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(57) ABSTRACT 
The present invention provides methods and compositions 
for the detection of novel BRAF splice variants that mediate 
resistance to BRAF and/or pan-RAF inhibitors. In particular, 
the invention provides PCR primer(s) to be used in the 
disclosed methods of detection. In some embodiments, the 
compositions and methods of the present invention are used 
to predict resistance to BRAF and/or pan-RAF inhibitors in 
a Subject Suffering from or Suspected of having cancer and 
further provides alternative treatment strategy(ies) for a 
subject predicted to be resistant to BRAF and/or pan-RAF 
inhibitors. In a further embodiment, methods and composi 
tion for the identification of novel agents useful to overcome 
resistance to BRAF and/or pan-RAF inhibitors are dis 
closed. The present invention also provides isolated poly 
nucleotide sequences of novel 5' BRAF splice variant(s) and 
proteins produced from Such polynucleotide sequences as 
well as cell line(s) that endogenously or exogenously 
express the splice variant(s). 
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METHODS AND COMPOSITIONS FOR THE 
DETECTION OF DRUG RESISTANT BRAF 

ISOFORMS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority from U.S. Provisional 
Application No. 61/519,593 filed May 25, 2011, the contents 
of which are hereby incorporated by reference in their 
entirety into the present disclosure. 

SEQUENCE LISTING 

This application contains a Sequence Listing, created on 
Apr. 24, 2012; the file, in ASCII format, is designated 
3314020A Sequence Listing ST25.txt and is 38.3 kilobytes 
in size. The sequence listing file is hereby incorporated by 
reference in its entirety into the application. 

FIELD OF THE INVENTION 

This invention relates generally to splice variants of the 
BRAF gene and in particular to BRAF splice variants that 
correlate with resistance to inhibition of activated BRAF. 
The invention further relates to methods for detecting the 
presence of gene products of BRAF splice variants. 

BACKGROUND OF INVENTION 

The V-raf murine sarcoma viral oncogene homolog B1, 
also known as NS7: BRAF 1: RAFB1; B-RAF 1: FLJ95109: 
MGC126806; MGC138284; or BRAF, (as used herein, 
“BRAF'), is a serine/threonine protein kinase that plays a 
critical role in the MAP Kinase/ERK signaling pathway 
which mediates physiological cell functions such as growth 
and differentiation. Aberrant activation of MAP Kinase/ 
ERK signaling can result in the development and progres 
sion of multiple types of cancer. As such, the components of 
the MAP Kinase/ERK signaling pathway are considered 
attractive therapeutic targets for cancer treatment. In par 
ticular, activating mutations in BRAF have been shown to 
occur in ~80% of melanoma, ~50% of papillary thyroid 
cancer, and 10% of colon cancers with an overall occurrence 
in -8% in all types of cancer. SEQID NO 1 displays the full 
length mRNA Homo sapiens BRAF mRNA and is from 
Genebank accession number NM 004333.4. In BRAF, the 
single nucleotide substitution at nucleotide position 1798 
(T->A, thymine to adenine) produces an amino acid substi 
tution at amino acid position 600 (V->E. valine to gluta 
mate) in the catalytic kinase domain resulting in constitutive 
activation of BRAF (as used herein “V600E or “BRAF 
(V600E)). The V600E mutation accounts for ~90% of all 
activating BRAF mutations. 

Given the importance of activated BRAF and, in particu 
lar, BRAFV600E in cancer progression, there has been 
much effort to develop both pan-RAF and selective BRAF 
inhibitors as potential therapeutics; multiple agents are cur 
rently undergoing clinical evaluation including GSK218436, 
ARQ 736, PLX3603, PLX4032 (also known as vemu 
rafenib, RG7204 or RO5185426 and herein referred to as 
“PLX4032), BMS908662, RAF265, XL281, and BAY 
43-9006. Clinical results have shown that tumors harboring 
activating BRAF mutations show remarkable response, 
including delay in progression and/or tumor regression, to 
treatment with such pan-RAF and selective BRAF inhibi 
tors. Despite the initial response to such treatment, the 
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2 
majority of the patients develop resistance to treatment with 
such pan-RAF and/or BRAF inhibitors within 2-18 months. 
Preliminary in vitro and animal model experiments have 
Suggested that Such acquired resistance can arise from 
activating mutations in the MAP Kinase/ERK signaling 
pathway upstream RAS or downstream MEK and from 
activation of parallel signaling pathways. However, it is still 
not clear if all cases of resistance are mediated by Such 
mechanisms nor is it clear if Such mechanisms are clinically 
relevant. To date, no compensatory mutations in BRAF itself 
have been shown to drive said resistance. 

Therefore there is a need in the art for further evaluating 
the mechanism of acquired resistance and to validate Such 
mechanisms in the clinical setting. This will allow more 
complete diagnostic tests to be developed in order to stratify 
patients for treatment and will provide an opportunity to 
better tailor treatment strategies in the resistant patient. 
Further, there is a need in the art for novel second-line 
therapeutics to treat patients who become resistant to treat 
ment with pan-RAF and/or BRAF inhibitor(s) and exhibit 
progression or relapse despite an initial response to BRAF 
inhibition. 

SUMMARY OF THE INVENTION 

The present invention is based on the identification of 
novel 5' BRAF splice variants in tumor cells and cell lines 
that are resistant to BRAF inhibitors. The splice variants are 
the results of splicing events in which exons or portions 
thereof of the regulatory domain of BRAF are lost. 

In one aspect, therefore, the invention relates to purified 
polypeptides comprising the amino acid sequence of a 
BRAF(V600E) splice variant. These include splice variants 
in which all or some portion of exons 2-10 have been 
deleted. Included are BRAF(V600E) splice variants con 
taining a deletion of exons 2-10, exons 4-10, exons 2-8. 
exons 4-8, etc. Polypeptides of the BRAF(V600E) splice 
variants disclosed herein will therefore, contain a deletion of 
amino acids encoded by the deleted exons. These include 
without limitation those having the amino acid sequence of 
any of SEQ ID NOS: 16-19, for example. 

In a related aspect, the invention relates to isolated nucleic 
acids that encode the BRAF(V600E) splice variant polypep 
tides disclosed herein. Nucleic acids disclosed herein 
include: a nucleic acid having the nucleotide sequence of 
BRAF(V600E) in which exons 2-10 of BRAF(V600E) are 
deleted, giving rise to a splice variant in which exon 1 is 
joined to exons 11-18 of BRAF(V600E); a nucleic acid 
having the nucleotide sequence of BRAF(V600E) in which 
exons 2-8 have been deleted, giving rise to a splice variant 
in which exon 1 is joined to exons 9-18 of BRAF(V600E): 
a nucleic acid having the nucleotide sequence of BRAF 
(V600E) in which exons 4-8 are deleted, giving rise to a 
splice variant in which exons 1-3 are joined to exons 11-18 
of BRAF(V600E); a nucleic acid having the nucleotide 
sequence of BRAF(V600E) in which exons 2-8 have been 
deleted giving rise to a splice variant in which exons 1-3 are 
joined to exons 9-18 of BRAF(V600E); and so on. The 
nucleotide sequences of some embodiments of splice vari 
ants disclosed herein are set forth in SEQ ID NOS: 13-15. 

In yet another related aspect, the invention relates to 
vectors comprising the nucleic acids disclosed herein as well 
as cells that have been transfected with these vectors to 
express the BRAF(V600E) splice variants. Isolated cells that 
endogenously express the BRAF(V600E) splice variants 
disclosed herein are also encompassed by the invention. 
These include, for example, SKMEL-239 clones C1-05. 
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In another aspect, the invention relates to synthetic oli 
gonucleotides that hybridize under Stringent conditions to a 
gene product encoded by the BRAF(V600E) splice variants. 
These oligonucleotides find use as primers and probes for 
techniques such as PCR and microarray technology for the 
detection, identification and characterization of BRAF 
(V600E) splice variants in a sample. Oligonucleotides that 
specifically hybridize to a region of exon 1 of BRAF 
(V600E) (SEQ ID NO: 20), a region of exons 11-18 (SEQ 
ID NO: 21) and/or to new splice junctions (e.g. 1-11, 1-9, 
3-11 and 3-9) created by the deletion of one or more exons 
(e.g., SEQ ID NOS: 4, 6, 7) are advantageous. Synthetic 
oligonucleotides may be from about 10-30 nucleotides in 
length; in Some embodiments, synthetic oligonucleotides are 
about 18-21 nucleotides in length. In other embodiments, a 
synthetic oligonuceotide that hybridizes to a nucleic acid 
comprising the nucleotide sequence of SEQ ID NO: 7 plus 
0 to 12 contiguous nucleotides of SEQ ID NO: 13 flanking 
SEQ ID NO: 7 may be useful as a 3-11 Splice junction 
primer, a synthetic oligonuceotide that hybridizes to a 
nucleic acid comprises the nucleotide sequence of SEQ ID 
NO: 4 plus 0 to 12 contiguous nucleotides of SEQ ID NO: 
14 flanking SEQ ID NO: 4 may be useful as a 1-9 Splice 
junction primer and a synthetic oligonuceotide that hybrid 
izes to a nucleic acid comprising the nucleotide sequence of 
SEQ ID NO: 6 plus 0 to 12 contiguous nucleotides of SEQ 
ID NO: 15 flanking SEQ ID NO: 6 may be useful as a 3-9 
Splice junction primer. 

In a related aspect, the invention relates to methods for 
detecting BRAF(V600E) splice variants in a sample using 
primers and/or probes disclosed herein. In one embodiment, 
the method comprises contacting a sample with primers or 
probes that are specific for a gene product of one or more 
BRAF(V600E) splice variants. Gene products include 
mRNA, cDNA and protein. Primer pairs of the invention 
may include a primer pair comprising a first primer with the 
nucleotide sequence of SEQ ID NO. 4 and a second primer 
with the nucleotide sequence of SEQID NO: 5; a primer pair 
comprising a first primer with the nucleotide sequence of 
SEQ ID NO: 6 and a second primer with the nucleotide 
sequence of SEQID NO: 5; a primer pair comprising a first 
primer with the nucleotide sequence of SEQID NO: 7 and 
a second primer with the nucleotide sequence of SEQ ID 
NO: 8 and the like. A primer set for the detection of multiple 
variants includes a primer pair for each variant. 

In general, oligonucleotides of the invention may be used 
in pairs of forward and reverse primers and in sets of pairs 
that are able to detect multiple variants in accordance with 
methods well known to those of skill in the art. Accordingly 
they may be employed in the detection of BRAF(V600E) 
variants using any method known to the skilled artisan for 
analyzing gene products. 

In another related aspect, the invention relates to a method 
of detecting a variant form of BRAF mRNA, the method 
comprising 

(a) combining a sample possibly containing a variant form 
of BRAF cDNA selected from the group consisting of 

a BRAF(V600E) gene product comprising exons 1 and 
9-18 of BRAF(V600E) DNA; 

a BRAF(V600E) gene product comprising exons 1-3 and 
9-18 of BRAF(V600E) DNA; and 

a BRAF(V600E) gene product comprising exons 1-3 and 
11-18 of BRAF(V600E) DNA with: (i) a forward primer 
capable of hybridizing to an exon 1-9 splice junction (SEQ 
ID NO: X) of the cDNA encoding the variant BRAF; and a 
reverse primer that is at least 10 nucleotides long and 
corresponds to a sequence from BRAF exons 11-18; (ii) a 
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4 
forward primer capable of hybridizing to an exon 3-9 splice 
junction (SEQID NO: X) of the cDNA encoding the variant 
BRAF; and a reverse primer that is at least 10 nucleotides 
long and corresponds to a sequence from BRAF exons 
11-18; or (iii) a forward primer capable of hybridizing to an 
exon 3-11 splice junction (SEQ ID NO: X) of the cDNA 
encoding the variant BRAF and a reverse primer that is at 
least 10 nucleotides long and corresponds to a sequence 
from BRAF exons 11-18; or a combination of (i), (ii), and 
(iii). The method further comprises combining the sample 
with reagents for PCR to form a mixture and subjecting the 
mixture to thermocycling, and determining the absence or 
the presence of the cDNA corresponding to at least a portion 
of the variant form of BRAF mRNA in the thermocycled 
mixture, wherein the presence of the cDNA indicates that the 
sample comprises a variant form of BRAF. In one embodi 
ment, detection of three variants is desired. 

In another aspect, the invention also relates to a method 
of detecting a variant form of BRAF comprising: 

(a) combining a sample with: 
(i) a first primer capable of hybridizing under stringent 

conditions to an exon 1-9 splice junction of a nucleic 
acid encoding a BRAF (V600E) variant; and a second 
primer that hybridizes to a sequence from exons 11-18 
of BRAF(V600E): 

(ii) a third primer capable of hybridizing under stringent 
conditions to an exon 3-9 splice junction of a nucleic 
acid encoding a BRAF (V600E) variant; and a fourth 
primer that hybridizes to a sequence from exons 11-18 
of BRAF(V600E): 

(iii) a fifth primer capable of hybridizing under stringent 
conditions to an exon 3-11 splice junction of a nucleic 
acid encoding a BRAF(V600E) variant and a sixth 
primer that hybridizes to a sequence from exons 11-18 
of BRAF(V600E); or 

(iv) any combination of (i), (ii), and (iii); and 
(b) combining the sample with reagents for PCR to form 

a mixture and Subjecting the mixture to thermocycling, and 
determining the absence or the presence of a nucleic acid 
corresponding to at least a portion of the variant form of 
BRAF mRNA in the thermocycled mixture, wherein the 
presence of the nucleic acid indicates that the sample 
comprises a variant form of BRAF. 

In a related aspect, therefore, the present invention pro 
vides a kit comprising at least one PCR primer as described 
herein. Such kit can further comprise reagents required for 
PCR and instructions for practicing the methods of the 
present invention. 

In yet another related aspect, the invention relates to a 
gene expression panel or array for detecting a splice variant 
of BRAF, wherein the panel or array comprises probes 
capable of detecting splice junctions of BRAF. 

In another aspect, the compositions of the invention can 
be used to perform a method to determine the resistance of 
a cell or tissue to a BRAF inhibitor, the method comprising 
(a) contacting a sample containing a gene product isolated 
from said cell or tissue with a detectable primer/probe of the 
invention that binds to a splice variant of BRAF(V600E): 
and (b) measuring the amount of detectable primer/probe to 
determine the presence in said sample of a BRAF(V600E) 
splice variant, wherein the presence of said splice variant 
indicates that the cell or tissue is resistant to the BRAF 
inhibitor. 

In a related aspect, the invention relates to an in vitro 
method for monitoring Vemurafenib treatment in an Subject, 
the method comprising: 
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(a) contacting a gene expression product from a mela 
noma cell or tumor sample from the Subject with a 
detectable probe or primer that can hybridize to a 
BRAF(V600E) splice variant in said sample: 

(b) measuring the amount of detectable probe or primer in 
said sample to determine the presence of said BRAF 
(V600E) splice variant, wherein the presence of said 
BRAF(V600E) splice variant indicates that the cell or 
tumor is resistant to vemurafenib. The BRAF(V600E) 
variant may have a nucleotide sequence selected from 
SEQID NO: 13, SEQID NO: 14 and SEQID NO: 15. 

In yet another aspect, the invention provides a cell-based 
method of screening a test compound for use as a RAS 
independent RAF inhibitor, said method comprising: 

(a) contacting a cell comprising a BRAF(V600E) splice 
variant with said test compound under conditions Suit 
able for cell growth; 

(b) measure the amount of cell growth and/or cell death of 
cells grown in the presence and absence of the test 
compound; 

(c) compare the amount of cell growth and/or cell death 
of cells grown in the presence and absence of the test 
compound, wherein increased cell death and/or 
decreased cell growth in the presence of said test 
compound indicates that said test compound has RAS 
independent BRAF inhibitory activity. 

In yet another related aspect, the invention relates to a 
method of screening a test compound for use as a RAS 
independent BRAF inhibitor, said method comprising: 

(a) contacting a sample that comprises BRAF(V600E) 
splice variant polypeptides with said test compound; 

(b) measuring the amount of dimerization of said BRAF 
(V600E) splice variant polypeptides in said sample in 
the presence and absence of the test compound; 

(c) compare the amount of dimerization in the presence 
and absence of the test compound, wherein a decrease 
in dimerization in the presence of said test compound 
compared with the amount of dimerization in the 
absence of said test compound indicates that said test 
compound has RAS-independent BRAF inhibitory 
activity. The measuring step may be performed using 
an assay selected from the group consisting of western 
blot, immunoprecipitation, Förster resonance energy 
transfer (FRET), or bimolecular fluorescence comple 
mentation. (BiFC). 

DESCRIPTION OF THE DRAWINGS 

FIGS. 1 A-1E show that resistance to the RAF inhibitor 
PLX4032 is associated with failure of the drug to inhibit 
ERK signaling. 

FIG. 1A shows IC50 curves for the SKMEL-239 parental 
cell line and five PLX4032-resistant clones treated with 
PLX4032 for 5 days. 

FIG. 1B shows the effects of 2 uM PLX4032 at various 
time points on ERK signaling in parental (Par) and resistant 
clones (C1-5). 

FIG. 1C shows a Western blot for components of the ERK 
and AKT signaling pathways in parental and resistant clones 
treated with 2 uM PLX4032 for 24 hours. 

FIG. 1D shows the dose-response of pMEK and pPRK 
downregulation at 1 hour to increasing concentrations of 
PLX4032 in parental and two representative resistant clones 
(C3 and C5). 

FIG. 1E shows a graphic representation of the chemilu 
minescent signal intensities from 1D and determination of 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
IC50s for inhibition of MEK phosphorylation by PLX4032 
in the parental and C3 and C5 clones. 

FIGS. 2A-2E shows a newly identified BRAF(V600E) 
variant that lacks exons 4-8 and is resistant to the RAF 
inhibitor PLX4032. 

FIG. 2A shows the PCR analysis of BRAF in cDNA from 
parental (P) and C3 cells. PCR primers of the present 
invention SEQID NOS 2 and 3 were used to amplify the 
BRAF gene. Sequencing of the 1.7 kb product expressed in 
the C3 clone, but not in parental cells, revealed an in frame 
deletion of five exons (exons 4-8) in cis with the V600E 
mutation resulting in the creation of a novel splice junction 
joining exon 3 and exon 9 (referred to herein as the “3 9 
splice junction'). The expected protein product from the 1.7 
kb mRNA has 554 amino acids and a predicted molecular 
weight of 61 kd. 

FIG. 2B. Full length wild-type BRAF and the novel 1.7 
kb/61 kd splice variant of BRAF(V600E) lacking exons 4-8 
(referred to herein as “p61 BRAF(V600E)) were cloned 
into a pcDNA3.1 vector with a FLAG tag at the C-terminus 
and expressed in 293H cells. The effect of PLX4032 (2 uM 
for 1 hour) on ERK signaling in the 293H cells expressing 
p61 BRAF(V600E) was analyzed by Western blot for pMEK 
and pPRK. 

FIG. 2C. To compare levels of dimerization, 293H cells 
co-expressing FLAG tagged and c-terminal V5-tagged 
p61 BRAF(V600E), full length BRAF(V600E) and the cor 
responding dimerization-deficient mutants p01 BRAF 
(V600E/R509H) and BRAF(V600E/R509H) were lysed fol 
lowed by immunoprecipitation with FLAG antibody. 
Western blots with V5 or FLAG antibodies were performed 
as indicated. 

FIG. 2D shows a comparison of MEK/ERK activation 
and sensitivity of ERK signaling to 2 uM PLX4032 treat 
ment for 1 hour in 293H cells expressing either Flag-tagged 
BRAF(V600E) or the dimerization mutant Flag-tagged 
BRAF(V600E/R509H). 

FIG. 2E. Constructs expressing V5-tagged BRAF 
(V600E), p61 BRAF(V600E) or the dimerization mutant 
p61 BRAF(V600E/R509H) were transfected into 293H cells 
and treated with 2 uM PLX4032 for 1 hour. 

FIGS. 3A-3C illustrates the identification of novel splice 
variants of BRAF(V600E) in human tumors resistant to 
PLX4032. 

FIG. 3A. PCR analysis of cDNA derived from tumor 
samples using PCR primers of the present invention (SEQ 
ID NOS 2 and 3. In samples with only one band (full-length 
BRAF), the inventors of the present invention detected both 
BRAF(V600E) and wild-type BRAF (bands 1+2). In resis 
tant tumor samples expressing shorter transcripts, the shorter 
transcript was a splice variant of BRAF(V600E) (bands 3, 4, 
5). The figure shows samples from three patients with 
acquired resistance to PLX4032: pre- and post-treatment 
samples from patient I and post-treatment samples from 
patients II and III. A tumor sample from a patient with de 
novo resistance to PLX4032 (patient IV) is also shown. 

FIG. 3B. Representative Sanger sequencing trace show 
ing the novel BRAF splice junction joining exon 3 and exon 
11 (referred to herein as the “3 11 splice junction') (i.e. 
novel 5' BRAF splice variant with deletion of exons 4-10) in 
the tumor sample obtained at the time of acquired resistance 
from patient I, compared to the full-length transcript derived 
from the pre-treatment sample from the same patient. 

FIG. 3C shows the exon organization of the novel 5' 
BRAF splice variants found in tumors from three patients 
that relapsed on PLX4032. The variant from patient II was 
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identical to the one identified in the C1, C3 and C4 
PLX4032-resistant SKMEL-239 clones. 

FIG. 4 is a model of p61 BRAF(V600E)-mediated resis 
tance resulting from loss of the RAS-binding domain. 

In the context of low RAS activity, the N terminal 
regulatory domain(s) of BRAF prevents dimerization and 
thus BRAF(V600E) exists predominantly as a monomer. 
Deletion of the RAS binding domain allows p61 BRAF 
(V600E) to dimerize even in the setting of low RAS activity. 
Under these conditions, drug binding promotes the active 
state of p61 BRAF(V600E), stabilizing in trans the active 
state of the non-drug-bound protomer within the dimer. The 
mechanism is reminiscent of the phenomenon of transacti 
vation in the wild-type BRAF context, but with RAF kinase 
already in a highly active state, further induction of ERK 
signaling does not occur. The result is a failure of the RAF 
inhibitor to downregulate ERK signaling. 

FIGS. 5A-5B shows the effects of PLX4032 on ERK 
pathway activation and survival in parental SKMEL-239 
cells and the PLX4032-resistant clones. 

FIG. 5A shows immunoblots of BRAF, phosphorylated 
MEK and ERK and total MEK. Cells were treated with 2 uM 
PLX4032 for 24 hours. B. PLX4032 induced cell death in 
parental SKMEL-239 cells but not in the five resistant 
clones as measured by accumulation of a Sub-G1 peak by 
FACS analysis. 

FIGS. 6A-6B shows that PLX4032-resistant cells are 
sensitive to MEK inhibition. 

FIG. 6A shows IC50 (nM) curves following treatment of 
parental SKMEL-239 cells and the five PLX4032-resistant 
cell lines with the MEK inhibitor PD0325901 for 5 days. 

FIG. 6B shows the dose-response of pMEK and pPRK 
inhibition to increasing concentrations of the MEK inhibitor 
PD0325901 in parental and two representative resistant 
clones (C3 and C5). 

FIG. 7 shows the results of Sanger sequencing and 
Sequenom traces from genomic DNA (A) and cDNA (B) 
showing that the parental SKMEL-239 cells and the C3 and 
C5 clones express the BRAF(V600E) mutant. 

FIG. 8 shows the results from a phospho-tyrosine array 
showing RTK activity in the parental SKMEL-239 cells and 
the C3 and C5 resistant clones showing that PLX4032 
resistant SKMEL-239 clones maintain a similar global 
receptor tyrosine kinase (“RTK) activation state as the 
parental SKMEL-239. 

FIG. 9 shows an immunoblot for BRAF using an N-ter 
minal directed antibody showing p61 BRAF(V600E) in the 
C3 clones but not in a panel of 15 PLX4032 treatment naive 
melanoma cell lines. The BRAF and NRAS status of the cell 
lines is as indicated, showing that p61 BRAF(V600E) is not 
detected by western blot in a panel of PLX4032 treatment 
naive melanoma cell lines. 

FIG. 10 shows the quantitation of the transcript encoding 
p61 BRAF(V600E) in the parental and PLX4032-resistant 
clones. 
RNA was extracted from the indicated cell lines and 

qPCR was carried out on reverse transcription products 
(cDNA). The PCR primers of the present invention were 
used to measure total BRAF SEQ ID NOS 10 and 11 and 
p61 BRAF(V600E) SEQ ID NOS 6 and 5. Relative quan 
tification is shown as fold-change of signal compared to the 
total amount of BRAF in the SKMEL-239 parental cell line. 
The amount of p61 BRAF(V600E) in the parental, C2 and 
C5 cell lines, was below the lower limit of detection. The 
plot represents the mean of three independent experiments 
and error bars represent standard deviation. 
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8 
FIG. 11A-11B show that ectopic expression of p81 BRAF 

(V600E) in melanoma and colon cancer cell lines results in 
resistance to PLX4032. 

FIG. 11A shows ectopic expression of p61 BRAF(V600E) 
in parental SKMEL-239 cells which endogenously 
expresses BRAF(V600E) and analysis of the effects of 
PLX4032 on inhibition of ERK signaling at 1 hour post 
PLX4032 treatment. 

FIG. 11B shows ectopic expression of p61 BRAF(V600E) 
in HT-29 colon cancer cell line which endogenously 
expresses BRAF(V600E) and analysis of the effects of 
PLX4032 on inhibition of ERK signaling at 1 hour post 
PLX4032 treatment. 

FIG. 12 shows that p61 BRAF(V600E) kinase activity 
can be inhibited in vitro by PLX4032 indicating p61 BRAF 
(V600E) is capable of binding PLX4032. 

V5-tagged full length BRAF(V600E) or V5-tagged p61 
BRAF(V600E) were ectopically expressed in 293H cells. 24 
hours later, cells were harvested, lysed and BRAF was 
immunoprecipitated using a V5 antibody. Immunocom 
plexes were subjected to a kinase assay in the presence of the 
indicated concentrations of PLX4032 with recombinant 
inactive MEK (K97R) as substrate. Kinase activity was 
estimated by western blot for pMEK. 

FIG. 13 shows the results of transfection of HT-29 cells 
(colorectal; BRAF(V600E)) with EGFP or HA-tagged 
NRAS(G12V) and subsequent treatment with PLX4032 at 
various concentrations for 1 h. The results indicate that 
expression of active RAS in BRAF(V600E) expressing cells 
renders MEK/ERK insensitive to RAF inhibitor. 

FIG. 14 shows the results of transfection of HT-29 cells 
(colorectal; BRAF(V600E)) with EGFP or mutationally 
activated HER2 (V654E) and subsequent treatment with 
PLX4032 at various concentrations for 1 h. The results 
indicate that expression of active HER2 in BRAF(V600E) 
expressing cells renders MEK/ERK insensitive to RAF 
inhibitor. 

FIG. 15 is a schematic showing the strategy employed to 
identify new mechanisms of resistance to venurafenib. Cell 
lines resistant to the drug were generated by exposing the 
BRAF-mutant (V600E) melanoma cell line SKMEL-239 to 
a high dose of Vemurafenib (2 uM). After approximately 2 
months of continuous drug exposure, Vemurafenib-resistant 
cell populations were isolated and propagated for further 
analysis. 

FIG. 16 shows the results of wild-type (+/+), BRAF 
knockout (BRAF-/-) or CRAF knockout (CRAF-/-) MEFs 
treated with the indicated concentrations of PLX4032 for 1 
h. The results indicate that MEK/ERK activation does not 
require BRAF. 

DETAILED DESCRIPTION OF THE 
INVENTION 

All publications, patents and other references cited herein 
are incorporated by reference in their entirety into the 
present disclosure. 

In practicing the present invention, many conventional 
techniques in molecular biology are used, which are within 
the skill of the ordinary artisan. These techniques are 
described in greater detail in, for example, Molecular Clon 
ing: a Laboratory Manual 3rd edition, J. F. Sambrook and D. 
W. Russell, ed. Cold Spring Harbor Laboratory Press 2001; 
“Oligonucleotide Synthesis” (M. J. Gait, ed., 1984); "Cur 
rent Protocols in Molecular Biology” (F. M. Ausubel et al., 
eds., 1987, and periodic updates); "PCR: The Polymerase 
Chain Reaction. (Mullis et al., ed., 1994): “A Practical 
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Guide to Molecular Cloning” (Perbal Bernard V., 1988). The 
contents of these references and other references containing 
standard protocols, widely known to and relied upon by 
those of skill in the art, including manufacturers instruc 
tions are hereby incorporated by reference as part of the 
present disclosure. 
As used herein, "cancer” refers to cells or tissues that have 

characteristics such as uncontrolled proliferation, immortal 
ity, metastatic potential, increased anti-apoptotic activity, 
etc. Some non-limiting examples of cancer include mela 
noma, colon cancer, lung cancer, breast cancer, pancreatic 
cancer, glioblastoma, sarcoma, leukemia, blood cancers, etc. 
As used herein, “tumor refers to a group of cancer cells or 
tissues within a Subject. 
As used herein, a 'subject” refers to any animal (e.g. a 

mammal), including, but not limited to, humans, non-human 
primates, companion animals, rodents, and the like. Typi 
cally, the terms “subject' and “patient” are used interchange 
ably herein, particularly in reference to a human Subject. 
As used herein, “response' refers to the outcome when a 

cell or Subject is contacted with an agent (e.g. the cell or 
Subject responds to Such agent). A response can be favorable 
(e.g. desired) or unfavorable (e.g. undesired). By way of 
non-limiting example, a favorable response can be inhibition 
of cell growth when a cell is contacted with a particular 
agent and an unfavorable response can be the accelerated 
growth of a tumor when a patient with a tumor is contacted 
with a particular agent. 
As used herein, “agent” refers to a substance that elicits 

a response from a cell or Subject when said cell or Subject is 
contacted with an agent. An agent can be a small molecule, 
a peptide, an antibody, a natural product, a nucleic acid, a 
chemical, etc. In some cases, an agent can be a composition 
used in the treatment of, or used to treat, a Subject. An 
“inhibitor' is an agent that interferes with the normal 
function of a polypeptide, cell. Subject, etc. 
As used herein, “inhibition' or “to inhibit” means to 

reduce a function of a polypeptide, cell or Subject in 
response to an agent (e.g. an inhibitor) relative to Such 
function of said polypeptide, cell or Subject in the absence 
of Such agent. 
As used herein, “treatment' or to “treat” means to address 

a disease in a Subject and includes preventing the disease, 
delaying the onset of disease, delaying the progression of the 
disease, eradicating the disease (e.g. causing regression of 
the disease), etc. 
As used herein, “resistance' refers to a lack of response 

of a cell to an agent to which the cell used to respond (e.g. 
the cell is “resistant to such agent). In the context of a 
patient, “resistance' refers to lack of response of a patient to 
an agent to which said patient used to respond. Resistance 
can be acquired (e.g. develops over time) or inherent or de 
novo (e.g. a cell or Subject never responds to an agent to 
which other similar cells or subjects would respond). By 
way of non-limiting example, a Subject is said to be resistant 
to treatment when Such subject no longer responds to Such 
treatment (e.g. the initial treatment of a Subject with an agent 
results in delay of disease progression, but then Such disease 
progresses even if said Subject is still treated with Such 
agent, the Subject therefore becomes resistant, or develops 
resistance to, to said agent, etc.) 
As used herein, “nucleotide' refers to a nucleoside (e.g. a 

monosaccharide linked in glycosidic linkage to a purine 
(adenine (A) or guanine (G)) or pyrimidine (thymine (T), 
cytosine (C) or uracil (U)) base with at least one phosphate 
group linked, typically at a 3' or a 5' position (for pentoses) 
of the saccharide, but can be at alternative positions of the 
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10 
saccharide. The naturally occurring nucleotides are A, G, T, 
C, and U, but non-natural, artificial, and modified nucleo 
tides are known in the art. A nucleotide can also be referred 
to as a “base' or “base pair. 
As used herein, “polynucleotide' refers to a molecule 

comprised of multiple nucleotides linked in sequential fash 
ion. A modification or derivative of naturally occurring 
nucleotides may occur at any sequential position in an 
oligonucleotide or a polynucleotide. The order in which the 
nucleotides are linked is typically referred to as the “nucleic 
acid sequence' or “DNA sequence' or “RNA sequence.” 
Polynucleotides can be any number of nucleotides in length 
(e.g. anywhere from ~20 nucleotides to tens of thousands of 
nucleotides or more). Polynucleotides of shorter length (e.g. 
~10-50 nucleotides) are typically referred to as "oligonucle 
otides' or "oligos.” 
As used herein, “gene' refers to a polynucleotide nucleic 

acid sequence (e.g. DNA) that comprises coding sequences 
necessary for the production of a polypeptide or precursor 
including both the full length coding sequence as well as any 
portion(s) of the coding sequence Sufficient to produce a 
polypeptide, or portions thereof, with at least a portion of the 
functional property(ies) of the full length polypeptide. A 
'gene' can further include the nucleotide sequences that are 
upstream (e.g. 5") or downstream (e.g. 3') to the coding 
sequences. Such upstream and downstream sequences gen 
erally contain regulatory elements necessary for the tran 
Scription of the gene and Subsequent translation of the 
mRNA polynucleotide and generally do not contain 
sequences which are translated and included in a polypep 
tide or precursor. Such sequences are generally referred to as 
the “untranslated region” or “UTR.” A "gene” can encom 
pass both the cDNA and genomic forms of a gene. The 
genomic form of a gene contains the coding regions of the 
gene (e.g. as used herein an “exon’) interrupted with non 
coding regions commonly referred to as introns, intervening 
regions, or intervening sequences (as used herein “intron'). 
Exons are typically numbered sequentially from the 5' end of 
a gene. Introns are typically removed from the nuclear or 
primary transcript by a mechanism called "splicing and are 
absent in the messenger RNA (mRNA) transcript that is 
translated into the functional polypeptide. As used herein a 
“splice junction” refers to the boundary between two exons 
following the removal of intron(s) by splicing. Typical 
splicing of a gene will create splice junctions between 
sequential exons of a gene (e.g. splice junctions between 
exon 1 and exon 2, exon 2 and exon 3, exon 3 and exon 
4. . . . etc.). In some cases, splicing will create splice 
junctions between non-sequential exons of a gene (e.g. 
splice junctions between exon 1 and exon 5, exon 5 and exon 
10, etc) resulting in removal, or deletion, from the resulting 
mRNA of both the non-coding introns and coding exons, or 
portions thereof, that are located between the two exons that 
flank the splice junction (e.g. removal of exons 2, 3, and 4 
or exons 6, 7, 8, and 9, of the above example). This process 
is typically referred to as “alternative splicing with the 
resulting mRNA being referred to as an “alternative splice 
variant' or “splice variant.” The polypeptide translated from 
such alternatively spliced mRNA may also be referred to as 
a “splice variant' or simply “variant.” See FIG. 2A for a 
schematic representation of both typical splicing and alter 
native splicing of the BRAF mRNA. Alternative splicing 
can produce an in-frame mRNA splice variant, meaning 
translation of the mRNA results in a stable polypeptide with 
functionality; the functionality of Such resulting polypeptide 
may or may not be different than that of a polypeptide 
translated from the normally spliced mRNA. However, 
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alternative splicing can also produce an out-of-frame mRNA 
splice variant, meaning translation of the mRNA results in a 
truncated unstable polypeptide. Alternative splicing can 
occur under normal physiological conditions or aberrant 
conditions. The novel 5' splice variants of the present 
invention include any BRAF mRNA that has deletion of at 
least one exon, at least two exons, at least three exons, at 
least four exons, at least five exons, at least six exons, at least 
seven exons, at least eight exons, at least nine exons, or at 
least 10 exons, of any of the exons between exon 1 and the 
exon(s) coding the catalytic domain of BRAF mRNA 
(-exon 11), whereby the BRAF polypeptide translated from 
such 5' splice variant has increased ability to form RAS 
independent dimers and becomes resistant to BRAF and/or 
pan-RAF inhibitors. Such splice variants can also include 
deletion of exon 1. In one embodiment of the present 
invention, said novel 5' splice variant comprises deletions of 
exons 4-10 of BRAF mRNA. In another embodiment of the 
present invention, said novel 5' splice variant comprises 
deletions of exons 4-8 of BRAF mRNA. In yet another 
embodiment of the present invention, said novel splice 
variant comprises deletions of exons 2-8 of BRAF mRNA. 
Alterations to a gene, cDNA, mRNA, RNA, etc are herein 
referred to as “genetic alterations' 
As used herein, the term “polymerase chain reaction' 

(“PCR) refers to the methods described in U.S. Pat. Nos. 
4,683, 195, 4,683,202, and 4,965,188 which describe a 
method for increasing the concentration of a segment of a 
target nucleotide sequence (a “template”). This process for 
amplifying the template consists of introducing a large 
excess of two oligonucleotide primers (a "PCR primer pair') 
to the DNA mixture containing the desired template, fol 
lowed by a precise sequence of thermal cycling in the 
presence of a DNA polymerase. The two primers of the PCR 
primer pair are complementary to their respective strands of 
the double stranded template. The mixture is denatured and 
the primers then annealed to their complementary sequences 
within the template. Following annealing, the primers are 
extended with a polymerase so as to form a new pair of 
complementary strands. The steps of denaturation, primer 
annealing, and polymerase extension can be repeated many 
times (i.e., denaturation, annealing and extension constitute 
one “cycle'; there can be numerous “cycles') to obtain a 
high concentration of an amplified segment of the desired 
target sequence (an “amplicon' or "PCR product” or “ampli 
fication product”). The cycling conditions are dependent on 
the template sequence and the primer design. Standard 
cycling conditions are known in the art and can be optimized 
by one skilled in the art. The length of the amplicon of the 
template is determined by the relative positions of the two 
primers of the PCR primer pair with respect to each other, 
and therefore, this length is a controllable parameter. In 
addition to genomic DNA, any oligonucleotide or poly 
nucleotide sequence (e.g. cDNA etc.) can be amplified with 
the appropriate PCR primer pairs. 
As used herein, the term “primer' or “PCR primer' refers 

to an oligonucleotide that is complementary to a particular 
nucleic acid sequence of a template and is capable of acting 
as a point of initiation of extension with a polymerase under 
suitable PCR conditions and when used in suitable PCR 
primer pairs, will produce an amplicon of the target. The 
primer is preferably single stranded but can also be double 
stranded. If double stranded, the primer is first treated to 
separate its Strands before being used to prepare extension 
products. Preferably, the primer is an oligodeoxyribonucle 
otide. The exact number of nucleotides in the primers will 
depend on many factors, including temperature, source of 
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12 
primer and the use of the method. The PCR primers of the 
present invention have about 20 nucleotides but can contain 
more or less. In addition, the PCR primers of the present 
invention can have any number of nucleotides Substituted 
from those listed in SEQ ID NOS 2-11 including 1 nucleo 
tide substituted, 2 nucleotides substituted, 3 nucleotides 
substituted, 4 nucleotides substituted, 5 nucleotides substi 
tuted, etc. up to 50% (or more) of the original nucleotide 
sequence listed in SEQ ID NOS 2-11 as long as such 
substituted PCR primer provides the desired amplicon under 
suitable PCR conditions. Methods for the design and syn 
thesis of PCR primers are readily known in the art and any 
such method of synthesis is sufficient for production of the 
PCR primer(s) of the present invention. 
As used herein, the terms “reverse-transcriptase' and 

“RT-PCR refer to a type of PCR where the starting material 
is mRNA. The starting mRNA is enzymatically converted to 
complementary DNA or “cDNA using a reverse tran 
scriptase enzyme. The cDNA is then used as a template for 
a PCR reaction. 
As used herein, the term “real-time PCR or "quantitative 

PCR or “qPCR refers to measuring changes in mRNA for 
determination of levels of specific DNA or RNA sequences 
in tissue samples. It is based on detection of a fluorescent 
signal produced proportionally during amplification of a 
PCR product. 
As used herein, "complement” and “complementary’ 

refers to two sequences whose bases form complementary 
base pairs, base by base. By way of non-limiting example, 
for naturally occurring bases, adenine (A) is complementary 
to thymine (T) and uridine (U) whereas guanine (G) is 
complementary to cytosine (C). Two nucleotides that are 
complementary to each other will “hybridize' or “anneal to 
each other under suitable conditions. 
As used herein, “sequencing or "sequence analysis’ 

refers to the determination of the nucleotide sequence of a 
polynucleotide fragment. Multiple methods of sequencing 
are readily known to those in the art and include, without 
limitation, chain terminator sequencing methodologies Such 
as Sanger sequencing as well as paired end sequencing 
methodologies such as Illumina, SOLiD or other next gen 
eration sequencing methodologies under development. In 
one embodiment of the present invention, sequencing is 
performed using the Sanger method. 
As used herein, “detection” or “detecting etc. refers to 

measuring the presence of one or more of the novel 5' splice 
variant(s) of the present invention. Multiple methods of 
detection are readily known to those in the art and can be 
used to measure the presence of the novel 5' splice variant(s) 
of the present invention and include, without limitation, 
PCR, sequencing, Northern blotting, 5' RACE, immunohis 
tochemistry, Western blot, etc. In one embodiment of the 
present invention, PCR is used to detect such novel 5' splice 
variant(s) using the PCR primer(s) described herein. In 
another embodiment, PCR is used to detect such novel 5' 
splice variant(s) using the PCR primer pair wherein the first 
primer of said PCR primer pair binds to a region Surrounding 
and including the novel splice junction of said novel 5' splice 
variant, or portions thereof, and the second primer of said 
PCR primer pair binds any region on the opposite strand to 
which said first primer binds whereby said PCR primer pair 
is effective to provide an amplicon that includes said novel 
splice junction and wherein said PCR primer pair fails to 
provide an amplicon that lacks said novel splice junction; 
Such novel splice junction being 5' to exon(s) that encode the 
catalytic domain of BRAF. 
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As used herein, “sample” refers to a subject, cell, or tissue 
and is meant to include a specimen or culture obtained from 
any source, in particular as a biological sample. Biological 
samples may be obtained from Subjects (including humans) 
and encompass fluids, Solids, gases, tissues, cells, and bones. 
Such biological samples can be obtained by methods readily 
known in the art including, without limitation, biopsy, 
Surgery, etc. In one embodiment of the present invention, 
Such sample is obtained from a Subject by biopsy of a 
Subjects tumor. 
As used herein, “kit' refers to a diagnostic kit useful for 

detecting the novel 5' splice variant(s) of the present inven 
tion in a human Subject. In one embodiment, such kit 
comprises vessel(s) containing the compositions necessary 
to practice the methods of the present invention and include 
at least one PCR primer pair useful for the detection of such 
novel 5' splice variants and a carrier to compartmentalize 
such vessels. Such embodiment further includes a positive 
control comprising a polynucleotide sequence of BRAF 
containing the novel 5' splice variant detected by said PCR 
primer pair and a negative control comprising a polynucle 
otide sequence of BRAF that does not contain said novel 5' 
splice variant detected by said PCR primer pair. Such 
embodiment further includes reagents necessary for PCR 
analysis. Such embodiment further includes instructions. As 
used herein “kit' also refers to a screening kit useful for 
identifying agents useful in the treatment of cells and/or 
subjects resistant to treatment with BRAF and/or pan-RAF 
inhibitors as well as agents useful for disrupting RAS 
independent BRAF dimers. 
RAF inhibitors have remarkable clinical activity in 

mutant BRAF melanomas but that activity is limited by 
acquisition of resistance to the drugs. 
Identification of Splice Variants of BRAF(V600E) 
BRAF mRNA is comprised of 18 exons and the starting 

and ending nucleotides of each exon, using the sequence 
numbering of Genebank accession number NM 004333, are 
described in Table 1. The regulatory domains of BRAF are 
located in the more 5' exons, or portions thereof. (e.g. exons 
~1-10) while the catalytic and kinase domains are located in 
the more 3' exons, or portions thereof. (e.g. exons ~ 11-18). 

TABLE 1. 

Starting and ending nucleotide of exons of BRAF 

Start Nucleotide 
Exon Number End Nucleotide 

1 1-199 
2 200-301 
3 302-S6S 
4 566-669 
5 670-772 
6 773-921 
7 922-1041 
8 1042-12O1 
9 12O2-1238 
10 1239-1375 
11 1376-1493 
12 1494-1578 
13 1579-1755 
14 1756-1802 
15 1803-1921 
16 1922-2053 
17 2O54-2088 
18 2.189-2947 
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which lacked exons, or portions thereof, of the regulatory 
domain(s) of BRAF which lie 5' to the catalytic kinase 

14 
domain: e.g., deletion of exons 4-10, deletion of exons 4-8, 
and deletion of exons 2-8 etc. The present disclosure results 
from the observation that patients with tumors that express 
one of these BRAF splice variant(s) are resistant to thera 
peutic intervention with BRAF and/or pan-RAF inhibitors. 
That is, patients with tumors that express a variant form of 
BRAF containing a deletion of any exon(s), or portions 
thereof, within the 5' regulatory domain(s) of BRAF, which 
increase RAS-independent dimerization of BRAF, will be 
resistant, or develop resistance, to therapeutic intervention 
with BRAF and/or pan-RAF inhibitors. The identification of 
these splice variants, therefore, provides, among other 
things, a method to monitor a patient who is undergoing 
treatment with a BRAF inhibitor for the development of 
resistance to the inhibitor by assaying a tumor cell from the 
patient to detect the presence of a BRAF splice variant 
described herein. 
The present invention further describes compositions and 

methods to identify novel agents that are useful to overcome 
resistance to therapeutic intervention with BRAF and/or 
pan-RAF inhibitors using cell lines that, endogenously or 
ectopically, express the novel 5' BRAF splice variants 
described herein and/or isolated polynucleotides of the novel 
5' BRAF splice variants described (and proteins translated 
therefrom). 
Detection of BRAF Splice Variants 
The splice variants identified herein are the result of a 

deletion of 5' exons, or portions thereof, of the regulatory 
domain of BRAF including those exons, or portions thereof, 
encoding conserved region 1 (as used herein “CR1) and 
conserved region 2 (as used herein “CR2) of BRAF, which 
include domains critical for BRAF activation, most notably, 
the RAS-binding domain (as used herein “RBD) and the 
cysteine-rich domain (as used herein “CRD) (FIG. 2A). 

In FIG. 3C, each novel splice variant is shown as a 
schematic denoting the missing exons. In one BRAF variant 
(as used herein “BRAF 3 11), deletion of exons 4-10 gives 
rise to a new splice junction which has the nucleotide 
sequence of SEQID NO: 7. The full nucleotide sequence for 
a cDNA generated by the deletion of exons 4-10 is given in 
SEQ ID NO: 13. Similarly, BRAF variant “BRAF 3 9” is 
generated by the deletion of exons 4-8. The full length 
cDNA for BRAF 3 9 is set forth as SEQID NO: 15 and the 
splice junction encompasses SEQID NO: 6. The full length 
sequence for another BRAF variant, “BRAF 1 9, the result 
of the deletion of exons 2-8, is shown by SEQ ID NO: 14 
having a new 1-9 splice junction which encompasses SEQ 
ID NO: 4. 
The resulting in-frame mRNA transcript for the splice 

variants, when translated, produces truncated BRAF protein 
monomers which form constitutively active dimers (i.e. 
RAS-independent dimerization) which drive downstream 
signaling, promote cancer progression and cause resistance 
to treatment with BRAF and/or pan-RAF inhibitors. 
The availability of a method for detection of these splice 

variants provides a unique opportunity to identify tumor 
cells that are likely to be or become resistant to BRAF 
inhibitors. 
Clinical Application 
The use of the methods of the present invention to detect 

BRAF splice variants in patients permits the identification of 
patients likely to be resistant or become resistant to BRAF 
and/or pan-RAF inhibitors so that alternative treatment 
strategies for Such resistant patients can be implemented 
early on. The present invention further provides composi 
tions and methods to screen for novel agents capable of 
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overcoming resistance to BRAF and/or pan-RAF inhibitors 
driven by the mechanisms of resistance described herein. 
Primers and Probes 
A number of methods are currently available in the art, 

which enable the skilled artisan to detect gene products, both 5 
protein and nucleic acid, of the BRAF splice variants 
disclosed herein. These methods include without limitation, 
for example, PCR and exon-junction microarray (see e.g. 
Rahman et al., Differential detection of alternatively spliced 
variants of Ciz1 in normal and cancer cells using a custom 10 
exon junction microarray. BMC Cancer 10:482 2010). In 
one aspect, therefore, the present invention provides poly 
merase chain reaction (as used herein “PCR) primers 
capable of detecting the novel 5' BRAF splice variants 
described herein. Methods for the design of primers and 15 
probes for use in PCR and microarray analysis are well 
known in the art (see e.g., Castle et al., Optimization of 
Oligonucleotide arrays and RNA amplification protocols for 
analysis of transcript structure and alternative splicing. 
Genome Biology 4:R66 2003). 

In one embodiment, the invention includes a synthetic 
oligonucleotide that hybridizes under stringent conditions to 
a nucleic acid comprising the nucleotide sequence of BRAF 
exon 1 (SEQ ID NO: 20). 

In one aspect, the present invention provides PCR prim- 25 
ers, primer pairs and primer sets that hybridize, under 
Suitable conditions, to a sense or anti-sense Strand of a 
BRAF gene or gene product of a BRAF gene. In one 
embodiment, the first primer of a PCR primer pair 
hybridizes at any position (in either coding or untranslated 30 
region(s)) 5' in each respective strand to a deletion of 
exon(s), or portions thereof, of a BRAF gene that encodes 
CR1 and/or CR2 including domains critical for BRAF 
activation, such as the RBD and/or the CRD, such exon(s) 
being 5' to exon(s) which encode the catalytic domain of 35 
BRAF. The second PCR primer of a PCR primer pair 
hybridizes to any region on the opposite Strand to which said 
first primer hybridizes whereby said PCR primer pair is 
effective to provide an amplicon. General primer structures 
are provided based on SEQID NOS: 2, 9 and 3 and may be 40 
longer or shorter than SEQID NOS: 2, 9 and 3, for example 
between 10-30 nucleotides or in some embodiments 
between 18-21; those of skill in the art will recognize a size 
that is optimal. Primers may also have a certain number of 
bases in SEQ ID NOS 2, 9 and 3 substituted to other bases 45 
to the extent that such substituted primers are capable of 
providing an amplicon. 

In one embodiment of the present invention, the first 
primer of a PCR primer pair hybridizes to a polynucleotide 
containing exon 1 of the BRAF gene and the second primer 
of the PCR primer pair hybridizes to a polynucleotide that 
contains exon 11 through exon 18 of a BRAF gene. In 
another embodiment of the present invention, the first 
primer of said PCR primer pair hybridizes to a polynucle 
otide containing the 5' untranslated region (“5' UTR) of a 
BRAF gene and the second primer of said PCR primer pair 
hybridizes to a polynucleotide containing exon 18 of a 
BRAF gene. 

Another aspect of the present invention provides a PCR 
primer pair that hybridizes, under Suitable conditions, to a 
sense or anti-sense strand of a BRAF gene 5' to the novel 
splice junction of the BRAF splice variants described herein 
wherein the first primer of said PCR primer pair hybridizes 
to a region Surrounding and including the novel splice 
junction, or portions thereof, and the second primer of said 
PCR primer pair hybridizes any region on the opposite 
strand to which said first primer binds whereby said PCR 
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primer pair is effective to provide an amplicon that includes 
said novel splice junction and wherein said PCR primer pair 
fails to provide an amplicon that lacks said novel splice 
junction; such novel splice junction being 5' to exons(s) 
which encode for the catalytic domain of BRAF. General 
primer structures are provided based on SEQ ID NOS 4-8 
and may be longer or shorter than SEQID NOS 4-8 and may 
also have a certain number of bases in SEQ ID NOS 4-8 
substituted to other bases to the extent that such substituted 
primers are capable of providing an amplicon if the poly 
nucleotide sequence of a BRAF gene contains a novel splice 
junction(s) described herein but fails to provide an amplicon 
if the polynucleotide sequence of a BRAF gene lacks a novel 
splice junction(s). 

In one embodiment of the present invention, the first 
primer of said PCR primer pair contains ~17 base pairs of 
the 3' end of the 5' exon and -3 base pairs of the 5' end of 
the 3' exon that flank the novel splice junction. In another 
embodiment of the present invention the first primer of said 
PCR primer pair is chosen from the group comprising i) a 
PCR primer containing ~17 base pairs of the 3' end of exon 
3 and -3 base pairs of the 5' end of exon 11; ii) a PCR primer 
containing ~17 base pairs of the 3' end of exon 3 and -3 base 
pairs of the 5' end of exon 9; and iii) a PCR primer 
containing ~17 base pairs of the 3' end of exon 1 and -3 base 
pairs of the 5' end of exon 9. See FIG. 13 for schematic 
representation of the novel splice junction sequence(s) 
between the 5' exons and the 3' exons that flank such novel 
splice junctions along with sequence of exemplary first 
primer(s) of the PCR primer set described herein. In one 
embodiment of the present invention, the second primer of 
said PCR primer set hybridizes to polynucleotide sequence 
of a BRAF gene ~100-1500 base pairs from the first primer 
of said PCR primer set. In another embodiment of the 
present invention, the second primer of said PCR primer set 
hybridizes to a polynucleotide sequence of a BRAF gene 
-100-1500 base pairs from the first primer of said PCR 
primer set and is 3' relative to said first primer. 
A further aspect of the present invention provides a 

method of detecting the novel 5' BRAF splice variants 
described herein comprising isolating a sample from a 
Subject having or Suspected of having cancer, treating the 
sample, if necessary, to liberate nucleic acids contained 
therein, contacting said nucleic acids with appropriate pairs 
of any of the PCR primers described herein, carrying out a 
PCR reaction under conditions suitable to provide an ampli 
con, and analyzing Such amplicon to determine if it contains 
the novel 5' BRAF splice variant(s) described herein. In one 
embodiment, such method uses a pair of PCR primers that 
is effective to provide an amplicon that includes the novel 
splice junction of the BRAF splice variants described herein. 

Yet another aspect of the present invention provides a 
method for predicting resistance to the therapeutic effects of 
BRAF and/or pan-RAF inhibitors (e.g. PLX4302) in a 
Subject suffering from or Suspected of having cancer. This 
method utilizes the composition and methods described 
herein and concludes that upon detection of any of the novel 
5' BRAF splice variant(s) described herein, the subject is 
predicted to be resistant to treatment with such BRAF and/or 
pan-RAF inhibitors. 

Another aspect of the present invention provides a method 
for treatment of a subject predicted to be resistant to the 
therapeutic effects of BRAF and/or pan-RAF inhibitors (e.g. 
PLX4302) by the methods herein whereby such treatment 
comprises treatment selected from the group consisting of an 
inhibitor to BRAF dimerization or inhibitor of signaling 
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molecules downstream of BRAF (e.g. MEK). Such treat 
ment may further comprise a BRAF and/or pan-RAF inhibi 
tOr. 

A further aspect of the present invention provides isolated 
polynucleotide sequences of the novel 5' BRAF splice 
variant(s) described herein and proteins translated from Such 
polynucleotide sequences. In one embodiment of the present 
invention, such isolated polynucleotide sequence(s) (or pro 
tein translated therefrom) are chosen from a group compris 
ing a BRAF mRNA with deletion of exons 4-10, BRAF 
mRNA with deletion of exons 4-8, and BRAF mRNA with 
deletion of exons 2-8. Such isolated polynucleotide 
sequences (and proteins translated therefrom) may further 
comprise N terminal or C" terminal tags such as FLAG, V5, 
MYC, HA, fluorescent moiety(ies) (e.g. GFP, YFP, etc.) etc. 
The isolated polynucleotide sequences can be cloned into an 
appropriate expression vector and ectopically expressed in a 
cell for use in the methods of the present invention for 
identifying an agent useful for treating cells and/or tumors 
that are resistant to BRAF inhibition and/or identifying an 
agent useful for the disruption of RAS-independent BRAF 
dimers. In one embodiment of the present invention, said 
expression vector is comprised of pcDNA3.1. 
A further aspect of the present invention provides a cell 

that endogenously or ectopically expresses any of the novel 
5' BRAF splice variants described herein. In one embodi 
ment, the cell is chosen from the group comprising SKMEL 
239 clone C1, SKMEL-239 clone C3, and SKMEL-239 
clone C4. These cells have demonstrated resistance to a 
BRAF inhibitor following extended exposure of the cells to 
the BRAF inhibitor. 

In another aspect, the invention relates to a cell compris 
ing a recombinant nucleic acid that encodes a BRAF splice 
variant protein. The nucleic acid has a nucleotide sequence 
that encodes a BRAF splice variant as described herein and, 
in Some embodiments, is placed in an expression vector for 
transfection into a cell, for example, a cell chosen from the 
group comprising SKMEL-239, HT-39, and 293H cells. The 
cell transfected with the BRAF variant is resistant to a 
BRAF inhibitor. The process for transfecting a cell with an 
appropriate nucleic acid is well known in the art. 
A further aspect of the present invention therefore, pro 

vides a method for identifying an agent useful for treating 
cells and/or tumors that are resistant to BRAF and/or pan 
RAF inhibition comprising contacting a cell that endog 
enously or ectopically expresses any of the novel 5' BRAF 
splice variant(s) described herein with a potential agent, 
measuring the amount of cell death and/or cell growth of 
said cell, and comparing the amount of cell death and/or cell 
growth in presence of said potential agent to the amount of 
cell death and/or cell growth in the absence of said potential 
agent, wherein increased cell death and/or decreased cell 
growth in the presence of said potential agent indicates that 
said potential agent is effective to treat cells and/or tumors 
that are resistant to said BRAF and/or pan-RAF inhibition. 
Such contacting may further include contacting with said 
potential agent in combination with a BRAF and/or pan 
RAF inhibitor Such measuring may further comprise mea 
Suring ERK activation and comparing the amount of ERK 
activation in presence of said agent to the amount of ERK 
activation in the absence of said agent, wherein a decrease 
in ERK activation in the presence of said agent indicates that 
said potential agent is effective to treat cells and/or tumors 
that are resistant to said BRAF and/or pan-RAF inhibition. 
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Assays for measurement of cell death, both apoptosis and 
necrosis, are well known in the art and include, without 
limitation, measurement of accumulation of a Sub-G1 peak 
by FACS, caspase activation assays, TUNEL and DNA 
fragmentation assays, PARP cleavage assays, Annexin V 
assays, exclusion of trypan blue, etc. Assays for measure 
ment cell growth are well known in the art and include, 
without limitation, measurement of absolute cell number, 
cell cycle analysis via FACS, MTT assay, etc. Assays for 
measurement of ERK activation are well known in the art 
and include, without limitation, quantification of phospho 
ERK levels, luciferase-based reporter assays, and biomarker 
signatures of activated ERK, etc. All Such assays for mea 
surement are envisioned to be within the scope of preferred 
embodiment(s) of the present invention. In one embodiment 
of the present invention, a cell used in the above method 
endogenously expresses BRAF mRNA with deletion of 
exons 4-8. In another embodiment of the present invention, 
said cell is chosen from the group comprising SKMEL-239 
clone C1, SKMEL-239 clone C3, and SKMEL-239 clone C4 
as described herein. In another embodiment of the present 
invention, a cell used in the above method that ectopically 
expresses BRAF mRNA is chosen from the group compris 
ing BRAF mRNA with deletion of exons 4-10, BRAF 
mRNA deletion of exons 4-8, and BRAF mRNA deletion of 
exons 2-8. In another embodiment of the present invention 
said cell is chosen from the group comprising SKMEL-239, 
HT-39, and 293H. 
A further aspect of the present invention provides a 

method for identifying an agent useful for disrupting RAS 
independent BRAF dimers comprising contacting isolated 
polypeptides translated from of the novel 5' BRAF splice 
variant(s) described herein with a potential agent, measuring 
the amount of BRAF dimers, and comparing the amount of 
BRAF dimers in the presence of said potential agent to the 
amount of BRAF dimers in the absence of said potential 
agent, wherein a decrease in the amount of BRAF dimers in 
the presence of said potential agent indicates Such potential 
agent is effective to disrupt RAS-independent BRAF dimers. 
Such agent effective to disrupt RAS-independent dimers is 
useful to re-sensitive resistant cells and/or tumors to BRAF 
and/or pan-RAF inhibition and can be used as combination 
treatment with BRAF and pan-RAF inhibitors. Assays to 
measure the amount of a protein dimer are well known in the 
art and include, without limitation, FRET based methodolo 
gies, immunoprecipitation, non-reducing Western blotting, 
bimolecular fluorescence complementation etc. Methods for 
these and other assays suitable for evaluation of dimer 
formation are known to those of skill in the art. All such 
assays within the scope of preferred embodiment(s) of the 
present invention. 
A further aspect of the present invention provides an 

additional kit(s) comprising vessel(s) containing varying 
combinations of a cell line of the present invention, isolated 
polynucleotide sequences of the novel 5' BRAF splice 
variant(s) described herein, purified proteins of the 5' BRAF 
splice variant(s) described herein and a BRAF and/or pan 
RAF inhibitor. Such kit further comprises additional 
reagents useful for practicing the method of the present 
invention for identifying an agent useful for treating cells 
and/or tumors that are resistant to BRAF and/or pan-RAF 
inhibition and/or identifying an agent useful for disrupting 
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RAS-independent BRAF dimers. Such kits) can further 
contain instructions on practicing the methods of the present 
invention. 

EXAMPLES 

Example 1 

Acquired Resistance: Generation of Cell 
Populations Resistant to BRAF Inhibition Via 

Continued Exposure to PLX4032 

RAF inhibitors have remarkable clinical activity in 
mutant BRAF melanomas that is limited by acquisition of 
resistance to the drug8. In order to identify novel mecha 
nisms of resistance to RAF inhibitors, the inventors of the 
present invention generated cell lines resistant to PLX4032, 
a clinically relevant BRAF inhibitor, by exposing the mela 
noma cell line SKMEL-239 to a set high dose of PLX4032 
(2 uM). At this concentration, PLX4032 effectively inhibits 
ERK signaling in SKMEL-239 which results in accumula 
tion of cells in G1 and a significant induction of cell death 
(FIG. 1A-C, FIG. 5B and data not shown). Five independent 
PLX4032-resistant cell populations were generated after 
approximately 2 months of continuous drug exposure (FIG. 
1A). This approach, rather than one of gradual adaptation to 
increasing concentrations of drug, was chosen since con 
tinuous exposure to a high dose of drug more closely 
represents the clinical situation. 

Example 2 

Characterization of BRAF Inhibitor Resistant 
Clones Reveals a Novel Genetic Alteration not 
Previously Described in Known Mechanisms of 

Resistance to BRAF Inhibitor(s) 

Resistance of SKMEL-239 cells to PLX4032 was asso 
ciated with decreased sensitivity of ERK signaling to the 
drug (FIG. 1B-C, FIG. 5A). Analysis revealed the presence 
of two distinct classes of resistant clones. In the first, 
exemplified by the C3 clone, the IC50 for pMEK inhibition 
was more than 100-fold higher than that of the parental cell 
line (FIG. 1D, E). Despite a similar degree of resistance to 
the anti-proliferative and pro-apoptotic effects of PLX4032, 
the second class of clones, exemplified by clone C5, dem 
onstrated only a modest increase in pMEK IC50 (4.5-fold 
higher than the parental clone). All five resistant clones 
retained sensitivity to the MEK inhibitor, PD0325901 13, 
albeit at slightly higher doses than required to inhibit MEK 
in the parental cell line (FIG. 6A, B). 

Sequence analysis of both DNA and cDNA derived from 
the five resistant clones showed that all clones retained 
expression of BRAF(V600E) (FIG. 7). No mutations in 
BRAF at the gatekeeper site14, RAS mutation(s), or upregu 
lation of receptor tyrosine kinases were detected (FIG. 8 and 
data not shown), indicating a novel mechanism of resistance 
to BRAF inhibition. Western blot analysis of BRAF protein 
expression showed that each of the resistant clones 
expressed a 90 kdband that co-migrated with the band 
observed in parental cells. In the C1, C3 and C4 clones, a 
new more rapidly migrating band was also identified, which 
ran at an approximate molecular weight of 61 kd, FIG. 1C, 
FIG. 5A). No band of this size was detected in parental 
SKMEL-239 cells or in a panel of 14 other melanoma cell 
lines (FIG. 9) suggesting that its expression is a result of 
acquired resistance to BRAF inhibition. 
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PCR analysis of cDNA derived from each resistant cell 

line using the PCR primers of the present invention SEQID 
NOS: 2 and 3 revealed the expected single transcript of 2.3 
kb, representing full-length BRAF in parental cells and two 
transcripts of 2.3 kb and 1.7 kb respectively in C3 cells as 
shown by gel electrophoresis. Sanger sequence analysis of 
the 1.7 kb PCR product from C3 cells revealed that it was 
a BRAF transcript that contained the V600E mutation and an 
in-frame deletion of exons 4-8 (FIG. 2A) (mRNA transcript 
and resulting translated protein herein referred to individu 
ally and collectively as “p61 BRAF(V600E)). This 1.7 kb 
transcript is predicted to encode a protein of 554 amino acids 
and a molecular weight of 61 kd, consistent with the lower 
band detected by immunoblotting with the anti-BRAF anti 
body (FIG. 10). Exons 4-8 encodes the majority of CR1 and 
CR2 of BRAF, which include domains critical for RAF 
activation, most notably, the RBD and the CRD3. The 
p61 BRAF(V600E) variant identified in C3 was also detected 
in clones C1 and C4 by real time PCR, with the PCR primers 
of the present invention that anneal specifically to the 3 9 
splice junction SEQID NOS 5-6 (FIG. 10). Inspection of 
the BRAF locus on chromosome 7q34 by array comparative 
genomic hybridization data Suggested no evidence of an 
intragenic somatic deletion within the BRAF gene. 

Example 3 

Novel 5' BRAF Splice Variant Lacking Exons 4-8 
is Sufficient for Conferring Resistance to BRAF 

Inhibition 

The 1.7 kb transcript encoding pé1 BRAF(V600E) was 
cloned into an expression vector and ectopically expressed 
in 293H cells, alone or together with full-length wild-type 
BRAF. As shown in FIG. 2B. ERK signaling was resistant 
to PLX4032 in 293H cells in which p61 BRAF(V600E) was 
ectopically expressed. Furthermore, expression of p61 
BRAF(V600E) in parental SKMEL-239 cells or in the 
HT-29 colorectal cancer cell line, which endogenously 
expresses BRAF(V600E), resulted in failure of PLX4032 to 
effectively inhibit ERK signaling (FIG. 11A, B). PLX4032 
has been shown to inhibit the kinase activity of RAF 
immunoprecipitated from cells, but activates intracellular 
RAF4. This suggests that the conditions required for trans 
activation in vivo are not recapitulated in the in vitro assay. 
The inventors of the present invention tested whether p61 
BRAF(V600E) is also sensitive to PLX4032 in vitro. 
Although the in vitro activity of p61 BRAF(V600E) was 
slightly higher than full-length BRAF(V600E), similar con 
centrations of PLX4032 cause inhibition of both p61 BRAF 
(V600E) and full-length BRAF(V600E) in vitro (FIG. 12). 
These data suggest that pó1 BRAF(V600E) is capable of 
binding PLX4032 and that resistance of p61 BRAF(V600E) 
to PLX4032 is not due to its inability to bind the inhibitor. 

Example 4 

The Novel 5' BRAF Splice Variant(s) Promote 
Dimerization and Activation of BRAF in the 

Absence of RAS Signaling 

The inventors of the present invention then determined 
whether deletion of exons 4-8 promoted dimerization of p81 
BRAF(V600E). To determine levels of dimerization, the 
inventors ectopically co-expressed two constructs encoding 
the same protein; either p61 BRAF(V600E) or full-length 
BRAF(V600E) with different tags (Flag or V5). When 
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ectopically expressed in 293H cells, dimerization of pé1 
BRAF(V600E) was significantly elevated compared to that 
of full-length BRAF(V600E) (FIG. 2C). The R509 residue 
(arginine at amino acid position 509 in BRAF protein) is 
within the BRAF dimerization interface; mutation of this 
residue to a histidine abolishes the ability of wild-type 
BRAF to dimerize and results in loss of its catalytic activity 
in cells4,16. However, full length BRAF(V600E) with a 
point mutation converting R509 to H509 (R509H, argi 
nine->histidine at amino acid 509 in BRAF protein (referred 
to herein as “R509H), ectopically expressed in 293H cells 
retained its ability to fully activate ERK signaling and 
remained sensitive to PLX4032 (FIG. 2D). These data 
indicate that BRAF(V600E) can signal as a monomer and 
support the idea that elevated RAS-GTP levels and RAF 
dimerization are necessary for the activation of wild-type 
RAF proteins but not that of the BRAF(V600E) mutant. 

To test directly whether resistance mediated by p61 
BRAF(V600E) was the result of elevated dimer formation, 
the inventors of the present invention introduced the R509H 
dimerization-deficient mutation into cDNA encoding for 
p61 BRAF(V600E) (hereinafter referred to as “p61 BRAF 
(V600E/R509H)). In 293H cells ectopically expressing p61 
BRAF(V600E), phosphorylation of ERK was elevated and 
was insensitive to PLX4032 (FIG. 2E). ERK activity was 
also elevated in cells expressing p61 BRAF(V600E/ 
R509H), but to a slightly lesser degree. p61 BRAF(V600E/ 
R509H) does not dimerize in these cells, confirming that the 
R509H mutation located within the dimerization interface 
disrupts the formation of p61 RAF(V600E) dimers (FIG. 
2C). This monomeric p61 BRAF(V600E/R509H) was sen 
sitive to RAF inhibitors; in cells ectopically expressing the 
protein, ERK signaling was inhibited by PLX4032 (FIG. 
2E). Thus, the R509H mutation both prevents the RAS 
independent dimerization of p61 BRAF(V600E) and sensi 
tizes it to the RAF inhibitor. These data confirm that deletion 
of exons 4-8 from BRAF(V600E) causes it to become 
insensitive to RAF inhibitors by promoting dimerization in 
a RAS-independent manner (FIG. 4). These data therefore 
further suggest that any N' terminal BRAF splice variant that 
promotes increased RAS-independent BRAF dimerization 
results in resistance to BRAF inhibition. 

Example 5 

Analysis of Clinical Samples Confirms that i) the 
N' Terminal Splice Variant(s) of the Present Inven 
tion can be Used to Predict Patient Response to 
BRAF and/or Pan-RAF Inhibitor(s); and ii) N' Ter 
minal Splice Variants, in Addition to p61 BRAF 

(V600E), are Clinically Relevant 

To determine whether BRAF splice variants can account 
for clinical resistance to RAF inhibitors, the inventors of the 
present invention analyzed tumors from eight melanoma 
patients with resistance to PLX4032. The inventors per 
formed PCR analysis of cDNA from these tumors using the 
PCR primers of the present invention SEQ ID NOS: 2 and 
3, and the resulting PCR product were Sanger sequenced. 
Pre-treatment samples from two patients showed a single 
band of the expected size (2.3 kb) which, by sequencing, 
was confirmed to include both BRAF(V600E) and wild-type 
BRAF transcripts as expected (FIG. 3A and data not shown). 
In a matching post-treatment sample, the inventors of the 
present invention identified two PCR amplicons of different 
sizes as resolved by gel electrophoresis. Sequencing 
revealed that the larger band encoded both the full-length 
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wild-type BRAF and full-length BRAF(V600E), whereas 
the smaller band encoded a BRAF(V600E) transcript lack 
ing exons 4-10 with a novel 3 11 splice junction (FIG. 
3A-C, Patient I). Similarly, in a another post-treatment 
sample (patient II) the larger band represented both the 
full-length wild-type BRAF and full-length BRAF(V600E), 
whereas the smaller transcript represented a BRAF(V600E) 
variant lacking exons 4-8 with a novel 3 9 splice junction, 
a splice variant identical to the variant p61 BRAF(V600E) 
identified in the C1, C3 and C4 clones (FIG. 3A, C). Finally, 
in a third post-treatment sample, the inventors identified a 
transcript encoding a BRAF(V600E) variant that lacked 
exons 2-8 with a novel 1 9 splice junction (patient III). A 
single PCR amplicon was identified in three additional 
post-treatment samples and the two samples derived from 
patients with intrinsic resistance (patient IV shown) and was 
shown by sequencing to encode full-length BRAF (FIG. 3A 
and Table 2). 

Example 6 

The Presence of the N' Terminal BRAF Splice 
Variant(s) of the Present Invention Suggest 
Alternative Treatment Strategies in Subjects 

Resistant to BRAF Inhibitor(s) 

As resistance to PLX4032 resulting from expression of 
p61 BRAF(V600E) is attributable to attenuation of the 
ability of the drug to inhibit RAF activation, tumors express 
ing p61 BRAF(V600E) retain sensitivity to inhibitors of 
downstream effectors of RAF, such as MEK, which was 
shown by the inventors of the present invention (FIG. 6). 
Therefore, MEK inhibitors, when used in combination with 
BRAF inhibitors such as PLX4032, delay or prevent the 
onset of this mechanism of resistance. Furthermore, MEK 
inhibitors can be used as a second-line therapy in Subjects 
that develop resistance to BRAF inhibitors driven by the 
expression of the novel 5' BRAF splice variants described 
herein. Additionally, any compound that inhibits the RAS 
independent dimerization of the novel 5' BRAF splice 
variants described herein can be successful alternative treat 
ment strategies in subjects resistant to BRAF inhibitor(s). 

Example 7 

Novel Model of Resistance Provides Composition 
and Methods to Predict Patient Response to 

Treatment with BRAF Inhibitor(s) and Redirection 
of Treatment Strategy(ies) Following Said 

Prediction of Response 

In the tumors from patients that have been analyzed, 
resistance to PLX4032 is associated with inability of the 
drug to inhibit ERK signaling. The present invention and the 
inventors previous work Suggests that this can be due to 
increased BRAF dimer formation in the cell4. This can 
happen in at least two ways i) increasing RAS-GTP levels: 
and/or ii) induction of RAS-independent dimerization. 
NRAS mutation has now been reported in BRAF inhibitor 
resistant tumors9. The present invention discloses novel 
genetic alteration(s) that causes increased RAS-independent 
dimerization in patient tumors; namely novel 5' BRAF splice 
variant(s) lacking exons, or portions thereof, that regulate 
BRAF dimerization. Other mechanisms of resistance to 
RAF inhibitors in model systems and in patients have also 
been reported recently and include activation of the receptor 
tyrosine kinases PDGFRB and IGF1R9,11. Another MEK 
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kinase, COT, that can bypass the requirement of BRAF 
(V600E) for ERK signaling has also been shown to cause 
resistance to RAF inhibitors as has mutation of MEK110,12. 

p61 BRAF(V600E), and the additional 5' BRAF splice 
variants described herein, is the first resistance mechanism 
identified that involves a structural change in BRAF itself. 
Notably, the 5' BRAF splice variants described herein iden 
tified both in the resistant cell lines and patients have all 
been confined to the mutant BRAF allele (e.g. BRAF 
(V600E)). This suggests that generation of the 5' BRAF 
splice variants described herein is likely due to a mutation or 
epigenetic change that affects BRAF splicing and not to a 
loss of global splicing fidelity 18. In particular, the identifi 
cation of 5 BRAF splice variants lacking the RAS-binding 
domain, or portions thereof, in three of six patients with 
acquired resistance Suggests that this mechanism is clini 
cally important. Furthermore, the clarification of such 
mechanism of resistance permits the predication of patient 
response to treatment with BRAF inhibitor using the com 
positions and methods of the present invention and also 
permits redirection of treatment strategy(ies) following said 
prediction of response. 

Example 8 

Chemicals and Plasmids 

The BRAF inhibitor, PLX403219 (vemurafenib) was 
obtained from Plexxikon Inc. PD0325901 was synthesized 
in the MSKCC Organic Synthesis Core Facility. Flag-tagged 
BRAF constructs have been described previously4. All other 
plasmids were created using standard cloning methods, with 
pcDNA3.1 (Invitrogen) as a vector. Mutations were intro 
duced using the site-directed Mutagenesis Kit (Stratagene). 
For transfection studies, cells were seeded on 35 mm or 100 
mm plates and transfected the following day using Lipo 
fectamine 2000 (Invitrogen). Cells were collected 24 hours 
later for subsequent analysis. cDNA Preparation and PCR. 
The Superscript III First-Strand Synthesis kit (Invitrogen) 

was used to generate cDNA. Primers designed for the 5’- and 
3'- of BRAF mRNA had the following sequences: 

(SEQ ID NO: 2) 
F' GGCTCTCGGTTATAAGATGGC 
and 

(SEQ ID NO : 3) 
R" ACAGGAAACGCACCATATCC. 

Sanger sequencing of the products was outsourced to the 
contract research organization GenewiZ. For qPCR analysis, 
cDNA synthesis was carried out with the High Capacity 
cDNA Reverse Transcription Kit (Applied Biosystems). 
qPCR was performed with the iQ SYBR Green RT-PCR 
Super Mix (BioRad) and the C1000 Thermal Cycler (Bio 
Rad). The comparative Ct method was employed to quantify 
transcripts and delta Ct was measured in triplicate. Primers 
for the total amount of BRAF: 

(SEQ ID NO: 
TCAATCATCCACAGAGACCTC 

10) 
E 
and 

(SEQ ID NO: 
R'GGATCCAGACAACTGTTCAAAC; 

11) 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

24 
Primers for the novel splice junctions: 
1 9 Splice Junction 

(SEQ 
CTGCCATTCCGGAGGAGGACT 

ID NO : 
E 
and 

(SEQ 
RTTAGTTAGTGAGCCAGGTAATGA 

ID NO : 

39 Splice Junction SEQ ID NO 6 and 5: 

(SEQ ID NO: 
FACAAACAGAGGACAGTGGAC 
and 

(SEQ 
RTTAGTTAGTGAGCCAGGTAATGA 

ID NO : 

3 11 Splice Junction SEQ ID NO 7 and 8: 

(SEQ ID NO: 
F CAAACAGAGGACAGTGAAA 

(SEQ 
ACAGGAAACGCACCATATCC 

ID NO : 
R 

Patient Samples. 
Melanoma tumor specimens from patients treated with 

vemurafenib (PLX4032) on an Memorial Sloan-Kettering 
Cancer Center IRB-approved protocol were flash frozen in 
liquid nitrogen immediately after resection or biopsy. To 
determine tumor content, 5 um sections from frozen patient 
tumor specimens were cut, stained with hematoxylin and 
eosin, and scored by a pathologist. If the specimen had 
>70% tumor content (excluding necrosis), the remainder of 
the frozen tumor was homogenized using a Bullet Blender 
(Next Advance, Inc.) with 0.9-2 mm stainless steel beads for 
5 min at a speed setting of 10. RNA was then extracted from 
the tumor homogenate using the RNeasy Mini Kit (Invitro 
gen) and quantified. Clinical characteristics of the melanoma 
tumors from patients are shown in Table 2. 
Cell Proliferation and Cell Cycle Analysis. 

All melanoma cell lines were generated by A. Houghton 
(MSKCC) or obtained from ATCC. 293H cells were 
obtained from Invitrogen. Cells were maintained in RPMI 
(SKMEL-239) or DMEM (293H), supplemented with 2 mM 
glutamine, antibiotics and 10% fetal bovine serum. The 
inventors of the present invention confirmed by DNA fin 
gerprinting using methods standard in the art (see ref. 20: 
PMID 10.1016/j.ccr.2010.11.023 (2010)) that all PLX4032 
resistant SKMEL-239 clones were derived from the same 
patient, thus excluding the possibility of contamination 
(Table 3). 

TABLE 3 

Sample 1 Sample 2 p-Value Bonferroni correction 

SKMEL-239 SKMEL-239 C1 8.OSO37E-15 6.85247E-11 
Parental 
SKMEL-239 SKMEL-239 C2 8.OSO37E-15 6.85247E-11 
Parental 
SKMEL-239 SKMEL-239 C3 8.OSO37E-15 6.85247E-11 
Parental 
SKMEL-239 SKMEL-239 CA. 8.OSO37E-15 6.85247E-11 
Parental 
SKMEL-239 SKMEL-239 CS 8.OSO37E-15 2.97.542E-11 
Parental 
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For proliferation assays, cells were plated in 6-well plates, 
and 24 hours later were treated with varying concentrations 
of inhibitors, or vehicle control, as indicated. IC50 values 
were calculated using Graph Pad Prism v.5. For cell cycle 

26 
8.5 Heidorn, S. J. et al. Kinase-dead BRAF and oncogenic 
RAS cooperate to drive tumor progression through 
CRAF. Cell 140, 209-221, doi:S0092-8674(09)01626-2 
pii 

and apoptosis studies, cells were seeded in 6-well dishes the 5 9. 10.1016/j.cell.2009.12.040 (2010). 
day prior to drug treatment. For analysis, both adherent and 
floating cells were harvested and stained with ethidium 
bromide as described previously 21. 

Western blotting and receptor tyrosine kinase (RTK) 
arrays. Western blot analysis was performed as previously 
described 13. The following antibodies were used: p217/ 
p221-MEK (pMEK), p202/p204-ERK (pERK), MEK, ERK, 
(Cell Signaling), V5 tag (Invitrogen), BRAF, cyclin Flagtag, 
B-actin (Sigma). For immunoprecipitations of tagged pro 
teins: anti-Flag M2 affinity gel (Sigma). The Human Phos 
pho-RTK array Kit (R&D Systems) was utilized to detect 
kinase activation within a panel of RTKs. Briefly, cells were 
plated in 10 cm dishes and harvested after 24 hours. Fol 
lowing lysis, 500 jug of lysate was applied to a membrane 
anchored RTK array and incubated at 4° C. for 24 hours. 
Membranes were exposed to chemiluminescent reagents and 
images captured using the ImageOuant LAS 4000 instru 
ment (GE HealthCare). 

Immunoprecipitations and kinase assays. Cells were lysed 
in lysis buffer (50 mM Tris, pH7.5, 1% NP40, 150 mM 
NaCl, 10% glycerol, 1 mM EDTA) supplemented with 
protease and phosphatase inhibitor cocktail tablets (Roche). 
Immunoprecipitations were performed at 4° C. for 4 h. 
followed by three washes with lysis buffer and, in cases of 
Subsequent kinase assay, one final wash with kinase buffer 
(25 mM Tris, pH 7.5, 10 mM MgCl2). Kinase assays were 
conducted in the presence of 200 uM ATP at 30° C. for 20 
min with inactive MEK(K97R) (Millipore) as a substrate. 
The kinase reaction was terminated by adding sample buffer 
and boiling. Kinase activity was determined by immunob 
lotting for pMEK. 

From the foregoing description, one skilled in the art can 
easily ascertain the essential characteristics of the present 
invention, and without departing from the spirit and scope 
thereof, can make changes and modifications to the present 
invention to adapt it to various usages and conditions and to 
utilize the present invention to its fullest extent. The pre 
ceding embodiments and examples are to be construed as 
merely illustrative, and not limiting of the scope of the 
invention in anyway whatsoever. 
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SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 21 

<21 Os SEQ ID NO 1 
&211s LENGTH: 2949 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 1 

cgc.ct Coctt coccctic ccc gcc.cgacagc ggcc.gct cqg gcc.ccggct C toggttataa 60 

Ccctgc.catt Coggaggagg ttggaatat caaacaaatg attaagttga cacaggaa.ca 24 O 

tatagaggcc ct attggaca aatttggtgg ggagcataat coac catcaa tatatctgga 3 OO 

ggcctatgaa gaatacacca goaa.gctaga tigcactic cala caaagagaac aacagttatt 360 

ggaat Ctctggggaacggala Ctgatttitt C titt totagc tictgcatcaa tigataccgt. 42O 

tacat cittct tcct cittcta gcctitt cagt gctacct tca totctitt cag tttittcaaaa 48O 

toccacagat gtggcacgga goaac cc caa gt caccacaa aaacct atcg ttagagt citt 54 O 

Cctg.cccaac aaacagagga cagtggit acc tica aggtgt ggagttacag to Cagacag 6 OO 

totaaagaaa go actgatga tigagaggtot aatcc.ca.gag totgtgctg tttacagaat 660 

tdaggatgga gagaagaaac caattggttg ggacactgat attt Cotggc titactggaga 72O 

agaattgcat gtggaagtgt tigagaatgt to cacttaca acacacaact ttgtacgaaa 78O 

aacgtttitt c accittagcat tttgttgacitt ttgtcgaaag ctgcttittcc agggitttcc.g 84 O 

ctgtcaaaca totggittata aattt cacca gcgttgtagt acagaagttc. cact gatgtg 9 OO 

tgttaattat gacca acttig atttgctgtt tdtct coaag ttctittgaac accacc caat 96.O 

accacaggaa gaggcgt.cct taggagagac tocctaaca totggat cat cocct tcc.gc O2O 

accc.gc.ct cq gactic tattg ggc.cccaaat tct caccagt cogt ct cott caaaatcc at O8O 

to caatticca cago'cct tcc gaccagoaga tigaagat cat cqaaat caat ttgggcaacg 14 O 

agaccgatcc ticatcagctic ccaatgtgca tataaacaca at agaacctg. tcaatattga 2 OO 

tgacttgatt agagaccaag gatttctgg tatggagga to aaccacag gtttgtctgc 26 O 

taccc.cccct gcct cattac ct ggct cact aactaacgtgaaagcc ttac agaaatct co 32O 

aggacct cag cagaaagga agt catctt C at CCtcagaa gacaggaat c gaatgaaaac 38O 

acttggtaga C9ggactica gtgatgattg ggagatt CCt gatgggcaga ttacagtggg 4 4 O 

acaaagaatt ggatctggat catttggaac agtictacaag ggaaagtggc atggtgatgt 5 OO 

ggcagtgaaa atgttgaatg tacago acc tacacct cag cagttacaag ccttcaaaaa 560 

tgaagtagga gtact cagga aaacacgaca tdtgaatat c ct actic titca tdggct attc 62O 

cacaaagcca caactggct a ttgtt accca gtggtgtgag ggct coagct titat cacca 68O 

tot coatatic attgagacca aatttgagat gatcaaactt at agatattg cacgacagac 740 

tgcacagggc atggattact tacacgc.cala gt caatcatC cacagagacic to aagagtaa 8 OO 

taatatattt citt catgaag acct cacagt aaaaataggit gattittggit c tagctacagt 860 



gaaatctoga tiggagtgggit 

ggcaccagaa gtcatCagaa 

tgcatttgga attgttctgt 

Caac agggac Cagata attt 

ggtacggagt aactgtc.cala 

aagagatgag agaccact ct 

attgccaaaa attcaccgca 

agaggattitt agtictatatg 

tggtgcgttt cotgtc. cact 

aggaaaataa atgaac at at 

ttttalaggtg aaccalaagaa 

Ctaaaattta tacttaaCat 

ctaaaaattig gcagagcct c 

acttggittat tittaagtagt 

catgtc. cact agggacticca 

ttggcagt cq gttagcctgg 

agtagaattit aataatticta 

taacaatttg gaaaatgtgg 

ttataaaaa. 

<210s, SEQ ID NO 2 
&211s LENGTH: 21 
&212s. TYPE: DNA 

29 

cc cat cagtt 

tgcaagataa 

atgaattgat 

titatggtggg 

aagc.catgaa 

titcCC Caaat 

gtgcatcaga 

cittgttgctitc 

gaaacaaatg 

gtttgctitat 

Cacttgttgttg 

tggatttitta 

ttctagaggc 

aaact tcagt 

gaagaagacic 

gttagataag 

titat tatt ct 

atgtc.ttitta 

tgaac agttg 

aaatcCatac 

gactgga cag 

acgaggatac 

gagattaatg 

totcgcctct 

accct cottg 

to Caaaaa.ca 

agtgaga gag 

atgttaaatt 

gttaaag act 

a catcCaagg 

tt tact t tect 

ttct catgca 

ctacctatogc 

gcaaactgaa 

taataattitt 

titt cottgaa 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 2 

ggct ct cigt tataagatgg 

<210s, SEQ ID NO 3 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

c 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 3 

acaggaaacg caccatat co 

<210s, SEQ ID NO 4 
&211s LENGTH: 21 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 4 

Ctgc catt CC ggaggaggac 

<210s, SEQ ID NO 5 
&211s LENGTH: 23 

&212s. TYPE: DNA 

t 

<213> ORGANISM: Artificial Sequence 

US 9,481,910 B2 

- Continued 

tctggat.cca 

agctitt cagt 

ttacct tatt 

ctgtc.t.c cag 

gcagagtgcc 

attgagctgc 

aatcgggctg 

cc catcc agg 

ttcaggaga.g 

gaataaaata 

agatataatt 

gttaaaatac 

gttc.cgggitt 

actitttgttg 

ctgtgtttgc 

cagat ctaat 

totatalacta 

gcaataaact 

Synthetic oligonucleotide 

Synthetic oligonucleotide 

Synthetic oligonucleotide 

ttttgtggat 

cagatgtata 

caaac at Caa 

atctoragtaa 

tcaaaaagaa 

tggc.ccgctic 

gtttccaaac 

Cagggggata 

tagcaacaaa 

ctic totttitt 

titt CCCCaaa. 

ataga cattg 

tgitat catt c 

c cagotatica 

aggtgagaag 

ttaggaagtic 

titt citt t t ta. 

aagtttctitt 

1920 

198O 

21OO 

216 O 

222 O 

228O 

234 O 

24 OO 

246 O 

252O 

2580 

264 O 

27 OO 

276 O 

282O 

288O 

294 O 

2949 

21 

21 

30 
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- Continued 

22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 5 

ttagttagtg agcCaggitaa ta 

<210s, SEQ ID NO 6 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 6 

acaaacagag gacagtggac 

<210s, SEQ ID NO 7 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OO > SEQUENCE: 7 

caaacagagg acagtgaaa 

<210s, SEQ ID NO 8 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
& 22 O FEATURE; 
<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 8 

acaggaaacg caccatat co 

<210s, SEQ ID NO 9 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 9 

cc.cggct Ctc ggittataag 

<210s, SEQ ID NO 10 
&211s LENGTH: 21 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 10 

t caatcatcc acagagacct c 

<210s, SEQ ID NO 11 
&211s LENGTH: 22 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic oligonucleotide 

<4 OOs, SEQUENCE: 11 

ggat.ccagac aactgttcaa ac 

23 

19 

19 

21 

22 

32 
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- Continued 

<210s, SEQ ID NO 12 
&211s LENGTH: 766 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 12 

Met Ala Ala Lieu. Ser Gly Gly Gly Gly Gly Gly Ala Glu Pro Gly Glin 
1. 5 1O 15 

Ala Lieu. Phe Asin Gly Asp Met Glu Pro Glu Ala Gly Ala Gly Ala Gly 
2O 25 3O 

Ala Ala Ala Ser Ser Ala Ala Asp Pro Ala Ile Pro Glu Glu Val Trip 
35 4 O 45 

Asn. Ile Lys Glin Met Ile Llys Lieu. Thr Glin Glu. His Ile Glu Ala Lieu 
SO 55 6 O 

Lieu. Asp Llys Phe Gly Gly Glu. His Asn Pro Pro Ser Ile Tyr Lieu. Glu 
65 70 7s 8O 

Ala Tyr Glu Glu Tyr Thr Ser Lys Lieu. Asp Ala Lieu. Glin Glin Arg Glu 
85 90 95 

Glin Glin Lieu. Lieu. Glu Ser Lieu. Gly Asn Gly Thr Asp Phe Ser Val Ser 
1OO 105 11 O 

Ser Ser Ala Ser Met Asp Thr Val Thr Ser Ser Ser Ser Ser Ser Lieu. 
115 12 O 125 

Ser Val Lieu Pro Ser Ser Leu Ser Val Phe Glin Asn Pro Thr Asp Val 
13 O 135 14 O 

Ala Arg Ser Asn Pro Llys Ser Pro Glin Llys Pro Ile Val Arg Val Phe 
145 150 155 160 

Lieu Pro Asn Lys Glin Arg Thr Val Val Pro Ala Arg Cys Gly Val Thr 
1.65 17O 17s 

Val Arg Asp Ser Lieu Lys Lys Ala Lieu Met Met Arg Gly Lieu. Ile Pro 
18O 185 19 O 

Glu Cys Cys Ala Val Tyr Arg Ile Glin Asp Gly Glu Lys Llys Pro Ile 
195 2OO 2O5 

Gly Trp Asp Thr Asp Ile Ser Trp Lieu. Thr Gly Glu Glu Lieu. His Val 
21 O 215 22O 

Glu Val Lieu. Glu Asn Val Pro Leu. Thir Thr His Asn Phe Val Arg Lys 
225 23 O 235 24 O 

Thr Phe Phe Thr Lieu Ala Phe Cys Asp Phe Cys Arg Llys Lieu. Leu Phe 
245 250 255 

Gln Gly Phe Arg Cys Glin Thr Cys Gly Tyr Llys Phe His Glin Arg Cys 
26 O 265 27 O 

Ser Thr Glu Val Pro Lieu Met Cys Val Asn Tyr Asp Gln Lieu. Asp Lieu. 
27s 28O 285 

Lieu. Phe Val Ser Lys Phe Phe Glu. His His Pro Ile Pro Glin Glu Glu 
29 O 295 3 OO 

Ala Ser Leu Ala Glu Thir Ala Lieu. Thir Ser Gly Ser Ser Pro Ser Ala 
3. OS 310 315 32O 

Pro Ala Ser Asp Ser Ile Gly Pro Glin Ile Lieu. Thir Ser Pro Ser Pro 
3.25 330 335 

Ser Lys Ser Ile Pro Ile Pro Gln Pro Phe Arg Pro Ala Asp Glu Asp 
34 O 345 35. O 

His Arg Asn Glin Phe Gly Glin Arg Asp Arg Ser Ser Ser Ala Pro Asn 
355 360 365 

Val His Ile Asn. Thir Ile Glu Pro Val Asn. Ile Asp Asp Lieu. Ile Arg 
37 O 375 38O 

34 
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- Continued 

Asp Glin Gly Phe Arg Gly Asp Gly Gly Ser Thir Thr Gly Lieu. Ser Ala 
385 390 395 4 OO 

Thr Pro Pro Ala Ser Leu Pro Gly Ser Lieu. Thr Asn Val Lys Ala Leu 
4 OS 41O 415 

Gln Lys Ser Pro Gly Pro Glin Arg Glu Arg Llys Ser Ser Ser Ser Ser 
42O 425 43 O 

Glu Asp Arg Asn Arg Met Lys Thr Lieu. Gly Arg Arg Asp Ser Ser Asp 
435 44 O 445 

Asp Trp Glu Ile Pro Asp Gly Glin Ile Thr Val Gly Glin Arg Ile Gly 
450 45.5 460 

Ser Gly Ser Phe Gly Thr Val Tyr Lys Gly Lys Trp His Gly Asp Val 
465 470 47s 48O 

Ala Val Lys Met Lieu. Asn Val Thr Ala Pro Thr Pro Glin Gln Leu Gln 
485 490 495 

Ala Phe Lys Asn. Glu Val Gly Val Lieu. Arg Llys Thr Arg His Val Asn 
SOO 505 51O 

Ile Leu Lleu Phe Met Gly Tyr Ser Thr Llys Pro Gln Leu Ala Ile Val 
515 52O 525 

Thr Gln Trp Cys Glu Gly Ser Ser Leu Tyr His His Lieu. His Ile Ile 
53 O 535 54 O 

Glu Thir Lys Phe Glu Met Ile Llys Lieu. Ile Asp Ile Ala Arg Glin Thr 
5.45 550 555 560 

Ala Glin Gly Met Asp Tyr Lieu. His Ala Lys Ser Ile Ile His Arg Asp 
565 st O sts 

Lieu Lys Ser Asn Asn Ile Phe Lieu. His Glu Asp Lieu. Thr Val Lys Ile 
58O 585 59 O 

Gly Asp Phe Gly Lieu Ala Thr Glu Lys Ser Arg Trp Ser Gly Ser His 
595 6OO 605 

Glin Phe Glu Gln Leu Ser Gly Ser Ile Leu Trp Met Ala Pro Glu Val 
610 615 62O 

Ile Arg Met Glin Asp Lys Asn Pro Tyr Ser Phe Glin Ser Asp Val Tyr 
625 630 635 64 O 

Ala Phe Gly Ile Val Lieu. Tyr Glu Lieu Met Thr Gly Gln Leu Pro Tyr 
645 650 655 

Ser Asn. Ile Asn. Asn Arg Asp Glin Ile Ile Phe Met Val Gly Arg Gly 
660 665 67 O 

Tyr Lieu. Ser Pro Asp Lieu. Ser Llys Val Arg Ser Asn. Cys Pro Lys Ala 
675 68O 685 

Met Lys Arg Lieu Met Ala Glu. Cys Lieu Lys Llys Lys Arg Asp Glu Arg 
69 O. 695 7 OO 

Pro Lieu. Phe Pro Glin Ile Lieu Ala Ser Ile Glu Lieu. Lieu Ala Arg Ser 
7 Os 71O 71s 72O 

Lieu Pro Lys Ile His Arg Ser Ala Ser Glu Pro Ser Lieu. Asn Arg Ala 
72 73 O 73 

Gly Phe Glin Thr Glu Asp Phe Ser Leu Tyr Ala Cys Ala Ser Pro Llys 
740 74. 7 O 

Thr Pro Ile Glin Ala Gly Gly Tyr Gly Ala Phe Pro Val His 
7ss 760 765 

<210s, SEQ ID NO 13 
&211s LENGTH: 2109 

&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
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<4 OOs, SEQUENCE: 

Met Ala Ala Lieu 
1. 

Ala 

Ala 

Ile 

Ser 

65 

Ala 

Ser 

Ser 

Ile 

Asp 
145 

Lell 

Wall 

Ile 

Ile 

Glin 
225 

Arg 

Ser 

Glu 

Wall 
3. OS 

Pro 

Arg 

Glu 

Arg 
385 

Luell 

Ala 

Arg 
SO 

Ala 

Luell 

Ser 

Asp 

Gly 
13 O 

Wall 

Glin 

Asn 

Wall 

Ile 
21 O 

Thir 

Asp 

Ile 

His 

Wall 
29 O 

Gly 

Ala 

Arg 
37 O 

Ser 

Phe 

Ala 
35 

Asp 

Thir 

Glin 

Glu 

Asp 
115 

Ser 

Ala 

Ala 

Ile 

Thir 
195 

Glu 

Ala 

Luell 

Gly 

Glin 
27s 

Ile 

Ala 

Ser 

Tyr 

Met 
355 

Pro 

Luell 

Asn 
2O 

Ser 

Glin 

Pro 

Asp 

Trp 

Gly 

Wall 

Phe 

Lieu 
18O 

Glin 

Thir 

Glin 

Asp 
26 O 

Phe 

Arg 

Phe 

Asn 

Luell 
34 O 

Luell 

Pro 

16 

Ser 

Gly 

Ser 

Gly 

Pro 

Ser 

85 

Arg 

Glu 

Ser 

Lys 

Lys 
1.65 

Lieu 

Trp 

Gly 

Ser 
245 

Phe 

Glu 

Met 

Gly 

Ile 
3.25 

Ser 

Phe 

Gly 

Asp 

Ala 

Phe 

Ala 
70 

Pro 

Asn 

Ile 

Phe 

Met 
150 

Asn 

Phe 

Phe 

Met 
23 O 

Asn 

Gly 

Glin 

Glin 

Ile 
310 

Asn 

Pro 

Lell 

Pro 

Ile 
390 

43 

Gly 

Met 

Ala 

Arg 
55 

Ser 

Gly 

Arg 

Pro 

Gly 
135 

Lell 

Glu 

Met 

Glu 

Glu 
215 

Asp 

Asn 

Lell 

Lell 

Asp 
295 

Wall 

Asn 

Asp 

Met 

Glin 
375 

His 

Gly 

Glu 

Asp 
4 O 

Gly 

Luell 

Pro 

Met 

Asp 
12 O 

Thir 

Asn 

Wall 

Gly 

Gly 

Met 

Ile 

Ala 

Ser 
28O 

Luell 

Arg 

Luell 

Ala 
360 

Ile 

Arg 

Gly 

Pro 
25 

Pro 

Asp 

Pro 

Glin 

Lys 
105 

Gly 

Wall 

Wall 

Gly 

Tyr 
185 

Ser 

Ile 

Luell 

Phe 

Thir 
265 

Gly 

Asn 

Tyr 

Asp 

Ser 
345 

Glu 

Luell 

Ser 

Gly 
1O 

Glu 

Ala 

Gly 

Gly 

Arg 
90 

Thir 

Glin 

Thir 

Wall 
17O 

Ser 

Ser 

His 

Luell 
250 

Wall 

Ser 

Pro 

Glu 

Glin 
330 

Ala 

Ala 

Gly 

Ala 

Ile 

Gly 

Ser 

7s 

Glu 

Luell 

Ile 

Ala 
155 

Luell 

Thir 

Luell 

Luell 

Ala 
235 

His 

Ile 

Luell 
315 

Ile 

Wall 

Luell 

Ser 

Ser 
395 
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- Continued 

Ala 

Gly 

Pro 

Ser 
6 O 

Lell 

Arg 

Gly 

Thir 

Gly 
14 O 

Pro 

Arg 

Tyr 

Ile 

Glu 

Ser 

Lell 

Ser 
3 OO 

Met 

Ile 

Arg 

Ile 
38O 

Glu 

Glu 

Ala 

Glu 
45 

Thir 

Thir 

Arg 

Wall 
125 

Thir 

Pro 

His 

Asp 

Ser 

Asp 

Arg 

Trp 
285 

Phe 

Thir 

Phe 

Ser 

Lys 
365 

Glu 

Pro 

Pro 

Gly 
3O 

Glu 

Thir 

Asn 

Ser 

Arg 
11 O 

Gly 

Trp 

Pro 

Thir 

Glin 
19 O 

His 

Ile 

Ile 

Luell 

Trp 
27 O 

Met 

Glin 

Gly 

Met 

Asn 
35. O 

Luell 

Ser 

Gly 
15 

Ala 

Asp 

Gly 

Wall 

Ser 

95 

Asp 

Glin 

His 

Glin 

Arg 

Lieu 

Luell 

Ala 

Ile 

Thir 
255 

Ser 

Ala 

Ser 

Glin 

Wall 
335 

Arg 

Luell 

Luell 

Glin 

Gly 

Luell 

Luell 

Lys 

Ser 

Ser 

Arg 

Gly 

Glin 
160 

His 

Ala 

His 

Arg 

His 
24 O 

Wall 

Gly 

Pro 

Asp 

Luell 

Gly 

Pro 

Asp 

Ala 

Asn 
4 OO 

44 
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Arg Ala Gly Phe Glin Thr Glu Asp Phe Ser Lieu. Tyr Ala Cys Ala 
4 OS 41O 415 

Pro Llys Thr Pro Ile Glin Ala Gly Gly Tyr Gly Ala Phe Pro Val 
42O 425 43 O 

<210s, SEQ ID NO 17 
&211s LENGTH: 374 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 17 

Met Ala Ala Lieu. Ser Gly Gly Gly Gly Gly Gly Ala Glu Pro Gly 
1. 5 1O 15 

Ala Lieu. Phe Asin Gly Asp Met Glu Pro Glu Ala Gly Ala Gly Ala 
2O 25 3O 

Ala Ala Ala Ser Ser Ala Ala Asp Pro Ala Ile Pro Glu Glu Lys 
35 4 O 45 

Lieu. Gly Arg Arg Asp Ser Ser Asp Asp Trp Glu Ile Pro Asp Gly 
SO 55 6 O 

Ile Thr Val Gly Glin Arg Ile Gly Ser Gly Ser Phe Gly Thr Val 
65 70 7s 

Lys Gly Llys Trp His Gly Asp Wall Ala Wall Lys Met Lieu. Asn Val 
85 90 95 

Ala Pro Thr Pro Glin Gln Leu Glin Ala Phe Lys Asn Glu Val Gly 
1OO 105 11 O 

Lieu. Arg Llys Thir Arg His Val Asn. Ile Lieu. Lieu. Phe Met Gly Tyr 
115 120 125 

Thr Llys Pro Gln Leu Ala Ile Val Thr Glin Trp Cys Glu Gly Ser 
13 O 135 14 O 

Lieu. Tyr His His Lieu. His Ile Ile Glu Thir Lys Phe Glu Met Ile 
145 150 155 

Lieu. Ile Asp Ile Ala Arg Glin Thr Ala Glin Gly Met Asp Tyr Lieu. 
1.65 17O 17s 

Ala Lys Ser Ile Ile His Arg Asp Lieu Lys Ser Asn. Asn. Ile Phe 
18O 185 19 O 

His Glu Asp Lieu. Thr Val Lys Ile Gly Asp Phe Gly Lieu Ala Thr 
195 2OO 2O5 

Lys Ser Arg Trp Ser Gly Ser His Glin Phe Glu Gln Leu Ser Gly 
21 O 215 22O 

Ile Lieu. Trp Met Ala Pro Glu Val Ile Arg Met Glin Asp Lys Asn 
225 23 O 235 

Tyr Ser Phe Glin Ser Asp Val Tyr Ala Phe Gly Ile Val Lieu. Tyr 
245 250 255 

Lieu Met Thr Gly Glin Lieu Pro Tyr Ser Asn. Ile Asn. Asn Arg Asp 
26 O 265 27 O 

Ile Ile Phe Met Val Gly Arg Gly Tyr Lieu Ser Pro Asp Leu Ser 
27s 28O 285 

Val Arg Ser Asn. Cys Pro Lys Ala Met Lys Arg Lieu Met Ala Glu 
29 O 295 3 OO 

Lieu Lys Llys Lys Arg Asp Glu Arg Pro Lieu. Phe Pro Glin Ile Lieu. 
3. OS 310 315 

Ser Ile Glu Lieu. Lieu Ala Arg Ser Lieu Pro Lys Ile His Arg Ser 
3.25 330 335 

Ser Glu Pro Ser Lieu. Asn Arg Ala Gly Phe Glin Thr Glu Asp Phe 
34 O 345 35. O 

Ser 

His 

Glin 

Gly 

Thir 

Glin 

Tyr 

Thir 

Wall 

Ser 

Ser 

Lys 
160 

His 

Luell 

Wall 

Ser 

Pro 
24 O 

Glu 

Glin 

Ala 
32O 

Ala 

Ser 

46 
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Lieu. Tyr Ala Cys Ala Ser Pro Llys Thr Pro Ile Glin Ala Gly Gly Tyr 
355 360 365 

Gly Ala Phe Pro Val His 
37 O 

<210s, SEQ ID NO 18 
&211s LENGTH: 554 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 18 

Met Ala Ala Lieu. Ser Gly Gly Gly Gly Gly Gly Ala Glu Pro Gly Glin 
1. 5 1O 15 

Ala Lieu. Phe Asin Gly Asp Met Glu Pro Glu Ala Gly Ala Gly Ala Gly 
2O 25 3O 

Ala Ala Ala Ser Ser Ala Ala Asp Pro Ala Ile Pro Glu Glu Val Trip 
35 4 O 45 

Asn. Ile Lys Glin Met Ile Llys Lieu. Thr Glin Glu. His Ile Glu Ala Lieu 
SO 55 6 O 

Lieu. Asp Llys Phe Gly Gly Glu. His Asn Pro Pro Ser Ile Tyr Lieu. Glu 
65 70 7s 8O 

Ala Tyr Glu Glu Tyr Thr Ser Lys Lieu. Asp Ala Lieu. Glin Glin Arg Glu 
85 90 95 

Glin Glin Lieu. Lieu. Glu Ser Lieu. Gly Asn Gly Thr Asp Phe Ser Val Ser 
1OO 105 11 O 

Ser Ser Ala Ser Met Asp Thr Val Thr Ser Ser Ser Ser Ser Ser Lieu. 
115 120 125 

Ser Val Lieu Pro Ser Ser Leu Ser Val Phe Glin Asn Pro Thr Asp Val 
13 O 135 14 O 

Ala Arg Ser Asn Pro Llys Ser Pro Glin Llys Pro Ile Val Arg Val Phe 
145 150 155 160 

Lieu Pro Asn Lys Glin Arg Thr Val Asp Lieu. Ile Arg Asp Glin Gly Phe 
1.65 17O 17s 

Arg Gly Asp Gly Gly Ser Thr Thr Gly Lieu Ser Ala Thr Pro Pro Ala 
18O 185 19 O 

Ser Lieu Pro Gly Ser Lieu. Thir Asn. Wall Lys Ala Lieu Gln Lys Ser Pro 
195 2OO 2O5 

Gly Pro Glin Arg Glu Arg Llys Ser Ser Ser Ser Ser Glu Asp Arg Asn 
21 O 215 22O 

Arg Met Lys Thr Lieu. Gly Arg Arg Asp Ser Ser Asp Asp Trp Glu Ile 
225 23 O 235 24 O 

Pro Asp Gly Glin Ile Thr Val Gly Glin Arg Ile Gly Ser Gly Ser Phe 
245 250 255 

Gly Thr Val Tyr Lys Gly Llys Trp His Gly Asp Val Ala Wall Lys Met 
26 O 265 27 O 

Lieu. Asn Val Thr Ala Pro Thr Pro Glin Glin Leu Glin Ala Phe Lys Asn 
27s 28O 285 

Glu Val Gly Val Lieu. Arg Llys Thr Arg His Val Asn. Ile Lieu. Lieu. Phe 
29 O 295 3 OO 

Met Gly Tyr Ser Thr Lys Pro Gln Leu Ala Ile Val Thr Glin Trp Cys 
3. OS 310 315 32O 

Glu Gly Ser Ser Lieu. Tyr His His Lieu. His Ile Ile Glu Thr Llys Phe 
3.25 330 335 

Glu Met Ile Llys Lieu. Ile Asp Ile Ala Arg Glin Thr Ala Glin Gly Met 
34 O 345 35. O 

48 
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Asp Tyr Lieu. His Ala Lys Ser Ile Ile His Arg Asp Lieu Lys Ser Asn 
355 360 365 

Asn. Ile Phe Lieu. His Glu Asp Lieu. Thr Val Lys Ile Gly Asp Phe Gly 
37 O 375 38O 

Lieu Ala Thr Val Lys Ser Arg Trp Ser Gly Ser His Glin Phe Glu Gln 
385 390 395 4 OO 

Lieu. Ser Gly Ser Ile Leu Trp Met Ala Pro Glu Val Ile Arg Met Glin 
4 OS 41O 415 

Asp Lys Asn Pro Tyr Ser Phe Glin Ser Asp Val Tyr Ala Phe Gly Ile 
42O 425 43 O 

Val Lieu. Tyr Glu Lieu Met Thr Gly Glin Leu Pro Tyr Ser Asn Ile Asn 
435 44 O 445 

Asn Arg Asp Glin Ile Ile Phe Met Val Gly Arg Gly Tyr Lieu. Ser Pro 
450 45.5 460 

Asp Lieu. Ser Llys Val Arg Ser Asn. Cys Pro Lys Ala Met Lys Arg Lieu 
465 470 47s 48O 

Met Ala Glu. Cys Lieu Lys Llys Lys Arg Asp Glu Arg Pro Lieu. Phe Pro 
485 490 495 

Glin Ile Lieu Ala Ser Ile Glu Lieu. Lieu Ala Arg Ser Lieu Pro Lys Ile 
SOO 505 51O 

His Arg Ser Ala Ser Glu Pro Ser Lieu. Asn Arg Ala Gly Phe Glin Thr 
515 52O 525 

Glu Asp Phe Ser Lieu. Tyr Ala Cys Ala Ser Pro Llys Thr Pro Ile Glin 
53 O 535 54 O 

Ala Gly Gly Tyr Gly Ala Phe Pro Val His 
5.45 550 

<210s, SEQ ID NO 19 
&211s LENGTH: 496 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 19 

Met Ala Ala Lieu. Ser Gly Gly Gly Gly Gly Gly Ala Glu Pro Gly Glin 
1. 5 1O 15 

Ala Lieu. Phe Asin Gly Asp Met Glu Pro Glu Ala Gly Ala Gly Ala Gly 
2O 25 3O 

Ala Ala Ala Ser Ser Ala Ala Asp Pro Ala Ile Pro Glu Glu Val Trip 
35 4 O 45 

Asn. Ile Lys Glin Met Ile Llys Lieu. Thr Glin Glu. His Ile Glu Ala Lieu 
SO 55 6 O 

Lieu. Asp Llys Phe Gly Gly Glu. His Asn Pro Pro Ser Ile Tyr Lieu. Glu 
65 70 7s 8O 

Ala Tyr Glu Glu Tyr Thr Ser Lys Lieu. Asp Ala Lieu. Glin Glin Arg Glu 
85 90 95 

Glin Glin Lieu. Lieu. Glu Ser Lieu. Gly Asn Gly Thr Asp Phe Ser Val Ser 
1OO 105 11 O 

Ser Ser Ala Ser Met Asp Thr Val Thr Ser Ser Ser Ser Ser Ser Lieu. 
115 12 O 125 

Ser Val Lieu Pro Ser Ser Leu Ser Val Phe Glin Asn Pro Thr Asp Val 
13 O 135 14 O 

Ala Arg Ser Asn Pro Llys Ser Pro Glin Llys Pro Ile Val Arg Val Phe 
145 150 155 160 

Lieu Pro Asn Lys Glin Arg Thr Val Lys Thir Lieu. Gly Arg Arg Asp Ser 
1.65 17O 17s 
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Ser Asp Asp Trp Glu Ile Pro Asp Gly Glin Ile Thr Val Gly Glin Arg 
18O 185 19 O 

Ile Gly Ser Gly Ser Phe Gly Thr Val Tyr Lys Gly Lys Trp His Gly 
195 2OO 2O5 

Asp Val Ala Val Lys Met Lieu. Asn Val Thr Ala Pro Thr Pro Glin Glin 
21 O 215 22O 

Lieu. Glin Ala Phe Lys Asn. Glu Val Gly Val Lieu. Arg Llys Thir Arg His 
225 23 O 235 24 O 

Val Asn Ile Leu Lleu Phe Met Gly Tyr Ser Thr Lys Pro Gln Leu Ala 
245 250 255 

Ile Val Thr Gln Trp Cys Glu Gly Ser Ser Leu Tyr His His Lieu. His 
26 O 265 27 O 

Ile Ile Glu Thir Llys Phe Glu Met Ile Llys Lieu. Ile Asp Ile Ala Arg 
27s 28O 285 

Glin Thr Ala Glin Gly Met Asp Tyr Lieu. His Ala Lys Ser Ile Ile His 
29 O 295 3 OO 

Arg Asp Lieu Lys Ser Asn. Asn. Ile Phe Lieu. His Glu Asp Lieu. Thr Val 
3. OS 310 315 32O 

Lys Ile Gly Asp Phe Gly Lieu Ala Thr Val Lys Ser Arg Trp Ser Gly 
3.25 330 335 

Ser His Glin Phe Glu Gln Leu Ser Gly Ser Ile Leu Trp Met Ala Pro 
34 O 345 35. O 

Glu Val Ile Arg Met Glin Asp Lys Asn Pro Tyr Ser Phe Glin Ser Asp 
355 360 365 

Val Tyr Ala Phe Gly Ile Val Lieu. Tyr Glu Lieu Met Thr Gly Glin Lieu 
37 O 375 38O 

Pro Tyr Ser Asn Ile Asn Asn Arg Asp Glin Ile Ile Phe Met Val Gly 
385 390 395 4 OO 

Arg Gly Tyr Lieu. Ser Pro Asp Lieu. Ser Llys Val Arg Ser Asn. Cys Pro 
4 OS 41O 415 

Lys Ala Met Lys Arg Lieu Met Ala Glu. Cys Lieu Lys Llys Lys Arg Asp 
42O 425 43 O 

Glu Arg Pro Lieu. Phe Pro Glin Ile Lieu Ala Ser Ile Glu Lieu. Lieu Ala 
435 44 O 445 

Arg Ser Lieu Pro Llys Ile His Arg Ser Ala Ser Glu Pro Ser Lieu. Asn 
450 45.5 460 

Arg Ala Gly Phe Glin Thr Glu Asp Phe Ser Lieu. Tyr Ala Cys Ala Ser 
465 470 47s 48O 

Pro Llys Thr Pro Ile Glin Ala Gly Gly Tyr Gly Ala Phe Pro Val His 
485 490 495 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 139 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 2O 

gatggcggcg Ctgagcggtg gC9gtggtgg C9g.cgcggag CC9ggcCagg Ctctgttcaa 6 O 

cgggga catg gag CCC gagg cc.ggcgc.cgg C9CC9gcgcc gC9gcct Ctt C9gctg.cgga 12 O 

CCCtgc catt CC9gaggag 139 

<210s, SEQ ID NO 21 
&211s LENGTH: 987 

&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 
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<4 OOs, SEQUENCE: 21 

aaaacacttg gtagacggga citcgagtgat gattgggaga titcCtgatgg gCagattaca 6 O 

gtgggacaaa gaattggatc tigat cattt ggaac agtct acaagggaaa gtggcatggit 12 O 

gatgtggcag taaaatgtt gaatgtgaca gCacct acac Ctcagcagtt acaa.gc.ctt C 18O 

aaaaatgaag taggagtact caggaaaa.ca cacatgtga at atcct act Ctt catgggc 24 O 

tatt coacaa agccacaact ggctattgtt acc cagtggit gtgagggct C Cagcttgtat 3OO 

caccatct co atat cattga gaccalaattt gagatgatca aacttataga tattgcacga 360 

Cagactgcac agggcatgga t tact tacac gccaagttcaa t catccacag agacct caag 42O 

agtaataata tatttctt.ca tdaag acctic acagtaaaaa taggtgattt tdgtotagot 48O 

acagtgaaat Ctcgatggag togt cc.cat cagtttgaac agttgtctgg atcCattittg 54 O 

tggatggcac Cagaagttcat Cagaatgcaa gataaaaatc catacagct t t cagt cagat 6OO 

gtatatgcat ttggaattgt totgitatgaa ttgatgactg gacagttacc titatt caaac 660 

atcaacaa.ca gggaccagat aatttittatg gtgggacgag gatacctgtc. tccagat ct c 72 O 

agta agg tac ggagta actg. tccaaaagcc atgaagagat taatggcaga gtgcctcaaa 78O 

aagaaaagag atgagaga cc act ctitt.ccc caaattct cq cct ct attga gctgctggcc 84 O 

cgct cattgc caaaaattica cc.gcagtgcatcagaac cct c ctitgaatcg ggctggttt c 9 OO 

caaacagagg attittagt ct atatgcttgt gcttctic caa aaacacc cat coaggcaggg 96.O 

ggatatggtg cgttt CCtgt C cactga 987 

We claim: (b) measuring the amount of detectable primer to deter 
1. A method for determining resistance of a cell or tissue 

to a BRAF inhibitor, said method comprising: 35 

(a) contacting a sample containing a gene product isolated 
from said cell or tissue with a detectable primer set that 
binds to a splice variant of BRAF(V600E), said primer 
set comprising: 
(i) a first primer capable of hybridizing under Stringent 

conditions to an exon 1-9 splice junction of a cDNA 
encoding a BRAF (V600E) variant; and a second 
primer that hybridizes to a nucleic acid comprising a 
nucleotide sequence from exons 11-18 of BRAF 
(V600E); 

(ii) a third primer capable of hybridizing under strin 
gent conditions to an exon 3-9 splice junction of a 
cDNA encoding a BRAF (V600E) variant; and a 
fourth primer that hybridizes to a nucleic acid com 
prising a nucleotide sequence from exons 11-18 of 
BRAF(V600E); 

(iii) a fifth primer capable of hybridizing under strin 
gent conditions to an exon 3-11 splice junction of a 
cDNA encoding a BRAF(V600E) variant and a sixth 
primer that hybridizes to a nucleic acid comprising a 
nucleotide sequence from exons 11-18 of BRAF 
(V600E); or 

(iv) any combination of (i), (ii), and (iii); and 

40 

45 

50 

55 

mine the presence in said sample of a BRAF(V600E) 
splice variant, wherein the presence of said splice 
variant indicates that the cell or tissue is resistant to the 
BRAF inhibitor. 

2. The method of claim 1, wherein said cell or tissue is a 
melanoma cell or tissue. 

3. The method of claim 1, wherein the BRAF inhibitor is 
vemurafenib. 

4. The method of claim 2, wherein the melanoma cell or 
tissue was previously exposed to the BRAF inhibitor. 

5. The method of claim 1, wherein said primer/probe 
hybridizes under Stringent conditions to a nucleic acid 
comprising nucleotides 549 to 568 of SEQ ID NO: 13 plus 
0 to 12 contiguous nucleotides of SEQID NO: 13 flanking 
the 5' or 3' ends thereof. 

6. The method of claim 1, wherein said primer/probe 
hybridizes under Stringent conditions to a nucleic acid 
comprising nucleotides 183 to 203 of SEQ ID NO: 14 with 
0 to 12 contiguous nucleotides of SEQID NO: 14 flanking 
the 5' or 3' ends thereof. 

7. The method of claim 1, wherein said primer/probe 
hybridizes under Stringent conditions to a nucleic acid 
comprising nucleotides 610 to 628 of SEQ ID NO: 15 with 
0 to 12 contiguous nucleotides of SEQID NO: 15 flanking 
the 5' or 3' ends thereof. 
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