have been detected in
different types of cancers (Garnett and Marais, 2004).
These mutations lead to substitution of critical amino
acid residues in the kinase domain of B-RAF, mimick-
ing the phosphorylation state (the active state), which
leads to constitutive activation of B-RAF regardless of
EGFR or RAS activation. Most of the mutations of the
RAF gene have been detected in the B isoform. This iso-
form can be activated by a single amino acid substitu-
tion in the kinase domain. On the other hand, C-RAF
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Fig. 2. (A) MASA analysis of B-RAF. A fragment of exon
15 of B-RAF spanning codon 600 was amplified using
primers with the wild-type sequence; this set of primers
was able to amplify genomic DNA from HNSCC tumour
tissues (1-12), a normal control (N) and a papillary thyroid
cancer patient with V*°°EB-R4F mutation (M). (B) PCR us-
ing a mismatch primer that allows amplification of the mu-
tant allele only. A band could be seen only in genomic
DNA from a papillary thyroid cancer patient already known
to have VEB-RAF mutation (M). Absence of bands from
genomic DNAs of HNSCC patients (1-12) and the normal
control (N) indicates evidence of V*°EB-RAF mutation
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and A-RAF require two mutations for oncogenic activa-
tion, and since this can be a rare event, mutations are
rare in C-RAF and A-RAF (Emuss et al., 2005; Zebisch
et al., 2006).

Referring to the literature, mutations in the kinase do-
main of B-RAF have been analysed in two studies in
HNSCC. Both studies were in western patients. Davies
et al. analysed 19 primary HNSCC using capillary-based
modified heteroduplex mutation detection method in ex-
ons 11 and 15. No mutations were detected in any of the
analysed samples (Davies et al., 2002). However, this
was a wide study for detection of B-RAF mutations in a
wide panel of cancer types and cell lines, and the sample
size used for HNSCC was comparatively low for a mu-
tation analysis. Weber et al. sequenced exons 11 and 15
in 89 patients with HNSCC and found three mutations
in B-RAF (3 %); two of these were substitutions in exon
15 V600E, leading to conversion of valine 600 to
glutamic acid, the other was a substitution mutation in
exon 11 and resulted in substitution of glycine into
alanine in codon 469 (Weber et al., 2003). Considering
these two studies together with our study, B-RAF muta-
tions were analysed in 199 HNSCC patients so far and
mutations were found only in three of them (1.5 %), in-
dicating that mutations are rare events in head and neck
cancers.

Recently, molecular targeted therapy of EGFR and
other related signalling molecules such as K-RAS and
B-RAF has gained a lot of interest in cancer research.
A considerable success has been achieved in inhibiting
EGFR in HNSCC by using tyrosine kinase inhibitors
TKIs (gefitinib, erlotinib) and monoclonal antibodies
(cetuximab) (Cohen et al., 2003; Bauman et al., 2007).
However, the majority of these patients still don’t show
aresponse to these drugs (Kirby et al., 2006). This might
be due to a constitutive active signal in the downstream
signalling molecules, like RAS and RAF. However, we
didn’t find any mutation in the B-RAF gene in this study,
which implies that another mechanism might be respon-
sible for this activation. Turning to RAS, most of the
studies revealed that mutations of RAS genes were either
very few or lacking in HNSCC (Yarbrough et al., 1994;
Kiaris et al., 1995; Ruiz-Godoy et al., 2006). We have
also shown that mutations of the K-RAS gene were lack-
ing in HNSCC (Al Sheikh Ali et al., 2008). It’s worth
noting that B-RAF mutations occur in the same cancers
in which RAS is mutated, such as malignant melano-
ma, colorectal cancer, and border-line ovarian cancers
(Davies et al., 2002).

In one study it was found that RAS-RAF pathway
activation in gliomas is achieved much more frequently
by gene copy number gains of RAS, RAF or the upstream
growth factor receptor and its ligands, rather than by ac-
tivating RAS/RAF mutations (Jeuken et al., 2007). It is
worth noting that similar genetic aberrations, such as
gene amplification of EGF and its receptor EGFR, occur
in HNSCC (Chung et al., 2006). It would be interesting
to study whether activation of the EGFR-RAS-RAF
pathway is achieved by gene amplification of RAF and

RAS as proposed for glioblastoma. Although mutations
were lacking in B-RAF, targeting B-RAF might still be
of clinical value by indirectly blocking the oncogenic
signal initiated by EGFR or RAS genes upward in the
pathway. Moreover, oncogenic activation of B-RAF
might occur by mechanisms other than mutation. Re-
cently, sorafenib, an oral inhibitor of the serine-threo-
nine kinases C-RAF and B-RAF, showed a modest anti-
cancer activity in HNSCC patients in a phase clinical
trial (Elser et al., 2007). In this trial, one patient has
shown a partial response and 10 patients have shown
disease stabilization, out of 26 patients evaluated. These
data are encouraging more studies of B-RAF genetic al-
terations in HNSCC.

In conclusion, B-RAF mutations are rare events in
HNSCC. However, other studies are still needed to de-
termine the role of genetic and epigenetic alterations in
the activation of this oncogene in HNSCC.

References

Adelstein, D. J., Li, Y., Adams, G.. L., Wagner, H. Jr., Kish,
J. A., Ensley, J. F., Schuller, D. E., Forastiere, A. A. (2003)
An intergroup phase III comparison of standard radiation
therapy and two schedules of concurrent chemoradiotherapy
in patients with unresectable squamous cell head and neck
cancer. J. Clin. Oncol. 21, 92-98.

Al Sheikh Ali, M., Gunduz, M., Nagatsuka, H., Gunduz, E.,
Cengiz, B., Fukushima, K., Beder, L. B., Demircan, K.,
Fujii, M., Yamanaka, N., Shimizu, K., Grenman, R., Nagai,
N. (2008) Expression and mutation analysis of epidermal
growth factor receptor in head and neck squamous cell
carcinoma. Cancer Sci. 99, 1589-1594.

Bauman, J. E., Eaton, K. D., Martins, R. G. (2007) Treatment
of recurrent squamous cell carcinoma of the skin with
cetuximab. Arch. Dermatol. 143, 889-892.

Chung, C. H., Ely, K., McGavran, L., Varella-Garcia, M.,
Parker, J., Parker, N., Jarrett, C., Carter, J., Murphy, B. A.,
Netterville, J., Burkey, B. B., Sinard, R., Cmelak, A., Levy,
S., Yarbrough, W. G., Slebos, R. J., Hirsch, F. R. (2006)
Increased epidermal growth factor receptor gene copy
number is associated with poor prognosis in head and neck
squamous cell carcinomas. J. Clin. Oncol. 24, 4170-4176.

Cohen, E. E., Rosen, F., Stadler, W. M., Recant, W., Stenson,
K., Huo, D., Vokes, E. E. (2003) Phase II trial of ZD1839
in recurrent or metastatic squamous cell carcinoma of the
head and neck. J. Clin. Oncol. 21, 1980-1987.

Davies, H., Bignell, G. R., Cox, C., Stephens, P., Edkins,
S., Clegg, S., Teague, J., Woffendin, H., Garnett, M. J.,
Bottomley, W., Davis, N., Dicks, E., Ewing, R., Floyd, Y.,
Gray, K., Hall, S., Hawes, R., Hughes, J., Kosmidou, V.,
Menzies, A., Mould, C., Parker, A., Stevens, C., Watt, S.,
Hooper, S., Wilson, R., Jayatilake, H., Gusterson, B. A.,
Cooper, C., Shipley, J., Hargrave, D., Pritchard-Jones, K.,
Maitland, N., Chenevix-Trench, G., Riggins, G.. J., Bigner,
D. D., Palmieri, G., Cossu, A., Flanagan, A., Nicholson, A.,
Ho, J. W., Leung, S. Y., Yuen, S. T., Weber, B. L., Seigler, H.
F., Darrow, T. L., Paterson, H., Marais, R., Marshall, C. J.,
Wooster, R., Stratton, M. R., Futreal, P. A. (2002) Mutations
of the BRAF gene in human cancer. Nature 417, 949-954.



Vol. 54

B-RAF Mutation in Head and Neck Cancer 161

Elser, C., Siu, L. L., Winquist, E., Agulnik, M., Pond, G.. R,
Chin, S. F., Francis, P., Cheiken, R., Elting, J., McNabola,
A., Wilkie, D., Petrenciuc, O., Chen, E. X. (2007) Phase
II trial of sorafenib in patients with recurrent or metastatic
squamous cell carcinoma of the head and neck or naso-
pharyngeal carcinoma. J. Clin. Oncol. 25, 3766-3773.

Emuss, V., Garnett, M., Mason, C., Marais, R. (2005) Mutations
of C-RAF are rare in human cancer because C-RAF has a
low basal kinase activity compared with B-RAF. Cancer
Res. 65,9719-9726.

Fu, Z., Smith, P. C., Zhang, L., Rubin, M. A., Dunn, R. L.,
Yao, Z., Keller, E. T. (2003) Effects of raf kinase inhibitor
protein expression on suppression of prostate cancer
metastasis. J. Natl. Cancer Inst. 95, 878-889.

Garnett, M. J., Marais, R. (2004) Guilty as charged: B-RAF is
a human oncogene. Cancer Cell 6,313-319.

Gunduz, M., Nagatsuka, H., Demircan, K., Gunduz, E.,
Cengiz, B., Ouchida, M., Tsujigiwa, H., Yamachika, E.,
Fukushima, K., Beder, L., Hirohata, S., Ninomiya, Y.,
Nishizaki, K., Shimizu, K., Nagai, N. (2005) Frequent
deletion and down-regulation of ING4, a candidate tumor
suppressor gene at 12p13, in head and neck squamous cell
carcinomas. Gene 356, 109-117.

Gunduz, M., Beder, L. B., Gunduz, E., Nagatsuka, H.,
Fukushima, K., Pehlivan, D., Cetin, E., Yamanaka, N.,
Nishizaki, K., Shimizu, K., Nagai, N. (2008) Downregulation
of ING3 mRNA expression predicts poor prognosis in head
and neck cancer. Cancer Sci. 99, 531-538.

Hasegawa, Y., Takeda, S., Ichii, S., Koizumi, K., Maruyama,
M., Fujii, A., Ohta, H., Nakajima, T., Okuda, M., Baba, S.
(1995) Detection of K-ras mutations in DNAs isolated from
feces of patients with colorectal tumors by mutant-allele-
specific amplification (MASA). Oncogene 10, 1441-1445.

Jeuken, J., van den Broecke, C., Gijsen, S., Boots-Sprenger,
S., Wesseling, P. (2007) RAS/RAF pathway activation
in gliomas: the result of copy number gains rather than
activating mutations. Acta Neuropathol. 114, 121-133.

Kiaris, H., Spandidos, D. A., Jones, A. S., Vaughan, E. D.,
Field, J. K. (1995) Mutations, expression and genomic
instability of the H-ras proto-oncogene in squamous

cell carcinomas of the head and neck. Br. J. Cancer 72,
123-128.

Kirby, A. M., A’Hern, R. P., D’Ambrosio, C., Tanay, M.,
Syrigos, K. N., Rogers, S.J., Box, C., Eccles, S. A., Nutting,
C. M., Harrington, K. J. (2006) Gefitinib (ZD1839, Iressa)
as palliative treatment in recurrent or metastatic head and
neck cancer. Br. J. Cancer 94, 631-636.

Marais, R., Marshall, C. J. (1996) Control of the ERK MAP
kinase cascade by Ras and Raf. Cancer Surv. 27, 101-125.

Ruiz-Godoy R, L. M., Garcia-Cuellar, C. M., Herrera Gonzalez,
N. E., Suchil, B. L., Pérez-Cardenas, E., Sacnchez-Pérez, Y.,
Suarez-Roa, M. L., Meneses, A. (2006) Mutational analysis
of K-ras and Ras protein expression in larynx squamous cell
carcinoma. J. Exp. Clin. Cancer Res. 25, 73-78.

Shah, J. P., Lydiatt, W. (1995) Treatment of cancer of the head
and neck. CA Cancer J. Clin. 45, 352-368.

Weber, A., Langhanki, L., Sommerer, F., Markwarth, A.,
Wittekind, C., Tannapfel, A. (2003) Mutations of the B-RAF
gene in squamous cell carcinoma of the head and neck.
Oncogene 22,4757-4759.

Wellbrock, C., Ogilvie, L., Hedley, D., Karasarides, M.,
Martin, J., Niculescu-Duvaz, D., Springer, C. J., Marais,
R. (2004) V599EB-RAF is an oncogene in melanocytes.
Cancer Res. 64,2338-2342.

Xu, X., Quiros, R. M., Gattuso, P., Ain, K. B., Prinz, R .A.
(2003) High prevalence of B-RAF gene mutation in
papillary thyroid carcinomas and thyroid tumor cell lines.
Cancer Res. 63,4561-4567.

Yarbrough, W. G., Shores, C., Witsell, D. L., Weissler, M.
C., Fidler, M. E., Gilmer, T. M. (1994) Ras mutations and
expression in head and neck squamous cell carcinomas.
Laryngoscope 104, 1337-1347.

Zebisch, A., Staber, P. B., Delavar, A., Bodner, C., Hiden, K.,
Fischereder, K., Janakiraman, M., Linkesch, W., Auner,
H. W., Emberger, W., Windpassinger, C., Schimek, M. G.,
Hoefler. G., Troppmair, J., Sill, H. (2006) Two transforming
C-RAF germ-line mutations identified in patients with
therapy-related acute myeloid leukemia. Cancer Res. 66,
3401-3408.





