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Abstract

Aim: The aim of our study was to test the feasibility of High Resolution Melting (HRM) analysis for detection of BRAF V600E mutation
in various types of fine-needle aspiration (FNA) specimens from patients with papillary thyroid carcinoma (PTC). Materials and Methods:
We analyzed fresh thyroid aspirates and smears from eight cases of PTC: three classic PTCs (CPTC), three follicular variant of PTCs
(FVPTC), one tall cell, and one oncocytic variant of PTC. DNA extraction was performed using a MasterPure purification kit. The isolated
DNA guantity was assessed using a NanoDrop spectrophotometer and the DNA quality was tested by PCR amplification of S-globin gene
and by native DNA electrophoresis. HRM was performed on a LightCycler 480 (Roche). We amplified the 15th exon of BRAF gene, using
selected primers to flank the BRAF V600E mutation point. Results: For all types of cytological specimens, the quantity of isolated DNA was
adequate and allowed amplification. Similarly, the DNA quality control did not show signs of DNA degradation and the DNA was amplifiable
for B-globin gene. Four cases revealed the BRAF V600E mutation: two CPTCs, one oncocytic PTC, one tall cell PTC. None of the three
cases of FVPTC had this mutation. Conclusions: HRM analysis represents a feasible and reproducible molecular technique, offering new
perspectives for detecting BRAF mutation in various FNA specimens. In our study, BRAF V600E mutation revealed a strong association
with specific histological variants of PTC: highly specific for CPTC, tall cell or oncocytic PTC, but negative in all cases of FVPTC.
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& Introduction

Papillary thyroid carcinoma (PTC) is the most
common type of thyroid cancer, accounting for more
than 80% of the cases [1]. According to the literature,
30 to 70% of PTC cases harbor the BRAF gene mutation
[2, 3], also referred to as the “genetic signature of PTC”
[4].

BRAF mutation occurs on the p arm of the 7"
chromosome, where the gene is situated. The vast
majority (>95%) of BRAF mutations found in thyroid
cancer are a thymine to adenine transversion at
nucleotide 1799 (T1799A) [5], leading to a substitution
of valine by glutamic acid at the residue 600 of the
protein (V600E). The result of the genetic alteration is
activation of the mitogen-activated protein kinase
(MARK) signaling pathway [6], which plays a major
role in the regulation of cell growth, division and
proliferation [7] and is responsible for the malignant
transformation in PTC [8].

Several studies have demonstrated that BRAF VV600E
mutation can be detected in fine-needle aspiration (FNA)
specimens using different modern molecular techniques
[4, 9-11]. It has been shown that BRAF V600E mutation
testing not only may improve the cytological FNA

diagnosis, but also provides a novel tool for pre-
operative risk stratification of thyroid cancer [12].

Direct DNA sequencing has been the most widely
used method for BRAF V600E mutation detection [13—
15], although it has limitations in terms of sensitivity,
especially if only few mutated follicular cells are present
in the FNA specimen [10, 11].

The aim of our study was to test the feasibility of
a new, innovative PCR (Polymerase Chain Reaction)
method, High Resolution Melting (HRM) analysis for
detection of BRAF V600E mutation in our laboratory,
using various types of FNA specimens from patients
with PTC.

As a second objective, we have compared the BRAF
V600E mutation status to several pathological parameters,
including histopathological subtype, multifocality, extra-
thyroidal extension and lymph node metastasis.

& Materials and Methods

Case selection

Fresh FNA specimens (drop and washout solution),
as well as Giemsa stained smears from eight cases of
PTC registered at the Department of Pathology, Centre
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Hospitalier Lyon Sud, Hospices Civils de Lyon, from
January to May 2011 were tested for detection of BRAF
V600E mutation. Our study group included thee cases
of classic or conventional PTC (CPTC), thee cases of
follicular variant of PTC (FVPTC), one case of tall cell
variant and one case of oncocytic variant of PTC.

The histological subtypes of PTC were classified
according to WHO criteria [1]. The microscopic diagnosis
of PTC was exclusively based on nuclear features:
enlargement, overlapping, irregularity of the nuclear
contours, grooves, clearing or a ground glass appearance
and nuclear pseudoinclusions. CPTCs had a character-
istic papillary architecture that was pure or admixed
with a variable proportion of follicles. The tumors
defined as FVPTC revealed an exclusively follicular
architecture, characteristic PTC nuclear changes in most
of the cells lining these follicles and virtually no papillary
structures. Tall cell variant of PTC was characterized by
predominance (more the 50%) of tall columnar cells,
whose heights were at least three times their widths. The
diagnosis of oncocytic variant of PTC was set based on
the presence of a majority of oncocytic tumor cells, with
abundant, dense eosinophilic, granular cytoplasm and
nuclear features identical to those seen in CPTC.

The ethics committee of the medical faculty and the
state medical board agreed to these investigations, and
informed consent was obtained from all of the patients
included in this study.

DNA extraction

DNA extraction was performed using the Blood
and Cell Culture Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s protocol, after a prior
incubation of one hour at 56°C with 20-uL proteinase K
and 200-uL DNA extraction buffer. Regarding the
smeared specimens (two specimens for each case), the
material on the surface of each slide was scarped using
a sterile knife and gathered in the center of the slide.
A drop of tissue lysing solution was added to the
scraped material and then the material was easily
pipetted into the collection tube. For assessment of
DNA extraction quality, we used a negative extraction
control, represented by a DNA-free phosphate buffer
saline (PBS) solution that underwent all the extraction
steps, similarly to the rest of the study material.

Isolated DNA was quantified by spectrophotometric
absorption at 260 nm and evaluation of A 260/A 280
ratio (NanoDropl000 Spectrophotometer, Pharmacia
Biotech GeneQuant I1).

The DNA quality was further tested by PCR
amplification of B-globin gene and by native DNA
electrophoresis on an agarose gel.

HRM technique

HRM was performed on a LightCycler 480 (Roche
Diagnostics, Vienna, Austria). We amplified the 15" exon
of BRAF gene, using a pair of selected primers (forward
and reverse) to flank the BRAF V600E mutation point
(Primers purify HPLC, Sigma). The 147 bp amplicon
was evaluated for the ability to detect BRAF V600E
mutation. Amplification was performed using a reaction
mixture comprising 2 uL of DNA solution, 0.2 uL of
each primer, 10 uL of LightCycler LC480 Probe Master
(Roche), 1puL Resolight Dye solution (Roche) and
water to a final volume of 20 uL. For each set of
reactions, two positive, three negative and one 1/2
positive controls were used and all reactions were
performed in duplicate.

The reaction mixture was then subject to PCR
amplification, denaturation and reannealing, allowing
for heteroduplex formation. For detection of sequence
variation and presence of BRAF V600E mutation,
differences in melting curves of the amplicons were
analyzed. Due to a sequence mismatch, heteroduplex
DNA melts at a different temperature then homoduplex
DNA. Resolight Dye solution (Roche), a fluorescent
dye that binds only to double stranded DNA, allowed
detection of this temperature variation, translated by
different shapes of melting curves obtained with
homoduplex and heteroduplex samples, respectively.

Samples were considered mutated when significant
fluorescence level for all duplicated fell out-side the
range of variation for wild-type control and in the
corresponding range for positive controls.

& Results

Table 1 describes the clinico-pathological character-
istics of the eight cases of PTC included in our study.

Table 1 - Clinico-pathological data and molecular findings (BRAF status) in FNA specimens from eight cases of PTC

Age Tumor Cytological preoperative . . Extra- Lymph
No. [years]/ size diagnosis (according to H|st8_patholc_)g|cal Multifocality thyroidal node BRAF
iagnosis - . status
Sex [mm] Bethesda System) extension metastasis
1 38/F 22 FLUS/AUS (class IlI) FVPTC + - -
2 54/ F 15  Suspicious for malignancy CPTC + - - inconclusive
(class V)
3. 70/ M 20 FN/SFN (class 1V) FVPTC + - -
4. 55/F 8 Malignant (class VI) PTC, tall cell variant + - +
5 721 F 21 Malignant (class VI) FVPTC - - -
6 64/F 25 Malignant (class VI) PTC, orjcocytm + + - +
variant
7. 63/F 22 Malignant (class VI) CPTC + + -
8. 63/F 13 Malignant (class VI) CPTC + - -

FLUS/AUS: follicular lesion of undetermined significance/atypia of undetermined significance; FN/SFN: follicular neoplasm/suspicious for
follicular neoplasm; PTC: Papillary Thyroid Carcinoma; CPTC: Classic Papillary Thyroid Carcinoma; FVPTC: Follicular Variant of Papillary

Thyroid Carcinoma.
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All but one of the patients were females and the
patients had a mean age of 60 years. All cases of CPTC,
oncocytic PTC and tall cell variant of PTC corresponded
to Bethesda V or VI diagnostic categories on preoperative
cytology. By contrast, only one case of FVPTC was
addressed as malignant (Bethesda VI) on cytology,
while the remaining two cases had a prior diagnosis on
cytology consistent with Bethesda 111 or 1V categories.

For all types of cytological specimens (drop and
washout solution, as well as Giemsa stained smears)
of all eight cases of PTC, the quantity of isolated
DNA was adequate and allowed amplification (DNA
concentration values ranged from 9.4 to 110.1 ng/pL
and the A 260/A 280 ratio was in between the 1.8-2.2
interval). The DNA quality control did not show signs
of DNA degradation and the DNA was amplifiable for
B-globin gene in all types of cytological specimens
(Figures 1 and 2).
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Figure 1 - DNA quality
control, PCR amplifica-
tion of B-globin gene: for
all types of specimen, the
DNA allowed amplifica-
tion for p-globin gene,
similar to the positive
control specimen (arrow).
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Regarding the HRM technique, the amplification
curves for all types of specimens reached a similar
plateau height (Figure 3) and the resulting melting
curves revealed a characteristic shape, different for
heterozygous or mutated samples and different for
homozygous or non-mutated samples (Figure 4), thus
allowing the detection of BRAF VG600E mutation.
Furthermore, we were able to detect the mutation using
all types of cytological specimens (drop and washout
aspirates, as well as Giemsa stained smears).
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Figure 3—- HRM analysis, amplification curves: the
curves for all specimens reached a similar plateau
height.
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Figure 4 — HRM analysis: the resulting melting
curves revealed a characteristic shape, different for
heterozygous or mutated samples (blue) and different
for homozygous or non-mutated samples (red). We
used two positive, three negative and one-half positive
controls (all controls being priori tested by DNA
sequencing). BRAF V600E mutation was positive in
this case of classic PTC.

The results on the BRAF V600E mutation status for
all the cases included in our study are presented in
Table 1. Four cases revealed this mutation, including
two cases of CPTC, one case of oncocytic PTC and on
case of tall cell variant of PTC. None of the three cases
of FVPTC had the BRAF V600E mutation. Interestingly,
one case of CPTC showed an inconclusive result
regarding its mutated or non-mutated status. The two
cases of PTC with extra-thyroidal extension were both
BRAF V600E mutated.

& Discussion

In this study, we have evaluated the feasibility of a
new, innovative PCR technique (HRM technique) for
detecting of BRAF V600E mutation in FNA samples
from patients with PTC. Our results revealed that BRAF
V600E can perfectly be detected by HRM technique
using various types of cytological specimens (drop and
washout aspirates, as well as Giemsa stained smears).

BRAF has been one of the most common studied
genes in thyroid cancers in the recent years and search
of BRAF mutation alone or in combinations with other
oncogenes (RAS, BRAF, RET/PTC) has been reported
with encouraging results, both as a potential diagnostic
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and prognostic marker for thyroid cancer [2, 3, 16].
Thus, this reliable diagnostic test may influence clinical
diagnosis and therapeutic decisions.

HRM analysis is a recently developed molecular
technique proved to be applicable for detection of
various clinically relevant human mutations, including
BRAF V600E mutation [17]. It allows high-throughput
analysis, without any post-PCR processing, features that
are required characteristics for research and clinical
application.

BRAF V600E mutation has a strong association
with specific histological variants of PTC. It is highly
prevalent in the tall cell variant of PTC, where it occurs
in 70-80% of cases [2, 18], in CPTC (about 55% of
cases) [2, 18], in oncocytic variant of PTC (about 50%
of cases) [19] and is absent or very rare (about 5% of
cases) in FVPTC [18]. Although we have evaluated
only eight cases of PTC, our results mirror the close
correlation between the BRAF V600E gene mutation
and the histological subtype of PTC. All but one of the
CPTC cases and both tall cell and oncocytic variant of
PTC cases were positive for the BRAF V600E mutation,
while none of the three cases of FVPTC were BRAF
V600E mutated.

Although very specific for CPTC, tall cell or
oncocytic variant of PTC, detection of BRAF V600E
mutation was not a reliable marker for FVPTC in our
study. The tree cases of FVPTC, two consistent with
Bethesda 111 or IV and one with Bethesda V1 diagnostic
category in cytology, revealed a negative BRAF V600E
status.

BRAF V600E is generally accepted as a reliable
prognostic marker and its association with more
aggressive tumor characteristics is well documented
[3, 14]. In our study, only two cases of PTC were
associated with extra-thyroidal extension and they were
both BRAF V600E mutated.

& Conclusions

We have demonstrated that HRM represents a
feasible and reproducible molecular technique, offering
new perspectives for detecting BRAF V600E mutation
in various FNA specimens.

In our study BRAF V600E mutation revealed a
strong association with specific histological variants of
PTC and with some pathological indicators of aggressive
behavior such as extra-thyroidal extension. Although
very specific for CPTC, tall cell or oncocytic variant of
PTC, BRAF V600E mutation did not proved to be a
reliable diagnostic marker for FVPTC.

Abbreviations

CPTC: Classic / Conventional Papillary Thyroid
Carcinoma.

FNA: Fine-Needle Aspiration.

FVPTC: Follicular Variant of Papillary Thyroid
Carcinoma.

HRM analysis: High Resolution Melting analysis.

PCR: Polymerase Chain Reaction.

PTC: Papillary Thyroid Carcinoma.
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