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TO THE EDITOR
Metastatic melanoma patients harboring
a BRAF gene mutation on codon 600
can be treated with targeted therapies
(Flaherty, 2012). Depending on the
content of tumor cells and on the
analytical sensitivity, BRAF mutations
are found in 50–70% of metastatic
melanoma patients (Davies et al.,
2002). Around 80% display a valine-
to-glutamic acid substitution (V600E)
and B16% harbor a valine-to-
lysine substitution (V600K) causing
constitutive kinase activation (Wan
et al., 2004; Rubinstein et al., 2010).
BRAFV600E mutation analysis is currently
performed in daily clinical practice on
tissue samples using various molecular
biology technologies. Moreover, the
detection of the BRAFV600E mutation in
blood samples from melanoma patients
in the context of translational research
and clinical trials has been described
(Board et al., 2009; Sakaizawa
et al., 2012). Metastatic dissemina-
tion correlates with the presence of
circulating tumor cells (CTCs) detected
in blood samples (Paterlini-Brechot
et al., 2011; Alix-Panabières et al.,
2012). The detection of circulating
melanoma tumor cells (CMCs) can be
performed using different technologies,
in particular by the isolation by size of
epithelial tumor cells (ISET) method,
a direct method that allows
cytopathological analysis of CMCs (De
Giorgi et al, 2010). Moreover, ancillary
methods for CTC characterization can
be performed on cells isolated by ISET
(De Giorgi et al., 2010; Ilie et al., 2012).
Recent studies highlighted the value of
immunohistochemistry (IHC) using the

VE1 antibody for the detection of the
BRAFV600E mutation in melanoma
(Capper et al., 2012). The aim of this
work was to combine ISET and
immunocytochemistry (ICC) using
the VE1 antibody to investigate the
presence of BRAFV600E in CMCs from
metastatic melanoma patients.

Therefore, 98 metastatic melanoma
patients were screened for BRAFV600E

both by pyrosequencing and by IHC
anti-VE1. Concomitantly and blindly,
ICC for the BRAF mutation was per-
formed on CMCs isolated by ISET (See
Supplementary Data). Population data
are shown in Supplementary Table S1.

Of 98 patients, 53 (54%) had a
BRAFV600E mutation detected by pyro-
sequencing in tissue samples. Among
these patients, 51/53 (96%) showed
strong immunostaining with the
VE1 antibody in tissue sections
(Supplementary Table S2). Homogenous
intracytoplasmic staining without asso-
ciated nuclear staining was demon-

strated in melanoma cells only
(Figure 1). Among the tumors negative
for the BRAF mutation by pyrosequen-
cing, none had positive VE1 immunos-
taining (Supplementary Table S2;
Figure 1). An excellent concordance
was found between these two methods
(Supplementary Table S2). The IHC anti-
VE1 demonstrated 96% sensitivity and
100% specificity when compared with
the sequencing results. CMCs were iso-
lated in 87/98 (89%) patients. Of 87
patients, 54 (62%) demonstrated posi-
tive immunostaining on ISET filters as
detected by VE1 ICC (Table 1; Figure 1).
Forty-six out of fifty-four (85%) patients
with CMCs positively stained by ICC
had a BRAFV600E mutation detected
in tissue specimen by pyrosequencing
(Table 1; Figure 1). Eight out of fifty-four
(15%) patients with positive VE1-immu-
nostained CMCs lacked BRAFV600E in
tumor tissues, analyzed both by pyrose-
quencing and IHC (Table 1; Figure 1).
The ICC VE1 CMC-based assay
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Table 1. Correlation between the mutational status of the BRAF gene
detected by pyrosequencing on tumor specimens and BRAFV600E expression
detected by ICC with the VE1 antibody on circulating melanoma cells
isolated by ISET from 87 metastatic melanoma patients

ICC anti-VE1, n (%)

Pyrosequencing (n) Positive Negative j-Index P-value1

V600E (46) 46 (85%) 0 (0%) 0.62 o0.001

V600K (5) 0 (0%) 5 (15%)

Wild-type (36) 8 (15%) 28 (85%)

Overall 54 (62%) 33 (38%)

Abbreviations: ICC, immunocytochemistry; ISET, isolation by size of epithelial tumor cells.
1A w2 test was used. P-value significant at the 0.05 level.

Abbreviations: CMCs, circulating melanoma tumor cells; CTCs, circulating tumor cells; ICC,
immunocytochemistry; IHC, immunohistochemistry; ISET, isolation by size of epithelial tumor cells
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revealed 100% sensitivity and 81%
specificity when compared with the
pyrosequencing results on the corre-
sponding tumor specimens. Among the
87 patients with CMCs isolated by ISET,
5 had BRAFV600K mutation in melanoma
tissue, without positive staining with the

VE1 antibody, both in tissue sections
and in CMCs (Figure 1). Control immu-
nostaining on CMCs using anti-CD45
was negative (not shown).

This study shows that CMCs isolated
by ISET can be used to detect the
BRAFV600E mutation in patients with

advanced melanoma by using the VE1
antibody. We demonstrated that this
noninvasive approach is highly sensitive
and relatively specific for the detection
of BRAFV600E in CMCs, having high
level of concordance with results in
tissue samples. In comparison with
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Figure 1. Immunochemical features of BRAFV600E- or BRAFV600K-mutated tumors and BRAF wild-type tumors. (Case no. 1) BRAFV600E-mutated metastatic

melanoma demonstrating positive immunostaining with the VE1 antibody on both (a) a tumor specimen and (b) circulating melanoma cells detected by isolation

by size of epithelial tumor cells (ISET). (Case no. 2) BRAF wild-type metastatic melanoma showing no staining with the VE1 antibody on both a tumor specimen (c)

and (d) circulating melanoma cells. (Case no. 3) BRAFV600E-mutated metastatic melanoma displaying negative immunostaining with the VE1 clone on the tumor

tissue (e) and (f) intense positive cytoplasmic staining on the circulating melanoma cells detected by ISET. (Case no. 4) BRAFV600K-mutated metastatic melanoma

demonstrating negative immunostaining with the VE1 antibody on both a tumor specimen (g) and (h) circulating melanoma cells isolated by ISET. Right figures,

immunoperoxidase, original magnification �200; left figures, immunoperoxidase, original magnification � 1,000; scale bar¼ 16mm.
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other approaches used for the detection
of BRAFV600E from blood samples, ISET
allows cytopathological detection of
CMCs before the analysis for a mutation,
affording correlation of cytomorphologi-
cal and ICC data and avoiding interpre-
tation bias (Paterlini-Brechot et al.,
2007). Moreover, ISET is a rapid and
low-cost method that can easily be
repeated, thereby allowing the
monitoring of CMC detection in
patients on targeted therapy. The use
of ICC for the detection of the
BRAFV600E mutation on CMCs has
advantages, but also a few potential
drawbacks. Interestingly, eight patients
included in the present series showed
CMCs positively stained by ICC using
the VE1 antibody, whereas BRAFV600E

was not found in the corresponding
tumor tissue samples. As molecular
heterogeneity is a common event in
tumors, it is possible that the tissue
sample used for both pyrosequencing
and IHC analysis may not harbor the
BRAFV600E mutation (Longo, 2012). In
these cases, BRAFV600E-mutated CMCs
derived from other parts of the tumor
would have invaded the blood stream,
initiating metastatic dissemination.
Second, even if pyrosequencing is a
sensitive technology (B5%), the
presence of a small amount of mutated
cells in the tissue sample may give a
false negative result (Gonzalez de Castro
et al., 2012). It has been described
previously that VE1 immunostaining
may be useful for the detection of
smaller amounts of BRAFV600E-mutated
cells in tissue sections (Capper et al.,
2012). The hypothesis of a false positive
ICC result on CMCs can be reasonably
eliminated, as negative controls made in
parallel on CMCs isolated by ISET did
not show any staining. Future
developments on the investigation of
the BRAFV600E mutation in CMCs
isolated by ISET, both by ICC and DNA
sequencing, should add more
information to this issue. For now, the
low number of detected CMCs (from two
to eight CMCs) in these eight patients did
not allow us to obtain conclusive results
by pyrosequencing performed on

extracted DNA from CMCs. Larger
studies are now needed to determine
whether the detection of BRAFV600E in
CMCs using VE1 immunostaining could
allow the selection of patients for a
targeted therapy, despite the absence of
detection in tissue sample. In conclu-
sion, CMCs can be detected by ISET in
patients with advanced melanoma, and
can be analyzed by using ICC with the
VE1 antibody for the identification of the
BRAFV600E mutation in melanoma cells.
This approach is noninvasive, rapid, very
sensitive, and specific, and opens new
options for taking care of metastatic
melanoma patients in the era of
innovative targeted treatments.

All patients enrolled in the study
provided written, informed consent.
The study was approved by the Ethics
Committee of the Nice University Hos-
pital Centre and was performed in
adherence to the Helsinki Guidelines.
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version of the paper at http://www.nature.com/jid

REFERENCES

Alix-Panabières C, Schwarzenbach H, Pantel K
(2012) Circulating tumor cells and circulating
tumor DNA. Annu Rev Med 63:199–215

Board RE, Ellison G, Orr MC et al. (2009) Detec-
tion of BRAF mutations in the tumour and
serum of patients enrolled in the AZD6244
(ARRY-142886) advanced melanoma phase II
study. Br J Cancer 101:1724–30

Capper D, Berghoff AS, Magerle M et al. (2012)
Immunohistochemical testing of BRAF V600E
status in 1,120 tumor tissue samples of
patients with brain metastases. Acta Neuro-
pathol 123:223–33

Davies H, Bignell GR, Cox C et al. (2002) Muta-
tions of the BRAF gene in human cancer.
Nature 417:949–54

De Giorgi V, Pinzani P, Salvianti F et al. (2010)
Application of a filtration- and isolation-by-
size technique for the detection of circulating
tumor cells in cutaneous melanoma. J Invest
Dermatol 130:2440–7

Flaherty KT (2012) Targeting metastatic melanoma.
Annu Rev Med 63:171–83

Gonzalez de Castro D, Angulo B, Gomez B et al.
(2012) A comparison of three methods for
detecting KRAS mutations in formalin-fixed
colorectal cancer specimens. Br J Cancer
107:345–51

Ilie M, Long E, Butori C et al. (2012) ALK-gene
rearrangement: a comparative analysis on
circulating tumour cells and tumour tissue
from patients with lung adenocarcinoma.
Ann Oncol 23:2907–13

Longo DL (2012) Tumor heterogeneity and perso-
nalized medicine. N Engl J Med 366:956–7

Paterlini-Brechot P (2011) Organ-specific markers
in circulating tumor cell screening: an early
indicator of metastasis-capable malignancy.
Future Oncol 7:849–71

Paterlini-Brechot P, Benali NL (2007) Circulating
tumor cells (CTC) detection: clinical impact and
future directions. Cancer Lett 253:180–204

Rubinstein JC, Sznol M, Pavlick AC et al. (2010)
Incidence of the V600K mutation among
melanoma patients with BRAF mutations,
and potential therapeutic response to the
specific BRAF inhibitor PLX4032. J Transl
Med 8:67

Sakaizawa K, Goto Y, Kiniwa Y et al. (2012)
Mutation analysis of BRAF and KIT in circu-
lating melanoma cells at the single cell level.
Br J Cancer 106:939–46

Wan PT, Garnett MJ, Roe SM et al. (2004)
Mechanism of activation of the RAF-ERK
signaling pathway by oncogenic mutations
of B-RAF. Cell 116:855–67

V Hofman et al.
BRAFV600E Mutation and Circulating Melanoma Tumor Cells

www.jidonline.org 3

mailto:hofman.p@chu-nice.fr
http://www.nature.com/jid
http://www.jidonline.org

	Usefulness of Immunocytochemistry for the Detection of the BRAFV600E Mutation in Circulating Tumor Cells from Metastatic Melanoma Patients
	Table 1 
	Figure™1Immunochemical features of BRAFV600E- or BRAFV600K-mutated tumors and BRAF wild-type tumors.(Case no. 1) BRAFV600E-mutated metastatic melanoma demonstrating positive immunostaining with the VE1 antibody on both (a) a tumor specimen and (b) circula
	A1
	A2
	A3




