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ABSTRACT. Mutations in the V-raf murine sarcoma viral oncogene
homolog B1 gene (BRAF) play an important role in the pathogenesis
of papillary thyroid cancer (PTC). In this study, a BRAF V600E
mutation was detected in formalin-fixed and paraffin-embedded
PTC samples using multiplex allele-specific polymerase chain
reaction and denaturing high-performance liquid chromatography.
The sensitivity of the assays was validated in two cell lines, K1 and
RO82-W-1, which were respectively positive and negative for the
mutation. The method enabled detection of very low concentrations

Genetics and Molecular Research 12 (4): 4990-4997 (2013) ©FUNPEC-RP www.funpecrp.com.br



Efficient detection of BRAF V600OE mutation in thyroid cancer 4991

(~1%) of the mutation, with positive findings obtained in 119 of
the 187 samples (63.6%). The mutation was not detected in 20
cases of benign thyroid diseases. The presence of the mutation
was significantly associated with ages >45 years, the tumor-nodes-
metastasis stage, region of metastasis, and clinical outcome (P <
0.05). Although no correlation was found between the mutation
and lymph node metastasis, the proportions of patients carrying a
mutation differed significantly between central and lateral cervical
lymph node metastasis (P < 0.05). Multivariate logistic regression
analysis also indicated the presence of mutation, tumor size, and
cervical lymph node metastasis to be independent predictors
for recurrence and distant metastasis. We conclude that a high
proportion of PTC cases likely harbors the BRAF V600E mutation.
This mutation can be used as an independent factor for predicting
the recurrence and distal metastasis of PTC tumors.
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INTRODUCTION

Papillary thyroid cancer (PTC) is a common endocrine tumor with increasing in-
cidence in recent years in China. Clinically, the prognosis is good, with a 10-year survival
rate reaching 90%. However, some PTC cases are more aggressive, easier to relapse and
metastasize, and can lead to death. Therefore, preoperative judgment and intervention mea-
sures are important (Ries et al., 2007). Various clinicopathological factors have been used
for prognosis, which include age, gender, tumor size, histological type, interstitial fibrosis of
the tumor, and thyroid infiltration. However, no consensus has yet been reached with respect
to the most relevant and predictive factors (Schlumberger and Pacini, 2003; Witt, 2008).

Recently, mutations of the V-raf murine sarcoma viral oncogene homolog B1 gene
(BRAF) have been found to play an important role in the pathogenesis of thyroid cancer.
In particular, the BRAF V600E mutation has been found in 28-83% of PTC cases. This
mutation is rarely found in normal thyroid tissue or in benign types of thyroid diseases
(Davies et al., 2002; Xing, 2005; Kebebew et al., 2007; DeLuca et al., 2008; Kim et al.,
2012). Several studies have also found significant associations between the mutation with
clinicopathological features such as patient age, extrathyroidal invasion, lymph node me-
tastasis, and tumor stage, which may help clinical prognoses of PTC (Costa et al., 2008;
Xing et al., 2009; Gong et al., 2009; Howell et al., 2011). Furthermore, a small molecule
targeting a downstream kinase of BRAF has also attracted attention recently (Bollag et al.,
2012). In the present study, we detected the BRAF V600E mutation in formalin-fixed and
paraffin-embedded PTC samples using multiplex allele-specific polymerase chain reaction
(PCR) and denaturing high-performance liquid chromatography (DHPLC). Associations
between these results with respect to clinicopathological features of the patients were then
evaluated.
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MATERIAL AND METHODS

Patient data

Clinical data and tissue samples were collected from 187 patients treated at West China
Hospital, Sichuan University, between May 2009 and May 2011, for pathologically confirmed
PTC. The control group comprised 20 patients with benign types of thyroid diseases. All cases
were diagnosed by at least two pathologists using World Health Organization criteria. Tumor-
node-metastasis (TNM) staging of PTC cases were determined based on the standard released
by the American Joint Committee on Cancer (AJCC). Two thyroid cancer cell lines, K1 and
RO82-W-1, which were heterozygous and negative for the BRAF V600E mutation, respectively,
were kindly provided by the Molecular Biology Laboratory of West China Hospital. All pa-
tients underwent total thyroidectomy + central area or functional cervical lymph node dissection
performed by the same group of surgeons, which was followed by three weeks of routine ["*'T]
therapy with doses ranging from 100 to 200 mCi. Five months after treatment, all patients were
followed up with thyroid scans to confirm no residual glands. The patients were followed up for
2 years with measurement of serum thyroglobulin, (>2 pg/L), which was suggestive of recur-
rence/distant metastasis. The follow-up was completed in 176 cases and 11 cases were lost.

Sample preparation

All cases were anonymized with identifiers removed. Therefore, such samples were ex-
empted from Institutional Review Board approval. Five-micrometer tissue sections were cut in a
microtome (Leica RM2255 rotary microtome, Wetzlar, Germany) using low-profile steel blades.
Deparaffinization was performed in fresh xylene solution for 7 min, and this was repeated three
times using staining trays with fresh solutions. The process was followed by prolonged washing
and hydration in ethanol solutions: four times for 5 min using fresh 100% ethanol, two times
for 5 min in fresh 95% ethanol, and a final step of 5 min in fresh 70% ethanol. Subsequently,
the slides were transferred to distilled water. For each sample, the DNA from 10 slides was ex-
tracted with the TIANamp Genomic DNA Kit (Qiagen, Germany) according to manufacturer
instructions. For reference cell lines, the DNA was extracted with a TTANGEN genomic DNA
extraction kit (TTANGEN, China) according to manufacturer instructions. The quantity of the
extracted DNA was measured with a NanoDrop ND-1000 Spectrophotometer.

For PCR, a specific primer for the BRAF V600OE mutation was designed, which ampli-
fies a fragment length of 126 bp, with its 3'-end targeting a mismatch site. In addition, primers
for the wild-type sequence were designed. The TBXAS! gene was used as the internal control,
whose primers amplified a 100-bp fragment, which could be distinguished from that of BRAF
gene amplicons. The primer sequences are listed in Table 1.

Table 1. Primer sequences for multiplex allele-specific PCR.

Gene Primer sequence (5'—3") Amplicon size (bp)

BRAF mut Forward: 5'-GGTGATTTTGGTCTAGCTACATA-3' 126
Reverse: 5'-GGCCAAAAATTTAATCAGTGG-3'

TBXAS1 Forward: 5'-GCCCGACATTCTGCAAGTCC-3' 100
Reverse: 5'-GGTGTTGCCGGGAAGGGTT-3'

BRAF seq Forward: 5'-CTCTTCATAATGCTTGCTCTG-3' 269

Reverse: 5'-GAGACCTTCAATGACTTTCTAGTAAC-3'
BRAF mut = BRAF V600E mutation; BRAF seq = wild-type.
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Mutation analysis

Multiplex PCR amplification was carried out in a 25-uL volume containing 30 ng
template DNA, 10 pmol BRAF gene primers, 5 pmol TBXASI gene primers, 0.1 M dNTPs,
and 1.5 U Taq enzyme. PCR conditions were 95.0°C for 5 min; 94.0°C for 30 s, 54.0°C for 30
s, and 72°C for 30 s for 30 cycles; and 72°C for 10 min. For BRAF sequence amplification, the
reaction was conducted in a 50-pL volume containing 50 ng template DNA, 10 pmol of each
primer, 0.2 M dNTPs, and 1.5 U Taq enzyme. PCR conditions were 95.0°C for 5 min; 94.0°C
for 30 s, 54.0°C for 30 s, and 72°C for 30 s for 40 cycles; and 72°C for 10 min.

For DHPLC analysis, the PCR product was run through a DNASep® nucleic acid anal-
ysis column (Transgenomics, USA) and analyzed with a WAVE system under multi-fragment
isolation mode. For distinguishing single fragments, the fragment size was set to 110 bp, the
temperature was set to 50°C, the flow rate was set to 0.9 mL/min, and the UV detection wave-
length was set at 260 nm. The results were analyzed with the Navigator software.

To validate the above assay, DNA was extracted respectively from K1 and RO82-W-1
cells and the concentration was adjusted to 30 ng/uL. To validate the sensitivity of detec-
tion, DNA from RO82-W-1 cells, which contains the wild-type BRAF gene, and that of K1,
which contains the BRAF V600OE mutation, were mixed with various ratios, e.g., 1:1, 1:4;
1:10; 1:33.3, and 1:100. Thirty nanograms mixed DNA was subjected to allele-specific PCR
amplification and DHPLC analysis.

Data analysis

Statistical analyses were performed using the SPSS 13.0 software. Data for different
groups were compared using the y? test. P < 0.05 was considered to be statistically significant.
For multivariate logistic regression analysis, the observed P value, relative risk (odds ratio)
and 95% confidence interval were calculated.

RESULTS
Clinical data

The 187 cases of PTC included 159 females and 28 males aged between 8 and 80
(42.57 + 12.88) years. Based on TNM staging, 117 cases were at stage I, 2 cases were at stage
I, 38 cases were at stage 111, and 30 cases were at stage [V. There were 59 cases of bilateral
PTC, 47 cases of left lobe PTC, 78 cases of right lobe PTC, and three cases of isthmus PTC. Of
all patients, 176 completed the follow-up. Recurrence tumors were found in 59 cases (33.5%).

Validation of the sensitivity of multiplex allele-specific PCR combined with
DHPLC assay

Following multiplex allele-specific PCR, all samples were subjected to DHPLC anal-
ysis. Two eluting peaks were observed. The left elution peak represented the internal reference
TBXASI amplicon with a fragment size of 100 bp, and the right elution peak represented the
mutant BRAF mutation amplicon with a fragment size of 126 bp. As shown in Figure 1, the
sensitivity of detection reached 1%. Corresponding to reduction in mutation content, the right
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peaks gradually reduced. By contrast, the peaks representing the reference gene amplicon re-
mained relatively stable, showing only two distinct types, i.e., 50 and 25%.
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Figure 1. Sensitivity of multiplex allele-specific PCR and DHPLC for the detection of the BRAF V600E mutation.
DNA extracted from K1 and RO82-W-1 cell lines were mixed with various ratios ranging from 1:1 to 100:1.
Elution peaks on the left represent amplicons of the normal control, those on the right represent amplicons of
samples containing various concentration of the BRAF V600E mutation.

Detection of the BRAF mutation

The BRAF V600E mutation was detected in 119 of the 187 cases (63.6%). As shown
in Figure 2, for those with lower mutation-peaks in the DHPLC analysis, DNA sequencing only
showed a very low peak for the mutation or even a normal result. No BRAF V600E mutation was
detected in the control group comprising 20 cases of benign thyroid lesions.
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Figure 2. Detection of the BRAF V600E mutation. A. Results of multiplex allele-specific PCR and DHPLC.

B. Results of DNA sequencing of the same samples. Although samples 5 and 183 have the mutation, on DNA
sequencing the mutation peak for sample 5 was quite low, and no mutation peak for sample 183 could be seen.
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Correlation between the BRAF gene mutation and clinicopathological features of PTC

Statistical analysis indicated that the BRAF V600E mutation was closely related with age,
tumor staging, and clinical prognosis (P < 0.05), but not with gender, lymph node metastasis, tu-
mor size, or site (Table 2). In addition, among patients with lymph node metastasis, the frequency
of the BRAF V600OE mutation differed significantly between those with central cervical lymph
node metastasis (75.3%) and with metastasis of lateral cervical lymph nodes (49.3%) (P < 0.05).

Table 2. Correlation between BRAF gene mutations and clinicopathological features of papillary thyroid cancer.

Groups No. of cases BRAF V600E mutation (%) P value
Positive Negative

Gender 0.401
Male 28 20 8
Female 159 99 60

Age 0.002*
>45 years 75 58 17
<45 years 112 61 51

Tumor size 0.279
>2 cm 144 95 49
<2cm 43 24 19

Lymph node metastasis 0.582
Yes 146 91 55
No 41 28 13

Region of metastasis 0.002*
Central 73 55 18
Lateral 73 36 37

TNM stage 0.003*
I-1IT 119 66 53
1I-1V 68 53 15

Site of tumor 0.138
Bilateral 59 33 26
Unilateral 125 85 40
Isthmus 3

Location 0.698
Left lobe 47 31 16
Right lobe 78 54 24
Isthmus 3
Bilateral 59

Outcome 0.03*
Cure 117 69 48
Recurrence/metastasis 59 45 14

*P < (.05 for statistically significant differences (y? test).

Univariate analysis indicated that clinical prognosis was strongly correlated with tumor
size, TMN stage, and the presence of the BRAF V60OE mutation (P < 0.05), but not with gender,
age, or lymph node metastasis. Multivariate regression analysis revealed that lymph node metastasis
and the BRAF V600E mutation were independent factors for the prediction of prognosis (Table 3).

Table 3. Correlation between recurrence and distant metastasis and clinicopathological features of papillary

thyroid cancer.

Univariable analysis

Multivariable analysis

P value P value OR 95%CI
Gender 0.119 0.134
Age (years) 0.871 0.999
Tumor size 0.004* 0.074 0.393 0.141-1.093
Lymph node metastasis 0.003* 0.044 0.333 0.114-0.973
TNM staging 0.406 0.999
BRAF gene mutation 0.030* 0.021* 2.471 1.149-5.312

*P < 0.05 for statistically significant differences (y test).
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DISCUSSION

The occurrence and development of PTC involves multiple genetic abnormalities,
among which the BRAF V600E mutation has been the most common, although the detection
rate varies among different regions and with different methods (Davies et al., 2002; Xing, 2005;
Kebebew et al., 2007; DeLuca et al., 2008; Kim et al., 2012). In the present study, 119 of the 187
cases (63.6%) were found to harbor the mutation, which is in accordance with previous reports.

Although several studies have found that BRAF' gene mutations are closely correlated
with thyroid cancer prognosis, few of these studies have come from China (Costa et al., 2008;
Gong et al., 2009; Henderson et al., 2009; Xing et al., 2009; Howell et al., 2011). In the pres-
ent study, we demonstrated that the BRAF V600E mutation is closely related with age, tumor
staging, and clinical prognosis. Recently, Alzahrani and Xing (2013) also found that BRAF gene
mutations in thyroid cancer could predict lymph node metastasis, which is consistent with our
results. Furthermore, multivariate regression analysis also suggested that lymph node metastasis
and the presence of BRAF V600OE mutations were independent predictors for tumor prognosis,
which is also in agreement with the literature (Costa et al., 2008; Henderson et al., 2009). As
BRAF gene mutations and lymph node metastasis are closely associated with tumor recurrence,
pre-operative detection of the mutation and conventional lymph node dissection may help to
reduce the recurrence rate (Bozec et al., 2011; Alzahrani and Xing, 2013).

Lower rates of the BRAF V600OE mutation have been discovered by direct DNA se-
quencing (Kebebew et al., 2007; Tufano et al., 2012). In the present study, a proportion of muta-
tions detected by the multiplex allele-specific PCR and DHPLC assay showed only very low
or even no mutation peak with DNA sequencing. Our method is therefore more appropriate for
detecting low level mutations in fine-needle aspiration biopsy specimens. Due to the long stor-
age time and paraffin-embedded conditions, DNA in some specimens might break into small
fragments. Consequently, the mutant gene fragment may not be long enough for PCR detection,
which can lead to false-negative results (Kebebew et al., 2007). In the present study, the fragment
amplified by the multiplex allele-specific PCR only spanned 126 bp, and therefore has a wider
range of applications. In the future, it would also be interesting to quantify the mutation with
DHPLC and correlate the results with clinicopathological features of PTC.

In summary, we developed an efficient method for detecting the BRAF V600E mutation
in PTC samples that is simple, rapid, sensitive, and of low cost. Our results also confirmed that
this mutation is an independent predictor for PTC, which is closely associated with metastasis of
central cervical lymph nodes. The next step will be to elucidate the concentration of the BRAF
V600E mutation and biological behaviors of PTC, which will help to predict the degree of ma-
lignancy and aid decision-making for appropriate surgical treatment for the disease.
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