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Introduction: Mitogen activated protein kinase (MAPK) pathway is regularly altered in papillary thyroid carcinomas (PTCs). Serine/
threonine-protein kinase B-Raf (BRAF) V600E mutations were observed very frequently in PTC along with less frequent rat sarcoma (RAS)
and rearranged during transfection (RET) gene, also known as RET/PTC translocation. The present study aimed to analyze the mutational
profile of PTCs from an endemic Goiter area of North India. Methodology: Tissues from 109 PTC patients were used to isolate DNA and
RNA. BRAF V600E was detected by restriction fragment length polymorphism-polymerase chain reaction (PCR). RAS mutations were
screened by using Sanger’s sequencing method. RET/PTC rearrangements were analyzed by real-time PCR. Results: BRAF V600E mutation
was detected in 51.38% (56/109) of PTCs, whereas RAS mutations were less frequent. No RET/PTC rearrangements were observed. BRAF
V600E was found to be associated with the aggressive clinicopathological features such as lymph node metastasis, distant metastasis, higher
tumor-node-metastasis stages, and high-risk groups. Conclusion: The prevalence of BRAF V600E is high in patients from Indian Subcontinent
and found to be associated with aggressive features of PTC. Concomitant mutations of BRAF V600E and RAS mutations impart more
aggressiveness to PTCs.

Keywords: BRAF V600E, papillary thyroid carcinoma, RAS mutations

INTRODUCTION by continuous phosphorylation. BRAF is the strongest activator
of MAP kinase signaling pathway resulting in continuous cell
proliferation.”” However, the prevalence of BRAF V600E
mutation in PTC has varied from 25% to 86%.!!*142!24 The
second uncertainty is about the association of BRAF V600E
with the biological behavior of PTC. Although systematic
reviews have concluded that BRAF V600E harboring PTC were
associated with increased prevalence of aggressive features
such as lymph node metastasis, extrathyroidal extension,
distant metastasis, recurrence and higher tumor stages.*>?% Few
single institutional studies did not support this argument.?” The
third uncertainty is the correlation of BRAF V600E with the
histological subtype of PTCs. The spectrum of PTC includes
aggressive subtypes such as tall cell variant (TCV), columnar
cell variant, and diffuse sclerosing variants.*

Thyroid cancer is the most common malignancy of endocrine
system and its prevalence and detection continue to rise.l'”
However, it has a wide range of clinicopathologic behavior
ranging from indolent papillary thyroid carcinoma (PTC)
to lethal anaplastic thyroid carcinoma. Recent studies
have conclusively established that thyroid tumorogenesis,
and progression is initiated and driven by specific genetic
alterations.*>! Among the thyroid carcinomas, most prevalent
type worldwide is PTC.! Most of the studies at molecular level
have revealed that genes in MAP kinase pathway are frequently
altered in PTCs,l’® especially mutations in RAF (BRAF) and
RAS (KRAS) gene family.” !> Around 5% of PTCs also harbor
RET/PTC translocations.'®!8] Among all genetic alterations
detection of a BRAF activating point mutation which has been
found to be very frequent.['¥ This point mutation results from a T GO e A, AnTAeel
thymine to adenine transversion at 1799 position (T1799A) in Department of Endocrine Surgery, SGPGIMS, Lucknow, Uttar Pradesh, India.
exon 15 which leads to valine to glutamine substitution at residue E-mail: amitsgpgi@rediffmail.com
600 (V60OE)."Y BRAF V600E subsequently activates the BRAF
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Thus the aim of the study is to establish the overall prevalence
of genetic alterations in MAP kinase pathway (BRAF V600E,
RAS mutations, and RET/PTC translocations) in an endemic
goiter population of North India and to explore the correlation
of BRAF V600E mutations with the aggressive features of
PTC. Further to access the association of BRAF V600E with
histological subtypes of PTC.

MEeTHODOLOGY

Sample selection and storage

This study was conducted in a tertiary medical center. All
samples were taken from a period of 14 years (2000-2014).
A total of 109 patients were selected on availability of
tumor tissue from a total of 574 PTCs operated. A total of
12 nontumorous tissues were taken from the excised mass,
and 109 tumor tissue samples were collected from the
surgically removed thyroid mass in the surgery. All these
tissues had been directly frozen using liquid nitrogen and
were further stored in deep freezer (—80°C) in vials for RNA
isolations. The formalin-fixed paraffin-embedded (FFPE)
tissue samples were histologically confirmed as PTCs by the
pathologists. FFPE tissue from tumor sections was used for
DNA isolation. Informed consent was obtained from all cases
before surgery. This study was approved by the Institutional
Ethical Committee (IEC code: 2012—172-EMP-66).

Clinicopathological parameters

Hospital information system was used to collect the patient’s
clinical and laboratory details. Histopathological details were
reviewed by pathologist. The tumor was subgrouped on the
basis of lymph node metastasis, size of the tumor, extrathyroidal
extension, distant metastasis, and recurrence. All samples were
further classified by tumor-node-metastasis classification of
American Joint Committee on Cancer, 8" edition from stage 1-4.

Screening for BRAF V600E, RAS mutations

The hematoxylin and eosin-stained slides were reviewed for
maximum tumor area and marked on the slide. Four sections
of 10-micron thickness were cut from the FFPE issue blocks.
The tumor area was scraped and collected in a microcentrifuge
tube, and then, DNA was extracted using QIAamp FFPE tissue
kit (Qiagen, Germany). The quality and quantity of the DNA was
measured by the NanoDrop 2000c (Thermo Fisher Scientific,
US). BRAF V600E and RAS mutation were also analyzed in
12 cases of nontumor thyroid tissue.

Polymerase chain reaction-restriction fragment length
polymorphism and Sequencing for BRAF V600E

BRAF exon 15 was amplified by polymerase chain
reaction (PCR) using the following primers: Forward
5’GCTTGCTCTGATAGGAAAATGAG3’; reverse5’GA
TACTCAGCAGCATCTCAGG-3’. PCRs conditions were
Initial denaturation at 95°C for 5 min, followed by 40 cycles
of denaturation at 94°C for 20 s, annealing at 56°C for 20 s,
and elongation at 72°C for 20 s, and a final extension at 72°C
for 10 min.

The denatured PCR products were electrophoresed and
digestion of the 237-base pair (bp) PCR fragment with
restriction endonuclease TspRI yielded 3 major bands of 117 bp,
87 bp, and 33 bp for the wild-type allele [Figure la and b]. The
BRAF V600E mutation abolished the restriction sites, resulting
in a prominent band of 237 bp from the mutant allele and
residual bands from the normal allele.”’ The samples which
showed a band of 237 bp indicating BRAF mutation were
confirmed by Sanger sequencing using Applied Biosystems
3500 genetic analyzer [Figure 1c].

RAS mutation screening

Point mutations in codons 12/13 of the H-RAS, K-RAS, and
codon 61 of N-RAS genes were analyzed by Sanger sequencing
method DNA isolated from the FFPE tissue was amplified for
KRAS, HRAS, and NRAS using following PCR primers; codon
12/13 KRAS-A (5'-GGCCTGCTGAAAATGACTGA-3") and
D (5'-TAGCTGTATCGTCAAGGCAC-3"), codon 12/13 of
HRAS 5-TGA GGA GCG ATGACG GAA-3 and 5-GCG CTA
GGCTCACCT CTAT-3,codon 61 NRAS; 5'-CCT GTT TGT
TGG ACATAC TG-3 and 5'-CCT GTA GAG GTT AAT ATC
CG-3' were used for the sequencing.*3!

RET/papillary thyroid carcinoma rearrangement

Total RNA was isolated from the tissue samples using
TRizol reagent (Thermo Fisher Scientific, US). Quantity and
quality were measured by NanoDrop 2000c (Thermo Fisher
Scientific, US). Further complementary DNA (cDNA) was
synthesized using RevertAid First strand cDNA synthesis kit
(Thermo Fisher Scientific, US). Primers and Tagman probe for
RET/PTC1 were used as described elsewhere.*

Statistical analysis

Categorical variables were analyzed using Fisher’s exact
probability test and Chi-square test (Graph pad prism 6,
GraphPad Software Incorporation, California, USA). P<0.05
was considered statistically significant.

ResuLts

Clinicopathological features of papillary thyroid
carcinomas

One hundred and nine cases were randomly selected from a
total of 574 operated PTC cases from the period of 14 years.
This 109 cases of PTC included 75 cases of classical PTCs,
28 cases of follicular variant of PTC (FVPTC), 5 cases of TCV,
and one case of oncocytic variant of PTC [Table 1]. All the
patients were subcategorized on the basis of clinicopathological
features such as age, sex, size of the tumor, lymph node
metastasis, distant metastasis, and recurrence of the tumor.

The occurrence of PTC in the age group above 45 was slightly
higher (54.13%) than age group below 45 and 60.55% of
patients with PTC were female. Out of 109 patients, 39 patients
had lymph node metastasis (35.78%). Extrathyroidal
extension was found in 17 patients (15.60%), and 20 of the
patients were detected with distant metastasis (18.35%).
About 45% of patients with distant metastasis were detected
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Figure 1: (a) Representative AGE image of polymerase chain reaction product of BRAF gene (b) polymerase chain reaction-restriction fragment length
polymorphism of the wild-type and mutant heterozygous BRAF gene. (c) The sequencing result shows a mixture of T and A at the 1799 site

on the initial stages of diagnosis, and 55% were detected later
on follow-up. Further these patients were classified on the
basis of American Thyroid Association (ATA) staging into
Stage 1, 2, 3, and 4. Stage 1 and 2 together accounted for
70/109 patients (64.2%). Stage 3 and 4 together accounted
for 39/109 patients (35.8%) who showed aggressive
behavior. Further, these patients were stratified into three
risk categories based on ATA 2009 guidelines, 42 (38.53%)
were included in low risk, whereas 17 (15.60%) patients were
in intermediate-risk group. High-risk category contained
50 (45.87%) patients.

Mutational profile of papillary thyroid carcinoma

BRAF mutations

BRAF V600E mutation was detected in 51.38% (56/109)
of PTC patients, whereas none of the normal thyroid tissue
showed BRAF mutations. Classical PTC and tall-cell variant
were detected with higher BRAF V600E mutations (54.7% and
60%, respectively), whereas FVPTC showed 40% of BRAF
V600E mutations. The only case of oncocytic variant of PTC
did not show any BRAF mutation [Table 1].

RAS mutations

Eight NRAS mutations (7.34%), four each of Q61R and
Q61K [Figure 2a and b], were detected in 109 samples.
No mutations were found in HRAS and KRAS genes.
NRAS mutations were found in four cases each of FVPTC
(14.29%; 4/28 cases) and classical PTCs (5.71%; 4/70 cases).

Table 1: Mutational profile of papillary thyroid
carcinomas

Number of PTC BRAF RAS RET/PTC
samples (7=109) V600E (%)  mutations (%)

Classical PTC (n=75) 41 (54.67) 4(5.71) 0
Follicular variant of 12 (42.86) 4 (14.29) 0
PTC (n=28)

Tall-cell variant (n=5) 3 (60) 0 0
Oncocytic variant of 0 0 0
PTC (n=1)

Total (n=109) 56 (51.38) 8(7.34) 0

PTC: Papillary thyroid carcinoma

RET/papillary thyroid carcinoma translocations
No RET/PTC 1 and RET/PTC 3 translocations were detected
in any of the PTC cases.

Correlation between mutational profile and
clinicopathological features

BRAF V600E was found to be more common than NRAS
mutation in PTCs. RAS mutations did not show any correlation
with any of the clinicopathological features. Increased
incidence of BRAF V600OE mutation was found to be associated
with age >45 years group, lymph node metastasis, distant
metastasis, and higher stages (stage 3 and 4). RET/PTC
translocations were not detected in any case. BRAF mutation
status was correlated with age, gender, lymph node metastasis,
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extrathyroidal extension, distant metastasis, clinical stage, and
risk groups [Table 2]. BRAF V600E mutations were significantly
found higher (P =0.0273) in patients with lymph node metastasis
and age group above 45 years (P = 0.0209). Although gender
and extrathyroidal extension had no significant association with
BRAF mutation, patients with distant metastasis were found to
be significantly associated with BRAF mutation (P = 0.0059).

B NrAS Q61K b NRAS Q61R
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Figure 2: Results of NRAS (a) N RAS Q61K mutation (b) N RAS Q61R
mutation

As the disease progressed to stage 3 and 4, more number
of patients (74.36%) were detected with BRAF V600E
mutations (P =0.0006). There was an increase in the frequency
of BRAF V600E mutation in high-risk group of disease than
the intermediate- and low-risk groups (P = 0.036). Thus, in
summary, three factors of clinically aggressive PTCs such as
age >45 years, lymph node metastasis, and distant metastasis
showed significant association with BRAF V600E mutation.

We found that three patients had concomitant BRAF V600E and
NRAS mutations. Further when the clinicopathological features
of these three cases were analyzed, all the patients had at least
one of the aggressive features. All patients were above 45 years
age. Lymph node metastasis was observed in all the patients.
Extrathyroidal extension was found in two of the patients.
Two of the patients were detected with distant metastasis and
one among them had extrathyroidal extension. No recurrence
occurred in any of the patient. All cases had undergone total
thyroidectomy and high-dose radioiodine therapy.

Discussion

Molecular profiling has become an important and effective
approach to understand the pathogenesis of thyroid cancers.
Most of the previous studies found that MAP kinase
pathway is frequently altered in PTCs, especially BRAF,
RAS, and RET/PTC gene alterations which activate the
MAP kinase pathway. Thus, these genetic alterations lead

Table 2: BRAF V600E and clinicopathological features of papillary thyroid carcinoma

Particulars (n=109),n (%) BRAF positive (%) BRAF negative (%) P:

Age (years)
<45 59 (54.13) 24 (40.67) 35(59.33) 0.0209
>45 50 (45.87) 32 (64) 18 (36)

Gender
Male 43 (39.45) 25 (58.14) 18 (41.86) 0.3273
Female 66 (60.55) 31 (46.97) 35 (53.03)

Lymph node metastasis
Present 39 (35.78) 26 (66.67) 13 (33.33) 0.0273
Absent 70 (64.22) 30 (42.86) 40 (57.14)

Extrathyroidal extension
Present 17 (15.60) 11 (64.70) 6(35.30) 0.2946
Absent 92 (84.40) 45 (48.91) 47 (51.09)

Distant metastasis
Present 20 (18.35) 16 (80) 4 (20) 0.0059
Absent 89 (81.65) 40 (44.94) 49 (55.06)

Stage
1 and 2 70 (64.22) 27 (38.57) 43 (61.43) 0.0006
3and 4 39 (39.45) 29 (74.36) 10 (25.64)

Recurrence
Present 24 (22.02) 16 (66.67) 8(33.33) 0.1085
Absent 85 (77.98) 40 (47.06) 45 (52.94)

Risk
Low 42 (38.53) 14 (33.33) 28 (66.67) 0.0076°
Intermediate 17 (15.60) 9(52.94) 8 (47.06)
High 50 (45.87) 33 (66) 17 (34)

“Two-sided Fisher’s exact test was performed. *Chi-square test was performed
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to uncontrolled cell proliferation and tumor formation.*”
Among the abovementioned three mutations, BRAF V600E
mutations are the most frequent mutations in PTC.?*?* The
prevalence of BRAF V600E around the world range from
25% to 87% with comparatively higher rate of occurrence
in Asian countries.'%#21-241 A recent study by Zhang et al.
in Chinese population found a high rate of BRAF V600E
mutations (86.5%).24 Another study conducted in 688 patients
by Park ef al. in Korean population detected 69.2% BRAF
V600E mutations.® Nakayama et al. detected 65% BRAF
V600E in a series of study in Japanese population.?? In Indian
subcontinent, Khan et al. conducted a study in patients from
Kashmir and found only 25% of BRAF V600E mutations in
60 patients®! whereas other two studies by Nair et al. and
Chakraborty et al. detected high frequency of BRAF V600E
mutations (around 50%).273) The prevalence of BRAF
V600E mutations in our study (51.38%) is in agreement with
the studies by Nair et al. and Chakraborty et al. from Indian
subcontinent.

The association between BRAF V600E and clinicopathological
factors has been addressed in some multicentric systematic
reviews and high-volume single-center studies;?%:26:34
however, there are conflicting reports on the association
between BRAF V600E and aggressive clinicopathological
features of PTC.[252634351 Xing et al., Li, Carol, et al., Kim,
Tae Hyuk, et al., and Kebebew et al. found an association
between BRAF V600E and aggressive Trovisco et al. found
no such association.?®! In agreement with the previous
studies, 263435 BRAF V600E was found to be significantly
correlated with higher age group, lymph node metastasis,
distant metastasis, intermediate- and high-risk category, and
advanced tumor stage (stage 3 and 4) in our study. There is
one study by Chakraborty ef al. from Indian subcontinent,
in which BRAF V600E mutation was found to be associated
with lymph node metastasis and extrathyroidal extension.
331 Furthermore, BRAF V600E was found to be associated
with PTCs with local and distant spreads (P = 0.001) in our
study. Thus, BRAF V600E is proven to be a predictor of
locoregional and distant metastasis. Our study also supports
the argument by Namba et al. that PTCs with BRAF V600E
mutation are advanced cancers with metastasis.!

The prevalence of BRAF V600E mutation varies from
one histological subtype from the other. There are few
studies on the prevalence of BRAF V600E mutations in
histological subtypes of PTC and most of those studies
were on FVPTCs.B” Trovisco et al. conducted a study on
the prevalence of BRAF V600OE mutations in histological
subtypes and found 53% of BRAF V600E in cPTCs and
33% in TCVs.28 The study could not find any BRAF V600E
mutations in FVPTC. In contrast, in our study, TCV and
FVPTC harbored higher rate of BRAF V600E (60% and
42.86%, respectively) mutations, but the rate of BRAF
V600E in cPTC was similar to the previous studies including
the abovementioned study.

RAS mutation is an early step in thyroid tumorigenesis.!'"!
However, mutations in RAS gene are reported less frequently in
PTCs.P¥ RAS mutations were also found less frequently (7.34%)
in our study. To the best of our knowledge, this is the first study
on frequency of RAS mutations in Indian subcontinent. Similar
to the previous reports®” around the world, we detected a
higher frequency of RAS mutations in FVPTCs than classical
PTCs (14.29% vs. 5.71%). However, RAS mutations were not
found to be associated with any adverse clinicopathological
features in our patient group.

RET/PTC rearrangements are rarely detected in sporadic
PTCs (0%—5%).% We also did not find any RET/PTC
rearrangements in our study.

Another point to be emphasized is that concomitant mutations
are likely to impart aggressiveness to PTC.P! Although we
found only three concomitant mutations, but all the three
patients presented with advanced disease (two with distant
metastasis and one with extrathyroidal extension). Therefore,
concomitant RAS and BRAF mutations may require a more
aggressive and close follow-up even after total thyroidectomy
and radiotherapy.

CoNncLusION

BRAF V600E is the most common mutation and its prevalence
is high in Indian patients with PTC while RAS mutations are
less frequent. The present study also provided evidence that
BRAF V600E correlates with the aggressive papillary thyroid
cancers and concomitant mutations of BRAF V600E and RAS
mutations impart more aggressiveness to PTCs.
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