
Abstract. Background: The genes RAS and BRAF have been
shown to be frequently mutated in human thyroid carcinomas.
The aim of this study was to genotype a cohort of 55 sporadic
papillary thyroid carcinomas (PTC) and 44 sporadic medullary
thyroid carcinomas (MTC) for the K-RAS codon 12 and BRAF
codon 600 mutations. Materials and Methods: K-RAS and
BRAF mutations were characterized by an enhanced polymerase
chain reaction followed by restriction fragment length
polymorphism analysis (PCR-RFLP). Results: The K-RAS
codon 12 mutation was found in 54.5% of the PTC and 40.9%
of the MTC cases tested. The BRAF V600E mutation was
detected in 27.3% of the PTC and 68.2% of the MTC samples.
No significant association between K-RAS and BRAF mutations
and clinicopathological parameters was found. Conclusion:
These data indicate that K-RAS and BRAF mutations were a
frequent genetic event in our samples of sporadic PTC and MTC. 

Thyroid cancer is the most common endocrine malignancy.
It is histologically classified as papillary thyroid cancer
(PTC), follicular (FTC), anaplastic (ATC) and medullary
(MTC), and accounts for approximately 80%, 15%, 2% and
3% of thyroid malignancies, respectively (1). PTC, FTC and
ATC derive from follicular thyroid epithelial cells, whereas
MTC derives from calcitonin-secreting parafollicular C cells. 

Both genetic and epigenetic alterations have been shown
to play an important role in the initiation and progression of
thyroid carcinomas. Over the past two decades, various
genetic alterations have been identified in different thyroid
neoplasms. The classical genetic alterations commonly seen

in thyroid cancer include Ras mutations (2), RET/PTC
rearrangements (3) and PAX8-peroxisome proliferator-
activated receptor Á (PPARÁ) fusion oncogene (4). Several
activating Ras mutations, also widely found in other cancers,
occur mainly in FTC and PTC (5, 6). RET mutations are
primarily responsible for familial MTC and some sporadic
MTC (7, 8). Recently, mutations of BRAF, both point
mutations (9) and gene rearrangements (10), have been
identified. Specifically, an apparently unique mutation
V600E (formerly designated V599E) amino acid
substitution, has been described in more than 800 PTCs so
far, with a prevalence of 20-69% in the different studies (11).
Interestingly, BRAF mutations are reported to be restricted
to PTC and to anaplastic or poorly differentiated carcinomas
arising from papillary carcinomas (12). However, even if the
role of RAS and BRAF mutations is well established in PTC
cases, it is not known whether RAS and BRAF mutations also
play a role in the tumorigenesis of other types of thyroid
neoplasms, such as ATC, benign hyperplasia and MTC. 

In this paper, a genotype study of K-RAS and BRAF gene
mutations in a Greek cohort of sporadic PTC and MTC
carcinomas is reported. 

Materials and Methods

Human thyroid tissues. Paraffin-embedded tumor blocks from
thyroidectomy specimens of patients with thyroid neoplasms were
retrieved for analysis of K-RAS and BRAF gene mutations upon
approval of the hospital’s Ethics Committee. All the patients signed
an informed consent form in which they approved the sample
collection to be used for genetic analyses. A total of 99 specimens
were studied. These included 55 PTC (45 female and 10 male,
mean age 43.54±12.98 years), and 44 MTC samples (33 female and
11 male, mean age 50.93±15.18 years). 

Genotyping. Genomic DNA from paraffin-embedded tumor blocks
was extracted using a commercial kit (Nucleospin Tissue,
Macherey-Nagel, Germany). The presence of a mutation at codon
12 of K-RAS was determined by an enriched polymerase chain
reaction followed by restriction fragment length polymorphism
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analysis (PCR-RFLP) according to the method originally described
by Kahn et al. (13) and modified by Nagasaka et al. (14). Mutation
at codon 600 of BRAF was screened by an enriched PCR-RFLP
analysis, as described by Nagasaka et al. (14).

Statistical analysis. All statistical calculations were made using the
GraphPad InStat software (version 3.00; GraphPad Software, Inc.,
San Diego, CA, USA). Differences in frequencies were evaluated
by the Chi-square test or Fisher's exact test, where appropriate. All
reported p-values are two-sided and a p-value of <0.05 was
considered to be statistically significant. 

Results

Mutation of codon 12 of K-RAS was found in 30 of the 55
PTC (54.5%) and in 18 of the 44 MTC (40.9%) samples
tested. All the mutated samples were heterozygous. The
V600E mutation of BRAF was found in 15 of the 55 PTC
(27.3%) and in 30 of the 44 (68.2%) MTC samples tested.
Only one of the mutated samples was homozygous.
Concordant mutations of BRAF and K-RAS were found in
8 PTC and in 5 MTC samples. Analysis of the unaffected
thyroid tissue demonstrated the somatic origin of the
mutations. 

As shown in Table I, no significant correlation between
K-RAS and BRAF mutations and clinicopathological
parameters was found. 

Discussion

It is well-known that K-, H- and N-RAS genes are activated
at a relatively high frequency in human thyroid cancers. K-,
H- and N-RAS point mutations in PTCs have been described
with a prevalence of 20-30% in different studies (15, 16),
whereas the limited studies carried out so far failed to find
RAS mutations in MTCs (17, 18). Our findings concerning
PTCs are in agreement with several studies conducted in
North American and other European populations (6, 19, 20),
but diverged from the results of an Italian series (21, 22).
Regarding MTCs, in contrast with previous studies (17, 18),
we found a high frequency of the K-RAS codon 12 point
mutation in our samples (40.9%). Less is known about
MTCs, but our results suggest that K-RAS might play an
important role in the carcinogenesis of sporadic MTC. 

Concerning the BRAF gene, our study demonstrated that
mutation at the hot-spot codon 600 occurred in 27.3% and
in 68.2% of PTCs and MTCs, respectively. Regarding the
PTC cases, our data confirm previous findings (9, 19, 22)
and provide evidence for a leading role of the BRAF gene
in the pathogenesis of sporadic PTC. However, our results
are in sharp contrast to the limited previous studies which
did not find any BRAF mutation in MTC (23). Since there
are few studies examining the frequency of K-RAS and
BRAF mutations in sporadic MTCs, it is possible to

speculate that other genetic factors and/or environmental
setting may account for these significant differences in
mutation prevalence in this type of thyroid carcinoma. More
ad hoc-designed molecular epidemiological studies are
needed to clarify these aspects.

As far as the genotype-phenotype correlation is concerned,
discordant and scant data were generated in previous studies
(12, 24). Indeed, Nikiforova et al. (12) reported that an older
age and a higher stage, and not the presence of lymph-nodal
and distant metastases, are associated with BRAF mutation.
In a comparable series by Namba et al. (24), BRAF mutation
was found to be slightly correlated with the stage, and, more
significantly, with distant metastases, but not with age.
Additionally, Garcia-Rostan et al. (25) reported that RAS
mutations are a marker for an aggressive thyroid cancer
phenotype and indicate a possible benefit of RAS genotyping
to identify thyroid carcinoma subsets associated with poor
prognosis. On the other hand, Capella et al. (26) suggested
that RAS mutations are not related to thyroid cancer
prognosis. In view of these controversial data, it is difficult to
indicate any possible association between RAS and BRAF
mutation and age, gender or aggressiveness of the tumor. The
results obtained in the present study do not allow us to
confirm any of the reported correlation. Indeed, in our cases,
no statistically significant differences in age, gender, stage or
metastasis between RAS and/or BRAF mutated and
nonmutated PTCs and MTCs were found.

In conclusion, our results, together with previous genetic
studies on thyroid neoplasms, are consistent with the
concept that thyroid carcinomas inherently harbor a BRAF
mutation which, together with mutations in RAS, RET as
well as RET/PTC rearragements, are all implicated in the
Ras→Raf→MEK→MAP/ERK signaling pathway leading to
cell growth, proliferation and transformation, and this
demonstrate a common link between all the thyroid
neoplasms. 
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Table I. Correlation between KRAS and BRAF mutations and various clinicopathological parameters in papillary and medullary thyroid cancers.

Papillary thyroid K-RAS codon 12 mutation BRAF mutation
cancer

Positive Negative p Positive Negative p

n (%) n (%) n (%) n (%)

Age
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Gender
Female 25 83.3 20 80 1.000 13 86.7 32 80 0.710
Male 5 16.7 5 20 2 13.3 8 20

Tumor size
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>40 mm 1 3.3 0 0 1 6.6 0 0

Stage
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III 7 23.3 4 16 2 13.3 9 22.5
IV 0 0 0 0 0 0 0 0

Nodal metastasis
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Yes 6 20 4 16 2 13.3 8 20
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cancer
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Stage
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II 6 33.3 5 19.2 7 23.3 4 28.6
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Nodal metastasis
No 24 80 21 84 0.741 18 60 6 42.9 0.342
Yes 6 20 4 16 12 40 8 57.1
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