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Background and Objective: Detection of BRAF V¬600E gene mutation in Malignant
Melanoma (MM) is essential in offering anti BRAF targeted therapy for MM patients.
Expression of BRAF V600E mutant protein detected using immunohistochemistry (IHC) is
affordable, rapid, and reliable. This study aimed to measure the sensitivity and specificity of
IHC compared to BRAFV 600E immunoexpression by molecular detection.
Method: This study used a paraffin block of acral MM patients to analyze BRAF V600E
mutation status using anti-BRAF V600E IHC compared to Real-Time Polymerase Chain
Reaction (RT PCR) which is a gold standard.
Result: In total, ninety-six samples were tested using IHC and RT-PCR. RT-PCR showed that
15 (15.6%) samples were positive for BRAF V600E mutation. The sensitivity and specificity for
IHC were 73.3% and 87.6% respectively. Concordance value of IHC was 85.4%. There were
10 false positives and 4 false negatives. IHC staining may be applied as early detection of
BRAFV600E mutation in MM patients that are going to receive anti BRAF targeted therapy.

Introduction
Malignant Melanoma (MM) is a malignancy with a high mortality rate due to high metastasis ability
and resistance towards chemotherapy and radiotherapy treatment [1, 2] Five years survival rate of
metastasis MM was around 20%. The incidence of MM in the Asian population is lower compared to
the Caucasian population [1, 3, 4]. The most common histopathology identified in Asian population
is Acral Lentigenous Melanoma (ALM) [1]. ALM is the aggressive type of MM with poor prognosis
compared to other types of MM [1].

  BRAF V600E mutation can cause a deep invasion of malignant melanoma and lead to metastasize.
Currently, there are two targeted therapies that could inhibit the effect of BRAF V600E mutation,
including vemurafenib and dabrafenib [5]. Before initiating the targeted therapy, at first BRAF
gene mutation should be detected in a rapid and accurate manner so that the targeted therapy
could give an optimum result [5] .

There are several molecular methods that could be used routinely in detecting BRAF gene
mutations, such as Sanger sequencing, pyrosequencing, real-time-polymerase chain reaction (RT-
PCR), and high-resolution melting-PCR technique [6]. RT-PCR is the gold standard method for
detecting BRAF gene mutation, however, it highly depends on the adequate volume of the tumor
mass [6]. Immunohistochemistry has more advantages in detecting BRAF gene mutation since the
test only need the minimum volume of the tumor mass. Other than that, the antibody used to detect
BRAF V600E protein has been well developed and already sold commercially [6] . 
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This study aims to measure the effectiveness of the immunohistochemistry test for detecting 
BRAF V600E in malignant melanoma patients which is not already available in Indonesia.

Materials and Methods
Objects and Method

This study used preserved paraffin block of patients diagnosed with acral MM at the Department of
Anatomy Pathological in Faculty of Medicine Universitas Padjadjaran/Hasan Sadikin General
Hospital from 2011-2016. There were 96 paraffin block samples qualified based on the inclusion
criteria. The inclusion criteria of this study are all acral malignant melanoma cases taken from
biopsy or operation samples that have been diagnosed histopathologically with a good condition of
paraffin block samples and contain enough tumor mass. The steps of the technique used in this
study were the detection of BRAF mutation with RT-PCR as molecular technique and detect mutant
BRAF V600E protein using immunohistochemistry technique. Ethical clearance was approved by
the Health Research Ethics Committee, number 1155/UN6.C1.3.2/KEPK/PN/2016.

  BRAF V600E Mutation Detection

DNA samples were obtained from preserved paraffin block were excised serially into 6µm width in
2 slices. DNA was extracted using AmoyDx1 FFPE DNA Kit (Amoy Diagnostics, China), followed the
instruction as described by the manufacturer. DNA refraction on samples was measured using
spectrometer A260/A280 with a value between 1.8-2.0. DNA samples were stored at -200C and
analyzed by RT-PCR. BRAF V600E mutation status of MM was determined by AmoyDx1 BRAF
V600E Mutation Detection Kit (Amoy Diagnostics, China). The amplification of the BRAFV600E
gene was using a specific primary antibody and is detected by probes instrument of Bio-Rad CFX96
(Bio-Rad Laboratories, USA). Mutation status was evaluated using fluorescence signal from
Carboxyfluorescein (FAM) if the Ct value >28 the result is considered negative whereas FAM Ct
value >28 is considered positive. 

Immunohistochemistry Staining

Immunohistochemistry staining on the samples was manually performed by labeled streptavidin-
biotin immunoperoxidase complex method using Starr Trek Universal HRP Detection system
(Biocare Medical,). Samples were excised serially at 4µm width. Antigen retrieval used the
decloaking instrument for 45-60 minutes in 980 C. Primary antibody used was anti-BRAF V600E
(Revmab, 1:500 Bioscience USA). Immunoexpression of BRAFV600E in the nuclear was assessed on
semi-quantitative scores based on the intensity and distribution of positive cells. Intensity scores
were negative (0), weakly positive (1), moderate positive (2), and strongly positive (3). The
percentage of positive cells: 0 = 0%, 1 = <25%, 2 = 26-50%, 3 = 51-75%, 4 = 76%-100%. The final
score was calculated by histoscore, namely intensity X distribution with scores 0-6 regarded as
negative, 8-12 were stated as positive.

Result
About 15 samples (15.6%) were positive for BRAF V600E gene mutation (Graph 3.1)(Tabl 1)
Negative BRAF V600E mutation was found in 81 samples (84.4%). There were 10 samples with
false positives result (positive in IHC, negative in RT-PCR) and 4 samples with the false negative
result (negative in IHC, positive in RT-PCR). The sensitivity was 73,3%, specificity was 87,6%, and
concordance value was 85,4%.

BRAF V600E mutation (RT-PCR)
Positive
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IHC of BRAFV600E
Positive 11

Negative 4

Total 15

Sensitivity

73.3%

  Table 1 Comparison of BRAF V600E gene mutation 

Concordance: (true positive+true negative)/whole sample number

Discussion
The purpose of this study was to measure the sensitivity and specificity of IHC compared with
molecular technique to detect BRAF V600E gene mutation. this study showed that the sensitivity
and specificity of IHC were 73,3% and 87,6% respectively. These results were lower than the
previous studies. In that previous studies, the antibody used was clone V1 which is commercially
available. However, the antibody used in this study was Revmab clone [5, 7, 10]. Different antibody
clone may result in different expression. It also occurred in the study by Liu et al that reports a
sensitivity of 72.2% [11].

This study showed 10 false positives in tumor sample that contains more than 25% of melanin
pigment. This pigment could disguise protein expression in tumor cells result in the protein
expression seem stronger (immunopositive) or ambiguous. Kevin et al studied that tumor mass with
more than 10% melanin pigment has caused different measurement among pathologist [12]. This
study utilized 3,3’-diaminobenzidine (DAB) as the chromogen to determine protein expression. DAB
chromogen stained brown similar to melanin pigment. To avoid ambiguity,3-amino-9-ethylcarbazole
(AEC) chromogen should be used to stain red in expressing the protein as seen in Thiel et al study
[6]. This was the limitation of this study due to the availability of DAB chromogen only. Other than
melanin pigment, factors that could disguise protein expression in malignant melanoma are the
macrophage, wide necrosis, and tumor mass in traumatic samples [5,6].

The most common BRAF gene mutation found in MM was V600E gene mutation (73-74%), followed
by V600K mutation (19-20%) [5]. IHC technique to detect BRAF V600E mutation may exhibit cross-
reactivity with BRAF V600K mutation. This cross-reactivity is due to the epitope similarity of BRAF
V600E and BRAF V600K or both the BRAF mutation present in the tumor mass. To overcome these
problems, we still need to use RT-PCR test to confirm which mutation present in the tumor mass
[5,13] . 

Several studies found heterogeneity in tumor mass may exhibit false expression, whether positive
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or negative. A false expression can be eluded if the mutation was detected through molecular
examination such as pyrosequencing, Sanger sequencing, or high-resolution melting analysis
[6,8,14,15] . 

Four false negatives in this study were caused by inadequate intervention during the pre-analytic
phase [13] .The optimal tissue fixation is using neutral 10% formalin buffer for 12-24 hours.
Fixation with this solution for less than 12 hours or using other solutions may result in weaker
expression in IHC staining [13]. The laboratory used in this study was performed using
standardized fixation solution, but suboptimal fixation cannot be excluded that resulted in false
negative results.

Prior to the administration of targeted therapy in malignant melanoma patients, determination of 
BRAFV600E is essential. The gold standard to detect the mutation is a molecular technique.
However, this molecular detection has several disadvantages such as takes a longer test period,
more expensive and require adequate tumor mass to obtain an accurate result. On the other hand,
IHC is more reliable, cheaper, and gives good result even with minimum tumor mass. This study
showed that the IHC test of BRAFV600E has specificity more than 85% with NPV around 97,2%.
Thus, several things should be addressed: specific caution should be performed on tumor mass with
abundant melanin pigments since they could alter the expression measurement, and tissue
preparation should also follow the standard procedure to get optimum sample fixation.

The result of this study is that IHC can be used to detect BRAFV600E mutation as the early
screening test before detected by the molecular technique is performed in malignant melanoma
patients that are going to receive anti BRAF targeted therapy. Further study with larger MM
samples by cohort design may give higher specificity and sensitivity value.
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