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ABSTRACT. A common mutation in the BRAF gene, comprising the
T1799A nucleotide transversion, which leads to the V600OE amino
acid substitution in the BRAF protein, has been observed in about
50% of papillary thyroid carcinomas (PTCs). However, BRAF protein
expression has been rarely examined in such tumors. Clinical studies
have shown important associations between BRAF mutation and clinical
parameters in PTC, such as progression, invasion, and recurrence.
The aim of this study was to evaluate the association between BRAF
protein overexpression and the BRAF V600E mutation in a group of
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PTC patients. The study group included 116 patients with PTC from
Araujo Jorge Hospital, Goidnia, Goids, Brazil. Immunohistochemistry
was utilized to analyze BRAF protein expression. Presence of
the BRAF V600E mutation was determined by polymerase chain
reaction amplification and restriction fragment length polymorphism,
and confirmed by direct sequencing. The chi-square test with Yates
correction and the Fisher exact test were used for statistical analysis.
BRAF overexpression was detected in 55 patients with PTC (47.4%)
and the BRAF V600E mutation was observed in 74 patients (63.8%). In
the studied group, significant associations were observed between the
BRAF V600E mutation and BRAF protein overexpression (P=0.0115),
and also between BRAF overexpression and extra-thyroid extension of
the tumor (P=0.0111). This study demonstrated a significant association
between BRAF overexpression and the BRAF V600E mutation in PTC,
highlighting the importance of these molecular events in the process of
PTC carcinogenesis.

Key words: BRAF protein; Papillary thyroid carcinoma; BRAF;
V600E mutation

INTRODUCTION

Thyroid cancer is the most common malignant endocrine neoplasia (Salvatore et al.,
2006; Sipos and Mazzaferri, 2010), accounting for approximately 1% of all human cancers.
The incidence of these tumors is increasing worldwide. Malignant tumors of the thyroid are
classified according to histological and clinical parameters and papillary thyroid carcinomas
(PTCs) represent about 80% of these cases (Gheriani, 2006).

A common mutation in the BRAF gene has been observed in PTC. It comprises a
T1799A nucleotide transversion within exon 15, and is detected in over 50% of PTCs (Sipos
and Mazafferri, 2010). The T1799A mutation leads to the substitution of a valine residue at
position 600 of the protein for a glutamate residue (V600E), with consequent gain of func-
tion and constitutive activation of the mitogen activated protein kinase (MAPK) pathway
(Wojciechowska and Lewinski, 2006). The MAPK pathway is a signal transduction cascade
driven by phosphorylation that connects growth factors and their respective cell surface recep-
tors to intracellular responses such as cell proliferation (Vidwans et al., 2011). It is believed
that BRAF overexpression can also result in overactivation of the MAPK pathway (Feng et
al., 2011). Clinical studies have shown an association between BRAF mutation and clinical
progression, invasion, and recurrence in PTC (Xing et al., 2005; Xing, 2010). However, there
are still only a limited number of studies showing BRAF gene expression in PTC, although this
type of study can provide relevant information about the contribution of BRAF to the patho-
genesis of PTCs (Feng et al., 2011; Li et al., 2012a).

The identification of more accurate prognostic factors for PTCs represents an impor-
tant opportunity aimed at providing new diagnostic and therapeutic decision options for PTC
patients (Brose et al., 2009). In this study, the association between the BRAF V600E mutation
and BRAF protein overexpression was investigated in PTC patients.
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MATERIAL AND METHODS
Ethical considerations

The protocol was reviewed and approved by the Ethics Committee of Araujo Jorge
Hospital in Goiania, Goias, Brazil. This is a retrospective study that used data obtained from
clinical records and formalin-fixed paraffin-embedded tumor samples.

Selection of PTC cases

The study group included 116 cases of metastatic and non-metastatic PTCs from the
archives of the Pathology Department of Aratjo Jorge Hospital. The selected cases were those
of patients submitted to surgery between 2000 and 2005. Tumor samples were analyzed for
histopathological diagnostic confirmation according to the classification of thyroid malignan-
cies (ATA Taskforce et al., 2009). Patients included in the study presented a proven histo-
pathological PTC diagnosis, available paraffin blocks, and also clinical data, including age,
gender, tumor size, lymph node metastasis, distant metastasis, and extrathyroidal extension.
Clinicopathological data were collected from medical records and used to generate a database.
A total of 64 non-metastatic PTCs were selected in the first 2 years of the study (2000 and
2001), while the metastatic cases were selected over a period of 5 years (2000 to 2005). The
biological specimens analyzed in this study consisted of PTC fragments collected through
surgery, before any chemotherapy or radiation therapy.

Immunohistochemistry

The tumor fragments analyzed were fixed in 10% buffered formalin and embedded in
paraffin blocks. After confirmation of the diagnosis, slides were prepared for immunohistochem-
ical analysis. Section thickness was 3 uM. Immunohistochemical analysis was performed using
the polymer immunoperoxidase-associated method (MACH 4 system, Biocare Medical, Con-
cord, CA, USA) and was employed for the detection of BRAF protein levels by using a BRAF
antibody (F-7 clone, 1:150; Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA). Slides were
incubated at 4°C overnight with antibody diluted in phosphate-buffered saline, pH 7.4, contain-
ing 1% bovine serum albumin. BRAF protein expression analysis was performed by counting
tumor cells with cytoplasmic staining in the tumor areas of greatest staining. The proportion of
tumor cells positive for BRAF staining was examined in 3-5-mm microscopic fields at 400X
magnification under light microscopy. Wherever possible, the cell count was performed in three
fields. Only the diffuse cytoplasmic staining of tumor cells was considered; positively stained
stromal and inflammatory cells were not considered in this evaluation. The samples were divided
into two BRAF staining groups: <50 and >50%, according to an established cutoff obtained by
a receiver operating characteristic curve, defined based on the immunohistochemical marking of
BRAF and the presence of V600OE mutation in the BRAF gene (Figure 1).

DNA extraction and molecular analysis of the BRAF V600E mutation

DNA extraction was performed using the Wizard Genomic DNA Purification Kit
(Promega Corporation, Madison, WI, USA), according to manufacturer recommendations.
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The V600E BRAF gene mutation was analyzed according to the procedure of Cohen et al.
(2003). Specific primers for exon 15 of the BRAF gene (5'-TCA TAA TGC TTG CTC TGA
TAG G-3' and 5'-GGC CAA AAA TTT AAT CAG TGG A-3'") were used to amplify a 224-bp
gene fragment. The fragments were digested by the restriction endonuclease 7spRI (10 U/uL;
New England Biolabs, Beverly, MA, USA), which was used to identify the T1799A BRAF
mutation as follows. The 7ZspRI enzyme digested the 224-bp polymerase chain reaction (PCR)
product to produce three major bands from the wild-type allele: 125, 87, and 12 bp. The
T1799A mutation eliminated one of the TspRI restriction sites, resulting in a 212-bp band from
the mutant allele and residual bands from the wild-type allele.

TEST
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Figure 1. Receiver operating characteristic curve. Area under the curve = 0.509.

To confirm the mutation results, automated sequencing was conducted at the
Laboratory of Oncogenetics and Radiobiology, Hospital Aratjo Jorge, in Goiania, Brazil. The
PCR products were first subjected to purification using the PureLink Quick Gel Extraction and
PCR Purification Combo Kit (Invitrogen, Carlsbad, CA, USA) to remove dNTPs and primers,
followed by nucleotide primer extension, using the BigDye Terminator v. 3.1 Ready Reaction
Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA). The sequencing reaction
products were subjected to purification using BigDye Xterminator (Applied Biosystems) for
complete removal of ddNTPs followed by capillary electrophoresis on an Applied Biosystems
3130xl DNA Analyzer. Mutations were identified by visual analysis of the sequence
chromatograms (Figure 2) using the Seqscape Software v2.6 (Applied Biosystems).
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Figure 2. Wild-type and mutant sequence chromatograms of BRAF exon 15 (portion). The PTC BRAF mutation-
positive sample (mutant) shows the heterogeneous thymine-to-adenine transversion at nucleotide position 1799,
which results in a valine-to-glutamate substitution at residue 600 (BRAF V600E mutation rs113488022). PTC =
papillary thyroid carcinoma.

Statistical analysis

A database was developed of clinical and pathological features from patients diag-
nosed with PTCs using the Microsoft Excel software (Microsoft Corp., Redmond, WA, USA).
For comparative analyses, the chi-square test (with Yates correction and a significance level
of 5%) was utilized; the Fisher exact test was employed when the frequencies in one or more
cells were five or less.

RESULTS
Study group

Data from 116 patients with PTC, including 88 (76.0%) women and 28 (24.0%) men,
were analyzed in this study. Patient ages ranged from 13-83 years (median age of 36.8 years).
Tumor size ranged from 0.4-8.5 cm (mean, 2.6 cm). Fifty-two patients (45.0%) had lymph
node metastasis, of which three patients had distant metastases, including one in the bones,
one in the central nervous system, and one in the skull and lungs. Among the studied cases,
tumor growth with extrathyroidal extension was observed in 70 instances (60.0%).

V600E mutation analysis and immunohistochemical detection of BRAF in PTC

Among 116 evaluated carcinomas, the BRAF V600E mutation was observed in 74
patients with PTC (63.8%). In 61 patients (52.6%), immunohistochemical detection of BRAF
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was observed in less than 50% of tumor cells (Figure 3A), and among these, 30 were negative
for BRAF staining (Figure 3B). The remaining 55 patient samples (47.4%) presented positive
BRAF staining in 50% or more tumor cells, and were thus classified as overexpressed (Figure
3C and D).

D

Figure 3. Photomicrography showing immunohistochemical profiles of BRAF detection. Positivity is indicated
by the presence of brown color resultant from DAB (3,3'-diaminobenzidine tetrahydrochloride) precipitation. A.
Positive staining in less than 50% of papillary thyroid carcinoma cells at 100X magnification; B. BRAF-negative
papillary thyroid carcinoma at 100X magnification; C. positive staining in 50% or more papillary thyroid carcinoma
cells at 100X magnification; and D. positive staining in 50% or more papillary thyroid carcinoma cells at 200X
magnification.

Associations between BRAF protein immunodetection, BRAF V600E mutation,
and PTC clinical and pathological aspects

Table 1 shows the investigated associations between PTC clinical and pathological as-
pects and BRAF protein overexpression. In this study, a significant association was observed
between the V60OE BRAF mutation (P=0.0115) and BRAF protein overexpression as well as
between BRAF overexpression and extrathyroidal extension of the tumor (P =0.0111).
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Table 1. Univariate analysis investigating the possible associations between clinical features and BRAF protein
expression in 116 patients with PTC.

Criteria BRAF < 50% BRAF > 50% N P Test

Gender
Female 42 (47.7%) 46 (52.3%) 88 0.063 b
Male 19 (67.9%) 9(32.1%) 28

Age
<45 years 48 (57.1%) 36 (42.9%) 84 0.111 x>
>45 years 13 (40.6%) 19 (59.4%) 32

Stage T
T1+T2 53 (54.1%) 8 (44.4%) 98 0.452 x*
T3 + T4 45 (45.9%) 10 (55.6%) 18

Stage N
NO 35 (54.7%) 29 (45.3%) 64 0.615 b
N1 26 (50.0%) 26 (50.0%) 52

Stage M
Presence 1(33.3%) 2 (66.7%) 3 0.144 x
Absence 60 (53.1%) 53 (46.9%) 113

Extrathyroidal extension
Presence 30 (42.9%) 40 (57.1%) 70 0.010* x
Absence 28 (68.3%) 13 (31.7%) 41
Not reported (5)

V600E BRAF mutation
Positive 32 (43.2%) 42 (56.8%) 74 0.007* x
Negative 29 (69.05%) 13 (30.95%) 42

*Statistically significant association. PTC = papillary thyroid carcinoma.

Associations between BRAF V600E mutation and PTC clinical and pathological aspects

Table 2 presents the investigated associations between PTC clinical and pathological
aspects and BRAF V600E mutation in the PTC study group. According to the results, except for the
association between the BRAF V600E mutation and BRAF protein overexpression, no significant
association was further demonstrated between the analyzed aspects. However, most of the patients
harboring the BRAF V600E mutation showed worse prognosis factors such as stage T3/T4 (61.1%),
lymph node (71.2%), or distant metastasis (66.7%), and extrathyroidal extension (68.6%).

Table 2. Univariate analysis investigating the possible association between clinical features and the BRAF
V600E mutation in 116 patients with PTC.

Criteria V600E (+) V600E (-) N P Test

Gender
Female 58 (65.9%) 30 (34.1%) 88 0.400 %2
Male 16 (57.1%) 12 (42.9%) 28

Age
<45 years 51 (60.7%) 33 (39.3%) 84 0.264 ®
>45 years 23 (71.9%) 9 (28.1%) 32

Stage T
T1+T2 63 (65.3%) 35 (34.7%) 98 0.797 %
T3 + T4 11 (61.1%) 7 (38.9%) 18

Stage N
NO 37 (57.8%) 27 (42.2%) 64 0.137 x>
N1 37 (71.2%) 15 (28.8%) 52

Stage M
Presence 2 (66.7%) 1(33.3%) 3 0916 x>
Absence 72 (63.7%) 41 (36.3%) 113

Extrathyroidal extension
Presence 48 (68.6%) 22 (31.4%) 70 0.416 %
Absence 25 (60.9%) 16 (39.1%) 41
Not reported (5)

BRAF expression
<50% 32 (52.4%) 29 (47.6%) 74 0.008* b
>50% 42 (76.4%) 13 (23.6%) 42

*Statistically significant association. PTC = papillary thyroid carcinoma.
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DISCUSSION

In this study, a significant association between BRAF V600E mutation and BRAF
protein overexpression was demonstrated in PTC. Such association might represent an impor-
tant event in PTC carcinogenesis, although the molecular mechanisms involved in the control
of BRAF expression and the stability of the BRAF protein remain unknown (Dantas et al.,
2009; Koperek et al., 2012).

BRAF plays an important role in the RAS-RAF signaling cascade, a cellular pathway
that controls normal cell growth, differentiation, and survival (Cox and Der, 2003). Several
recent studies have established the important association of the BRAF V600E mutation in
PTC prognosis (Xing et al., 2005; Lupi et al., 2007; Basolo et al., 2010; O’Neill et al., 2010;
Capper et al., 2011; McKelvie et al., 2013). The V60OE mutation results in a constitutively ac-
tivated BRAF protein with a gain of function, independent of activator signals, and leading to
continuous activation of the MAPK pathway, which may in turn result in the development of
thyroid malignancies (Davies et al., 2002; Tang and Lee, 2010). Despite many studies evaluat-
ing the prognostic significance of the BRAF V600E mutation in human tumors, the precise
molecular mechanism involved in BRAF V600E-associated carcinogenesis is still undeter-
mined. It has been suggested that the BRAF V600E variant might affect gene methylation,
thus silencing tumor suppressor genes by hypermethylation or activating oncogenes through
hypomethylation (Hou et al., 2011).

The expression of the BRAF protein is of important clinical interest, particularly in
the case of resistance to conventional therapy. In addition, BRAF immunostaining has already
been suggested to be an important diagnostic tool in fine-needle aspirations of thyroid nodules,
improving PTC diagnosis (Khan et al., 2014; Rossi et al., 2014; Zimmermann et al., 2014).

Molecular alterations associated with gene dysfunction and/or overexpression are cru-
cial mechanisms involved in carcinogenesis. Therefore, overexpression of pivotal proteins
may function as molecular markers for prediction of a more aggressive behavior (Capper et
al., 2011). In the present study, a significant association was observed between BRAF protein
expression and extrathyroidal extension of the tumor (P = 0.0111), which represents a worse
prognosis. BRAF overexpression was observed in PTC from older patients (59.4%), and in
those with more advanced stage PTC (55.6%) and with distant metastasis (66.7%); however,
such associations were not statistically significant, likely due to the limited size of our sample.

Recently, a few studies have also investigated the prognostic value of BRAF pro-
tein expression and VO60OE mutation in PTC tumors using immunohistochemistry (Kondo
et al., 2007; Capper et al., 2011; Feng et al., 2011; Koperek et al., 2012; McKelvie et al.,
2013). In one of these (Feng et al., 2011), it was demonstrated that BRAF expression in PTC
was significantly higher in tumors than in benign thyroid lesions. Among the PTC samples,
BRAF protein detection was higher in the group with lymph node metastases, but the BRAF
V600E mutation was not investigated. In that study, the same BRAF antibody employed for
the immunohistochemistry analysis was that used herein (clone F-7, Santa Cruz Biotechnol-
ogy Inc.). This study highlighted the importance of immunohistochemistry for the detection
of the BRAF protein, by demonstrating its overexpression in the PTC group associated with
worse prognosis. In contrast, Kondo et al. (2007) did not find a significant association between
BRAF protein overexpression and V60OE mutation; however, a different polyclonal antibody
(sc-9002) was used for BRAF detection.
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A specific monoclonal antibody (VET1 clone) targeting the mutated form of the BRAF
protein (V60OE BRAF) has been used in several recent studies (Capper et al., 2011; Koperek
etal., 2012; McKelvie et al., 2013) in order to distinguish the expression of the wild-type and
the mutated BRAF proteins. It is possible that this BRAF antibody might facilitate the use of
BRAF molecular analysis for diagnosis, particularly in patients with uncertain diagnosis or
with insufficient material for molecular analyses, or even as a surrogate for genetic testing in
clinical decisions (Capper et al., 2011; Koperek et al., 2012). The VE1 antibody demonstrates
high sensitivity in paraffin sections and may represent the new gold standard for the detection
of the BRAF V600E mutation in PTC (Bullock et al., 2012; McKelvie et al., 2013; Routhier
et al., 2013).

Significant associations between the BRAF V600E mutation and clinicopathologi-
cal characteristics of PTC have been reported in different studies (Salvatore et al., 2006;
Xing, 2010). Two meta-analyses showed statistically significant associations between the
mutation status and the characteristics of more aggressive tumors (Lee et al., 2007; Li et
al., 2012b). Another study also found a significant association between this mutation and
a smaller tumor size, indicating that the mutation might occur in the earlier stages of the
disease (Xing et al., 2005).

The strong association between PTC and BRAF V600E mutation is well described,
as is its association with poor prognosis (Lupi et al., 2007; Elisei et al., 2012; Guerra et al.,
2012). According to our results, the BRAF V600E mutation was more frequent in older pa-
tients (71.9%), and in those with more advanced tumor stages (61.1%), lymph nodal (71.2%)
or distant metastasis (66.7%), and extrathyroidal extension (68.6%); however, significant sta-
tistical differences were not detected for the group. Many studies have demonstrated associa-
tions between the BRAF V600E mutation and metastasis in PTC (Xing et al., 2005; Lupi et
al., 2007; Nakayama et al., 2007; Frasca et al., 2008; Basolo et al., 2010; Kurtulmus et al.,
2012). Paradoxically, other studies were not able to corroborate such an association (Kwak et
al., 2009; Hwang et al., 2010; Lee and Soh, 2010; Ahn et al., 2012). This discrepancy might be
explained by the limited size of the samples studied and the use of different detection methods.

The main limitation of our study was the impossibility of following up the selected
patients. Many began treatment at Aratjo Jorge Hospital but did not return for follow-up.
Clinical decisions after surgery were not recorded in medical records, disabling clinical fol-
low-up or access to accurate information regarding the development of distant metastases after
surgery, recurrence data, and other factors associated with poor prognosis.

In order to more accurately elucidate the prognostic role of the BRAF protein in PTC,
investigation of a larger number of PTC samples, as well as a significant number of metastatic
cases are recommended. We also suggest the development of functional studies in order to
elucidate the molecular mechanisms involved in the control of BRAF gene expression and the
connection of cellular events concerned with the stabilization and degradation of the BRAF
protein. Epigenetic mechanisms, through which the BRAF mutation drives carcinogenesis and
pathogenesis in PTC, also need to be elucidated.

This is the first Brazilian study to investigate the association between BRAF protein
expression, the BRAF V600E mutation, and clinicopathological aspects of PTCs. The present
study demonstrated a significant association between the BRAF V600E mutation and BRAF
protein overexpression, highlighting the importance of these molecular events in the process
of PTC carcinogenesis.
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