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Associations of the BRAF (V600E) mutation and p53
protein expression with clinicopathological features
of papillary thyroid carcinomas patients
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Abstract. The BRAF (V600E) mutation is the most preva-
lent type of genetic alteration that has been identified in
papillary thyroid carcinoma (PTC); in addition, previous
immunohistochemical studies have revealed the overexpres-
sion of p53 protein in PTC. The aim of the present study
was to investigate the prevalence of the BRAF (V600E)
mutation and the expression of p53 in PTC, as well as to
determine any associations between these two factors and
the clinicopathological features of PTC. The study was
performed on 66 PTC patients who underwent surgical
tumor resection between January and December 2012.
Polymerase chain reaction-based DNA amplification was
used to analyze extracted DNA from the tumor specimens
in order to determine the prevalence of the BRAF (V600E)
mutation. In addition, immunohistochemical analysis was
employed in order to evaluate the protein expression of p53
in sections of tumor tissue. Furthermore, statistical analysis
was performed in order to determine any associations among
the BRAF (V600E) mutation prevalence, pS3 overexpres-
sion and the clinicopathological features of PTC patients,
including age, gender, tumor size, multiplicity, lymph node
metastasis and extrathyroidal extension. The results revealed
that the BRAF (V600E) mutation was observed in 50 (75.8%)
of the 66 PTC patients and overexpression of p53 was found
in 52 (78.8%) of 66 cases. No significant correlations were
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observed between the BRAF (V600E) mutation or p53
protein overexpression and the clinicopathological features
of patients. However, the BRAF (V600E) mutation demon-
strated noteworthy, but non-significant, correlations with the
overexpression of p53 (P=0.0854) and extrathyroidal exten-
sion (P=0.0661). In addition, a significant correlation was
observed between lymph node metastasis and bilaterality
(P=0.0280). In conclusion, the present study demonstrated
that the BRAF (V600E) mutation and overexpression of p53
were not significantly correlated with clinicopathological
features of PTC, although notable associations were identi-
fied between BRAF (V600E) mutation and overexpression of
p53 as well as extrathyroidal extension. In addition, lymph
node metastasis was significantly associated with bilaterality.

Introduction

Papillary thyroid carcinoma (PTC) is a prevalent form of
thyroid cancer (1). Due to recent developments in ultrasonog-
raphy (US) and US-guided fine-needle aspiration biopsies,
impalpable small-sized papillary thyroid microcarcinomas
have been frequently detected (2).

In general, PTC has a good prognosis; however, certain
patients experience local recurrence and/or distant metastasis.
Factors that are known to significantly reduce PTC patient
prognosis include age, male gender, large tumor size, extrathy-
roidal extension and metastases (3-6).

Numerous scoring systems for predicting prog-
nosis, including Tumor-Node-Metastases (TNM) and
Metastases-Age-Completeness of resection-Invasion-Size of
tumor (MACIS) have been used to more accurately establish
prognosis in PTC patients (3,7). Furthermore, numerous
previous studies have investigated potential molecular and
cytological markers of biological behavior (3-7).

The most prevalent type of genetic alteration in PTC
is the BRAF (V600E) mutation. BRAF is known to be a
mitogen-activated protein kinase (MAPK) signaling pathway
activator involved in regulating the growth, division and
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proliferation of cells (8). The V60OE amino acid substitution
in BRAF is the results of a T1799A point mutation in exon 15
of BRAF; this mutation accounts for >90% of all the genetic
alterations detected in the BRAF gene (9).

Numerous studies have investigated potential associations
among the BRAF (V600E) mutation, clinicopathological
features of PTC and the clinical outcome of patients; however,
correlations between the incidence of the BRAF (V600E)
mutation and clinicopathological features in PTC patients
remains controversial (1,9-20).

The incidence rate of the BRAF (V600E) mutation in
PTC has been reported to vary between 29 and 83%; of note,
the rate of BRAF (V600E) mutation occurrence in Korea
was reported to be 52-83%, whereas in other countries the
occurrence rate was 30-49% (9). However, the variation
in these results was suggested to be the result of a lack of
prospective studies that may reduce the selection bias, small
study population sizes, the absence of multivariate analysis
and the heterogeneous histological subtypes within PTC (9).
Mutations in the tumor suppressor gene p53 were reported
to occur in ~50% of cancers; these mutations account
for the most prevalent type of genetic alteration in cancer
cells (3-8). Numerous previous studies have demonstrated
that genetic mutations of p53 often occur in undifferentiated
thyroid cancers. The occurrence of p53 mutations in well
differentiated thyroid carcinomas, such as PTC, has not been
conclusively established; but the incidence of p53 mutations
has been reported as ranging between 0 and 25% (7,21). p53
protein overexpression, as determine by immunohistochem-
istry, was reported to be correlated with the presence of
p53 gene mutations (7); however, the immunohistochemical
detection of p53 overexpression has been identified in
differentiated follicular and papillary thyroid carcinomas
regardless of the occurrence of p53 gene mutations. p53
protein overexpression was reported to have an incidence rate
of between 11 and 59% (6,22,23). Certain studies regarding
the immunohistochemical analysis of pS3 protein expression
have demonstrated that pS3 overexpression may be used as an
independent prognostic indicator for differentiated thyroid
carcinomas (3-7,22,24).

The present study aimed to investigate the prevalence of the
BRAF (V600E) mutation and the overexpression of p53 protein
in PTC, as well as to determine any potential associations
among these two factors and other clinicopathological features
of PTC.

Materials and methods

The present study was approved by the Institutional Review
Board of the Kangnam Sacred Heart Hospital of Hallym
University Medical Center (no. 2014-04-44; Seoul, Korea).

A total of 66 PTC patients (classic type, 60 cases; follicular
variant, 6 cases) who had undergone surgery for the treat-
ment of PTC, thyroid lobectomy or total thyroidectomy with
or without lymph node dissection, were enrolled into the
present study at the Kangnam Sacred Heart Hospital between
January and December 2012. For all the cases, hematoxylin
and eosin (H&E)-stained slides and paraffin blocks for immu-
nohistochemical staining were reviewed. The H&E slides
were examined by two of the present authors, independently,
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according to the histopathological criteria proposed by the
World Health Organization (25) for the diagnosis of PTC. A
multi-headed microscope (U-MDOB3, Olympus Corporation,
Tokyo, Japan) was used in order to review any slides where the
independent reviewers diagnoses were not consistent.

Immunohistochemistry was performed on 4-ym-thick
paraffin-embedded tissue sections using the automated
staining system, the Leica Bond-Max autostainer (Leica
Microsystems GmbH, Wetzlar, Germany) with appro-
priate positive and negative controls according to the
manufacturer's instructions. Mouse monoclonal anti-p53
antibody (1:3,000; DO-7; Dako, Glostrup, Denmark) was
used as the primary antibody. Expression of p53 protein
was scored according to intensity and positive cell propor-
tion. The intensity was graded into O, none; 1+, weak; 2+,
intermediate; 3+; strong. The positive cell proportion was
semiquantitatively evaluated according to the estimated
percentage of positive tumor cells: 0, no positive cells; 1,
<10% positively-stained cells; 2, 0-33% positively-stained
cells; 3, 33-66% positively-stained cells; 4, >66% posi-
tively-stained cells. The two scores were combined: a
total score of <4+ was considered negative and scores of
>4+ were considered positive for p53.

DNA extraction. Paraffin-embedded tissue was manually
micro-dissected into 10 ym sections. Genomic DNA was extracted
using the QIAamp DNA mini kit (QTAGEN, Chatsworth, CA,
USA) according to the manufacturer's instructions.

Analysis of BRAF (V600OE) mutation by polymerase chain
reaction (PCR). PCR analysis was performed using Seeplex
BRAF Autocapillary Electrophoresis Detection kits
(Seegene, Seoul, Korea). The PCR reaction mixtures were
prepared as follows (total volume, 20 pl): 4 ul 5X BRAF
primer mix, 3 ul extracted DNA (10 ng/ul), 3 ul 8-methoxy-
psoralen (8-Mop) solution and 10 gl 2X multiplex master
mix (Seegene). Following incubation at 94°C for 15 min,
amplification was performed in a 9700 Thermal Cycler
(Applied Biosystems, Foster City, CA, USA), with 35 cycles
of denaturation at 94°C for 30 sec, annealing at 63°C for
30 sec, extension at 72°C for 60 sec and a final extension at
72°C for 10 min. In order to confirm the presence and size
of the amplified PCR products, 5 ul was electrophoresed
on 2% (wt/vol) agarose gels containing EtBr (Seegene, Inc.,
Seoul, Korea): Wild-type BRAF PCR amplification results in
a 251-bp amplicon (internal control); BRAF (V600E) results
in a 167-bp amplicon (Fig. 1).

For eradicating the template activity of contaminating
DNAs, 8-Mop solution was used, which intercalates into
double-stranded nucleic acids, forming covalent interstrand
cross-links following photoactivation with light of wave-
lengths 320-400 nm, using a Gel Doc XR+ system (Bio Rad,
CA, USA).

Statistical analysis. Values are presented as the mean + stan-
dard error of the mean. All statistical analyses were performed
using SPSS 21.0 software (International Business Machines,
Armonk, NY, USA). The Chi-Squared test was used to analyze
categorical data and the Student's t-test was used to evaluate
continuous variables; all other variables were analyzed using
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Table I. Associations between the BRAF (V600E) mutation and clinicopathological features of papillary thyroid carcinomas.

Parameter BRAF mutation + (%) BRAF mutation - (%) P-value
No. of cases 50 (75.8) 16 (24.2)
Age, years 49.5+104 49.3x104 0.9502
Gender 0.7433
Male 12 (70.6) 5(29.4)
Female 38 (77.6) 11 (22.4)
Tumor size (mm) 9.1+6.8 7.2+6.6 0.3272
Multiplicity 1.0000
Present 19 (76.0) 6(24.0)
Absent 31 (75.6) 10 (24 .4)
Extrathyroidal-extension 0.0661
Present 20 (90.9) 209.1)
Absent 30 (68.2) 14 (31.8)
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Figure 1. PCR analysis of thyroid specimens. Two clear PCR bands were identified with 251-bp (internal control) and 167-bp (mutant band). Samples 1-4
exhibit the BRAF (V600E) mutation; samples 5 and 6 exhibit wild type BRAF. PCR, polymerase chain reaction; M, 100-bp ladder; P, positive control; N,

negative control; 1-6, clinical samples.

Fisher's exact test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Clinicopathological features, BRAF (V600E) status and
pS53 protein status in PTC. A total of 66 patients were
enrolled in the present study, with 17 males (25.8%) and
49 females (74.2%), with a mean age of 49.5+£10.3 years
(range, 31-74 years) at the time of surgery. A total of
58 patients (87.9%) underwent a total thyroidectomy
with or without neck dissection. Of these 58 patients,
2 patients (3.0%) underwent concurrent comprehensive neck
dissection [level II-VI (26)], 2 patients underwent level IV
Ilymph node dissection, 2 patients underwent level II and
level III lymph node dissection, 1 patient underwent level I
and level II lymph node dissection, 1 patient underwent
level II and central lymph dissection, 1 patient underwent

level IV and central lymph node dissection and 35 patients
(53.0%) underwent central neck dissection (CND). In addi-
tion, 7 patients (10.6%) underwent lobectomy with (2 patients)
or without (5 patients) CND and 1 patient underwent subtotal
thyroidectomy without lymph node dissection.

Among the 66 cases, 55 cases (83.3%) were diagnosed as
microcarcinoma and the mean tumor size was 8.7 mm +6.7
(range, 0.1-4.0 cm). 60 cases were classic type and 6 cases
were follicular variant. One of the 6=follicular variant cases
was encapsulated follicular variant and the remaining 5 cases
were diffuse follicular variant. BRAF (V600E) was identified
in 50 cases (75.8%) and p53 overexpression was detected in
52 cases (78.8%) (Tables I and II).

Associations between BRAF (V60O0E) status and clinico-
pathological features of PTC. As shown in Table I, among
the 50 patients with the BRAF (V600E) mutation, 12 were
males (24%) and 38 were females (76%), with a mean age of
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Table II. Associations between p53 protein overexpression and clinicopathological features of papillary thyroid carcinomas.

Parameter pS3 overexpression + (%) p53 overexpression - (%) P-value
No. of cases 52 (78.8) 14 (21.2)
Age (years) 49.7+10.1 48.6+11.5 0.7217
Gender 1.0000
Male 14 (82.4) 3(17.6)
Female 38 (77.6) 11 (22.4)
Tumor size (mm) 9.1+6.7 7.0£6.9 0.3007
Multiplicity 1.0000
Present 20 (80.0) 5(20.0)
Absent 32 (78.0) 9(22.0)
Extrathyroidal-extension 1.0000
Present 17 (77.3) 5(22.7)
Absent 35(79.5) 9(20.5)

Table III. Associations between lymph node metastasis and clinicopathological parameters of papillary thyroid carcinomas.

Parameter Lymph node metastasis + (%) Lymph node metastasis - (%) P-value
No. of cases 14 (21.2) 52 (78.8)
Age (years) 47.4£10.0 50.0£104 0.3964
Gender 0.7441
Male 4(235) 13 (76.5)
Female 10 (204) 39 (79.6)
Tumor size (mm) 9.8+7.0 8.4+6.7 0.4881
Multiplicity 0.2182
Present 3(12.0) 22 (88.0)
Absent 11 (26.8) 30(73.2)
Bilaterality 0.0280
Present 0(0.0) 15 (100.0)
Absent 14 (27.5) 37 (72.5)
Extrathyroidal-extension 0.5244
Present 6(27.3) 16 (72.7)
Absent 8(18.2) 36 (81.8)
Lymphovascular-invasion -
Present 0(0.0) 0(0.0)
Absent 14 (21.2) 52 (78.8)
P53 overexpression 0.4734
Present 10 (19.2) 42 (80.8)
Absent 4 (28.6) 10 (71.4)
BRAF mutation 1.0000
Present 11 (22.0) 39 (78.0)
Absent 3 (18.7) 13 (81.3)

49.5+10.4 years. The mean tumor size was 9.1+6.8 mm. Multi-
plicity and extrathyroidal extension were present in 19 (38%)
and 20 (40%) out of 50 cases, respectively.

Among the 16 patients without the BRAF (V600E) muta-
tion, 5 were males (31.3%) and 11 were females (68.7%), with
a mean age of 49.3+10.4 years. The mean tumor size was

7.2+6.6 mm. Multiplicity and extrathyroidal extension were
present in 6 (37.5%) and 2 (12.5%) of the 16 cases, respec-
tively (Table I).

As shown in Table I, none of the parameters exhib-
ited a significant correlation with the BRAF (V600E)
mutation (P>0.05); however, there was a notable, but
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Table I'V. Associations between BRAF (V600E) mutation and p53 protein overexpression in papillary thyroid carcinomas.

Parameter BRAF mutation + (%) BRAF mutation - (%) P-value
No. of cases 50 (75.8) 16 24.2)
P53 overexpression 0.0854
Present 42 (80.8) 10 (19.2)
Absent 8(57.1) 6 (42.9)

non-significant, association between extrathyroidal extension
and the BRAF (V600E) mutation (P=0.0661).

Associations between p53 protein overexpression and
clinicopathological features of PTC. As shown in Table II,
among the 52 patients who exhibited p53 protein overexpres-
sion, 14 were males (26.9%) and 38 were females (73.1%),
with a mean age of 49.7+10.1 years and a mean tumor size
of 9.1+£6.7 mm. Multiplicity and extrathyroidal extension
were present in 20 (38.5%) and 17 (32.7%) out of 52 cases,
respectively.

Among the 14 patients who demonstrated no pS3 protein over-
expression, 3 were males (21.4%) and 11 were females (78.6%),
with a mean age of 48.6+11.5 years and a mean tumor size of
7.0+£6.9 mm. Multiplicity and extrathyroidal extension were
each present in 5 out of 14 (35.7%) cases (Table II).

As shown in Table II, none of the clinicopathological
parameters demonstrated a significant correlation with p53
protein overexpression.

Associations between lymph node metastasis and clini-
copathological parameters of PTC. As shown in Table II,
among the 14 patients with lymph node metastasis, 4 were
males (28.6%) and 10 were females (71.4%), with a mean
age of 47.4+10.0 years and a mean tumor size of 9.8+7.0 mm.
Multiplicity and bilaterality were present in 3 (21.4%) and
0 of the 14 cases, respectively. Extrathyroidal extension and
lymphovascular invasion were present in 6 (42.9%) and 0 of
the 14 cases, respectively. In addition, p53 overexpression and
the BRAF (V600E) mutation were present in 10 (71.4%) and
11 (78.6%) of the cases, respectively.

As shown in Table I11, only one parameter, bilaterality was
demonstrated to be significantly associated with lymph node
metastasis (P=0.0280).

Association between BRAF (V600E) mutation and p53
protein overexpression in PTC. Among the 50 patients with
the BRAF (V600E) mutation, 42 patients exhibited p53 protein
overexpression (84%). In addition, among the 16 patients
without BRAF (V600E) mutation, 10 patients demonstrated
p53 protein overexpression (62.5%) (Table IV). Therefore,
there was a notable, but not a statistically significant, correla-
tion between the BRAF (V600E) mutation and p53 protein
overexpression (P=0.0854).

Discussion

BRAF is the most prevalent type of genetic alteration in
thyroid cancer and has been widely investigated (27). In

thyroid cancer, BRAF was reported to be activated via
certain point mutations, including a nucleotide position
1799 substitution of thymine to adenine, which subsequently
results in the replacement of valine with glutamate at residue
600 (V600E). Out of all the BRAF mutations that may occur
in thyroid cancer, the BRAF (V600E) mutation accounts
for >90%. The incidence rate of the BRAF (V600E) muta-
tion varies greatly, ranging from 29 to 83% in PTC. The
reason for this variation is unclear, but it is suggested that
geographic, genetic factors, or other factors may account
for these differences (9). In addition, it was reported that in
Korean populations, the BRAF (V600E) mutation in PTC was
markedly more prevalent at 52-83% compared with 30-49%
in other countries (9). It has not been determined why this
variation occurs, although it was suggested that geographic
or genetic factors may be involved (9). BRAF has been iden-
tified in classic papillary and tall cell thyroid cancer as well
as in ~1 out of 3 cases of poorly differentiated and anaplastic
thyroid carcinomas (27). The results of the present study
determined the prevalence of the BRAF (V600E) mutation
to be 75.8%.

Numerous studies have evaluated the association
between the BRAF (V600E) mutation, clinicopathological
features and clinical outcomes of PTC; however, contro-
versial results have been obtained for a correlation between
the BRAF (V600E) mutation and clinicopathological
features (1,9-20). Furthermore, multiple previous studies
have demonstrated a correlation between the BRAF (V600E)
mutation and the high-risk clinicopathological characteristics
of PTC, including older age at diagnosis, male gender, large
tumor size, the presence of extrathyroidal extension, lymph
node and distant metastasis and an advanced stage (9-11,13,
15,16,18-20,28,29). By contrast, certain studies were unable
to identify marked associations between the BRAF (V600E)
mutation and the high-risk clinicopathological characteris-
tics of PTC (12,14). The reason for this variation is unclear,
but it may be that geographic or genetic factors may account
for these differences. However, the variation in these results
is also considered to be the result of a lack of prospective
studies that may reduce the selection bias, small study
population sizes, the absence of multivariate analysis and the
heterogeneous histological subtypes within PTC (9)

The results of the present study did not demonstrate any
significant correlations between the BRAF (V600E) mutation
and the clinicopathological features of PTC, including age,
gender, tumor size, multiplicity, lymph node metastasis and
extra thyroidal extension. However, extrathyroidal extension
exhibited a borderline correlation with the BRAF (V600E)
mutation (P=0.0661).
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The tumor suppressor gene p53 encodes a DNA-binding
protein that has important functions in cell cycle arrest, DNA
repair, differentiation and apoptosis. pS3 gene mutations have
been observed in ~50% of the human cancers and are one of
the most prevalent types of genetic modifications identified
in malignant cells; in addition, these mutations primarily
occur in exons (3,4,5,7,8,23). In the thyroid gland, muta-
tions of the p53 gene were reported to occur in 40-62% of
undifferentiated carcinomas and 0-25% in well-differentiated
carcinomas (4,8). The overexpression of p53, as determined
by immunohistochemistry was suggested to attributed to the
mutation of a p53 gene in up to 95% of PTC cases (5). p53
protein overexpression was reported to have an incidence
rate of between 11 and 59% (4,21,23).

Due to its short half-life, wild-type p53 protein is unde-
tectable; however, mutated p53 exhibits greater stability
and a prolonged half-life (24). Therefore, it was previously
hypothesized that immunohistochemistry was only able to
detect mutated p53. By contrast, it has been reported that
the overexpression of p53 may not always be attributed to
gene mutations, as wild-type overexpression may occur due
to factors that have not yet been elucidated and may provide
a protection mechanism against tumors (5,23). In addition,
mutations of p53 were proposed to induce the expression
of abnormal proteins or lead to a deficient expression of
p53 (23).

In thyroid cancers, it was suggested that the presence of
p53, as detected by immunohistochemistry, was associated
with the occurrence of p53 gene mutations (5); however,
the detection of p53 protein expression was also reported
in differentiated papillary and follicular thyroid carcinomas
regardless of the occurrence of p53 gene mutations; of note,
the incidence rate of p53 protein overexpression in PTC was
reported to be between 11 and 59% (4,21-25).

Certain studies regarding the immunohistochemical
analysis of p53 expression have demonstrated that p53 overex-
pression may act as a significant and independent prognostic
indicator for differentiated thyroid carcinomas (3,4,7,22,24).
However, this association has provided controversial
results (3,5,21,30,31). Morita et al (4) reported a significant
correlation among p53 protein expression in primary tumors,
larger tumors, the presence of lymph node metastasis and the
mean number of lymph node metastases (4). Furthermore,
Horie et al (7) indicated that p53 protein overexpression had
a marked correlation with large tumor size and the occur-
rence of capsular invasion (7). However, several studies have
reported no significant associations between p53-positive
tumor cells and clinicopathological data (5,6,21,30,31).

In the present study, no significant correlations were
identified between p53 protein overexpression and clinico-
pathological features of PTC, including age, gender, tumor
size, multiplicity, lymph node metastasis and extrathyroidal
extension. Limitations of the present study included an
insufficient number of prospective studies to reduce selec-
tion bias, a relatively small population size and the lack of
multivariate analysis.

In conclusion, the results of the present study revealed
that the BRAF (V600E) mutation and overexpression of p53
were not significantly correlated with clinicopathological
features of PTC; however, the BRAF (V600E) mutation
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demonstrated a notable, but non-significant, association with
p53 overexpression (P=0.0854) and extrathyroidal exten-
sion (P=0.0661). In addition, a significant correlation was
observed between lymph node metastasis and bilaterality
(P=0.0280). Further prospective studies are required, with a
larger study population in order to determine the exact role of
the BRAF (V600E) mutation and p53 protein overexpression
in the clinicopathological significance of PTC.
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