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ABSTRACT
Background: We compared the use of an immunohistochemical (IHC) method using a
monoclonal antibody to BRAF V600E (which detects the main BRAF mutation) with existing
DNA probe screening in tissue samples from 71 patients with malignant melanoma.
Materials and methods: Paraffin blocks were cut to provide consecutive slides for haema-
toxylin and eosin staining, and for known positive micro-array DNA control material. IHC was
performed by the Optiview detection system. All slides were scored independently by the
clinical lead and the laboratory lead using a positive/negative system.
Results: The DNA method found 26 samples to be positive, the IHC found 21 to be positive,
giving a sensitivity value for IHC of 80.8%. However, all of the 45 samples found to be
negative by DNA were also negative by IHC, giving a specificity of 100%. There were 66
instances of full agreement, giving a concordance of 93%. Together, these data give a kappa
statistic of 0.843, indicating very good agreement.
Conclusion: The data reveal a very close link between the two methods, supporting the
use of the V600E as a primary screen for BRAF mutations in malignant melanoma.
Samples found to be negative by this method may be retested by the DNA probe
method. IHC detection conserves patient DNA from tumour blocks as only one section
is required to perform the assay. The V600E antibody method is considerably cheaper and
faster than the DNA probe assay, with a turn-around time of 24-48 hours, enabling more
rapid clinical management.
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Introduction

In the majority of melanomas and solid tumours the
RAS/RAF/MEK/ERK mitogen protein kinase pathway
regulates the proliferation and survival of tumour
cells. BRAF mutations are therefore integral to tumour
activation [1,2]. These mutations have been found in
varying percentages in a wide host of tumour types
most notably melanoma, papillary thyroid carcinoma,
colorectal cancers, ovarian cancers, non-small cell
lung cancer and in 100% of patients with hairy cell
leukaemia [3,4] to name but not exclusively list the
key examples. Approximately 40–60% of cutaneous
melanomas have the BRAF mutations [1,2]. In 90% of
the cases, thymine is substituted with adenine at
nucleotide 1799. This leads to valine (V) being sub-
stituted for by glutamate (E) at codon 600 (now
referred to as V600E) [2]. The BRAF mutation activates
the protein and the downstream Map Kinase (MAPK)
signalling pathway, this promotes proliferation of
tumour cells and subsequent spread. In melanoma
patients under the age of 40 years >80% have the
BRAF mutation and of these >85% are V600E [1,5].
The follow-up data on these mutations and subse-
quent patient outcomes clearly indicates that such
mutations correlate with worsening prognosis not

only in melanoma but also colorectal cancers [6].
The use of potent inhibitors of V600 mutant BRAF
such as PLX4032 (Vemurafenib) is a V600 mutant B-
Raf enzyme inhibitor approved by the Food and Drug
Administration (FDA) for the treatment of late-stage
melanoma have made significant advancements in
the treatment of metastatic melanoma, not only in
terms of the rapid mode of action but also in prolong-
ing patient survival rates. In a first phase of clinical
study, PLX4032 Vemurafenib was able to reduce num-
bers of cancer cells in 11/16 patients of the cohort
group with advanced melanoma. The treated group
had a median increased survival time of 6 months
over the control group [7]. Further phase II studies
confirmed the activity of vemurafenib with an objec-
tive response rate of 53% and progression-free survi-
val of 6–8 months in BRAF V600 mutant melanoma
[8]. A third phase of study, in patients with a V600E
mutation in B-Raf, 84% showed partial to complete
regression. The median progression-free survival of
the 680 randomised patients was 5.3 months [10].
Rapid screening for BRAF mutations is therefore
highly desirable in the treatment of metastatic mela-
noma and particularly for those un-resect able forms
of the disease [9,10]. Delays in the administration of
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fast-acting targeted therapies can also have profound
effects on patient quality of life and survival.
Therefore, time and efficiency in screening for BRAF
V600E mutations in melanoma patients can be highly
beneficial in patient treatment regimes.

There are many DNA probe-based strategies for
BRAF mutation screening. The most commonly
employed include Sanger sequencing, pyrosequen-
cing, real-time polymerase chain reaction (RT-PCR),
co-amplification at low denaturation temperature
PCR, locked nucleic acid PCR array analysis, allele-
specific PCR, and high-resolution melting curve ana-
lysis (HRM) [1,2,11–15]. These DNA probe-based
methods have differing degrees of sensitivity ran-
ging from 80% to 99%. Similarly, they are expensive
and often rely on the use of significant DNA mate-
rial extracted from paraffin curls cut from patient
blocks 1.

Here, we report the use of immunohistochemical
(IHC) employing a monoclonal antibody to BRAF
V600E in 71 malignant melanoma patients in compar-
ison to the existing in house DNA probe pyrosequen-
cing assay. The study was a retrospective blind trial,
with two clear objectives. Firstly, to determine if the
development of IHC methods for the BRAF mutations
in melanoma patients can provide a rapid confirma-
tion for the detection of the main V600E mutation
and also be cost effective. Secondly, to determine the
sensitivity and specificity of the V600E antibody for
the detection of BRAF mutations in malignant mela-
noma patients.

Methods and materials

Seventy-one malignant melanoma patients who had
previously been screened for BRAF mutations employ-
ing a DNA probe Sanger sequencing methodology
within Viapath Analytics molecular diagnostic labora-
tories from the previous year, were selected from the
archive diagnostic files. Of these the mean age was 69
years with an age range of 28–94 years. The male to
female ratio was 37:34. Primary tumours were
screened in (n = 54) 76% of cases with subcutaneous
cases accounting for (n = 17) 24%. The staging
according to tumour node metastasis (TNM) = pT1b
and above in all cases in order to be selected for BRAF
analysis (according to 7th edition AJCC).

All samples underwent BRAF DNA probe assess-
ment using standard PCR and Sanger sequencing of
exon 15 previously but results were not known until
completion of the IHC assessments (blind trail).

Four micron-thick sections were cut from the par-
affin blocks and Harris haematoxylin and eosin (H&E)
preparations were made of all blocks evaluated (99) to
assess tumour deposits post DNA probe testing and
to ensure adequate material was left for the IHC
assessments.

Four micron-thick sections were also cut for IHC
and were all mounted on positive control Micro-
array HDx B-Raf V600E FFPE slides (Horizon
Discovery, Catalogue ID-HD720). This enabled the
test and control micro array to be assessed on the
same slide.

The Roche Diagnostics BRAF V600E (VE-1) IHC mono-
clonal primary antibody (Ventana-Roche Diagnostics
Catalogue ID 790-4855) was applied on all 71 cases. All
IHC stainingwas performed on a Roche BenchMark Ultra
fully automated immunostaining platform. The staining
protocol followed Roche Diagnostic recommendations
thus; antigen retrieval involved the use of CC1 at 72C for
64 min. The pre-diluted ready to use Roche Diagnostics
BRAF V600E (VE1) was applied to all slides from 50 tests
per dispenser Roche antibody vial and Incubated for 24
min at room temperature. The secondary linking and
detection complex employed Roche Diagnostics
Optiview DAB IHC Detection kit (760-700). All sections
were then counterstain with Harris haematoxylin for 4
min to demonstrate the general morphology and
nuclear detail of the test sections.

All slides were subsequently assessed in a blind
trial fashion by both the clinical lead for St. John’s
Histopathology and the laboratory lead indepen-
dently. Positive results were defined as exhibiting
cytoplasmic expression within the identified mela-
noma tumour cells for BRAF V600E mutation as
assessed under both ×20 and ×40 magnifications.
The scoring was marked on scale of negative or posi-
tive with additional scores of (+), positive (++), posi-
tive (+++) on all tumour cells graded on intensity of
staining.

All IHC results were then tabulated and compared
to the previously recorded results for Sanger sequen-
cing for the DNA probe detection of BRAF mutations
on the same patient material (Table 1). Sensitivity,
specificity and a kappa value were calculated.

Results

Following review of the HE stained slides all 71 sam-
ples contained sufficient tumour content for BRAF
V600E IHC analysis. Data from DNA probe screening
found 26/71(36.6%) cases positive; 21/26 of these
cases were also positive with IHC giving sensitivity
80.8% (Figures 1(a,b), 2(a,b), 3(a,b), 4(a,b)). The DNA
probe screening found 45/71 (63.4%) cases negative;
all cases were also negative with IHC (specificity =
100%). The concordance of IHC and DNA probe
screening revealed 65/71 cases = 93%. Five cases
were recorded as false negative (7%) but no cases
were recorded as false positive by IHC. Of additional
interest was the finding that one case which was
positive for both BRAF mutation DNA probe and IHC
screening, exhibited complete lack of staining for all
the conventionally used IHC melanoma markers (anti-
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S100 protein, Melan A and HMB 45) (Figure 5(a–e)).
The significance for this is unclear as the cohort is just
one case, but it suggests markers of melanocyte acti-
vation (anti-Melan A and anti-HMB 45) may not be
closely related to the BRAF mutation pathway.

Discussion

The overall data suggest the following. Primary IHC
screening for BRAF V600E reveals some negative cases.
Ideally all negative cases should then be sent for DNA

Table 1. Characterisation of the samples
Type of tissue, age and sex of
patients

IHC
data

DNA probe
data

Number of
samples

Primary: 77 [60-86.5] years,
28M/25F

- - 33
-* + 4
+ + 6
++ + 10
+++ + 1

Sub-lymph node: 67 [48-86],
2M/1F

- - 2
++ + 1

Sub-tissue: 67 [57-73], 4M/5F - - 6
+ + 1

Sub-exc + lymph node: 53, F. - - 1

Metastatic:71, M - - 1

Sub-nodules: 54 [34-85], 2M/1F - - 2
-* + 1

Age data median [IQR]. *False negative.

Figure 1a. H&E staining showing invasive epithelioid malig-
nant melanoma tumour cells in a case of acral lentiginous
malignant melanoma Mag ×20.

Figure 2a. H&E staining showing pagetoid spread of tumour cells
within a superficial spreading malignant melanoma Mag ×20.

Figure 1b. BRAF (V600E VE-1) labelling of the same case as in
(a), showing cytoplasmic expression of BRAF in all tumour
cells seen Mag ×20.

Figure 2b. BRAF (V600 VE-1) labelling of the same case as in
(a) showing universal cytoplasmic expression of BRAF in all
tumour cells within the epidermal compartment Mag ×20.

Figure 3a. H&E staining showing metastatic malignant in a
lymph node with extensive malignant melanoma tumour
deposits Mag ×10.
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probe screening. Accepting this procedure would mean
that all the five negative IHC cases in this studywould be
re-assessed for a DNA probe assay and therefore would

be defined as positive (26/26) cases. This result in terms
of sensitivity produces a concordance between the two
methods of 100%.

The data reveal high sensitivity and specificity for
the IHC detection of BRAF V600E mutations in

Figure 4a. H&E staining of a tumour cell nest composed of
predominantly epithelioid tumour cells in a case of nodular
melanoma Magx40.

Figure 4b. BRAF (V600E VE-1) labelling of the same case as in
(a) showing universal positive cytoplasmic staining of all
tumour cells with complete absence of any nonspecific back-
ground staining Mag ×40.

Figure 5a. (a) H&E of a metastatic melanoma deposit show-
ing predominantly small round tumour cells Mag ×20.

Figure 3b. BRAF (V600 VE-1) labelling of the same case as in (a)
showing universal cytoplasmic expression of BRAF in all tumour
cells. Note the lack of any background staining Mag ×20.

Figure 5b. (b) Negative staining with HMB 45 in the same
case as in (a) Mag ×40.

Figure 5c. (c) Negative S100 staining of tumour cells but
positive labelling of adipocytes in the same case as (a,b).
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metastatic melanoma. Assessing the two techniques
together there are clear advantages and disadvan-
tages for the use of either DNA probe-based or IHC-
based screening. The time of the IHC assay is just 1–2
days and is 4–7 days for conventional DNA probe
screening currently. This gives clear advantages in
terms of speed and optimal response times for IHC
BRAF V600E screening.

IHC requires one section (4 microns) while DNA
probe screening requires multiple tissue curls
amounting to (60–70 microns) of material. IHC is
therefore preserving of patient tissue. The current
study also demonstrated uniformity of IHC V600E
staining of all tumour cells when positive in any
given case. It also allows precis location of antigenic
expression within tumour cells. Recent single cell RT-
PCR studies have suggested that the majority of naevi
and primary and metastatic melanomas contain both
wild-type and mutant BRAF cells. Since assessments of
polyclonality in the process of studies into melanoma-
genesis is key to future potential treatment regimes,
more studies to determine V600E single-cell IHC stain-
ing in conjunction with single-cell RT-PCR seems a
logical progressive step 1 [16,17].

Cost per test for IHC cheaper compared to DNA
probe screening approximately, half the price. Thus,
suggesting the test can be used more widely as a
primary quick response cost effective screen.
Subsequently, patient management is improved by
providing faster drug administration in all positive
detected cases.

This study concurs with previous publications
which confirm that IHC detection for V600E (VE-1)
BRAF mutations is both highly sensitive and specific.
A previous study also suggested that following DNA
probe screening review and repeats of five discor-
dant cases from IHC and DNA probe screening com-
parisons from an original study cohort of 100
melanoma patients revealed that only two cases
remained discordant after repeating the DNA muta-
tional analysis [1]. This suggests that the IHC V600E
(VE-1) detection was more sensitive for the mutation
than had traditional sequencing techniques. It may
also reflect the continuing improvements in the sen-
sitivity of existing polymer-based IHC detection sys-
tems over conventional Avidin-biotin detection
systems. The impact of fixation methods on the abil-
ity for both DNA probe and IHC systems to work
optimally was difficult to evaluate as in some cases
the paraffin-embedded block material was received
from external referral sources, this must impart some
differences as fixation will have varied and not be
standardised for all cases.

BRAF inhibitors have also been shown to show
clinical activity in melanoma patients with muta-
tions other than V600E, for example V600K. This
means that the identification of other BRAF muta-
tions will still be required. However, proportionally
these cases are in the minority and screening for
V600E using IHC will allow rapid optimal patient
treatment for the vast majority of BRAF mutant
melanoma patients. Studies to determine if the
effective, combined use of IHC and DNA probe
detection for BRAF V600E mutations enables

Figure 5d. (d) Negative Melan A staining of tumour cells
within the same case as in (a–c) Mag ×40.

Figure 5e. (e) Positive cytoplasmic expression of BRAF V600E
VE-1 of all tumour cells in the same case as in (a–d) Mag ×40.

Table 2. BRAF summary.
Factors
to be
considered BRAF IHC test BRAF DNA probe test

Speed 1–2 days 4–7 days plus
Cost Cheaper, around half the

price
More expensive, almost

double the price
Tissue
preservation

Only 1 section per slide
required

Multiple tissue curls
required (15 curls at

around 10 µm
thickness)

Localisation Enables to specifically
locate mutated tumour
cells within a tissue

n/a

Sensitivity 80.8% 100%
Specificity 100% 100%
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improved patient quality of life and survival out-
comes, compared to just DNA probe screening on
its own remains to be fully confirmed. Ideally, it
requires a large controlled clinical trial cohort
study. Application of BRAF V600E IHC in the assess-
ment of other solid tumours such as colorectal,
thyroid and lung will need further assessment in
order to establish baseline data of expression within
these tumours.

This work represents an advance in biomedical
science because it shows that the detection of
BRAF mutations relating to V600E can be per-
formed efficiently and accurately using IHC detec-
tion as well as DNA probe analysis.

Summary table

What is known about this subject:
● Mutation BRAF V600E is a significant mutation that is implicated in
the metastatic spread of malignant melanoma.

● Fast and efficient primary screening for the BRAF V600E using immu-
nohistochemical screening, may improve patient management of
malignant melanoma patients.

What this study adds:
● Provides evidence for the application of IHC assessment for the
primary screening of melanoma patients for BRAF V600E.

● Provides evidence of the close concordance between IHC and DNA
probe-based methods for the detection of BRAF V600E.
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