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ABSTRACT: BRAF mutation is commonly found in many types of human cancers. To detect the BRAFV600E mutation in
cancer cells, a low-cost detection method was developed using multiplex allele-specific PCR assay. This method was designed to
amplify three different size products in a single reaction: a 403-base pair (bp) for PCR amplification control, a 300 bp for wild-
type (wt) allele-specific product, a 151 bp for BRAFV600E allele-specific product. The method was further validated in three
different cancer cell lines with or without the BRAFV600E mutation: A172 (BARFwt), SK-MEL2 (BRAFwt), and A375SM
(BARFwt/V600E), which was confirmed by Sanger sequencing. After genomic DNA was extracted from all three cell lines, an
allele-specific PCR assay was performed. Genomic DNA from A172 and SK-MEL2 amplified only 403 bp (PCR amplification
control) and 300 bp (BRAFwt) products, but not 151 bp (BRAFV600E) products. However, genomic DNA from A375SM
successfully amplified all three sizes of products, including 151 bp (BRAFV600E), indicating that A375SM harbors BRAFwt/
V600E heterozygous mutation. These results indicate that this novel multiplex allele-specific PCR is sensitive enough to detect
BRAFV600E harboring cancer cells. Overall, this method not only provides a new tool for the rapid detection of the BRAFV600E
mutation but also can be used for early detection of point mutations of various biomarker genes.
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B Introduction penicillin and streptomycin were used. The cells were kept at
Among many genetic diseases, this study focuses on detect- 37 °C in a CO2 incubator.
ing the BRAFV600E mutations in human cancers. BRAF -
. . 1 . Normal Oncogenic
mutations occur in about 8% of all human cancers." Especially, RAS-RAF Pathway BRAF Signaling

80% of melanoma harbor BRAFV600E mutation? and over

90% of these are a single nucleotide substitution of glutamic B REE =k
acid for valine.* BRAF gene encodes a kinase protein, which l
can activate the mitogen activated protein kinase (MAPK) MEK MEK
pathway. This signal can be activated by epidermal growth l
factor (EGF) through binding to the EGFR receptor.* The

ERK

mutations in BRAF allows constitutive MAPK pathway to ERK
mediate the cellular growth and metastasis in cancer cells.’

Furthermore, BRAFV600E has been known to be involved

in melanoma progression through various mechanisms. Such

Evasion of apoptosis
Angiogenesis
Metastasis

Normal cell proliferation

mechanisms include, evasion of apoptosis, unchecked prolifera- Evasion of immune response
tion, angiogenesis, metastasis, and evasion of immune response Figure 1: Comparison of RAS-RAF pathways in normal and BRAF
(Figure 1)6 In order to detect this mutation as early as pOSSiblC, mutation-derived oncogenic conditions. Mutation in BRAFV600E leads

to upregulation of MEK-ERK pathway, which in turn, triggers various

a sensitive, specific, and low-cost assay needs to be developed. ; o
Oncogenlc C0nd1t10n54

According to a market trend analysis report, the market for
cancer diagnostic is increasing rapidly at an annual growth rate DNA extraction:

of 42 %.%7 and of different methods, polymerase chain reac- After human cancer cell lines were harvested, DNA was
tion (PCR) is known as one of the most reliable and efficient purified by QIAamp DNA Mini kit (Qiagen). Firstly, the
ways to detect cancer at early stages.” This study is, therefore, cancer cells were suspended with 200 uL. PBS. Then, 200 pL

focused on developing an accurate and efficient method for de- buffer AL was added. After the samples were incubated at
tecting BRAFV600E mutation using PCR method. 56 °C for 10 min, 200 pL ethanol was added. Then, the sam-
B Methods ples were moved to AIAamp Mini spin column. After the

Cell culture and maintenance: centrifugation was applied for 1 min, the flow-through solu-

Three human cancer cell lines, A172 (brain), SK-MEL2 tions were removed. Then, the column was washed with 500
(skin), and A375SM (skin), were obtained from the Korean pL buffer AW1 and 500 pL buffer AW2. Finally, the purified

Cell Line Bank (Seoul, Korea). Gibco RPMI-1640 medium DNA was eluted with 200 uL. AE buffer.
supplemented with 10 % FBS (Thermo Fisher) and 1 %
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Allele-specific PCR:

The primer sequences are indicated in Figure 2. PCR was
performed in a 20 pL final volume containing 1 x buffer, 2
mM MgCl2, Taqg DNA polymerase (Bioneer), 250 uM of
each dNTP, 1 pmol of each primer, and 100 ng genomic
DNA template. The following condition was used for PCR
amplification: 95 °C for 5 min, 35 cycles of 95 °C for 20 sec,
56 oC for 30 sec, and 72 °C for 30 sec with a final extension
at 72 °C for 5 min as shown in Figure 1.

Agarose gel electrophoresis :

PCR products were analyzed by 2 % agarose gel electro-
phoresis. The gels were run at 100 V for 30 minutes. Red-safe
(intron) was used to stain the DNA products. Blue light il-
luminator (B-box) was used to visualize the DNA products.

CSanger Sequencing:

1 microliter of the genomic DNA samples were subject-
ed to PCR amplification. The changes in the genomic DNA
sequences of the cancer cells were analyzed by Sanger se-
quencing analysis (Bioneer, Korea) of a PCR fragment that
was amplified from the BRAF gene.

B Results and Discussion

BRAF gene
F1 Fwt
— —
T/lA
4 i
Rmut R1

Wild type allele band: 300 bp

Mutant allele band: 151 bp

Control band: 403 bp

F1: 5- ACTCTTCATAATGCTTGCTCTGATAGG -3’
R1: 5’- TGTTTGAAATACACTGAAACTGGT -3’

Fwt: 5- GGTGATTTTGGTCTAGCTACAGT -3’

Rmt: 5'- ATGGGACCCACTCCATCGAGATTTCT -3’

Figure 2: Primer design of multiplex BRAFV600E allele-specific PCR.
Forward Primer 1 (F1) and Reverse primer 1 (R1) generates the control
band (403 bp). Forward primer for wild type (Fwt) and R1 generates the
wild type allele band (300 bp). F1 and Reverse primer for mutation (Rmt)
generates the mutant allele band (151 bp). The wild type sequence is T and
the mutant sequence is A. The position of the mutation is indicated as T/A
in the figure.

The multiplex BRAFV600E allele-specific PCR con-
tained 4 primers in a single PCR reaction tube (Figure 2).
Two external primers, F1 and R1, were designed to amplify
the control fragment of 403 bp, spanning through the entire
region including the wild type and mutant allele bands. Two
internal primers, Rmut and Fwt, were designed with either
specificity for the mutant sequence or the wild-type sequenc-
es, respectively. The mutant and wild-type allele bands were
differentiated by the size of the fragment so that the bands
would be visibly distinguishable in agarose gel electropho-
resis analysis: the amplified wild type fragment was 300 bp
and amplified mutant fragment was 151 bp (Figure 2). The
optimal PCR condition was determined by varying the pa-
rameters, such as annealing temperature and PCR cycle
numbers, through multiple experiments.
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Figure 3: Specificity of BRAFV600E allele-specific PCR was analyzed
using three different human cancer cell lines: A172 (BRAFwt), SK-MEL2
(BRAFwt), and A375SM (BRAFV600E). A172 and SK-MEL2 contains
wild type allele and A375SM contains both wild type and mutant allele
band.

To assess the analytical specificity of the assay, one
BRAFV600E mutation containing cell line (A375SM) and
two BRAF wild type containing cell lines (A172 and SK-
MEL2) were used in this multiplex PCR assay. 403 bp of
control bands and 300 bp wild type allele bands were detected
in all three cell lines. A 151 bp mutant allele band was detected
in only A375SM suggesting that A375SM had a heterozy-
gous mutation (BRAFwt/V600E) (Figure 3). Also, the size of
the products can be clearly separated, and no amplified bands
overlapped in the agarose gel. A higher percentage of agarose
gel and low molecular weight DNA marker will enhance the
resolution.

When the DNA sequence of each cell line was also vali-
dated with Sanger sequencing, the results were identical to

our BRAFV600E allele-specific PCR result (Figure 4), in-
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Figure 4: Sanger sequencing result showing wild type and BRAFV600E
DNA sequence from SK-MEL2, A172, and A375SM cell lines. The reverse
complement sequence is indicated in this figure. The reverse complement
sequence of CAC is GTG, which encodes valine (V) on SK-MEL2

and A172.The reverse complement sequence of CT'C is GAG, which
encodes glutamic acid (E). This result indicates SK-MEEL2 and A172 has
homozygous wild type allele. A375SM sequence shows that both type of
nucleic acids, A and T, were shown at the position of V600E. This result
indicates that A375SM has a V60OE heterozygous mutation: contains a
mutation of one allele and a wild type of another allele.
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B Conclusions

Even though BRAFV600E mutation testing is widely used
in various types of cancer patient samples, the previous method
was very limited by its high cost and requirement of expen-
sive lab equipment.® Therefore, the need for simple BRAF
mutation testing is increasing to apply for genetic testing and
chemotherapy drug development. To develop a fast and specif-
ic detection of BRAFV600E mutation in many types of cancer
cells, a multiplex PCR reaction was designed. After perform-
ing hundreds of PCR reaction, the primer and PCR conditions
were finally optimized. Also, many different concentrations of
primers were tested to increase the specificity. Finally, the most
optimized condition was discovered. This sensitive, low-cost,
and fast PCR assay amplifies a control fragment of DNA and
serves as a positive control for PCR reaction and DNA qual-
ity. When the PCR product was analyzed, three different size
products were detected in agarose gels.

In this study, the DNA extracted from only three differ-
ent human cancer cell lines was used to detect BRAFV600E.
Therefore, more cancer cells with BRAFV600E should be
tested in future to confirm this method. In addition, this novel
assay can be easily performed by many basic molecular labora-
tories. This method can be potentially applied to detect many
other point mutations found in cancer tissues and genetic
disease. Also, it is applicable to detect the cancer cells with
BRAFV600E in the peripheral blood.
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