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Abstract Papillary thyroid carcinoma (PTC) is the most common malignancy of the thyroid 
gland. The high incidence of RET/PTC and Trk rearrangements or point mutations 
in RAS and c-MET oncogenes are the genetic hallmarks of PTC. Recently, onco-
gene BRAF has become a subject of great interest. The mutation of BRAF gene is 
characteristic for PTC and poorly differentiated and/or undifferentiated cancers 
derived from PTC. The predominant mutation of this gene, reported in PTC, is 
a single transversion in exon 15 (T1799A), which results in substitution of valine 
to glutamate at residue 600 (BRAF V600E, formerly position 1796 and residue 
V599E). It has been proved that the frequency of this mutation in PTC varies 
within the range of 29% to 69% in different populations. OBJECTIVES: The aim of 
this study was to estimate the frequency of BRAF (V600E) mutation in PTC in the 
Polish population, and to evaluate the possible relationships between the presence 
of BRAF mutation and such parameters, as patient’s age, gender, histopathological 
variant and the clinical staging of PTC. METHODS: Analysis of BRAF (V600E) muta-
tion was performed by single strand conformation polymorphism (SSCP) analysis 
and real-time allele-specific polymerase chain reaction (AS-PCR) in tumour tissues 
from 25 patients with PTC. We compared the sensitivity of real-time AS-PCR, SSCP 
method and direct DNA sequencing of PCR products. We used 25 PTC tissues 
(including the follicular variant of PTC – 8 cases, the classic variant of PTC – 14 
cases and the tall-cell variant of PTC – 3 cases). RESULTS: V600E mutation in BRAF 
gene was detected in 12/25 (48%) cases of PTC. Mutation screening of exon 15 
gene BRAF revealed three types of mutations, i.e. V600E, V600M, and overlapping 
mutations V600E/V600K. No correlation was found between BRAF mutation and 
patient’s age and sex and particular stage in clinical staging systems (TNM Stag-
ing, the University of Chicago clinical class, and Ohio State University Staging). 
Regarding the histopathological variants of PTC, mutation in BRAF gene was 
more frequent in classic variant of PTC as compared with follicular variant of PTC. 
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CONCLUSION: The real-time AS-PCR method proved 
to be more sensitive than SSCP and sequencing of PCR 
products. Our study is the first one in which the frequency 
of BRAF (V600E) mutation in PTC was reported for the 
Polish population. Similarly to the results obtained by 
others, there was no coexistence of BRAF (V600E) muta-
tion and RET/PTC and/or Trk rearrangements or RAS 
mutation in PTC tissue. Our results do not confirm the 
relationship between the BRAF (V600E) mutation and 
the clinical outcome of PTC.

INtroDuCtIoN

Thyroid cancers have been categorised as the most 
prevalent endocrine malignancy. Papillary thyroid car-
cinoma (PTC) is the most common malignancy of the 
thyroid gland, occurring with the frequency of 60–80% 
[22]. The main genetic events in PTC development are 
related either with rearrangements of RET and NTRK1 
oncogenes, point mutations in RAS family oncogenes or 
overexpression of c-MET gene [4,8,9,17]. In PTC, this 
mutation leads to aberrant expression of the genes, cod-
ing the kinase domain of RET or NTRK1 tyrosine kinase 
receptors or activating mutations in RAS or c-MET on-
cogene. All these genetic events, resulting in constitutive 
activation of RAS-RAF-MEK-MAP kinase signalling 
pathway, transmit a mitogenic signal to the nucleus and 
promote uncontrolled cell division [16].

The abnormal genetic alternations, mentioned above, 
i.e., point mutation in RAS family or chromosomal aber-
rations in PTC, have been shown to play an important 
role in thyroid tumorigenesis. However, these types of 
genetic alternations are not sufficiently useful as diag-
nostic or/and prognostic markers in the clinical practice. 
Therefore, further studies are needed, confirming the 
existence of potentially prognostic markers in PTC. 

Activating mutation in BRAF gene has recently been 
suggested as an alternative predominant cause of PTC 
without RAS mutation [11]. The BRAF gene (the official 
name: v-raf murine sarcoma viral oncogene homolog 
B1) encodes B-type RAF protein, one of the elements of 
the RAS→RAF→ MEK→ ERK/MAP kinase pathway that 
plays a key role in cell proliferation, differentiation and 
apoptosis. The most frequent genetic event occurring in 
BRAF gene in the course of thyroid cancer is point muta-
tion, i.e., a single transversion in exon 15 (T1799A). This 
mutation results in substitution of valine to glutamate 
in the highly conservative segment of the BRAF protein 
chain, at codon 600 (BRAF V600E, formerly position 
1796 and residue V599E). 

 This mutation is believed to mimic phosphorylation 
in the activation segment because of the contiguity of 
glutamic acid (glutamate) COOH residue, stimulat-
ing the site of regulated phosphorylation at serine 599 
[16,11,3].

The presence of BRAF mutations have been confirmed 
in melanoma, gliomas, colon and lung cancers [6]. It has 

been proven that BRAF T1799A transversion is the most 
frequent (80%) DNA alternation in PTC. Mutation of 
BRAF gene has also been detected in PTC and poorly 
differentiated or undifferentiated thyroid cancer, derived 
from PTC. According to various studies, the frequency of 
BRAF mutation in PTC varies within the range of 29% to 
69% in different populations [16,3,23,26]. Nikiforova et 
al. [18] confirmed the presence of the BRAF mutation in 
29% cases of poorly differentiated (insular) cancers and in 
60% cases of anaplastic thyroid carcinoma (ATC), arising 
from PTC. Because of controversial results, concerning 
the frequency of BRAF (V600E) mutation in PTC in 
different populations and ambiguous evidences on the 
correlation between the presence of BRAF mutation and 
the clinical outcome, further studies are needed.

The general aim of the present study was to estimate 
the frequency of BRAF (V600E) mutation in PTC in the 
Polish population and to evaluate the possible relation-
ship between the presence of BRAF (V600E) mutation 
and such parameters as patient’s age and gender, the his-
topathological variant of the studied PTC cases, tumour 
size and regional lymph node metastases, according to 
TNM definition (pT1-pT3 and N0-N1; The TNM Stag-
ing System, according to American Joint Committee on 
Cancer [12].

MAtErIALS AND MEthoDS

The procedures, used in the study, had been approved 
by the Ethical Committee of the Medical University of 
Lodz, Poland.

Thyroid tissues
Tumour tissue samples (50–100 mg) were obtained 

from 25 patients who underwent surgery (total thyroid-
ectomy) for primary PTC (25 cases: 20 females, 5 males) 
at the Holy Family Municipal Hospital in Lodz, and at 
the Department of Oncologic Surgery, Centre of Oncol-
ogy – the MSC Memorial Institute, Gliwice, Poland, dur-
ing the years 2001–2005. The average age of all studied 
patients with PTC was 49.32 ± 17.23 years (the range: 
16–74 years), and of the individuals who revealed BRAF 
mutation: 49.33 ± 17.81 (range: 16–72 years). 

Histopathological variants of PTC were as follows: 
PTC classic variant – 14 cases, PTC follicular variant – 8 
cases, PTC tall-cell variant – 3 cases. Tissue samples were 
immediately snap-frozen and stored at –70 °C. Histo-
pathological diagnoses, according to WHO classification 
of tumours [7], were obtained from pathomorphological 
reports and have been listed in Table 1, together with 
TNM classification and AJCC stage grouping [24].

DNA isolation and polymerase chain reaction (PCR) 
of exon 15 of BRAF gene
Genomic DNA extraction was performed, accord-

ing to the manufacturer’s recommendations (Genomic 
Midi AX, A&A Biotechnology, Gdynia, Poland). DNA 
concentration and purity were spectrophotometri-
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cally quantified by measuring absorbance at 260/280 nm 
(Spectrophotometer Ultrospec 2000, Pharmacia Biotech, 
Sweden).

The amplification of exon 15 of BRAF gene was 
performed in a Mastercycler personal (Eppendorf, 
Hamburg, Germany) in total volume of 25 µl, containing: 
1 000 ng DNA, 0.25 µM of each (i.e. forward and reverse) 
oligonucleotide primers (TIB MOLBIOL, Gdynia, Poland), 
25 mM mix dNTP, Taq Polimerase (2 U/µl) (Finnzymes 
OY, Finland) and 10 × PCR buffer (1 × 10 mM Tris-HCl, 
pH 8.8, 1.5 mM of MgCl2, 50 mM of KCl, 0.1% Triton X-
100) and nuclease-free water. The sequences of primers, 
used for PCR amplification, were as follows: forward 
primer – 5’-AAACTCTTCATAATGCTTGCTCTG-3’ 
and reverse primer – 5’-GGCCAAAAATTTAATCAGT-
GGA-3’. DNA amplification was carried out, according 
to the following protocol: initial denaturation at 95 °C 

for 5 min, followed by 35 cycles: denaturation at 96 °C, 1 
min, annealing at 60 °C, 1 min, and elongation at 72 °C, 
1 min; the final elongation step: 72 °C, 10 min. PCR 
sample without any addition of DNA (blank sample with 
nuclease free water instead of DNA) was the control for 
PCR contamination.

As a result of PCR reaction we obtained 240 bp PCR 
fragments. Products of PCR amplification were separated 
and identified on 2% agarose gels, stained with ethidium 
bromide (0.5 mg/ml) and visualized under UV light 
(Transiluminator TI 1, Biometra, Germany).

Single strand conformation polymorphism (SSCP)
PCR products (240 bp DNA fragments) were sub-

jected to single strand conformation polymorphism 
(SSCP) analysis. For SSCP analysis 10 µl of PCR 
products of exon 15 of BRAF gene were diluted (1:1) 

Table 1. Clinical and histological characteristics of the studied patients.

Case  
number

Age Sex Histopathological diagnosis TNM staging system American Joint Committee 
on Cancer (AJCC) grouping 

system

1. 59 F PTC– tall-cell variant pT3NxMx III

2. 72 F PTC– follicular variant pT2bN0M0 II

3. 26 F PTC– follicular variant pT4N1aM0 I

4. 47 M PTC– classic variant pT2aN1aM0 III

5. 68 F PTC– follicular variant pT2bN1aM0 III

6. 74 F PTC– classic variant pT1aN0M0 I

7. 41 F PTC– follicular variant pT3N0M0 I

8. 16 F PTC– classic variant pT2aN0M0 I

9. 39 F PTC– classic variant pT4N0Mx I

10. 61 F PTC– classic variant pT2aN0M0 II

11. 30 M PTC– classic variant pT4N1bM0 I

12. 71 F PTC– classic variant pT2aN0M0 II

13. 66 M PTC– follicular variant pT4aN0M0 I

14. 67 F PTC– tall-cell variant pT4bN0M0 I

15. 40 M PTC– classic variant pT1aN1aM0 I

16. 40 F PTC– classic variant pT2aN0M0 I

17. 16 M PTC– follicular variant pT1aN1aM0 I

18. 32 F PTC– classic variant pT2aN0M0 I

19. 47 F PTC– follicular variant pT1bN0M0 I

20. 56 F PTC– follicular variant pT2aN1bM0 IVA

21. 61 F PTC– classic variant pT1aN0M0 I

22. 65 F PTC– classic variant pT3N0M0 III

23. 49 F PTC– tall-cell variant pT2bNxMx II

24. 38 F PTC– classic variant pT1N0Mx I

25. 52 F PTC– classic variant pT2N0M0 II
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with 10 µl of denaturing solution, containing: 95% 
formamide (Sigma-Aldrich, Saint Louis, USA), 10 mM 
of NaOH (Applichem, Darmstadt, Germany), 0.25% 
bromophenol blue (Sigma-Aldrich, Saint Louis, USA) 
and 0.25% xylene cyanol (Sigma-Aldrich, Saint Louis, 
USA), placed at 94 °C for 5 min and immediately chilled 
on ice to prevent reannealing of the single-strand DNA 
products. Evaluation of single-strand DNA mobility 
was performed, using 8% acrylamide gel for mutation 
detection (Sigma-Aldrich, Saint Louis, USA) in 0.6 × Tris 
–borate-ethylenediamine tetraacetate (TBE) buffer at 
4 °C, 90 V for 12 h. We analysed DNA from both PTC 
and macroscopically unchanged thyroid tissue in paral-
lel, to compare the migration band pattern. Acrylamide 
gels were visualised by standard DNA silver staining 
(Silver nitrate 10%, AppliChem, Darmstadt, Germany) 
according to the manufacturer’s instructions. 

Real-time allele-specific amplification for BRAF  
mutation V600E
For real-time AS-PCR we used two (2) different 

forward primers with variations in their 3’ nucleotide 
sequence, such that one of them was specific for the wild-
type of BRAF gene sequences of exon 15, BRAF (Wt): 
5’-AGGTGATTTTGGTCTAGCTACAGT-3’, and the 
other was specific for the mutant variant of BRAF gene 
sequences of exon 15, BRAF (M): 5’-AGGTGATTTTG-
GTCTAGCTACAGA-3’; we used one universal reverse 
primer, BRAF (R): 5’-TAGTAACTCAGCAGCATCT-
CAGGGC-3’ according to Jarry et al.’s [14] protocol. 
The amplification reaction in real-time AS-PCR was 
performed, using two mixes of primers. The first am-
plification reaction was performed with a mix of the 
forward primer, specific for the wild type of BRAF gene 
sequences, i.e., BRAF (Wt) and universal reverse primer, 
i.e. BRAF (R), to obtain wild type PCR products. The 
second real-time AS-PCR reaction was performed with 
different mix primers, BRAF (M) and BRAF (R), in order 
to obtain mutant variants of exon 15 of BRAF gene. The 
annealing temperature and primer concentrations were 
optimised on a Mastercycler gradient (Eppendorf , Ham-
burg, Germany).

The real-time AS-PCR reactions were performed in 
the 7500 Real Time PCR System (Applied Biosystems). 
The reaction mixture included: 25 µl of SYBR Green PCR 
MasterMix, containing SYBR Green I Dye, AmpliTaq 
Gold® DNA Polymerase, dNTPs with dUTP, Passive 
Reference and optimized buffer components (Applied 
Biosystems, Warrington UK), 3 µl of forward and 3 µl of 
reverse primers (300 ng of each), 5 µl of genomic DNA 
(100 ng) and nuclease-free water to volume of 50 µl. Both 
real-time AS-PCR reactions – the first with BRAF (Wt)/ 
BRAF (R) primers, and the second with BRAF (M)/ BRAF 
(R) primers – were run for each tumour sample in the 
same real-time AS-PCR reaction but in separate wells. 
The cycling conditions were as follows: denaturation 
for 10 min at 95 ° C; amplification for 40 cycles, with 
denaturation for 15 s at 95 °C, elongation for 1 min at 

60 °C and annealing for 1 minute at 72 °C. The real-time 
fluorescence signal, generated by the double-stranded 
DNA binding dye SYBR Green I Dye was analyzed, using 
the ABI PRISM 7500 SDS analysis software (Applied 
Biosystems). A threshold cycle (CT) was determined 
for each sample in the exponential growth phase of the 
amplification curve. The threshold fluorescence level 
was automatically estimated by the ABI PRISM 7500 SDS 
analysis software. In order to detect nonspecific ampli-
fication (primer-dimers formation), we checked purity 
of the PCR products by 8% polyacrylamide gels (PAA), 
independently of the real-time PCR reaction. In order 
to exclude primer-dimer artifacts, we performed also 
melt curve analysis of PCR products, using dissociation 
curves, estimated by computer software. Fluorescence 
emission data, expressed as CT values at threshold for 
each samples, were determined as triplicate CT values 
(means), obtained in triple repeats of real-time PCR 
reaction.

Direct automated fluorescent sequencing 
All the studied samples of PTC, in which BRAF 

(V600E) mutations were confirmed by real-time AS-
PCR, were submitted after purification (AutoSeq™ G-50 
Columns Amersham Biosciences, England) to direct se-
quencing, using the BigDye™ Terminator Cycle Sequenc-
ing Ready Reaction Kit and analyzed in the ABI PRISM 
3100 genetic analyzer (Applied Biosystems, Foster City, 
CA, USA).

Statistical analysis
The data were statistically analyzed, using non-para-

metric U Mann-Whitney’s test in order to correlate the 
presence of BRAF (V600E) mutation in PTC tissue with 
patient’s age, primary tumour size (pT1, pT2, pT3, pT4) 
and regional lymph node metastasis (N1, N0, Nx), ac-
cording to TNM definition. Fisher’s test was performed 
in order to correlate the presence of BRAF (V600E) muta-
tion with patient’s gender and with the histopathological 
variant of PTC (classic, follicular and tall-cell variant of 
PTC). Statistical significance was determined at the level 
of p<0.05. The results are presented as mean ± SEM.

rESuLtS

As a result of the PCR-SSCP analysis of exon 15 of 
BRAF gene, we detected an altered migration pattern 
(band shift) of a single DNA strand in 9/25 (36%) of 
analyzed DNA fragments (Figure 1). For SSCP analysis, 
we used DNA extracted from PTC tissue, as well as from 
macroscopically unchanged thyroid tissue that served as 
a wild-type control. Afterwards, all the 25 studied DNA 
samples (including those with band shift, suggesting 
the presence of mutation in exon 15) were analyzed for 
V600E mutation by real-time AS-PCR analysis. The ABI 
PRISM 7500 SDS software, provided with the instru-
ment, analyses the fluorescence data, generated during 
the reaction, and calculates the cycle number at which 
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Figure 1. Example of PCR-SSCP analysis of exon 15 of 
BRAF gene.
Lines: 1 and 2 – DNA samples from the same 

patient (case no. 8); DNA, extracted from 
tumour tissue, shows a changed pattern of sin-
gle strand DNA conformation (line 1) and DNA 
from the macroscopically unchanged thyroid 
tissue (line 2) has a normal pattern.

Lines: 3 and 4 – DNA samples from the same 
patient (case no. 19), DNA extracted from 
tumour tissue shows a changed pattern of sin-
gle strand DNA conformation (line 3) and DNA 
from the macroscopically unchanged thyroid 
tissue (line 4) has a normal pattern.

Figure 2. Example of real-time AS-PCR analysis of BRAF gene. Representative amplification curves for PTC sample  
(case no. 8) with presence of V600E mutation (exon 15, T1799A).
Lines 1a, 1b, 1c – triple repeats of real-time AS-PRC reaction, using primers specific for the wild -type allele of gene,  

CT value (mean) – 22.988
Lines 2a, 2b, 2c – triple repeats of real-time PRC reaction, using primers specific for the mutant allele gene, CT value (mean) – 23.417

1 2 3 4
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fluorescence crosses the threshold value (CT value). 
Triplicate amplifications of the sample produced nearly 
identical, overlapping curves, from which CT values 
were calculated. Figure 2 illustrates typical assay results 
(amplification curves) generated from PTC sample with 
BRAF V600E mutation. In our study, we assumed that 
CT values should be less than 26 to be considered an 
interpretable specimen. Higher CT values may indicate 
mostly insufficient template quantity, but also template 
quality and/or the presence of inhibitors. According to 
this assumption, we included 12 cases with the CT values 
for mutant-type primer ranging from 22.051 to 25.964 
(Table 2) into the group of PTC with V600E mutation. 
PTC samples with CT values for the mutant-type primer 
ranging from 26.910 to 35.391, were considered as not 
possessing V600E mutation (Table 2). 

Using real-time AS-PCR assay, we confirmed the 
presence of V600E mutation in exon 15 of BRAF gene in 
five (5), out of nine (9) cases of the studied PTC samples 
which presented alterations in single-strand DNA con-
formation. Moreover, using real-time AS-PCR assay, we 
detected the presence of V600E mutation in additional 
seven (7) cases of the studied PTC, which did not pres-
ent any alterations (band shift) in SSCP analysis. In total, 
using the real-time AS-PCR method, we proved the 
presence of V600E mutation – T1799A substitution in 
codon 600 of BRAF gene – in 12/25 (48%) of the studied 
PTC cases (Table 3). 

Additionally, mutation screening of exon 15 of BRAF 
gene, using the direct sequencing method, revealed very 
interesting results. Namely, we observed three types of 
mutation in exon 15 of BRAF gene, i.e., V600E, V600K/
V600E and V600M (Table 3). Sequencing revealed two 
(2) cases of V600E mutation, as a result of T→A base 
change at nucleotide position 1799, but only one (1) 
of those cases was unequivocal (Figure 3A). The other 
case represented overlapping mutations V600K/V600E 
(Figure 3B). V600K mutation is a 2-bp change (GT1799-
1799AA) in codon 600 of BRAF gene. In both cases, the 
presence of V600E mutation was consistent with the 
results obtained by real-time AS-PCR. Additionally, we 
observed a single nucleotide substitution G1798A in the 
first nucleotide position of the codon 600 of BRAF gene 
in one (1) PTC case (Figure 3C). This single nucleotide 
substitution results in V600M mutation in the protein 
chain. Most of our samples with mutations, proved by di-
rect sequencing to be V600E, V600K/V600E or V600M, 
showed wild-type alleles, as well as weaker signals of 
mutant-type alleles. The remaining cases of PTC with 
suspected V600E mutation (based on real-time AS-PCR 
results) were not proved by direct sequencing, because 
no definite interpretations was made of V600E mutation 
presence. In PTC samples with no V600E mutation, 
found in real-time AS-PCR results, direct sequencing 
revealed the presence of wild-type alleles (Figure 3D).

No correlation was found between the presence of 
V600E mutation in BRAF gene, confirmed by real-time 
AS-PCR assay and such characteristics, as patient’s age 
at diagnosis (p=0.849), gender (p=0.540), primary tu-
mour size (pT1, pT2, pT3, pT4) (p=0.934) and regional 
lymph node metastases (N1, N0, Nx) according to TNM 
definition (p=1.000). In relation to histopathological 
variants of PTC, p value in χ2 test was 0.025, indicating 
the relationship between the groups, but the results may 
be false because of small number of cases. Fisher’s test 
for follicular and classic variants of PTC revealed the 
statistical significance (p=0.011) between the presence 
of mutation in BRAF gene and PTC classic variant.

DISCuSSIoN

The presence of BRAF mutation has been confirmed 
in melanoma, gliomas, colon and lung cancers. The aim 
of our study, the first one in the Polish population, was 
to detect the most frequent genetic event in BRAF gene 
in thyroid cancers, i.e., point mutation, being a transver-
sion of thymine to adenine at nucleotide 1799 (T1799A). 
It is known that this type of mutation is a hallmark of 
PTC, however, its frequency reported in different studies 
and for different populations, varies depending on the 
studied population, as well as on applied identification 
methods. Because of very controversial results reported 
by others, concerning the frequency of V600E mutation 
and correlation between its presence and the clinical 
stage of disease, the histhopathological variant of PTC 
and such characteristics as patient’s age or gender, we 

Table 2. Real-time AS-PCR results calculated by CT values.

Number of cases Mean CT value
for wild-type 

primer

Mean CT value
for mutant-type 

primer

12
(considered to have V600E 
mutation in BRAF gene)

21.330 
(19.548–23.457)

23.215
(22.051–25.964)

13 
(considered as not possessing 
V600E mutation in BRAF gene)

22.764
(20.341–25.464)

31.107 
(26.910–35.391)

Table 3. The results of mutation screening in exon 15 of BRAF gene

Mutation identification method Number of 
detected cases

Real-time AS- PCR 12/25

SSCP 9/25

Direct sequencing

Total 4/25

V600E mutation
(T1799A) 1

V600M mutation
(G1798A) 1

V600K/V600E mutation 
(GT1798-99AA/T1799A) 2
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performed screening studies in search for that muta-
tion, using different molecular methods. In order to 
determine whether different methods detecting V600E 
mutation, had different sensitivity and to assess which 
methods were the most sensitive, we chose SSCP, direct 
sequencing and the real-time AS-PCR assay. 

Based on our findings (see Table 3), we proved that 
the AS-PCR real-time assay was the most sensitive and 
rapid method of mutation identification, working even 
in case of those samples, where the presence of mutation 
was not detected by direct sequencing. The sensitivity of 
many molecular methods, including the direct sequenc-
ing, depends on the quantity of cells with mutated DNA 
in the studied sample. We would like to emphasize that 
– according to Sapio et al.’s observation [20] – clearly 

detectable mutation in sequencing analysis, as well as 
changed single-strand DNA conformation in the SSCP 
method, was possible when the content of DNA in the 
studied samples was at the level of 60% or more (which 
is equivalent to 30% of mutated DNA, assuming hetero-
zygosity of the alleles). 

In our study, the SSCP method confirmed the altered 
single-strand DNA conformation in 9/25 (36%) of 
the studied cases. This method appears to be a useful 
selective molecular tool as the first step in mutation 
screening. Sequencing results revealed the presence 
of mutation in exon 15 of BRAF gene in 4/25 (16%) 
cases, including: 1 case of V600E mutation, 1 case of 
V600M mutation and 2 cases of overlapping V600K/
V600E mutations. In the latter 2 cases, the results of 

Figure 3A. Mutation analysis of BRAF gene (exon 15) by direct 
sequencing. Heterozygous missense mutation T1799A (V600E) in 
PTC sample (case no. 8)

Figure 3B. Mutation analysis of BRAF gene (exon 15) by 
direct sequencing. Heterozygous missense mutation GT1798-
99AA(V600K)/ T1799A (V600E) in PTC sample (case no. 9).

Figure 3C. Mutation analysis of BRAF gene (exon 15) by direct 
sequencing. Heterozygous missense mutation V600M G1798A in 
PTC sample (case no. 4).

Figure 3D. Mutation analysis of BRAF gene (exon 15) by direct 
sequencing. The part of wild-type sequence of exon 15 BRAF gene 
without mutation (case no. 16).
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sequencing were ambiguous. V600K mutation has not 
been described in thyroid tumours but it has recently 
been reported in human malignant melanomas [13] as 
the second, regarding the frequency, after V600E muta-
tion. It is suggested that this BRAF activating mutation, 
resulting from a 2-bp change, probable occurs on the 
same chromosome and is characteristic for invasive 
and metastatic melanoma. Interestingly enough, we 
found V600K/V600E mutation in patients with large 
tumour (pT4N0Mx and pT3N0M0). V600M mutation, 
found in one case of our patient group, has not yet been 
described in thyroid tumours, but it has been reported 
in colorectal cancers [21]. It should be stressed that 
V600K and V600M mutations have very recently been 
described in different human carcinomas [13,21,15], 
using more and more sensitive identification methods 
(e.g., real-time PCR, ion- pairing reversed phase high 
pressure liquid chromatography – IPRP-HPLC, mass 
spectrometry). Moreover, exon 15 of BRAF gene is a hot 
spot region for BRAF mutations. 

In our study, the new real-time AS-PCR method 
provided the most reliable results. By using that method, 
we proved the presence of V600E mutation in 12/25 
(48%) of the studied cases. The obtained frequency is 
in the middle of reported frequency values for other 
studied populations, where it was assessed as 29–69% 
[16,3,23,26]. We would like to emphasize that, to our 
knowledge, this is the first study concerning the fre-
quency of BRAF mutation in PTC in the Polish popula-
tion. 

It is important that PTC is associated with RET and 
NTRK1 oncogene rearrangements and BRAF mutation. 
An analysis of the incidence of RET and NTRK1gene 
rearrangements in PTC in the Polish population has 
recently been performed at our Laboratory [2]. Rear-
rangements of the RET protooncogene (RET/PTC1, 
RET/PTC2 and RET/PTC3) were detected in 7/33 (21%) 
of PTCs and rearrangements of NTRK1 [Trk-T1 and Trk 
(TPM3)] were detected in 4/33 (12%) of the examined 
samples. Rearrangements of RET and NTRK1 oncogenes 
occur in PTC with different frequency, depending on the 
studied population and/or the used methodology. The 
frequency of RET/NTRK1 oncogene rearrangements in 
PTC in the Polish population was found, with a relatively 
average incidence.

According to various studies, mutations of the RAS 
family of oncogenes have been identified in 0% to 10% 
of PTC cases in different populations, while in the Polish 
population they have been found in 6.8% of studied 
cases [5]. Furthermore, our studies have not confirmed 
any coexistence between RAS and BRAF gene mutations 
in thyroid carcinoma, either. It is likely that not only 
does the mutation of BRAF gene cause uncontrolled 
stimulation of the kinase pathway but it also most prob-
ably diminishes the sensibility of the stimulation to RAS 
protein. Additionally, there is no overlapping between 
BRAF and RET/PTC rearrangements [9,16,23,19]. 
However, in contrast, Xu et al. [26] have suggested that 

BRAF cooperates with RET/PTC. The explanation of 
this finding could be based on the fact that both BRAF 
and RET proteins are related with the same proliferation 
pathway in cells but – evidently – the activity of these 
genes occurs at different levels, as it leads to regulation 
of different genes. Mutual exclusivity among BRAF and 
RAS mutations and RET/PTC rearrangements in thyroid 
cancer supports the idea that each of the three genetic 
alterations alone is sufficient to cause thyroid tumori-
genesis.

In our study, we also evaluated the relationship 
between BRAF mutation and the histopathological vari-
ant and such characteristics, as patient’s age and sex or 
tumour size and lymph node metastases (TNM Staging 
system). The results of other investigators’ studies are 
controversial. Regarding the correlation with the histo-
pathological variant in our study, BRAF mutation was 
found mainly in the classic variant of PTC, but also in 
the follicular and the tall-cell variant, and this is also 
consistent with the results of other authors [18]. Gener-
ally, BRAF mutation is more frequent in classic variant 
of PTC and – in our study – it was statistically significant 
as compared with follicular variant of PTC.

In relation to the clinical stage of the disease, the 
presence of BRAF mutations was more often confirmed 
in tumours diagnosed in older patients, with extrathy-
roidal extensions, lymph node metastases and distant 
metastases, therefore, presenting III and IV clinical 
stage of the disease [18]. According to Fugazzola et al. 
[10], V600E mutation tended to be associated with big-
ger volume and extension of the tumour and with lymph 
node metastases; on the other hand, that mutation did 
not seem to be correlated with patient’s age, sex, or with 
the stage or the recurrence rate of the disease. Trovisco 
et al. [25] have proved that the mean age of patients with 
the classic variant of PTC harbouring V600E BRAF mu-
tation is higher, when compared with the age of patients 
bearing PTC without V600E BRAF mutation. Similarly 
to the last mentioned study, our results do not confirm 
the relationship between the BRAF point mutation and 
the particular stage of tumour in TNM clinical staging 
systems, although V600E mutations were found in pa-
tients with large size of tumours. Additionally, we could 
not confirm any relationship between the presence of 
BRAF mutation and patients’ age or gender. 

The detection of the BRAF mutation in early stages 
of the disease and the use of appropriate therapy can 
prolong patients’ life. Inhibitors of the BRAF protein can 
be beneficial for patients with PTC [21,1]. Hopefully, 
this will be confirmed by future research in vivo. Muta-
tion of the BRAF gene can prove to be an important 
determiner of the histological and clinical phenotype 
of PTC, becoming a valuable prognostic and diagnostic 
marker, differentiating PTC from other cancers. Studies, 
based on the use of BRAF protein inhibitors, extremely 
selective to cancer cells, give hope for further improve-
ment and for treatment optimisation in patients with 
thyroid cancer.
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