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Background: The BRAF gene is frequently somatically
altered in malignant melanoma. A majority of variations
are at the valine 600 residue leading to a V600E substi-
tution that constitutively activates the kinase. We
screened 4000 patient and control DNAs for germ-line
variations at the valine 600 residue.

Methods: We developed a novel assay by adapting
single-base variation assays and software for MALDI-
TOF (matrix-assisted laser desorption/ionization time-
of-flight) mass spectrometry to screen for all 5 reported
variants at codon 600 of the BRAF gene. We screened a
case-control collection comprising samples from 1082
melanoma patients and 154 of their unaffected relatives
from 1278 families and from 2744 individuals from 659
unselected twin families with no history of melanoma.
A panel of 66 melanoma cell lines was used for vari-
ation-positive controls.

Results: All melanoma cell lines that we had found
previously to carry a codon 600 variation were verified
in this study. Three of the 4 possible variants (V600E
n =47, V600K n = 2, V60OR n = 1) were detected, but no
case of V600D was available. No germ-line variants
were found in the samples from the 3980 melanoma
patients or from the control individuals.

Conclusions: This new assay is a high-throughput,
automated alternative to standard sequencing and can
be used as a rapid initial screen for somatic variants
associated with melanoma. Germ-line variants at va-
line 600 are unlikely to exist and do not contribute to
the reported role of the BRAF gene in melanoma
predisposition.
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BRAF" gene somatic variations have been found in a high
proportion (40%-88%) of malignant melanoma tissue
(1-9) and also are common in benign nevi (6,10), a
finding that may suggest that BRAF variations play a role
in the initiation of melanocytic neoplasia. Most of these
somatic variations occur in the kinase domain of B-Raf
encoded by exons 11 and 15 of the gene (6, 10) and are
thought to act by directly increasing the constitutive
kinase activity toward its downstream targets MAPKK
(mitogen-activated protein kinase kinase) and MAPK
(mitogen-activated protein kinase), although other indi-
rect mechanisms exist (11, 12). The valine at codon 600 is
involved in the majority of activating variations, most of
which are glutamic acid substitutions (V600E). (Note:
Because of updated sequence information, National Cen-
ter for Biotechnology Information has recently renum-
bered Braf codons such that V599E is now V600E; all
codon numbering in this paper conforms to this new
numbering.)

Genetic studies have implicated BRAF in predisposi-
tion to melanoma (13, 14), although no causative varia-
tions have been found. By comparison, rare germ-line
variants of CDKN2A account for ~25% of familial mela-
noma cases (15) but only a tiny proportion of melanoma
in the general population (16). Given that B-Raf has
relatively high basal kinase activity and that most de-
scribed variations are activating variations, it is plausible
that germ-line variants causing modest activation could
exist and could contribute to predisposition to melanoma.
Only 1 common germ-line coding variant has been ob-
served, however, and it is a silent change (G643G) in exon
16, which is unlikely to have functional consequences.
Nevertheless, a recent study reported 3 different germ-
line variants in melanoma cases from Italy, including 1
case of V60OE (17) that prompted us to analyze our large
case-control collection.

" Human genes: BRAF, v-raf murine sarcoma viral oncogene homolog B1;
CDKN2A, c_\'flin-dvpcndvnt kinase inhibitor 2A (melanoma, p16, inhibits
CDK4).
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We studied an Australian case-control sample group
made up of samples from 1082 melanoma cases from 1278
families participating in the Queensland Familial Mela-
noma Project, (18-20) and 2744 individuals without mel-
anoma from 659 twin families (476 DZ, 159 MZ) enrolled
in the Brisbane Twin Nevus Study (21, 22). Approval to
undertake this study was granted by the Human Research
Ethics Committee of the Queensland Institute of Medical
Research. All participants gave their signed informed
consent.

We used a modified genotyping assay via a primer
extension reaction and MALDI-TOF (matrix-assisted laser
desorption/ionization time-of-flight) mass spectrometry
(MassARRAY, Sequenom Inc) to perform a sequence
survey of codon 600. A 2.5-ul. PCR was performed
oil-free in standard 384-well plates (TwinTec, Eppendorf
Inc.) with 10 ng genomic DNA and the PCR-L (left) and
PCR-R (right) primers as shown in Fig. 1A. Primers were
at 100 nmol/L and deoxynucleoside triphosphate (ANTP)
at 100 umol/L, plus 0.05 units HotStar Taq polymerase
(Qiagen) in 1X standard buffer provided with the enzyme
supplemented to 3 mmol/L MgCl,. Thermal cycling in an

A
PCR-L Intron 14/Exon 15
cataatgcttgctctgatasgaaaatgagatctactqttttcctttacttactacacctcanT ATA
Forward-extension primer
TTT CTT CAT GAA GAC CTC ACA GTA AAA ATA GGT GAT TTT GGT CTA GCT /\EA
Val699
TCT QGA TGG AGT GGG TCC CAT CAG TTT GAA CAG TTG TCT GGA TCC
~ Reverse-extension primer
ATT TTG TG GAT Ggtaagaattgaggctatttttcc
‘—_—
] PCR-R
Exon 15/intron 15
codon 600  Forward Primer Products  Reverse Primer Products F+R
bases primer  assay bases primer assay
code seq added mass code added mass code "genotype"
none 7084.6 (P) none 6695.4 (P)
wt=V GTG GTGA 83444 T CA 7281.8 C TT+CC
E GAG gA 7711.0 G CTCTGTA 8812.8 1 GT+1C
K AAG A 7381.8 A CTTIGTA 8827.8 G AT +GC
R AGG A 7381.8 A CCTTGTA 88128 T AT +T1C
D GAT GA 7711.0 G A 6992.6 A GT +AC

Fig. 1. Variation screening assay.

(A), Sequence of exon 15 of the BRAF gene is shown with some flanking
intronic sequence. Left (L) and right (R) primers used to amplify the 196 bp
genomic fragment are indicated. Lower case sequence represents intron
and upper case represents exon. The forward and reverse primers used in
the primer extension assays are indicated flanking codon 600. (B), Products
of the forward and reverse primers when extended in a reaction containing
ddATP plus dGTP, dATP, dCTP, their corresponding mass and assigned
genotype code are shown. (C), Mass spectra of extension products for
wild-type (wt) and each type of variant (except for V600OD) at codon 600.
Abbreviations: R, reverse extension primer; F, forward extension primer; P,
unextended primer; G, A, T, C are codes for their respective mass peaks as
listed in (B). Boxed letters above spectra indicate the presence of that peak.
Intensity on the Y axis is an arbitrary scale.
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ABI-9700 instrument was 15 min at 95 °C, followed by 45
cycles of 20 s at 94 °C, 30 s at 56 °C, and 60 s at 72 °C. To
the completed PCR reaction, we added 0.06 units shrimp
alkaline phosphatase (in 1uL) and then subjected the
mixture to incubation for 30 min at 37 °C, followed by
inactivation for 5 min at 85 °C. The reaction was evapo-
rated to dryness (20 min at 80 °C in a fan-driven oven) and
resuspended in 2.5 pLL containing 300 nmol/L each of the
forward and reverse extension primers as shown in
Fig. 1A, 10 umol/L each of ddATP, dGTP, dATP, and
dCTP, and 0.064 units/ul. ThermoSequenase (Amer-
sham) in 0.5 X Qiagen PCR buffer (final in reaction 1.7x
PCR buffer). The reactions were heated in an ABI-9700
thermocycler for 30 s at 95 °C, then cycled 75 times for 15 s
at 52 °C, 5 s at 80 °C, and after every 5th cycle for 10 s at
95 °C. Samples were diluted with 12 pL water, 3 pL
desalting resin (Bio-Rad AG50W-X8 fine) in water, mixed
by rotation for 15-min on a carousel, and then spotted on
a SpectroChip (Sequenom) and analyzed in an AutoFlex
mass spectrometer per standard procedures (23, 24).
The standard assay for single-base variations [also
termed single-nucleotide polymorphisms (SNPs)] on the
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Sequenom MassArray system involves the extension of
primers by DNA polymerase in the presence of a mixture
of ddNTPs and dNTPs such that primers are extended by
1, 2, or 3 nucleotides depending on the single-base varia-
tion and the few nucleotides 3’ to it (23, 25). In the current
assay, primers immediately adjacent to codon 600 on the
forward and reverse strands were extended in a ddATP
and dGTP, dCTP, and dTTP mixture that gave extensions
of 1 to 7 nucleotides, depending on the sequence (Fig. 1, A
and B). Although neither the forward nor the reverse
primer extension products alone give unambiguous as-
signment of all types of variants, the combined results
should correctly detect all 5 known codons (Fig. 1B). The
software for SNP analysis (Sequenom Inc.) was used to
automatically assign to the predicted extension peaks
arbitrary “genotype” names (Fig. 1B). Examples of spectra
for 4 of the 5 wild-type and variant codons are shown in
Fig. 1C; the V600D variant was not found in our samples.
Any variant peaks were automatically flagged by the
software and their spectra inspected for verification. Al-
though primary results were very clear in this assay, we
repeated the PCR and assay on any detected variants or
any ambiguous results. All 50 samples previously ana-
lyzed by standard sequencing and found to contain
variants (see the Supporting Table 2 in Pavey et al. (9) and
our unpublished data) were confirmed with the new
assay; indeed 1 variant, previously V600K, was reas-
signed as a V60OR variant on the basis of the new assay
(Fig. 1C) and subsequent review of sequence traces. Most
of these samples showed the wild-type codon as well as
the variant, but in 4 samples only the variant was visible.
An example of weaker signals from the wild-type gene
can be observed in the V600R spectrum in Fig. 1C.
Although these results suggest possible genomic amplifi-
cation of the mutant allele, in contrast to reports of
amplification of the wild-type copy in melanoma cell lines
(26), careful normalization for the peak heights and mass
effects in mass spectra plus the use of internal controls
would be required to substantiate this explanation.
Analysis of 4000 individuals has revealed val-600 vari-
ants only in the cell lines derived from melanoma tumors,
i.e., no germ-line variants were found. A study of 569
Italian cases had identified 1 germ-line case of the V600OE
variant (17), but these data were subsequently retracted
(27). The same study found 2 types of germ-line variants
that were previously unreported codon changes (M116R,
Q608H). The M116R variant is of uncertain functional
significance, but the Q608H variant is in exon 15, near the
hotspot for somatic variations that affect the kinase do-
main of the protein. Neither of these variants nor previ-
ously described noncoding variants (8) occur at sufficient
frequency to account for a genetic predisposition to mel-
anoma in the general population. Given the number of
controls screened here, this conclusion can also be ex-
tended to thyroid, colorectal, and lung carcinomas in
which somatic variations in BRAF have also been found at
significant frequencies (1,2, 28-32). Recently germ-line
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variants in BRAF have been associated with the rare
genetic disease cardio-facio-cutaneous syndrome (33).
The severity of this syndrome, however, and the fact that
the majority of associated BRAF variations differed from
somatic variations in tumors, are consistent with our
conclusion that germ-line BRAF variations are not found
in the general population.

This new assay offers a high-throughput, automated
alternative to standard sequencing. It also provides defin-
itive unambiguous results, partly by virtue of the accu-
racy of mass spectrometry combined with interrogation of
both DNA strands. Because >90% of all BRAF variations
implicated in melanoma are of the type screened by this
assay, it is a rapid initial screen of suspect material.
Furthermore, this approach can be generalized to rapidly
screen for defined variants. Indeed we have extended the
method to several other genes and variants (work in
progress).
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