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Sequencing

Background: Papillary thyroid carcinoma (PTC) of the thyroid is the most common endocrine ma-
lignancy. High prevalence of an activating point mutation of BRAF gene, BRAF'®E  has been re-
ported in PTC. We assessed the efficiency of peptide nucleic acid clamp real-time polymerase
chain reaction (PNAcqPCR) for the detection of BRAFY5F mutation in PTC in comparison with di-
rect sequencing (DS). Methods: A total of 265 thyroid lesions including 200 PTCs, 5 follicular car-
cinomas, 60 benign lesions and 10 normal thyroid tissues were tested for BRAFV®™E mutation by
PNAcgPCR and DS. Results: The sensitivity and accuracy of the PNAcgPCR method were both
higher than those of DS for the detection of the BRAF'6F mutation. In clinical samples, 89% of
PTCs harbored the BRAFY5€ mutation, whereas 5 follicular carcinomas, 50 benign lesions and
10 normal thyroid tissues lacked the mutation. The mutation was associated with aggressive clin-
ical behaviors as extrathyroid invasion (p=0.015), lymph node metastasis (p=0.002) and multiple
tumor numbers (p=0.016) with statistical significance. Conelusions: The PNAcqPCR method is
efficiently applicable for the detection of the BRAF'6 mutation in PTCs in a clinical setting.
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Various oncogenes and tumor suppressor genes regulate the
development and progression of papillary thyroid carcinoma
(PTC), but only a few of these have been identified to date.! PTC
is the most common endocrine malignancy in the thyroid, ac-
counting for 85-90% of all thyroid cancers.? The most frequent
genetic alterations in BRAF are the BRAF activating point mu-
tations, BRAFY®F and T1796A,* which are important events in
the development of PTC. Three Raf families of serine/threonine
kinases have been identified as c-RAF, A-raf and BRAF in hu-
man.® Mitogenic signals are transduced from the cell mem-
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brane to the nucleus by these proteins and they mediate cell dif-
ferentiation and proliferation. The mutational hot spot codon
and nucleotide incorrectly reported in earlier reports as 599 and
1,796 should be correctly located at codon 600 and nucleotide
1,799.” Codon 600 is in the domain of BRAF, and the V60OE
mutation makes the enzyme more constitutively active than the
wild-type BRAF. This suggests that therapy with RAF kinase
inhibitors may be useful for PTC with the BRAF'*F muta-
tion. It will be necessary to evaluate the presence or absence of
BRAFYF mutations in PTC to maximize successful treatment
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of the disease. There are various methods to detect BRAF'®F
mutations, including direct Sanger’s sequencing (DS),*'? sin-
gle strand conformation polymorphism/denaturant gradient gel
electrophoresis with direct sequencing,' allele-specific fluores-
cent probe melting curve analysis,"* mutant allele-specific poly-
merase chain reaction (PCR)," restriction fragment length poly-
morphism,'® pyrosequencing'” and allele-specific PCR using a
dual priming oligonucleotide system,'® although the detection
rates vary between methods. The DS method has been a gold
standard for detecting mutations even though it has two im-
portant disadvantages: low sensitivity (20-50%) and a risk of
contamination when handling PCR reaction components.” It
is necessaty to apply a more sensitive and specific method for
the detection of BRAF'*™F mutations in PTC for diagnosis and
treatment. The peptide nucleic acid clamp real-time PCR (PNA-
cqPCR) procedure has been developed for enhanced amplifica-
tion,” and has successively detected KRAS mutations in colorec-
tal cancers with specificity and sensitivity.* In this study, we
analyzed 200 PTCs for the presence of the BRAFY" mutation
by the two methods to evaluate their efficiency for BRAFY*"
mutant detection, and the results of BRAFY®® in PTC were

analyzed with clincopathologic parameters.

MATERIALS AND METHODS

Cell culture

To validate the sensitivity and specificity of the commercial
PNA Clamp BRAF mutation detection kit (Panagene Ltd.,
Daejeon, Korea), two human cancer cell lines (HeLa, Korea cell
line bank No. 10002; BRAF wild type and COLO 205, Korea
cell line bank No. 10222; BRAFY*™ T1799A, mutant type)
were used as PNA clamping standards for real-time PCR. HeLa
cells (BRAF wild type) were grown in Dulbecco’s modified Ea-
gle’s medium (Hyclone, Thermo, Logan, UT, USA), while CO-
LO 205 cells were grown in RPMI 1640, supplemented with
10% fetal bovine serum (Sigma, St. Louis, MO, USA). The cells
were cultivated under standard conditions (humidified atmo-
sphere, 5% CO in air, 37°C).

Tumor samples

A total of 205 cases of surgically resected thyroid malignant
lesions (200 PTCs and 5 follicular carcinomas), 50 benign le-
sions (15 follicular adenomas, 10 cases of nodular hyperplasia
and 10 cases of Hashimoto thyroiditis) and 10 normal thyroid
tissues adjacent to nodular hyperplasia were included in this
study. Eighty cases of papillary microcarcinoma (<1 cm) were
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included to see if the BRAFY* mutation occurs from early car-
cinogenesis. Informed consent was obtained from the patients
for the collection of the tumor specimens, and the study proto-
col was approved by the Soonchunhyang University, College of
Medicine Ethics Committee. The tissues were fixed in 10% neu-
tral buffered formalin for 8-14 hours at room temperature for

paraffin block.

Preparation of genomic DNA

Genomic DNAs were extracted from the cell lines using the
High Pure PCR Template Preparation kit (Roche, Mannheim,
Germany), according to the manufacturer’s instructions, and the
DNA was diluted to a concentration of 50 ng/pL for evaluation
of the test. DNA from the COLO 205 cells, T1799A (V600E),
was diluted with the DNA from the Hela cells to give muta-
tion/wild-type ratios of 1%, 5%, 10%, 20%, 50%, and 100%.
The DNAs extracted from the cell lines were stored at -20°C
until use. The genomic DNAs from the formalin-fixed paraffin-
embedded (FFPE) sections were extracted from 5x 10 pm sec-
tions using the QIAmp DNA FFPE tissue kit (Qiagen, Valen-
cia, CA, USA) as per the instructions.

DNA sequencing

The PCR reactions were performed in a final volume of 50 pL
containing 1 X PCR buffer, 200 pmol/L dNTPs, 200 nmol/L of
each primer and 2.5 U of Tzg polymerase (Solgent, Daejon, Ko-
rea). The forward primer was 5"-~AAACTCTTCATAATGCTT-
GCTCTG-3". The reverse primer was 5-GGCCAAAAATT-
TAATCAGTGGA-3". PCR was performed in a C1000 Ther-
mal Cycler system (Bio-Rad, Hercules, CA, USA) with an ini-
tial denaturation temperature at 95°C for 5 minutes followed
by 40 cycles of 30 seconds at 95°C, 30 seconds at 62°C, and 1
minute at 72°C, and a final extension at 72°C for 5 minutes.
Amplicons of 231 bp were purified using the PCR purify kit
according to the manufacturer’s instructions (COSMO Co. Ltd.,
Seoul, Korea). Briefly, the amplicons were mixed with 5 vol-
umes of PB buffer and the sample was loaded onto a column.
After washing with NW buffer, the DNA was eluted with Tris
buffer (10 mM Tris-Cl [pH 8.5]). DNA sequencing was pet-
formed with the PRISM 3100 DNA analyzer (Applied Biosys-
tems, Carlsbad, CA, USA) using the ABI Prism BigDye Termi-
nator ver. 3.1 (Applied Biosystems) with the forward primer.

PNAcqPCR
The BRAFY™® mutation was tested using the PNA Clamp
BRAF mutation detection kit according to the manufacturer’s
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instructions. Briefly, PCR was performed in a total volume of
20 pL that contained 50 ng of DNA, 13 pL of real-time SYBR
Green PCR master mix and each of the primers and PNA pro-
bes for codon 600. The PCR control lacked a PNA probe and
contained the wild type template. The PCR cycling conditions
were at 94°C for 5 minutes. followed by 40 cycles of four tem-
perature steps (94°C for 30 seconds, 70°C for 20 seconds, 63°C
for 30 seconds and 72°C for 30 seconds), and a final extension at
72°C for 5 minutes. The PNA probe designed to hybridize com-
pletely to the wild-type BRAF allele securely inhibited the am-
plification of the wild-type BRAF allele, while the PNA/mu-
tant-type allele hybrid was unstable due to base pair mismatch,
which is why the extension by polymerase occurred. The thresh-
old cycle (Ct) was automatically calculated from the PCR am-
plification plots where fluorescence was plotted against the num-
ber of cycles. Delta-Ct values were calculated as the Ct values of
the samples minus those of the controls. The higher delta-Ct
value showed that the mutant was efficiently amplified. A cut-
off value of 2.0 was used for determining the presence of mu-
tant DNA.

Interpretation of the mutation data and statistical analysis
For calculating sensitivity, specificity and accuracy of each
detection method, true-positive (TP), true-negative (TN), false-
positive (FP), and false-negative (FN) results were defined as
follows. Detection of a BRAF'*"F mutation in a tissue patho-
logically confirmed as PTC, in 200 cases, was considered as TP.
Detection of a BRAF'*™* mutation in a specimen pathological-
ly confirmed as a normal, benign lesion or follicular carcinoma,
in 75 cases, was categorized as FP. Failure to detect a BRAFY®®
mutation in a normal, benign lesion or follicular carcinoma in
75 cases, was considered as TN, and failure to detect a BRAFY*"
mutation in a PTC in 200 cases, was categorized as FN. Diag-
nostic values were calculated as follows: sensitivity = TP/(TP+
FN)x 100; specificity = TN/(TN+FP)x 100; positive predictive
value (PPV)=TP/(TP+FP)x 100; negative predictive value=
TN/(TN+EFN)x 100; accuracy = (TP+TN)/(TP+TN+FP+FN)
x100. Analysis by the k statistic was performed to evaluate the
agreement between each method and histopathologic diagnosis
(k=0.75, excellent; k = 0.40-0.75, fair or good; k <0.40, poor).
The x* test and Student’s t-test were used to analyze the relation-

ship between clinicopathologic features and BRAF"*"®

muta-
tion in patients with PTC. A p-value of less than 0.05 was con-

sidered statistically significant.
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RESULTS

Sensitivity and specificity of the PNAcgPCR compared to
direct sequencing using cell lines for the detection of the
BRAFV®E mutation

The serially diluted mutant cells (COLO 205) in the wild
type cell (HeLa) background were tested by PNAcqPCR in
comparison to DS. The delta-Cts of the 1%, 5%, 10%, 20%,
50%, and 100% mutant were 3.63, 5.5, 6.34, 6.96, 8.62, and
9.96, respectively. The delta-Ct of the 1% mutant was larger
than the cutoff value of 2.0 and the kit sensitively detected mu-
tation in 1% of the mutants in the wild type background. For
sequencing, the mutation was detected barely by manual read-
ing in 50% of the mutants in the wild type background (Fig. 1).

Detection of the BRAFY6%E mutation in thyroid samples by
PNAcgPCR compared to Direct Sequencing

Of the 200 PTC samples, 178 were positive (89%) by PNA-
cqPCR and 158 (79%) were positive by DS. All of the positive
cases by DS were positive by PNAcgPCR as well. We failed to
detect the BRAF'*" mutation either by PNAcqPCR or by DS
in follicular carcinomas and benign thyroid lesions including
follicular adenoma, nodular hyperplasia, Hashimoto thyroiditis
and normal thyroid tissue. In 80 cases of papillary microcarci-
noma, 71 cases (89%) were positive for BRAF'F, The sensi-
tivity to detect BRAF'* by PNAcqPCR was 89% whereas it
was 79% by DS. The specificity and PPV was 100% by the
two methods. The accuracy to detect BRAF™* was 91.7% by
PNAcgPCR whereas it was 84.2% by DS. The Cohen’s kappa
coefficient of PNAcgPCR was 0.80, which is excellent, whereas
that of DS was 0.65, which s fair or good (Table 1).

Correlation between BRAFY5 € mutation and
clinicopathologic parameters in papillary thyroid carcinomas
We analyzed the association between the presence of the
BRAFY™ mutation and various clinicopathologic parameters
in patients with PTC, including sex, age, tumor size, extrathy-
roid invasion, lymph node metastasis and tumor multicentrici-
ty. As shown in Table 2, age and tumor size did not differ sig-
nificantly in patients with or without the BRAF'** mutation.
The female patients had a higher prevalence of BRAFY™* which
was statistically significant (p=0.001), compared to the male
patients. The tumors with BRAFY® had higher probabilities
of extrathyroid extension (p=0.015). The tumors with nodal
metastasis (p=0.002) and with multicentricity (p=0.016) had
a statistically higher prevalence of BRAFY® than that of non-
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Fig. 1. Comparison of efficiency in detection of the BRAF'F mutation between peptide nucleic acid (PNA) clamp real-time polymerase chain
reaction (PCR) and direct sequencing. (A) The delta Ct of PNA clamp real-time PCR in 1% mutant is 3.63, which is larger than the cutoff val-
ue of 2.0 to detect mutants. (B) The sequencing barely detects mutation in 50% of mutants by manual reading.

Table 1. Comparison between PNA clamp real-time PCR and di-
rect sequencing to detect the BRAF'6™E mutation in thyroid sam-
ples

PNA clamp Direct
real-time PCR sequencing

Sensitivity (%) 89 79
Specificity (%) 100 100
Positive predictive value (%) 100 100
Negative predictive value (%) 74.7 60.7
Accuracy (%) 9.7 84.2
K-value 0.80 0.65

PNA, peptide nucleic acid; PCR, polymerase chain reaction.

metastasis and of single location (Table 2).
DISCUSSION

PTC occurs due to oncogenic constitutive activation of the
mitogen-activated protein kinase pathway by the BRAFY"F
mutation.” The prevalence of the BRAFY®* mutation in PTC

is different according to the detection methods, ranging from
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Table 2. Correlation between the BRAF'6™E mutation and clinico-
pathologic parameters in papillary thyroid carcinoma

BRAF mutation
p-value
Present Absent
No. of cases (n=200) 178 (89) 22 (74)
Male/Female 23:155 9:13 0.001
Age (yr) 0.761
<45 87 (49) 10 (46)
>45 91 (51) 12 (54)
Tumor size (cm) 0.926
<1 71 (40) 9 (1)
>1 107 (60) 13 (59)
Extrathyroid invasion 0.015
Present 89 (55) 3(21)
Absent 72 (45) 11(79)
Lymph node metastasis 0.002
Present 102 (62) 5 (25)
Absent 63 (38) 15 (75)
Tumor number 0.016
Multicentricity 80 (45) 4(18)

32% to 90%.*1°% In this study, the BRAF'*"® mutation was
detected in 89% (178/200) of PTC samples by the PNAcqPCR
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method, which is in concordance with the highest prevalence re-
ported by Lee ¢t a/."® In Korea, the BRAF'*™* mutation has been
reported to be present in 83-90% of PTCs,'*'"*® which is high-
er than what is reported (32-69%) in other countries.’*!*!115-1¢
The reason behind higher prevalence of BRAF'** in PTC in
Korea compared to other countries is not clear. However, a re-
cent epidemiologic study reported that high iodine intake may

be a significant risk factor for the presence of the BRAF'*"*

mu-
tation.” Koreans usually consume sufficient iodine through the
ingestion of seaweed products.” Korean patients with thyroid
diseases ingest considerably more iodine than healthy subjects,
especially patients with thyroid cancer.”!

The PNAcgPCR detects the BRAF'* mutation with high
sensitivity. The COLO 205 cell line is a heterozygous mutant
cell, and the sequencing chromatogram of 100% mutant cells
demonstrated low wild type A peak. In order to test sensitivity
to detect the BRAF'®® mutation, heterozygous mutant cells
proportionally mixed with wild type cells may be used.” As
shown in this study with cell lines, the PNAcqPCR detected a
19 BRAF mutant in the background of the wild type with high
sensitivity, though the gold standard DS detected a 50% mu-
tant in the background of the wild type. The PNAcqPCR is a
sensitive and specific method to detect point mutations.”*’ Se-
veral chemical features make PNA a superior PCR clamp for
specific alleles. PNA cannot be used as a primer for polymeriza-
tion, nor can it be used as a substrate for the exonuclease activi-
ties of Tag polymerase. In addition, the melting temperature
(Tm) of a perfectly matched PNA-DNA duplex is higher than
that of a DNA-DNA duplex of the same length or nucleotides,
and a single mismatch destabilizes the PNA-DNA hybrids, caus-
ing a Tm shift.”® Therefore, a PNA probe can specifically block
chain elongation on a perfectly matched wild template without
interfering with these reactions on the mutant templates with
mismatched bases.”” This enables the detection of mutants by
real-time PCR rapidly and sensitively.

DS is the “gold standard” which has been used to detect point
mutations. This method, however, takes 2-3 days and has rela-
tively low sensitivity, since samples must contain at least 20%
mutant cells for successful mutant detection." In this study, DS
failed to detect the BRAF'*™* mutation in 20 samples that were
positive for this mutation by PNAcgPCR. These samples were
microcarcinomas that had diameters less than 1 mm with a few
tumor cells.

Comparing the efficiency between PNAcgPCR and DS for
the detection of the BRAFY*"® mutation, the sensitivity and
accuracy of PNAcqPCR method were both higher than those of
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DS. However, the specificity and PPV of the two methods were
both 100%. The PNAcqPCR method has several advantages
over DS under clinical settings. First, it is more sensitive for the
detection of the BRAFY** mutation than DS. Second, it re-
quires only simple real-time PCR equipment rather than an ex-
pensive sequencer. Third, the result can be obtained rapidly by
this method. Fourth, as it uses a single tube reaction, cross con-
tamination of the samples can be minimized.

Although the BRAFY** mutation is one of the most com-
mon genetic alterations in PTC, the exact biological character-
istics, pathological features and clinical behaviors of tumors har-
boring BRAF mutations are still unclear. Lee ¢z #/.*® reported by
meta-analysis including 1,168 patients from 12 studies that the
BRAF mutation significantly correlated with histologic sub-
type (tall cell variant and conventional type), presence of extra-
thyroidal extension, and advanced clinical stage, but not with
age, sex, race or tumor size. The association between the BR-
AFY® mutation and lymph node metastasis was found to be
of borderline significance (odds ratio, 1.5; 95% confidence in-
terval, 0.992 to 2.268; p=0.055).

In this study, the BRAFY*"* mutation was associated with
aggressive clinical behaviors including extrathyroid invasion (p =
0.015), lymph node metastasis (p=0.002) and multiple tumor
numbers (p=0.016) with statistical significance. This result is
concordant with that of meta-analysis by Lee e #/.% It is notice-
able that the BRAF'™F mutation occurs in 89% of papillary
microcarcinomas. This shows that the BRAFY*® mutation plays
a role in early carcinogenesis.

Because of its high prevalence, and its association with aggres-
sive clinical behaviors, BRAFY** in PTC has become an attrac-
tive target for small molecular kinase inhibitors, which are cur-
rently in development. BAY43-9006 (sorafenib) and PLX4032
are novel signal transduction inhibitors that are intended to pre-
vent tumor growth by blocking the RAS signaling pathway, and
stop tumor angiogenesis by inhibiting the vascular endothelial
growth factor receptor-2/platelet derived growth factor recep-
tor-beta signaling cascade.”** Identification of the BRAFY*"®
activating point mutation by a rapid laboratory method could
have significant clinical value, and maximize therapeutic effica-
cy by drugs used in PTC. The PNAcqPCR method could be a
method of choice for the detection of BRAFY®* with sensitivity
and rapidity. Also, it appears feasible to use both routine FFPE
tissue samples and minute amount of cells obtained by fine nee-
dle aspiration.

In summary, in this study, the BRAF'*™* mutation was de-
tected in 89% of PTCs, which is one of the highest levels of
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prevalence reported. This suggests that BRAF" provides a
genetic marker differentiating papillary carcinomas from other
types of thyroid carcinomas, and suggests that the BRAFYS®
mutation can play a significant role in the carcinogenesis of pap-
illary carcinoma. The BRAF'"F mutation was associated with
aggressive tumor behaviors including extrathyroid invasion,
multiplicity and regional lymph nodal metastasis. The PNAc-
qPCR method for the detection of BRAF'** is sensitive, and
is applicable in a clinical setting to maximize the therapeutic

efficacy of small molecular kinase inhibitors.

Conflicts of Interest
No potential conflict of interest relevant to this article was
reported.

Acknowledgments
We thank the Soonchunhyang College of Medicine Gene Bank
for providing us with the materials used in this study.

REFERENCES

1. Segev DL, Umbricht C, Zeiger MA. Molecular pathogenesis of thy-
roid cancer. Surg Oncol 2003; 12: 69-90.

2. Hay ID, Bergstralh EJ, Goellner JR, Ebersold JR, Grant CS. Predict-
ing outcome in papillary thyroid carcinoma: development of a reli-
able prognostic scoring system in a cohort of 1779 patients surgical-
ly treated at one institution during 1940 through 1989. Surgery 1993;
114:1050-7.

3. Cohen Y, Xing M, Mambo E, et al. BRAF mutation in papillary thy-
roid carcinoma. ] Natl Cancer Inst 2003; 95: 625-7.

4. Fukushima T, Suzuki S, Mashiko M, et al. BRAF mutations in papil-
lary carcinomas of the thyroid. Oncogene 2003; 22: 6455-7.

5. Bonner TI, Kerby SB, Sutrave F, Gunnell MA, Mark G, Rapp UR.
Structure and biological activity of human homologs of the raf/mil
oncogene. Mol Cell Biol 1985; 5: 1400-7.

6. Huleihel M, Goldsborough M, Cleveland J, Gunnell M, Bonner T,
Rapp UR. Characterization of murine A-raf, a new oncogene relat-
ed to the v-raf oncogene. Mol Cell Biol 1986; 6: 2655-62.

7. Beck TW, Huleihel M, Gunnell M, Bonner TI, Rapp UR. The com-
plete coding sequence of the human A-raf-1 oncogene and trans-
forming activity of a human A-raf carrying retrovirus. Nucleic Ac-
ids Res 1987; 15: 595-609.

8. Ikawa S, Fukui M, Ueyama Y, Tamaoki N, Yamamoto T, Toyoshima
K. B-raf, a new member of the raf family, is activated by DNA rear-
rangement. Mol Cell Biol 1988; 8: 2651-4.

9. Kumar R, Angelini S, Czene K, et al. BRAF mutations in metastatic

http://www.koreanjpathol.org

melanoma: a possible association with clinical outcome. Clin Can-
cer Res 2003; 9: 3362-8.

10. Xing M, Westra WH, Tufano RP, et al. BRAF mutation predicts a
poorer clinical prognosis for papillary thyroid cancer. ] Clin Endo-
crinol Metab 2005; 90: 6373-9.

11. Fugazzola L, Mannavola D, Cirello V, et al. BRAF mutations in an
Italian cohort of thyroid cancers. Clin Endocrinol (Oxf) 2004; 61:
239-43.

12. Kim KH, Kang DW, Kim SH, Seong IO, Kang DY. Mutations of the
BRAF gene in papillary thyroid carcinoma in a Korean population.
Yonsei Med ] 2004; 45: 818-21.

13. Kimura ET, Nikiforova MN, Zhu Z, Knauf JA, Nikiforov YE, Fagin
JA. High prevalence of BRAF mutations in thyroid cancer: genetic
evidence for constitutive activation of the RET/PTC-RAS-BRAF sig-
naling pathway in papillary thyroid carcinoma. Cancer Res 2003;
63: 1454-7.

14. Rowe LR, Bentz BG, Bentz JS. Detection of BRAF V600E activating
mutation in papillary thyroid carcinoma using PCR with allele-spe-
cific fluorescent probe melting curve analysis. ] Clin Pathol 2007;
60: 1211-5.

15. Sapio MR, Posca D, Troncone G, et al. Detection of BRAF mutation
in thyroid papillary carcinomas by mutant allele-specific PCR am-
plification (MASA). Eur ] Endocrinol 2006; 154: 341-8.

16. Hayashida N, Namba H, Kumagai A, et al. A rapid and simple de-
tection method for the BRAF(T1796A) mutation in fine-needle aspi-
rated thyroid carcinoma cells. Thyroid 2004; 14: 910-5.

17. Kim SK, Song KH, Lim SD, et al. Clinical and pathological features
and the BRAF(V600E) mutation in patients with papillary thyroid
carcinoma with and without concurrent Hashimoto thyroiditis. Thy-
roid 2009; 19: 137-41.

18. Lee HJ, Choi ], Hwang TS, Shong YK, Hong SJ, Gong G. Detection
of BRAF mutations in thyroid nodules by allele-specific PCR using
a dual priming oligonucleotide system. Am J Clin Pathol 2010; 133:
802-8.

19. Lyon E, Wittwer CT. LightCycler technology in molecular diagnos-
tics. ] Mol Diagn 2009; 11: 93-101.

20. Demers DB, Curry ET, Egholm M, Sozer AC. Enhanced PCR ampli-
fication of VNTR locus D1S80 using peptide nucleic acid (PNA).
Nucleic Acids Res 1995; 23: 3050-5.

21. Jeong D, Jeong Y, Lee J, et al. Rapid and sensitive detection of KRAS
mutation by peptide nucleic acid-based real-time PCR clamping: a
comparison with direct sequencing between fresh tissue and for-
malin-fixed and paraffin embedded tissue of colorectal cancer. Ko-
rean ] Pathol 2011; 45: 151-9.

22. Guan H, Ji M, Bao R, et al. Association of high iodine intake with
the T1799A BRAF mutation in papillary thyroid cancer. ] Clin En-

http://dx.doi.org/10.4132/KoreanJPathol.2012.46.1.61



docrinol Metab 2009; 94: 1612-7.

23. Kim JY, Moon §J, Kim KR, Sohn CY, Oh J]. Dietary iodine intake
and urinary iodine excretion in normal Korean adults. Yonsei Med
J1998; 39: 355-62.

24. Kim JY, Kim KR. Dietary iodine intake and urinary iodine excretion
in patients with thyroid diseases. Yonsei Med J 2000; 41: 22-8.

25. Ibrahem S, Seth R, O'Sullivan B, Fadhil W, Taniere P, Ilyas M. Com-
parative analysis of pyrosequencing and QMC-PCR in conjunction
with high resolution melting for KRAS/BRAF mutation detection.
Int ] Exp Pathol 2010; 91: 500-5.

26. Kyger EM, Krevolin MD, Powell MJ. Detection of the hereditary
hemochromatosis gene mutation by real-time fluorescence poly-
merase chain reaction and peptide nucleic acid clamping. Anal Bio-
chem 1998; 260: 142-8.

http://dx.doi.org/10.4132/KoreanJPathol.2012.46.1.61

BRAF Mutant Detection in PTC by PNA Clamp gPCR ¢ 67

27. Thiede C, Bayerdorffer E, Blasczyk R, Wittig B, Neubauer A. Sim-
ple and sensitive detection of mutations in the ras proto-oncogenes
using PNA-mediated PCR clamping. Nucleic Acids Res 1996; 24:
983-4.

28. Lee JH, Lee ES, Kim YS. Clinicopathologic significance of BRAF
V600E mutation in papillary carcinomas of the thyroid: a meta-anal-
ysis. Cancer 2007; 110: 38-46.

29. Ahmad T, Eisen T. Kinase inhibition with BAY 43-9006 in renal cell
carcinoma. Clin Cancer Res 2004; 10(18 Pt 2): 63885-92S.

30. Sala E, Mologni L, Truffa S, Gaetano C, Bollag GE, Gambacorti-Pas-
serini C. BRAF silencing by short hairpin RNA or chemical block-
ade by PLX4032 leads to different responses in melanoma and thy-
roid carcinoma cells. Mol Cancer Res 2008; 6: 751-9.

http://www.koreanjpathol.org



